WO 2009/120551PCT/US2009/037513 PRODUCTION OF NYLIDENE-TERMINATED POLYOLEFINS
VIA QUENCHING WITH MONOSULFIDES FIELD 100011Provided herein are methods for preparing

vinylidene-tgated.pahRsBACKGROUND [00021lidene terminated pot -olefipg,SiiehoasRelyisobt tylene

(PM), are useful precursors forpreparation of polymers containing functional end groups. Vinylidene

end groups may be # rmed.into. other specific functional end groups. Polymers containing specific
end groups have s ; %gfrj‘%% § ' V“%&%ﬁf Ig%ggé&ségg%@cﬁﬁi@@%%ersams are
useful additives for engine lubr ﬁ*n Eh Wﬁgfo%ﬁ 'Fé%%%%?éi%@%fm as fuel additives. The
vinylindene isomer is the most reactive isomer towards many reactions selected to transform the
polyolefin ghain engyfhis, there is a need for methods of selectively or exclusively producing
vinylidene terminated pofyolefins. 100031In recent years, considerable research has been conducted
in the fieldjefguasiliving grtopicRmerzation (QTLR) ot alefins. Quasiliviog pabuneizations
proceed with minimal chain transfer while irreversible termination is practically abSent. Therefore,
QL,CP yields polymers.y d' defined architectures and narrow molecular weight distributions.
Another advantage oftAEP-TSttatit offers the potential for in situ fanctionalization of the polymer

chain endsadiblockrcopalynersyn ljggfség,g Hnsitudzation, i€ \aterialswhich are.amenable
towards fuﬁr'thergpost-_po 'n%g{gnii%g%hp}eac iofng.3 1%%02%%35&2}% %%\1/ '?/%%%?‘ilﬁﬁsé\igfuaiﬁﬁlcs:’%%?lalization of
QLCP hasireldadaivarienrerantogrelpdy meweveristi Essiivwproadctisnst tNenyitddicend terminus
has been aehigvadin:a imiieshaumber aheases:donaeel Al dsalosed e use: ol vy
allyltrimethylsilane as a quenching agent to cap PM with an ally' group it Poly. Sci, A: Poly, Chem., 25,
3255, 198?&?@%@?%%@1&‘@1&&?%&%%i%%ﬂ%%l ROSRHSA-thIS g &&%ﬁm#ﬁwethylsilane to
yield the examlefinprasusiiiMaciamelecuesind 9.16104] 998 hdrowewsn.hoth-of dhese,synthetic

routes utili;_e__ra¥hgr expensgive reagents which are consumed in the reaction with FIB during the
quenching‘ﬁgt{élﬁ B50n ﬁ-“éci ‘?Wf}ﬁgﬁﬁ’/e%‘fdﬁgegt‘%ﬁfei PRSI BUBRE Y E0 B10UKes8 R d
2006/004 HaB4tdasarthestheth iy chiversion il Uasitiving teriiassChlordeNR shain ends to
vinylidenes\ék%cttri\%us& %11 I:c}_!egg%ie nitrroigen-co_m .-ngnl% uenc’h?i‘ng agf%g ] {OOOG]A need exists in the art
to develop REW 111 Sitl Processes for producing Vinylidene termiate %% yolefins which offer the
potential ré¥iizdry of keycceagentsdontideqidnohingchrosdsssRecyicling of dueahthisg agents could lead
to reduced.cost.. 3.5V ARY;10006alln specl, there is provided a method far preparing a
vinylidene"ft%%n{m%i g%gﬂﬁﬁé%ggggﬁgﬁ%gﬁgb?%é}%iej?gélngg é?ﬂd’i’ic‘)ghf?en Eiré}g'/%%fllﬁa?ﬁgtﬁé’%r@eegence of a
Lewis acidy(&)reetingheie lonived polporsr:frdrs stapitalioniths prstorihoresent. Therefore,
dihydrocadyytrponosulfides,bavng, the follewing. formula, R1-a-Rewhersin. Bl.apd B2 are each,

independently, hydrocarbyl, wherein the dihydrocarbylmonosulfides are added to the polymer after
polymeriz%ﬁ%%d&%@é?%ﬁ@%ﬁﬁé@ﬁéwHcﬁfgfféﬁéﬁ PBYeitH Briéofimore proton acceptor
compoundsiwhergimadvinylidepsiierninated-pelyalefinis fameadand the.vinylideng terminated

polyolefin fonned is at least 40 percent by mole of all products; wherein the method is performed at a
temp eratujr"énﬁ%?ﬁ i 1%@{!@ gqug%yhﬁ:ﬁ are amenable towards further posi-polvmerization
reactions.

{884}  Research involving in situ functionalization of QLCP has vielded a variety of end
groups. However, successiul production of the vinylidens ternyinus has been achisved ina
limited mumber of cases. Kennedy et al. disclosed the use of allylirimethylsilane as a
quenching agent 1o cap PIB with an ally] group (1. Poly. Sci. A: Poly, Chem., 23, 3255,
1987}, Mayer et al. illustrated a similar reaction through the use of 2-
methallylirimethylsilane to visld the exo olefin product (Macromolecnics, 29, 6104, 1996),
However, both of these synthetic routes wiifize rather expensive reagents which are consurned
in fhe resetion with PIB during the quenching step.

[0045] Recent work by Stokes et al,, in US Patent Publication Nos. 2006/0041 GRY and
2006/0041084, describes the in sitw conversion of quasiliving, tertiary chloride PIB chain

ends to vinylidene via the use of certaln nitregen-containing quenching agents,

I



10007]In one embodiment, provided herein are methods for preparing a vinylidene terminated
polyolefin comprising: a. ionizing a polyole n in the presence of a Lewis acid to form an ionized
polyolefin; b. reacting the ionized polyolefin from step (a) with one or more dihydrocarbylmonosulfides;

and c. reacting the product of step (b) with one or more proton acceptor compounds. [0008]In some
emboditfess, theldipdrodaibilisrrostafite Har BSw f8rFii AT WREES AoR PEY ae are didane

independently, hydracateyls [000R1some Rirhadimenterhermgthohbisienrasegieddnhe following
scheme: 1) R1-S-R2 2)

roton acceptor ionized polyolefin PolyolefinR3
whereirpREestd Recardrmehqisaeliasdestts, m&f@d@&@ﬁﬂ%ﬁﬂ@?ﬁ%ydrogen or hydrocarbyl, such as
methyl. [0010]In some embodiments, the vinylidene teiminated polyolefin formed is at east 94 percent
by molegof all praguetss AQPg1]Without being limited to any theory, in some embodiments, the methods
described herein appear to proceed by the pathway shown in the following scheme: PIBOR1-S-R2S/0
eprotonjegsegitor IMAY L3P, RiB42 prdRdvhenethdd fanok&arare eachylindepéerdentizdhydrocarbyl;
M is a metal, transition metal, or metalloid; Y is a halide; and A and B are each, independently, an
integer W?%EB@WB%@/%%% BCT/US20091037513 4.DETAILED DESCRIPTION
4. 1DEFINIHHONG 3093 R rlessedefisactoibheaiisealltedhficakacthgcibatificitednpelysbdiherein have
the

from step (a) with one or more dihydrocarbylmonosulfides having the following formula:
R;-S-R, wherein R; and R, are each, independently, hydrocarbyl, wherein the
dihydrocarbylmonésulﬁdes are added to the polymer after polymerization has occurred,
and (c) reacting the product of step (b) with one or more proton acceptor compounds;
wherein -a viﬂyﬁdene terminated polyolefin is formed and the vinylidene terminated

polyolefin formed is at least 40 percent by mole of all products; wherein the method 1s

performed at a temperature from about -120°C to about 0°C.

[0007] In one embodiment, provided herein are methods for preparing a vinylidene

terminated polyolefin comprising:

a. jonizing a polyolefin in the presence of a Lewis acid to form an ionized
polyolefin;
b. reacting the ionized polyolefin from step (a) with one or more

dihydrocarbylmonosulfides; and
C. reacting the product of step (b) with one or more protbn acceptor
compounds.
[6O08] In some efnbodiments, the dihydrocarbylmonosulfide has the formula:
R—S5—R,

wherein R; and R, are each, independently, hydrocarbyl.

[6669] In some embodiments, the method is represented by the following scheme:

1) R-E“"“S_Rz
2) proton acceptor

ionized polyolefin Polyolefin R

wherein Ry and R, are each, independently, hydrocarbyl; and R; is hydrogen or hydrocarbyl,

such as methyl.



same meaning as is commonly understood by one of ordinary skill in the art. In that there are a
plurality of definitions for a term used herein, the definitions providedhis section prevail unless stated
otherwise. 100131As used herein, "alcohol" refers to a compound of formula: R-OH wherein It is
aliphatic hydrocarbyl, such as alkyl, which may be substituted, for example, with an aromatic moiety,

such asl@0[t141 A seseel eberimenisy thecrary idoa e IBEREAAPPLIMF B UBHSMIAGFShYA to 20

carbon?&g&g%}ggggpmpﬁg&[&@hains or groups may be straight or branched. Exemplary alkyl
groups herein include, but are not limited to, methyl, ethyl, propyl, isopropyl, isobutyl, n-butyl

sec-butf#0tkt-butyl ibssehejreianppehio asrthsentyInceBs diaenés dbsarsihodbdrscahig refers to
carbon ghains,on gropRs haung iamskearbematemiarboub & fardanaems. 100151As used
her"alkenyl" refers to a carbon chain or group C%Qtammg from 2 to 20 carbons, or 2 to 16 carbons,
wherein he chain containg oneor more doub ads. Ansxampig.dncludes, but is not limited to, an
ally! groﬁlﬁ/%?dg ble pond-ofan allkdbyl ¢ rﬁgr\\&h@iﬁ‘orgmup‘my‘be E¥hjugated to BrothBe
unsaturated group. [0016]As used herein, "alkyrfyl" refers to a carbon chain or group containing from 2
to carbogscA&:CRDASRVAIer@ithiHedpain eeiialinglanarbyImores ripletiiondssAivisnnatlimited to, a
propargyl group. The triple bond of an alk myl carbon chain or group ma S/%e conjugated to another
unsatur Sttty [@Gﬁf R hEp iﬁ,?é%/e?gc H‘%B%%%h% W?ﬂﬁqﬁ% ﬁé“a?é%‘a ic group
containing6 to about 30 carbon atoms. Aryl groups include, but are not limited to, fluorenyl, phenyl, or
naphthyl. [00181As used herein, "alkaryl" refers toup substitutedast one alkyl, alkeny], or alkynyl
group. 100191As used herein, "aralkyl" refers to an alkyl, alkenyl, or al371 group substituted with at

least one aryl group. 100201As used 'herein,refers to a compound of formula: WO
2009/120551PCT/U52009/037513 0 NR2R3
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wherein R1-R3 are each. independently, hydrogen or hydmcarby [0021]As used herein, "amine" refers
to a compound of form R3-NR1R2 RI-R.; are each indep'tndently, hydrogen or hydrrbyl. [0022]As used
herein, "earlqsajipn2aag "carb.enitun ion" refer to a positively charged casp@R; g4l #R9231As used
herein, "carbocation terminated polyolefin" refers to a polyoleftn containing at least one carbocation
end group 4Examplespgldepbyt-arene E@&ed to, compounds of the formula: CH; C.',
PolyolefiriCH3 100Z2TAS USEd herelm, cham i end concentrao the sum of the concentrations of olefin
end groupg, fert-haligerenehagenes, and carbenium ions. When a mono-functional initiator is used, the
chain end concentration Is approximately equal to the initiator concentration. For a multi-functional
initiator, wigi #e fuhbtienalitfiatithidmtiatoniegualsosl thenstiathaimend.concantiation s

approxim gl [ he initiator concentration gfg 25]As used II[écerein "chain transfer anent"
rmpow-id%%%ﬁn%%%%ﬁ%?%ﬁﬁi 151%%1*.)% Géﬁ%%%% 5 5%?%1 d ??é%\?% et 66261As used
herein, "coffndarorsatrhrefeisabdafiiohivssiit shatiswoptidnaly, ddoéditoiare actiddgdrfasmed under
quasiIivinggggtt;.gg%Lpﬁ%ﬁggq@{ééa&@&@%qitions to prevent dissociation of the propagating
carbenium ion and counter-ion pairs. [0027]As used herein, "common ion salt precursor” refers to an
ionic salt th#f ‘Ghtionsifi5%4 resdtior: pelermelraidercguesitving Sarukationic polymenza conditions,
which generates counter-anions that are identical to thase of the propagating chain ends, via in situ
reaction with a Lewis acid. [0028fAs used herein, "coupled poiyolefin" refers to the product of the
addition ofveheabdeatidiptetinatedpolyotetin 10 Anathesipplyaletin 100291Asused:herein, "diluent”
refers to a&%@g@%ﬂ%%@ ent.or %g}p%uang{kgfluents or are of two or more compounds, Diluents may
completely dissolve or par |aﬂly uissoRe the Teaction components. Examples include, but are olimited
to, hexanel @ irtlethyl crieritlbsoimibduayEstiteraofa carbon chain or group containing from 1 to 20

carbons, or | to 16 carbons. Such chains or groups miay be straight or branched. Exemplary

alkyl groups herein inchude, but are not limited 1o, methyl, ethyl, propyl, isopropyl, isobutyl,
a-butyl, sec-butyl, tert-butyl, lospentyl, neopentyl, tert-pentyl, or isohexyl. As used herein,
“lower alkyl” refers to carbon chaing or groups having from 1 carbon atom to shout § carbon
atoms.

{6815 As used herein, “alkenyl” refers to a carbon chain or group containing fom 2 to
20 carbons, or 2 to 16 carbons, wherein the chain centtains one or more double bonds. An
example includes, but is not limited to, an allyl group. The double bond of an alkenyl carbon
chain or group may be conjugated to another unsaturated group,

{H16] As used herein, “alkynyl” refers to a carbon chain or group comtaining from 2 to
20 camrbons, or 2 to 16 carbons, wherein the chain contains ore or more riple bonds, An
example inchudes, but is not limited to, a propargyl group. The wriple bond of an alkynyl
carbon chain or group may be conjugated to another unsaturated group.

6617 As used hereln, “aryl” refers to a monocyclic or multicyclic aromatic group.
containing from 6 to about 30 carbon atoms. Aryl groups include, but are not Himited to,
fluorenyl, phenvl, or naphthyl.

[00E8]  As used hereln, “alkary!” refers to an aryl group substituted with at least one alkyl,
atkenyl, or alkyny! group.

1519 As used herein, “aralkyl” refers to an alkyl, alkenyl, or alkynyl group substituted
with at least one aryl group.

0020} As used herein, “amide” refers to a compound of formula:

Lk



[0030]As used herein, "dih.ydrocarbylmonosulfide" refers to a compound of fo ula: R1-s ---R2
whereinand R2 are each, independently, hydroearbyl. 100311As used herein, "electron donor" refers
to a molecujgdhgldssapable of donating a pair of electrons to another malegilezdoxapipies 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. &urther examples include, but are not limited to,
molecules capable of abstracting or removing a proton. [0032]As used herein, "exo-olefin" refers to a
compound of the formula R wherein R is hydrBéarbyffizdne embodiment, R is methyl. [0033]A used
herein, "halide,”. halo,; or "halggen; refey to,F,.Cl, Br or I. J0034]As used herein "hydrocarbyr refers to a
monovaleﬁlfgﬁlr%na%%}riér%ﬁga %T%ﬁ%ﬁ%ﬂéifg%ﬁ’\%%ﬁ%grﬁla# (s3 £5] ‘f“ﬁgéi‘rbon and hydrogen atoms.
[0035]&s U88dihereins inidHereferstoiset onipoumd thatbothdar fvtrehain transfer agent. 100361As
used herein initia,a compow.d that provid a car@oﬂg&t&g& Examples include, but are not limited o,
compounds or polyolefins with one or more tertidry ent groups. An initiator may be mono-functional or
multi-functidnreati:AR Red:-beseiniinmmndHungtionat iaitiator aeless 10 an initiator that provides

approxim ne stoichiometric equivalent of carbocation relatiye to initiator., As used herein,
"muItifuncaéﬁt%?aﬁinitiétﬁ’rugree%rg% %‘ag"‘?}ﬁ? 5P BrotA gigﬁ’p}fg‘xﬂ?g@iﬁ§§?81§P§F&ﬁé‘ﬁf§f?§iquivalents
of extricationtretative to initiator, wherein x represents the functionality of the When a

mono-fung| initigtor J ed, t in,. 1centration s-appreximately e to the initiator
concentra%i%% ~For a%hgolij}é%ﬁ%?ﬁ%gha %%?%%%Qxﬁ%ﬁ%%%?é@t%reﬁtyl%%%ﬁéai%i{é&%yee%%als X, then the
chain end ¥R EaIcREquEIS SR adhinawer donsarentichdod3viAswidditedain, "ionized
polyolefin'reiers {0 0lvE B £ARIAINIng at least one carbenium ion. An example includes, but is notd to,
alide terminated polyolefin that has been ionized into a cationic polyolefin, A further example includes,
but is not limited to, a quasi living carbocationic polyolelﬁ?ﬁ% further example includes, but is not
limited to, vinylidene terminated polyolefin that Eg%?%,‘?ﬂl@g ed into an ionized polyolefin or
guasiliving carbocationic polyoleiln. A further exaf}{"lp?e includes; but is not limited to, a polyelefin
containing, an. olefin &at h %peen qugized into aﬂquas_llivi,ng faea(bogagi(’)nic oJyoletin or a cationic
polyolefin ! her éiﬁ"rgl' RS B SRR THitEE o AR ORIV FBIPO IR F SHUBAREM an inifer.
100381 Ascisétfihereinsiabevwistaeidisefergrtass chehicht-eintityi¢hat 18 eapablewef fecaptigg a pair of
electrons..f00391As us*a(_ii_hhe\ ein, "'monomey” refers to an olefgn2 that i able, of combining with a

L EIHATOT 35 USCG, HIC Ohalil ong CONCCINIAnos i8S approximatery equa% ﬁ)a{%e mfiaior
carbocation to form another carbocation. :

concentration. For a multi-functional mitiator, when the functionality of the initiator equals
x, then the chain end concentration is approximately equal fo x times the initiator
concentration,

[6025]  As used herein, “chain wansfer agent” refers to a compound which interchanges
it halide ion with a carbeniom ion to form a new carbenivm ion.

{6626]  Asused herein, “commion fon salt” refers fo an ionic salt that is optionally added
to a reaction performed under quasiliving carbocationic polymerization conditions to prevent
dissociation of the propagating carbenium ion and counter-ion pairs.

[B827]  As used herein, “common ion salt precutsor” refers to an ionic salt that is
optionally added o 2 reaction performed under guasiliving carbocationic polymerization
conditions, which generates counter-anions that are identical to those of the propagating
chain ends, via in situ reaction with 3 Lewis acid.

0281 As psed herein, “coupled polyolefin” refers to the product of the addition of a
carbocation terminated polyolefin to another polyolefin,

{00297 As used herein, “diluent” refers (o a Hquid diluting agent or compound, Diluents

may be a single of 3 mixiure of two or more compounds. Diluents may completely dissolve



[0040]As used herein, "nifroalkane" refers to RiINO7, wherein R is alkyl, alkenyl, alkynyl, aryl, alkaryl, or
aralkyl. [0041)As used herein, "percent by mote of all products" refers to the proportion of the number
of moles of g@aglisyiasaroduct of a reaction to the number of moles of allpprRgysiseaiiRgsreaction
multiplied by one iumdred. [0042]As used herein, "proton acceptor" refers to.a compound capable of

abstracting,3,prei00. 4004 ediRg EiRLchyrding derivative refers 1o a ¢ nd of the formula:
R5\ R4R2 R %rv%ge%ggﬁ%%ﬁaggg%ggﬁg }igpéa%%' e%}gﬁg%%@e\{)%%ﬁ eh%%%%g&lr%gle%g%%%rocarbyl; or RI

and .R2, GFRTAANTRIRE RITaRR RADBIRES Sireerb independently form a fused aliphatic ring of about

4 to about@gaspon atemseradused:areralisfing.af a5 48 ARoULL.63MAR Akems, Yyhen RI, R2,
R, R4, and R5 are each hydrogen, the compound is pyridine. [0044)As used herein, "quasiliving

carbocationic polymerization conditions" refers to quastiliyiig polymerization conditions that allow for
the formatign of quasiliying carbogationic polyolefing [0045]As used herein, "quasiliving carbocationic
polyolefm*7&rere o & %%ﬁﬁ@?ﬁc’ﬁ%ﬁé AthaABES formed under quasiliving polymerization
conditions{fl8D}6 1 Assused Inevtin; thuasiiving palyinerizatiasi:cefersdo pelymerizationsthat proceed
in the absence of irreversible chain-breaking events. ugs.'liv'n Rol m riza:[i ns WO

200011 208 B O RI008 0T e By Ab N e € TN 53 BB Bt Anerein
propagatingpiiving) spepiesiig egdillsriarrevith Fonipropagatingitobrdiing):pelyniericigains. 100471As
o e RSN RO SRR LIS TBLS 40 e c L EaneonR gt Al o e
polymerization to occur. [0048]As used herein, -quenchirig” refers to reacting a carbenium ion with a
quenchingABOPoIAS e rereifs g deacifggent refers to a compound that can,either alone or in

combinatiggyeith anather.qempeeLRd, SQACE VIR B AR und of the formula
i
Polyatetin® TR
wherein R is hydrocarbyl. v one embodiment, R is methyl.
[6633] As used herein, “halide,” halo,” or “halogen” refer o F, CL, Br, or L.
{8034]  As used herein “hydrocarbyl” refers to a monovalent, linsar, branched or cyclic
group which contains only carbon and hydrogen atoms.
[B935]  Asused herein, “inifer” refers 1o a compound that acts as both an initiator and a
chain transfer agent,
[B636] As used herein, “initiator” refers o a compound thal provides a carbocation.
Examples include, but are not limited fo, compounds or polyolefing with one or more tertiary
gnid groups.  An initiator may be mono-functional or multi-functonal. As used herein,
“mong-functional initiator™ refers to an initiator that provides approximately one
stoichiometric equivalent of carbocation relative to initiator. As used herein, “mulii-
functional initiator” refers to an mitiator that provides approximately x stoichiometric
equivalents of carbocation relative to initistor, wherein x repressnts the functionality of the
inifiater, When a mono~functional inftiator s used, the chain end concentration is
approximately egual to the initidior concentration, For a multi-functions? initiator, when the
functionality of the imtiator equals x, then the chain end concentration equals x limes the
initiator concentration,
188371 As used hereln, “tonized polyolefin® refers to 4 polyolefin containing at least one
carbenium ion. An example includes, but is pot lindted to, & tert-halide terminated polyolefin

that has been lonized into a catiomie polvoelefin. A further example includes, but is not



[0050]As used herein, "substituted benzene" refers to a compound of the formula. f wherein R is
alkyl, alkenyl, alkynyl, aryl, alkatyl, or aralkylis -6. In some embodiments. R is lower alkyl, In some

embodimenjgg Ris/megmbodiments, n is 1-4. In some embodiments, n isgl-34]0RddAs sed herein
"vinylidene end group”al olefin moiety which has an exo-olefin configuration. 100521As used herein,

e sk eied pal PR IAIAL cAANe.ALIARLANS MIMICRR 800 GIoLR Pramples

include, but are not compounds of the following formula: erein R'fs hy%frggen or

hydrocarbyl [ebSrAdnTsdg arem reR praliaikefa i A dapolyoisst istneai s izetbpsiyohditertiary
halide end grouiiAmexarplaiasludesdutis Roklimilad ie, 3. compeund ot fannula; GH3 X Potpiel!C,
3 wherein X is a halogen, METHODS [0054]Provided herein are methods for preparingterminated mpr
g: WO zoﬁﬁ;?i‘gﬁ %fW?W@ZW@?%i@Q?iSFﬁ?iFfﬁ%@d%éfﬁ??ﬁﬂﬁ%%@%@i@ﬁé Lewis acid to
form an, iopiredetin or & cationic polyolefin, A further example includes, but is ot Hmited to, an

ionized polyolefin derived fromy ani inifer.

(0G38]  As used herein, “Lewis acid” refers in a chemical entity that is capable of

accepting & pair of electrons.

{0039] As used herein, “monomer” refers o an olefin that is capable of combining with a

carbocation to form another carbocation.

{0040  As used herein, “nitroalkane” refers to RNO;, whersin R is alkyl, alkenyl, alkynyi,

aryl, alkaryl, or aralkyl.

8041} As used herein, “percent by mole of all products” refers to the proportion of the

number of moles of a particular product of a resction to the number of meles of all products

of the reaction wultiplied by one hundred.

6042 As used herein, “proton aceepior” refers fo a compound capable of abstracting a

proton.

[8043]  As used herein, “pyridine derivative® refers 10 a compound of the formula;

RS“Y" Ny Ry

st/)\\';’i Rz

Ra

‘wherein Ry, Ra, Ry, Ry, and R are each, independently, hydrogen or hydrocarbyl; or By and
Ry, or Ry and R;, or Ry and Ry, or Ry and Ry independently form a fused aliphatic ring of
about 4 to about 7 carbon atoms or 4 fused sromatic ring of about § to about 7 carbon atoms.
When B;, Ry, Ra, Rs, and R; are each hydrogen, the compound s pyridine.

{6644} As used herein, “quasiliving carbocationic polymerization conditions” refers to
quasiliving polymerization conditions that allow for the formation of guasiliving
carbocationic polyolefins.

{00451 Ag used herein, “guasiliving carbogationic pelyvolefin” refers {6 a carbocationic
polyolefin that has been formed under quasiliving polymerization conditions.

j046] As used herein, “quasiliving polyvmerization” refers to polymerizations that

proceed in the absence of irreversible chain-breaking events. Quasiliviag polymerizations



polyolefin; reacting the ionized polyolefin from step (a) with nc or more dihydrocarbylmonosulfides: and
c.reacting the product of step th) with one or more proton acceptor compounds. 50me embodiments,

the methodygyepresagied by the following scheme: 1) R1-S-RB2y/usao09/037513) proton
acceptor ionized poiyolefin Polylef inRs wherein Ri and R2 are each, independently, hydrocarbyl; and

R3 is hydrpapsanydiRsashn Q096K some, sphomimenis. e RRAIGHNLRIRRRIPL.BY g methods

provided herein contains one vinylidene end ‘group on the polyolefin thain. Th'so mbodiments, the
polyolefin BrEBRYE i HE hetHEES pravIca s in SoriiFs Tibfhan one vinyhdene end group on
the polyolgfinachain. A905ALWHRQWbeing ipiled l-any thearrainsemeembodients. the methods
described her$in appear 'r_oc%e?,%d__by thei pathway shown in the following scheme: P pia™-7-sie R2
MAYB pro‘fgﬁ“é%%%@é‘?‘t RY SFHEPERM R I B Y EPEH  independently, hvdrocarbyl.; M is a
metal, trari§i#iéh] metak aichatatioid:dscaihglide:and A-rodf: atereachs indepandentiyaansinteger
from | to Zé)%g .some embodiments, MA YB is derived from a Lewis acid described herein.

4.2.1I0NI POLYOLEFINS _
6349 As ased heremn, “guenching agent” refers {o a compound that can, either alone or

in combination with ancther compound, react with a carbenium lon,
{6a30] As used herein, “substituted benzene” refers 1o 2 compound of the formula:
Ry

wherein R is alkyl, alkenyl, alkynyl, aryl, alkarvl, or aralkyl; and nis 1-6. In somie
embodiments, R is lower alkyl. In some embodiments, R is methyl. In some embodiments, n
is 1-4, In some embodiments, nis 1-3,
{6051} Asused herein “vinylidene end group™ refers 1o a terminal olefin moiety which
has an exc-olefin configuration.
19052} Az used herein, “vinylidene terminated polyolefin” refers to a polyvolefin that
containg atl least one vinylidene end group. Fxamples include, but are not Emited to,
compounds of the following formula:
A
Fokolfin® R

wherein R is bydrogen or hydrocarbyl.

0953 Ag used herein, “tert-halide terminated polyolefin® refers to a polyolefin that
conlains at least one tertiary halide end group. An example includes, but is not Bmited 1o, a
sompound of formola

Gy,

X
Polyolefin™ “CH,

whergin X is a halogen.
4.2 METHODS

[6034]  Provided herein are methods for preparing a vinylidene terminated polyolefin

comprising:



100581lonized polyolefins may be made by any method known to those of skill iii the art, Examples
include, but are not limited to, ionizing a tert-halide with acid; ionizing a preformed polyolefin with a
Lewis acid; welyraerizieg an olefin monomer der quasiliving carbocationic pohimesisaiiogy sonditions; or
performing the "Miler" method. [00591In sortie embodiments, the ionized polyolefin is a carbocation
terminated polyolefin. In;some;gpadimainsidng ipmzedRol0lefN cantaing png,on more carpocation
end groups. In some embodiments, the ionized polyolefin contains one carbocation end group. in
some embodiments, the ionizé@%@@o‘l@ﬁn contains two carbocation end groups. In some
embodiments, the ionized poIm@t@jﬁmg@g&@ﬂg&g&rﬁgﬁ%ﬁgq@g@@@gqagagwgnm%% \We
2009/120551PCT/US2009/037513,emb qjiment§, r%gﬂi_g)_ni ed poly olefin is a polyisobutylene with a
cationic end group. In some effib ﬁ%%éﬁ%f{m?‘?a?% T Biyolefm is a compound of the following
formula: Ft3C CHCHs Roiyisobutyiesjtenizethnaieigins Wialides {0060H nsesnasehadiments, the
ionized poly:olefin is derived frgﬂ%ggt%%ﬂ;de Mated polyoletin, in some embodiments, the ionized
polyolefin is derived form a ten- "de terminated polyolefin, tert-bromide terminated polyolefin, or
ten-iodide ¥ffhatedipolyolefitiofiirsorie tbenbodindentsptheioni zedipalyilefindsdetived from a
ten-chloride terminated polyolefin or ten-bromide terminated polyolefin. In some embodiments, the
ionized polyolefin is derived from a ten-chloride polyolefin, [0061]Ten-halide terminated polyolefins
may be made by any method known io those o1sk#-#s-the art, [0062]In some embodiments, the ionized
polyolefin is generated by contacting a ten- halije:tesruagiee polyolefin WiEﬂ%\a Lewis acid. In some
embodiments, the ionized polySféffit i&YeRErated by contacting a t&pivelivridéRerminated polyolefin,
ten-bromide termipated polyolefin, Qr ten-iodide terminated polyolefirt with a Lewis acid. In some
embodimeRtEHE ibh f?&j%éi%*fé% jeseraisndy W@&ﬁfﬁ%&rﬁ@“ﬁ RIS teimhirdeddslyolefin with
a Lewis aqigli§0063]in seme:ermbiidionentethel ton dhalidesisdeyivied-feara aniahidelsalefins from
preformed po 1J%I&g_-:-{g}{pﬁs.‘v[é)l(‘)zfﬂgeem(I?o_‘dimen_tsmtheﬁiiqn!)‘z d %c%yol%%in is deri;éeq, froni a preformed
polyolefin. T &ome ambodintente. stch praformed s 358@ i EoMt AR OHR SHINGPE ddfible bonds. in
some emhadimiefitspsyetepteformee:holipgimfiniebhtainsconeideulle: biondods semielaembsgiments,
such prefog&?[)g O%O{Iiyg %ﬂgﬁ'@ﬁ}%@%@obutylene derivative. In some embodiments, such preformed
rxilyolefin %on ains one or more endr(')_ olefins. [00651In some embodiments, the ionized polyolefin is
generatedi B¥Sdbntachiiga ewis Hoidalith enprdfonndd poipoiefvdimstm e mbbdimdntssitied ionized
poi-vole-finylzgenstated Bsconiacting aareioramed polvalefinconiaiging.ane or more double bonds
with a Lewis acid. In some embodiments, the ionized p&yolefin is generated by contacting a preformed
polyolefin containing,one deukjedhond withf@\yeﬁjg@cid, iB-semespbodiments, the ionized polyolefin
is generatédby goniagtingapolyistbutyigne detivalivg With-a Tewis actd, #Y& i?e‘“ Ry~8-R;

wherein By and R, are each, independently, hydrocarbyl; M is a metal, tiansition metal, or
metalloid; Y is a halide; and A and B are each, independently, an imeger from 110280, In
some embodiments, Ma Ve is dertved from & Lewis acid described herein.

421 IONIZED POLYOLEFINS

{8058]  Ionized polyolefins may be made by any method known to those of skill in the art.
Examples include, but are not limited to, jonizing a tert-halide with & Lewis acid; ionizing a
preformed polyvolefin with a Lewis acid; polymerizing an olefin monomer under quasiliving
carbocationic polymerization conditions; or performing the “inifer” method.

{08581 In some embodiments, the jonized pelyolefin is a carbocation terminated
polyolefin. In some embodiments, the ionized polvolefin contains one or meore carbocation
end groups. In some embodiments, the lonized polyolefin contains one carbocation end
group. In some embodiments, the ionized polyolefin contains two carbocation end groups,

In some embodiments, the tonized polyoletin contains three carbocation end groups. In some



- WO 2009/120551PCT/US2009/037513 some embodiments, the ionized polvolefin is generated by
contacting a prefomicd polyolefin containing one or more endo olefins with a Lewis acid. (.0Olonized
nolyolefins #ameétheMiter method [00661In some embodiments, the ionizedpptyalefinis derived from
an inifer using methods known to those of skill in the limiting examples of such methods are
described it RatNa 4 384 Al ;563192068001 WHIER S DSRIBRIAIRARY . sorfnerein. In
some emb_odrj%m nts, a monomer reacted with an initiJir carr@gﬁ‘at least two tertiary hal%gens under
cationic polmMETIATGH LEHAMHBHEPTYEEHIR 'S bodRArtS e fakeriaa Bmedeor a trinifer. In some
embodiments, the inifer is tricumyl chloride, paradgglgnyb@tllmige, or tricumyl bromide. (d)lonized
polyolefins fromonomers under it S|Ilvp:ﬁlgg@ggt;@%g_on@@ygi@lzatlon conditions In some
embodiments, the ionized polyolefin is derived from0leC ’ﬁderfﬂ"&siliving earbocationic conditions.
Under such conditi?rés, a ﬂ}uai'e fionic polyol f‘iegtd. Such conditions may be achieved by
any method known'fd those ok ekt tHa B FE IS R a e amples of such methods are described in
EP 20675608614 W.200HA06ALAL bR SLbieh Asedsomorated by efergnce herein. [0068]n
some embodiments, a monomer, an initiator, and a’'Lewis acid are used‘,J n'some embodiments, the
ionized pol§Blefdekreigakdiniving earssehtdmepoliisstunié nelsolfndmisottivddnts; steh quasi living
earbocatiogmﬁ@éy@i%&méé@g@w deatihs.dellowingformula; rabisguiyt Sukl G BH: GHa (- CH3
Initiators [00691in some eml Qdime,nts,f'_[hg injtiator is a compound or polyolefin with one or more
tertiary enE GIBERY. 1 SOt BOMEEhIIcHE TR oY HEE D e Ittty ercPdrsuinsidome
embodimesis:ithe-inflidiordiasmerethatianestariiasy epg . 12004 URBAMe-gmkgdiments, the
initator is & compoynd gt forula (4 GReRENR ide polyolofn

(8061} Tert-halide terminated polvolefing may be made by any method knowa to those of

skill in the art.

[6662]  In some embodiments, the jonized polyolefin is generated by contacting a tert-
halide terminated polyolefin with a Lewis acid. In some embodiments, the lenized polyolefin
is generated by cottacting  twit-chloride eriminated polyolefin, tert-bromide terminated
polvelefin, or tert-iodide terroinated polyvolefin with a Lewis acid, In some embodiments, the
ionized polyolefin is generated by contacting a tert-choride terminated polyolefin with a
Lewis acid,

6063} in some embodiments, the tert-halide is derived frony an inifer.

(b}  lonized polvolefins from preformed polvoelefing

98641 Insome embodiments, the iomized polyolefin is derived from a preformed
pelvolefin, In some embodiments, such preformed polyolefin contains one or more double
bonds. In some embodiments, such preformed polyolefin contains one double bond. In some
embodiments, such preformed polyolefin is a polvisobutylene derivative, In some
emnbodiments, such preformed polyolefin contains one or more endo olefing.

08651 In some embodiments, the ionized polyolefin is gensrated by comtacting a Lewis
acid with a preformed polyolefin. In some embodiments, the iondzed polyolefin is generated
by contacting a preformed polyolefin containing one or more double bonds with a Lewis
acid. In some embodiments, the ionized polyolefin is generated by contacting a preformed
pobyolefin containing one double bond with a Lewis acid. o some embodiments, the fonized

polyolefin is generated by contacting a polyisobutylene derivative with a Lewis actd. In



wherein Ra, Ru and R, independently comprise at least one of alkyl., aromatic, alkyl aromatic groups,
and can be the same or different, and X' is an acetate, etherate, hydroxyl group, or a halogen, In some
embodimenjg; Rpdaaavalence of n, and n is an integer of one-to 4. In semneenodivants, Ra, R.L,
and R are hydrocarbon groups containing one carbon atom to WO 2009/120551 about 20 carbon a

containingsene earbeiiAcatl) Honwe; er PoMIMEents. XeAITICS U HFOWIRY SPRGL AT/ MR 037513 e
embodlments R,12.1, and R., are hy (iie?carbon groups o about 8 carbon atoms. In some

embodimenita. XE %‘é%g%?]mﬁr%ﬁi?d% ESHiB hibBdifikhts, the structure of R” 14 and R., or
monomer. In some feinbodiments pstichesinuchsn isaitispheayeihyl derivative fo, polystyrene ora
2,4,4-trimethy| pentyl derivative for polyisoburyiene. In some embodiments, the initiator is a eumyl,
dicumyl oriﬁ’%ﬂﬁ%yl IAsBIE efisddreintdhchloiidé polwedieds Hesenidrembodinifentsithe initiator is

2-chloro-2rphenRIRRANS theee vV ShIRLAS; Tubitlit2ehipw-2-nronyhhenzene, dicumylehloride);
1,3,5-tri(2-chlarp-2- prgggl )benzene, e., tri(cumylehloride); 2, 4, A4rimethy1-2- chloroperltane

2-acetyl-ApBER§Hropate. @@‘Oéu‘}nﬁ%%‘{ mﬁﬁé’ﬂ%ﬁﬁhﬂﬁfi?ﬁp@ﬁé@@ii‘%@myl propionate;

2-methoxyrZepheRyiprapang mﬁmﬁsﬂh&ﬁm& Hhhsiiter methexy- %;Mgﬁxﬁﬁﬁ%ﬂﬁnﬁyﬁ Jeast

di(cumylin thyI ether%' T 1,3,5-tric- methox% 2-propylThenzene, i.e. , trilcumylmethyl ether). In some
embodime 7"@ SHETR fialorTe sae b e H %ﬁ%ﬁﬁ?ﬁ%@ﬁf&’ﬁg‘f‘?Wéﬁ)&‘@ﬁ Chisrdmepiogebenzene,
1.3,5 trit2-efiferds 2-prdfiyl penzéniéerori Smet (xthidraciprornzaee {pRGE): [004144n some
embodlmen%trs d%@g?llnl qt%rﬂgeogoufyn%l aI bi- &unctlonal or multi- functional. In some embodiments,
the iono-furictional. 1h some &mbodim é’n “ihe Mitiator is 2-ehloro-2- -phenylpropane,
2-acetyl-2-phenylpropane, 2- proplcmyl -2- phenylpropane, 2-inethoxy-2-phenylpropane,
-ethoxy-2-phenyipr6§§ane1 EHI R higiﬁms fmm aieﬁmw mEneRHE s anasiliving
2-propionyi- 244 trimt, thy§BEPRSREOIE PEFHBLUZR O GOREHI0NS
2-ethoxy- rime h enta n some embodl S, the ini ator IS 2 chlorg-2,4,4-trimethylpentane.
ortim S SRR é‘.%. %%ﬁﬁﬁ? ﬁf?%a?iﬁ% e e i

1.3-di(2- Chﬂ@:@t‘ Zipsiiyiibentenet; m@mﬁdmemoxynﬁspmpylybmma, Hadi@living
oo ORISR, i (el SRIPRMIRBNECRR, AL RESI) hd U0 -propY)

benzene. In some em ments t e Initiator I1s tert- ut 1- l eh oro- enzene
100731In %Wé?ﬁb@%ﬁm’e?héi mé‘lﬁﬁmt&whmﬁtmm@pbzﬁ o semsdinbsdirndatsithd initiator is

1,3,5-tri(2 hiese72 PPyl Renzereiieigr2 RIopylingnzens ~MnQmRrS (A0FALHN.SOME v,
embodiments, the monomer is a hydrocarboncompoun
[B6R In some embodinents, a mongmer, an initiaior, and a Lewis aeid are used, In

some embodiments, the lonized polyolefin is a quasiliving carbocationic polyisobuiviene. In
some embodiments, such quasiliving carbocationic polvolefin is 2 compound of the following
formula:

HsC, FH C?g
Polyischutylene., //\\/ f&\(‘;ﬁa

{iy Initiators
{00691 In some embodiments, the initiator is a compound or palyelefin with one or more
tertiary end groups. In some embodiments, the initiator has one tertiary end group. In some
embodiments, the inttiator has more than one tertiary end group.
{00781 In some embodiments, the initiator is a compound of formula (X'-CR PR
wherein Ry, Ry and R, independently comprise at least one of alkyl, aromatic, alky! aromatic
groups, and ¢an be the same or different, and X' is an acetate, ctherate, hydroxy! group, or &
halogen. In some embodiments, R, has a valence of n, and n is an integer of one to 4, In

some embodiments, R, By and R, are hydrocarbon groups containing one carbon atom to

16



hydrogen and carbon atoms, including but not limited to, olefins WO
2009/120551PCT/US2009/037513 diolefins and those having from aboutabout 20 carbon atoms. In
some bodimeasesushsspmpounds have from about 4 to about 8 carbon gigmgs 1B /hBidnsome
embodiments, the methods described herein can be employed for erization of such monomers to

produce pebwraers efdifferentsbu Q&'ﬁ@@ﬁ&mﬁ%ﬂ%ﬁ 1 Si@b”éﬁc?mg&dﬁ? 8BNS qrmuo'lecu'ar weight is

from about’SOO_tQ in excess of a g/mol. In some emboaﬁments, such po?y_mers arg O\R)Smolecular
weight liquidBFHEERTE FETYRSTORA0IAR AL herebana tieigHe sPre PTElwine0s. (8’ 10:0edogimol, or

solid waxyitosplastiendciasianeris mrkefialshawns-meleswatyeaights,of frogr 8beyt,10q,000 to
1,000,000 glum’, or more.. In some embodiments, the monomer is isobtayie e, styrene, beta plane,

isoprene, BUtAEME SPLTRETRTHAE CoMPBIMES JF G RaaiEt)setiah Soiesittotiments, the

monomer ishisobetfytedesi2avethylpbishutane «3-methyinbutengadvnathyldrentene, or beta-pinene.

In some em&g%irgg%tis the;mgr}}%r:n%rﬁi)% 'sp_butyl%nie. 1{_99761In§on1? E,mbo’ iments, mixtures may be

used. (jii)LBWis Acids 100771 Some emboaiments. the LB & HER%otid atiahtesfite embodi

the Lewisdeidasaqmétalinaite drimdenmetalshdlide stmsamésinbodimenisiil-ewis acidlisainetal

halide. In ’ liments isis a titapium (V) halide,.a zinc (I1).halide, a tin (IV) halide, or
W@QQ mer L Btﬁr%%qeérkr%}é%é ?jH apum Zgﬁm)_&, nl é}}b]?‘ocnmn If

an alumindm (M1i) halide’ Tn somé e iments, the Lewis ac Ium(1V) halide. In sonic
embodimefié Hhe tenidaeid3s artE -chiyhalidecnyisorvesmbodiri{entsy théotidalis acid an aluminum

(1) halideslp seme.aphodiments.theLewisoeis is titapium.ietrabramide or fitaniim. tsfrachloride. In

some embodiments, the Lewis acid is titanium tetrachloride. In some embodiments, the Lewis acid is
zinc chloridd™ I EbRAEPaHTbOHirfEHRE, MHE LB FenFiecAtSrabwdaimeemmbodiwantsiaislLewis acid is
ethyl alumismun dichlghidactisome-embpdinants: thedewis,acidis amean-getal halide. In some
embodime the Lewis acid is an antimony (V1) halide, a gallium, (I1l) halide, or a boron (l1l) halide. In
some em bggslFﬁgﬁtgs:??ﬁ@@@ﬁ%&}é@a?@%%ﬁ’ﬁﬁ:hf W?&%%’é B ditats HHBCEERAE Cid is a
trialkyl alurhinminzonipoundhin Sémeamhotimnents; tdPews gcitdsdimethydalwninsma200781In

some embﬁgi@teniém% mixture of two or more Lem%% Q%Eds is, used l‘n_som%ijetg%bodiments, a mixture of

two Lewis 009 15 00Ba it SO SrBoaiments & Hntire OF I Ny HATGESHRd nialky!
aluminum @éd#pound is used In some embodiments, a WO 2009/120551PCT/US2009/037513

lometric rajig.pfaboy, |1 aluminem e E%%ﬁ&i&'%% QQ&%%%QQ%%E%Jﬂaﬁ&ﬁ@_&i@{%@emsi a
stoichiometric ratio of 2:1 alumlnums halide to trialkyl aluminum compound Is used. In'some
embodimeliis i EthicRiSPHRATPREE BRI Blemitam: (2 Iphalideciornal iyl wiomimiradengstd, In some

embodim%ﬂ%ﬁ@%&qLcizli@mﬁmﬁ.g@a@g}%@mw9%&&%&%@-&5@%@&%@199@;’35 greater than I. In

some embaodiments, the stoichiometric ratio of aluminum clip halidga to trialkyl aluminum is less than 1.
In some eRBAIRIERATES & R '3’6?"é’l%ﬂ)’ﬁ%ﬁ’??ﬁ%ﬁrdﬁ‘ﬁ&@%ﬁ%‘?ﬁﬁ%‘éiﬁﬁﬂ%ﬁﬁnﬁi{?ﬁ?@“@é‘e‘& 100791In
some embadigRilis:thad, ewisacit isanalil alumiawe hatidei-some embadirasnis, the Lewis acid
s a methy:tln?:‘lt%g;«:i?%B[t%gpfggt%ylpmﬁane, or 2-ethoxy-2,4 4-trimethylpentane. In some embodiments,

the initiator is 2-chloro-2,4,4-trimethylpentane.

8072} I some embodiments, the mitiator is b-functional. In some embodiments, the

initiator is 1,3-di2-chloro-2-propylibenzene, 1,3-8(2~-methoxy-2-propyDbenzene, 1.4-di(2-

chioro-2-propyDbenzene, 1,4-di(2-methoxy-Z-propylibenzene, or S-rer-butyi-1,3,-di{2-

chloro-2-propyl} benzene, In some embodiments, the initiator is 5-fert-butyl-1,3,-di(2-

chloro-2-propyl) benzene.

[0873] Irt some embodiments, the initiator is multi-fonctional. In some embodiments, the

imitiator is 1,3,5-tri(2-chloro-2-propylibenzene or 1,3,5-tri(2-methoxy-2-propyl ibenzene.

{ify Monvmers

0074} In some embodiments, the monemer is a hydrocarbon monomer, /.., a compound

containing only hydrogen and carbon aioms, including but not Hmited to, olefins and

11



100801in some embodiments, the Lewis acid is added in one aliquot, embodiments, the Lewis acid is
added in more than One aliquot. in some embodiments, the Lewis acid is added in two aliquots.

(iv)Electronyleonars24811As is understood to one of ordinary skill in the @f,; s0mp glegison donors
are capable of converting traditional polymerization systems into quasiliving polymerization systems. In

some embeidETeRlSHD eI HAGSI8SE! h@%ﬂzﬁ%‘?%@ﬁ?ﬁ%&?&&%}&éﬁ‘?ﬂﬁﬁ@ %fﬁ%géiianner%l*ecnon
a than

donor. In sprg}e embodiments, such electron donor has a different formu & one or more proton
acceptors S TEREEEH IRV CO FSAN A orbRdikateRn pétlefin (described infra). In some
embodimej#s?3uch dleciienaonarhassihe.sameotormulassithe QReLrHDRERIAIPRAcEeptors used to

react with th}%’%ulgqrg%um i%r} terminated pol Qlefinﬂ%ggcribed infra). In some embodiments, the electron
donor readts With the: StIfoRITM TER EIFMAA R P ropBFTHSI 0 CBfsatife WhiBpaimdstesTorm a
vinylidene tezgiinatédspolyetetindbegiments, theceldairon ganoriscapableofgamplexiggsbodiments,

the electron.donor.is a base and/or nucleophile..In some e electron donor is capafle of abstracting or
removing a!fbrotéé( I éomgocl:?ﬁgﬁ%%ﬁg}i’%%ﬁu({):%}g%%'g A58 nog'oﬁtge ﬁ‘? %ﬁﬂ?gﬁﬁé‘?‘{%"électron donor
is an amidestausam embodinsertsithedieotophtiofitnis Abdidifiiethylariarnide or solid

dimethylaceiamige anilhsistylagaipmida, in.same sibedments. e elecion danojfs & sulfoxide.

In some embodimengs, the electron donor is &methyl su ome embodiments; t e électron
donor is ah-8XH M regBpheEMBEdiments, the electron donor is methyl acetate or ethyl acetate. In

some embadimenisiha sleclondanenisaPRosRRME.comapindnseme;embodiments. fhe electron

donor is tri_metttlylwphosphate, tributyl phosphate, or triamide hexame_.hylphoép ate, iIn some
embodimefiE THEEREHBRPEBRET 3 Lh NRES D005 10T ARRTHNGS P BeKyEenicontaining
metal comipetingicli spme:epioslivars ts-thersipctinn-donPHG IS AIEORIRYHIIRNAIRNIA8S 1IN some
embodim%%%étgeigl(_?ctro%d?nor_ isﬁgxridj_ne c%ﬁ%gyridine derivative, some embodimenL, the electron
donoris a corn'p*onu'r? G Srmuta™ R el 'ia,iﬁz R3, R4, and R5 are each, independently,
hydrogen or hydrocarb or R1 an R2, or R2 and 123, or R3 and R4, or R4 and Rs independently form a

fused alip i%;ing %ggt%%te%’gq &boug E%_ia}[pon atoms or a fused arog@tic ring of about 5 to about 7

; AT X » H 1 > BSEA,
carbon atdéms. fn some embodiments R and K5 are 6ac rfi'ig'rildénﬁigr?geun y, hydrocarbyl, and R2-12,1 are

hydrogen. [0084]In some @&bodiseistdeldstron donor 2,6-di-ten-butyle, 2,6-Imidine,

2.4-c|imeth$/ég%ldine, 2,4,6-trimeth pyridine, 2-methylpyridine, orln some _
1847 in sorne embodiments, the Lewis adid 18 a non-protic ackd, In some embodiments,

the Lewis acid is a metal halide or non-metal halide. Ih some embodiments, Lewis scid is a
metal halide. In some embodiments, the Lewis acid Is a titantom (IV) halide, a zinc (I1)
halide, a tin (IV) halide, or an aluminum (11) halide. In some embodiments, the Lewis acid
is a titanium(IV) halide. In some embodiments, the Lewis acid is a tin (IV) halide. Tn some
ambodiments, the Lewis acid an alumimum (1) balide. In some embodiments, the Lewis.
geid 15 tilaniim tetrabromide ortitanium tetrachloride. In some embodiments, the Lewis acid
is titanium tetrachloride. In some embodiments, the Lewis acid is zine chloride. In some
embodiments, the Lewis acid is AlBry, In some embodiments, the Lewis geid is ethyl
aluminury dickionde, In some embodiments the Lewis acid is 2 non-metal halide. In some
embodinents, the Lewis acid is an antimeony (V) halide, & gallium (510 halide, or a boron
(IIF} hatide. 1o some embodiments, the Lewis acid is boron trichloride, In some
embodiments, the Lewis acid s a trialkyl alwmimum compound. In some embodiments, the
Lewis acid is trimethy] aluminum.

[8478] In some embodiments, a mixture of two or more Lewis acids is used. In some
embodiments, & mixture of two Lewis acids is used. Irv some embodiments, 2 mixiure of a

aluminum (1) halide and tialkyl aluminum compound is used. In some embodiments, a



embodiments, the electron donor is N-dirnethylaniline ory luidine. In some embodiments, the electron
donor is 2,6-lutidine. (y)Common lon Salts and lon Salt Precursors 100851in some embodiments,

common ioRgRkR 1 salk precursors may be option added to the reaction mbgtiye ipeadsktion to or in
replacement of the electron donor, embodiments, such salts may be used to increase the ionic

srength, suippigss iee ians omeme ikl iaand axEhangs. 10.same spediments, tssommon ion

salt precursor is te n-butylammonium chloride, In some embodiments, the common ion salt precursor
is butylamHSRiU TRHRIETH SE RS B S oirhsTRS R aatisriichitr alisniornd IEbhaksriadriaits or salt
precursorsalntheutatalrpactiansubduiresnayde-dbie.range Kemhaneutio- 0083 moles.pen liter to about

0.05 moleﬁﬁe;ﬁ!#?{; In iso&e;}ewquiments,g'ﬁaﬁ cqnceﬁntragon of the common ion salts or salt
precursors 18 1n the ranga fron 2BotED BoBs b8 BerMerdahsul s oo Mo Heifieriin some

embodimesitspinercfivéniidtion whthe ebminon iapeattotisalt precsermisdaithefamge from about
0.001 moles per liter out0.007 mol rliter, 4,22 REACTION WITH N
DIHYDROCARBY E05 f@%%ﬁ%‘fﬁ?iﬁ@égﬁﬂ% éﬁ(}?g@é‘?ﬁ%lf%%%“s‘ﬁﬂ}é%ie@ﬁhﬁ?rﬁm}é“rﬁ@%e
dihydrocaistRESRZS suldx WD 00812055 EPCTHI5R008/03 s SmtieneiriRizathd R, are each,

"ependefilysflyoresaUhiL LG SOMe SIS JIA AN RAAIS ARG Jodependenty. al

alkenyl, alkynyl aryl, alkaryh araikyl, or cycloalkyl. In some entbodiments, R and are each,

independeHiyodiiy Tt alkenk ERikaciis arandly ol epiwaikyphideme embodiments. Rl and R2 are

each, indepesgentlyialkl: iharme-embodiments .84 @%@%&@9@9@@%@( Saptain from | to 20
C

carbon atoms, . ome embodiments, the dihydrocarbylmonosulfidc is diethylsulfide,
dipropylsuﬁ??ga%ﬁ%&r‘mmé@éi%%l@fiéﬁ%@é?ﬁ#f‘st%ﬂaﬁ%mﬁaé?‘aiimiﬁﬁﬁv@aﬁi@@n@oﬁ@ntyl
sulfide,ethpiiyiisulfide s pathyldertogtylsuifide, dinonyl sulfide, dioctad sulfide, dipentyl sulflde, or
di-tert-dodecyl sulfide. In some embodimgnts, the dihydrocarbylmonosulfide is diethylsulfide,
dipropylsulfide, cliisoprop I‘éﬁlfid%?%%ﬂ%ﬁﬂﬂﬁ%? or diisoamylsuifide. In some embodiments, the

diycrocaigsprosyfile,meisaprepys i aeton oL s pn seted polvolei

9}Without being limited to any theory, in some embodiments, the dihydrocar monosulfide acts as a
quenching &gevt ANAREEBEING e Bs amyrinedn, sivsomesnbatimemsoitiserization
- dihydrocaghyimanqsulfidle egacisiwithdhe doniagdipalyelefin 1o.form.a stlionium;iop terminated

polyolefin. Without being limited to any theory, in some embodiments, such sulfonium ion terminated
polyolefin § &HETT SHRTE- el SOt e St s AohiFRBR termhhataisnrkfrmibbdanable by
spectroscapysWishatt:beinglimiiegte-anyiheor-invshme ambadiments«Hhesulioniumdan terminated

polyolefin 5 on gted with al ewis geid derved coupterion, Without being igited fo any theary, in
some embodgimen?[fs, <lich Colnteron’is a’}?%ﬁaﬁi%%*h%\%aé. ABRSL B! 9 ﬁ%ﬁ g5 tHEory, in some
embodimenis psocheCailterQpissTiREK s Withoutbdin gulfniteddtcoanyr thiesns trisomRembodiments,
mbocme e e e s L e i roceecs by
the reactidtrpathishpdesielivad inrthe alipiders: seheimrscd REs8IHZprotoPIBf PIB---N+qge Te; 1 R2 "2
in Rl and Ragdp eagh pdenaagMivhdudragathivh sHONWITH RBELONAGE FRI PR

acids. In some embodiments, the electron donor is a base andfor nucleophile. In some

embodiments, the electron donor 1§ capable of abstracting or removing a proten. In some

embodiments, the eleciron donor is an organic base. In some embodiments. the electron

donor 1s an amide. In some embodiments, the eleciron donor i3 N N-dimethylformanide,

N N-dimethylacetamide, or N, N-diethylacetamide. In some embodiments, the electron donor

is a sulfoxide. In some embodiments, the electron donor is dimethyl sulfoxide, In some

embodiments, the electron donor is an ester. In some emmbodiments, the electron donor is

methyl acetate or ethyl acetate. In some embodiments, the electron donor is a phosphate

compeund, In sotne embodiments, the electron donor is irimethy! phosphate, tributvl

phosphate, or triamide hexamethyiphosphate. In some embodiments, the electron donor is an



100901Without being limited to any theory, in some embodiments, a proton acceptor reacts with the
sulfonium ion terminated polyolefin. Without being limited to any theory, a 15 WO
2009/12055486eh4dS92999/037513 proton acceptor reacts with the sulfonisym-igtréesmenated polyolefin
to form a vinylidene terminated polyolefin. Without being limited to any theory, in some embodiments,
a proton aeseptarahsiiaals Adbiomiamdhe, suiRniupLignerninated polyalefim;Without being
limited to any theogl, ;[lw.spm_e‘embodiments, the vinylidene-terminated polyolefin is the major product.
Without befhgailsr?ﬁfeHE &igwtfheory, the vinylidene teiminated polyolefin is the major product;-arid

polyolefinsié@dhinin: endo-atefinntershalide-polyolefiosi apdieaupied palslefinsiargtheyminor

products. \(\Aﬁl&o E&j}ﬂ% limited, tg any theory,.in some embo im_eq?sz more than one proton acceptor
reacts with the sulfonium ioh }ésr’%?ﬁ%én Sgﬁ%yéfe o RRRBTEHETNG tited to any theory, in some

embodiments, more than one proton acceptor re&ets with tHes sulfonium ion terminated polyolefin to
form a yinylidene terminated polyolefin. 100911In sg%nqg mbodimhe proton acceptor has a di electron
donor described, sike embodiments, the p formul@sas tiie elegtron donor described, supra. 1009211In
some embodiments, the proton acceptor embodimentsighe proton acceptor is an amine. In some e a
compound of formula: R3-NRi R2 whereinR 2, and R3 are each., independently, hydrogen or
hydrocarhyib¢iesbie 2. Bintentsid 3 hsaifocadoytntivsdmbsengodim eptsoB:Bis atkyl, amdkenyl,

allyny, oyglogli alkayoaralsh R vk amteciments, ane o4 1. AN0:R2 i fydrggen. and the other
S,

is hydrocarbyl. In some embodiments, Rl and R., are the sanme. In some nd R2 are each,
independetihit A1y Foamehyrr by HymeyE o AR apamaic snanf 2bprd o pbsoinbcerhbodinments, R3 is
hydrocarhyh st B askR3rare hotl yoaes, Inspme-embodiments, Riishydragathyl, and one of

R1 and R2 is hydrogen and the other is hydrocarbyl. In some embodiments, Rl and R2, together, form
a ring of frofi' abdtt 3 to about 7 carbon atoms, In some embodiments, the proton acceptor has more

than one -fidiggioup HOARSLtnsomeembodinaniss hieRroiorsatceplekis gy REMAN @MIRE:dN sonic
embodimenis,.the broton acceptoy is.a secondary amine, In some embodiments, theproton acceptor is
a tertiary e‘aj*r?i12}isr€i‘§5§?3 i %gﬁédggr}ﬁb‘é’ 'féféﬁ & "g’ [b’lf‘igl%ﬁ” é&%@&é}ﬁ%ﬁ&%ﬁﬁﬁét PHAE, Sg’?eﬁ‘FfWamine, dipropy!
amine, n-lratybamisres tErt-Butytandiner se b bitiibanbiyiend ity ANnE et disleh@éxytamine,

cyclopent%mmﬁﬁg{st%g%f%%mg&%ﬁmsspgl]emi,\ﬁé% 2009/120551PCT/US2009/037513 embodiments,
the proton acceptor Is trimethyl amine, triethylamin€éopyl amine, Or tributylamine. In some

embodiments, the proton{igcepiermmmopUraliresdidtny fatidearistyiamine, or tert-amylamine,

100941In som‘g:-i embodiments, the proton acceptor is an alcoome embodiments.
TORS in some embodiments, conumon ion 5118 O salt precursors may be optionally

added to the reaction mixture in addition o or in replacement of the electron donor, In some
embodiments; such salts may be used o increase the ionic strength, suppress free fons, and
interact with ligand exchange. In some smbodiments, the common ion salt precursor is tetra
n-butylammomum chdoride. In some embodiments, the common ion salt Precurser 1y etrasr-
butylamreonium iodide In some embodiments, the concentration of the comumon ion salts or
salt precursors in the total reaction mixture may be In the range from about 0,0005 moles per
liter to about 0.05 moles per lier. In some embodiments, the concentration of the common
ton salts or salt precursors is in the range fom about 0.0005 moles per liter to about (1025
moles per liter, In some embodiments, the concentration of the common ion salf or sal
precursors is in the range from about 0.001 moles per liter to about 0.007 males per liter.
4,22 REACTION WITH DIHYDROCARBYEMONOSULFIDE

{ay  Dihvdrogarbvimonosuifides

[g6] I some embodiments, the dihydrocarbylmonosulfide has the formula;
??.‘3""'8"‘ RZ
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the proton acceptor is a compound of formula: R wherein I( is aliphatic hydrocarbyi, suchhich may be
substituted, for example, with an aromatic moiety, such as -araikyl. In some embodiments, the -OH is
attached towg 2@ gRePNdary, or tertiary carbon. In some embodiments piheidkdis@tiaghed to a
primary carbon. In some embodiments, the -OH is attached to a secondary carbon. In some
embodiments::the RO 24T afiRCHRH D A{RHIRRY FaEbERImspme embodiments, R is alkyl, alkenyl,
alkynyl, Or aralkyl. In some embodiments, the proton acceptor has more than one - OH group. f0095jIn
some embB#i#iénts lthealcehdhisimetisaRob:etRaned, ;arbpbniehdsepropamel, dnbuiangl.R-hutanol,
tert-butan Yo el al, ar cyclopentanal. In some .embodiments, alcohol| is methanol, ethanol,
or isoprop(;#% .gljg%?fﬁég%%qﬁgé}i/&mg%tasi}{ﬁ?eo%rfé%?ﬁ é%agé}%%%rﬁerrﬁéy%%em %SF@? henol derivative.
4.4DILUENTSre0088iimiomealkenpodimentswoiihe, methddsiddsdribechhersindthemethods are
performed 9 gclibianty I seme 6 Badments. the Alluentis 2 indle compaund.on amixiure of two or
more compounds. In sonic embodiments, the diluent completely dissolves the feaction co%ponents or
partially digEnEERE ?‘@'ﬁ@ﬂ@ﬁ@é&fmponents. In some embodiments, the diluent completely or nearly

completelyglissplvesihereactiameamponeris: JR-soms smbodimants Jhe dilugni.completely dissolves
the reaction components, In some embodiments, the diluent nearly completely dissolves the reaction

component& 08711 sBhiaRRBbE N L el hdenifiin CHa R bR B pomear sefiisw freezing
point. In sehepmbosineslsithemdilyent isanaikenerascalkylmenchalide aranr alldpelyhalide, In
some embodiments, the diluent is a.normal afkane. jn sgme embodiments, the diluent is propane,
normal buf“é%%?‘ﬁo%%g %éﬁ#ﬁé%fﬁ%ﬁ%‘éﬁ"ﬁ@)‘?ﬁhﬁggg#ﬁ?al ﬁ‘e‘ﬁfﬁﬁé‘?‘}% ﬁﬂ'ﬁ?‘g&tgﬁe, normal nonane or
normal &cdirgdincsdrmenemisotiidrentdisthel diltidat dspecbrandhidd dllaps;pinisofmie,embodiments, the

alkaneisi tane,isopemtane, n tane, isohexane, 3-methylpentane, 2.2-dimethylbutane, or
2.3-dimeth§f§§?§%§fi \%@%@%ﬁﬁgﬁgﬁi R?§‘§008§>§8g%?¥%ﬁy§@i“i# ré)g%%ﬂenr% 5686 |§E¢9§ﬁf§’, the diluent
is a halogetatedraman&dm some embodiments, the diluent is chloroform, ethylchloride, n-butyl

chloride, methylen gﬁhIoriﬁi&,lﬂ&q@ylﬂm@%@ugﬂ%@@Qg&&@g@ Haiefi2-tetrachloroethane, carbon
AIOTITE; |'s"‘o““-"p‘“‘r‘"o‘“p““y"‘Trg%Erﬁ‘r‘“ﬁé“l

tetrachloride, 1,1- dichlor6éthiane, n-propyrc ide, 1"2-dichloropropane, or 1,3-
dichloroprogesse. In Semeemingdimeants herdiluent. ssanaikenseihaingenated alkene. In some

embodiments, the diluent is vinyl chloride, 1,1-diehloroethene, or 1.2-dichloroethene, (0099)in some
embodimaNIS AR BN oL SASEHthf RN (PO I RBThE BRDGUER s

carbon diswlfidershifiardioxidbs ditaticcanttydridesadatenitite; behaboepialdenbobiiylhehzene

methylcyclobexane, chlorobenzene, or a pitroglkanes, In some embodiments, the diluent is a mixture
of the comap%u%r%g%i}l} %ﬁ?s{ap%nreg}g%%%%?%gg{ 11 nlggr%zn enit 5%%%%5%%@3%@5? iS4 mixture of hexane

and methyirehigiinesinm somedmbedimentsnsustdrndiplely fromatdboln X018t mbabiow@0/10
hexmethylghiordge bywolumenin.sems.embadinents-sughpixiure s from ahgy3pL70.to about 70/30

hexane/methyl chloride by volume. In"'some embodiments, such mixture is from about 50/50 to about
100/0 hexdABIFdtRCHIBMEe  BYUBRATEOR Bt BmbbiimieRtsieminmad relscesin st 50/50 to
about 70/3Rihexang/Methyl chlptde.oy volkme-4n someRmhRdingnis sS4l Mixtyreis-akout 60/40
hexane/methyl ﬁhlgﬁgi&de by volume, In some embodiments, such mixture js about 50/50 hexane/methyl

chloride bﬁ"i’; § s, such counterion is a tamum halide. Without be ng hmed to any theory, in
some embodiraents, such counsterion is "ThhCls, Without being limited to any theory, in somé
embodiments, the dihydrocarbylmonosulfide is regenerated. Withowt being limited to any
theory, in some embodiments, the reaction between the dilivdrocarbylmonosulfide and

ionized polyolefin procecds by the reaction pathway described in the following scheme:

;B
PN R85~y e Hoke) proton avceptor T ’;/ o+ G 3

wherein Ry and Ry are each, independently, hydrocarbyl,

4.3 REACTION WITH PROTON ACCEPTOR

056 Without being limited to any theory, in some embodiments, a proton acceptor
reacts with the sulfonum ion terminated polyolefin, Witheut being Himited to any theory, a
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TEMPERATURE [00102]hi some embodiments, the methods described hereinare performed at a
nerature from about -120C to about OC. in some embodiments, the methods described herein are
performed ata tgmperaiure from about -110C to about -10C. In some emppgiRemnissihs gnethods
described herein are performed at a temperature from about - 100 C to about -20C. in some

embodimepisichectigtbors deserbed hereinarenefarmadAlaemperaiie, 1om.aboyt -90C to about
-30C, In S(%me.emggdime _%ttﬁ}meth ds . ed herein are perf?ormed at a tempe?ature from about
e

-80C to abott - AHE: Ry EBIRE b LAtaE f ReiRg Hisseritadtersm ad pertermadiata
temperaturefepror aboutcf AG:tacahbh-HAGuIRsomeambediments i he.methodsdeserhed herein are
performed,af 2 temperature from ago_u_t 160C to abqut ;.40_?. In some_embodiments, the methods
described oIS S Berformed at & temperBitire of 0w GeveraprEst agelelindo e
embodimemtsotieadisth o tlesdrbed heiteiare parformdd: ate Iemperaikieiel 406 IEsome
embodimegt: thods descri rein are performed.at a temperature of -45C. In some
embodimzﬁgf}%gr%f ocfs‘ig@%}z%’ﬁg%ﬁ aaiifén%ecr %?n?zc £ ’atef'g%‘%lé}%ij re of =80t some
embodimefap kst qustimeddrarnsiduate peifbemddiag dtomperaturcheb80C s¢hk
CONCENTRATINS-LORI0RN sme embodiments..los Aok i, gL songeniggjon between
dihydrocarbylmonosuifides to chain ends is from about 0.2 - to about 5. In some embodiments, the
ratio of th é’%&éﬁiﬁbn‘é’éﬁfe%éﬁ%ﬁ%@ﬁ Wiyt Searpyionsttel e e arrenteisfropreatiout 0.5 to
about 5. Inseme-embedimenis s salia FhemelaiGceREAORBEWeS N idens forminaed
dihydrocarbylmonosulfides to chain ends is from about 0.5 - to about 2. In some embodiments, the
ratio of théjﬁﬂ%{fgr‘%ncentration between dihydrocarbylmonosulfides to chain ends is from about 0.7- to
about 1.5.{H8bme dmbedinebtsiithawatibeohthermolapcoheenialiondetwesn than the
dihydrocarhylmonosultides to chain ends is from qéa?%ut 0.9 - éo aboéut 1.4, in some embodiments, the
ratio of the MOIar Concentration betwaen difvdroearbymBRoStRGES IS AT eRadhe 6 about 1.0- to
about 1,2 iinrsoimesdhesoeimentspthdsatitool, thesmolar concentration between
dihydreeaghylinpnosylfi : in. e | 1. 1041 The chain end concentration of the
methods Ee%{%cé'r@ifxied 'e?gin%r%%gc?ti %ﬁﬁgéﬁ @ﬁ%‘é‘*ﬁéﬁé@lﬁo Hé)?gh%]é%%cﬁagcbhgiﬁggﬁd concentration for
the metho#s HekeBEd he fscappearsHoHaerveugpspiivh rmanditheingtisadside seriydel Frerein may
be perfor@%@i@;}@%mqg}rgmgjconcentration. In some embodiments, the electron donor concentration
is less than half the concentration of Lewis acid. In some embodiments, the electron donor
concentration is less than 0.4 times the Lewis Beid"¥8n@entration. In some embodiments, the electron
donor congentration is lessithan 0.3 Amesdhe kews acid conceniration, |0;sqme, embodiments, the
electron donor concentration is less than 0.2 timesthe Lewis acid concentration. [n'some
embodimefsethesite o doRticadite Mrition ilusineai ol HrbsirekeeisBsryboncentration.
1001051inpame:emaesimenisthe.chain epehapnceptiation s lesuhanQ040:M M SQmeng
embodiments, the chain end concentration is less than 0.050 M. In some embodiments, the chain end

concentratitiP et S HHERCOE B ML FP e B RSB Rt e thB . HA N e o iReRtPation is less than 0.5
NI. In some:-embadimerissibechaineadiconcoatiationisdessthan 110M; Insomeembgdiments, the

chain end ¢oncentratian is greater than 0,001 M, 4. 7EXO-SELECTIVITY_ 1001061 Jn some
embodimgﬁ%f"ri\emrﬁ%?hoigsgﬁgggf%%oﬁ%%ﬁ“ﬁ]gélﬁ ?\%R? .%a&é%y%éﬁe atgr#ﬁﬁhlfé’gr%ﬁfﬁoleﬁns. In
some embindimentsihidiylicendtcminatedrpalyaidfine pbiolefis, contdining enddelefies;tert-halide
polyolefing, and. led polyalefins.are reaction.products. In some embadiments, the vinylidene
terminate§ ?p%r}gé%e%#rg E%F%)%S%%%aé J‘éi’:‘%fﬁ&‘%io Vé?g %%%65?%%?@3 i o'rgfgf?n}g,u erthalide
polyolefingbawid’ cetiple dipoiyolafinsarsthedininus phsduetsn [BRLDTF krsorwe Embotimiitsithe
vinylidenegl;%gpjnated polyolefin formed is at least 40 percent by mole of all products. In some
embodiments, the vinylidene terminated polyolefin formed is at least 50 percent by mole of all
produ.els [fi¥%8me dmbstthiahts R GiVRdBAS I ARt poNBIETRIORed S st9east 60 percent by
mole of alkpradieis:iEeme:embediments. dhevinyidensterminated.prlyplefin formed.is at least 70

percent by mole of all products, In some embodiments, the vinylidene terminated polyolefin formed is
at least 8@%&?&%?&/{% St SPATN HrotiRES T EBHE S HRnSaim e 2eheriin itenst e ififsted polyolefin
formed is dittbabtBb:petipent iymote oballpsaducts:rrbsomerémbodiment suthe vilaylidene terminated
poly-olefi %? is at-least 90 percent by mole of all products. In some embodjments, the vinylidene
Forminaten SO e B e e S e o B DO B e AP
[00108]Certain embodiments provided herein are illustrated by the following nonling exampks. Unless
expressly stated in the contrary, all temperatures aitd temperatures ranges refer to the Centigrade
system and the term "ambient” or "room temperature" refers to about 20 to 25' C. 5.1IEXAMPLES 1-5
[001091A four-neck 250 milliliter round-bottom flask was equipped with an overhead mechanical stirrer
and platinum resistance thermometer, This assembly was immersed into a heptane bath at -60C,
under dry nitrogen gas in a substantially inert atmosphere glovebox. The flask was then charged with
the following reactants: 108 milliliters hexane equilibrated at -60C, [00110]72 milliliters methylchloride

aniiilihrated at -AOC TON11110 A2 mil2-chlaorn-2 A4 A-trirnathvinentane aniiilibrated at room temnearati



[00112]0.23 milliliters 2,6-dimethylpyridine equilibrated at room temperature, and [00113]16.4 milliliters
of isobutylene equilibrated at -60C. [00114] Them the contents of the round-bottom flask were
equilibratedyw@PsanoMbex4009/120551PCTTLIS2009/037513 100115]With gerfipigehstirdng, next 0,87
milliliters titanium tetrachloride was charged to the flask. The reaction was allowed to proceed 12

minutes andvibefRemililiiersoh hepelymerizaion spuonwasichargad in,seven;60 millliter test

tubes, equ&gggﬁ\{vith thr?aded caps, immersed in the heptane bath maintained at -6 Cfr1001161The
polymerization was aifowed ¥ CERREE I Bali RISiuBE s sbisiar windied s otal reaction
minutes) atwtighupoint dr ofrthenyludies. was terminated with 5 milliliters of methanol to provide a

comparati mple_prior t dition of diethyldisulfide, Immediately after completing the comparative
example, .5E§?§Of d%tf{gf/?%%%}ggﬁé\}%mégdeﬁ X '?Fe‘%f’?ﬁ%”fé%ﬁiﬁ?ﬁ%*?é‘stf"ﬁﬁ&?@&mﬁ9 JHreactive
polymerizatioproviilesthiesrsalfiderprendnififoagehts were added to 4 of the remaining test tubes, The
diethylsulfide quenching reaction (and other quench%ggﬂ ctions) was allowed to proceed 30 minutes
at which time 5 milliliters of methanol was charged in order to terminate the quenching reaction. The

final polymvggzatioi.l 1§es(iE

tybe was then, terminated with 5 mi IiIiter{ of methanal {o provide a final
comparative example (¢ %Lg}ﬁr%’l AJR g%aﬁé}%ﬁ%?-‘g\gﬁt{:a%ﬁc A%%%Sﬁgrgﬁéwe@séﬂ 3 HPvide a
comparative asetinsidicthieiguencting redkiibis and:tengsodittemefeiencls forsitustimakand

molecular Wiy ADRAE] 78 R ING ABRCRCS e AIAIAN ABEN EOR SHANOE foactant

guantities amples 1-5 and Coritrol A are listed in Ta es are Shown i Table 111 (infra).

WO 2009/P885%1 FEiyy SR0097/0875edimapie Exarbpléssitidediy adisthylsulfidebd: diprepytsuifkle
0.069 3 dusaprapyisifide: ~Of is attached to a tertiary carbon. In some embodiments, R is alkyl,
alkenyl, atkynyl, or aralkyl. In seme embodiments, the proton acceptor has more than one -
OH group.
[GO95] In some embodiments, the alcohol is methanol, ethanol, I-propansl, isopropansi,
1-butanel, 2-butanol, tert-butanol, cyelohexanol, or cyclopentanol. In some embodiments,
the alcohol is methanol, ethanol, or isepropanol.

In seme embodiments, the proton seceptor may be a phenol or phenol derivative,
4.4 DILUENTS
[6656]  In some embodiments of the methods described herein, the methods are performed
in a diluent. In some embodiments, the diluent s 2 single compound or a misture of two or
maore eompounds. In some embodiments, the diluent completely dissolves the reaction
components or partially disselves the reaction components. In soine embodiments, the
diluent completely or nearly compleiely dissolves the reaction compenents. In some
embodiments, the diluent corapletely dissolves the reaction components, In some
embodiments, the diluent nearly completely dissolves the reaction components.
684971 In some embodiments, the diluent has a low boiling point and/or low freszing
point, In some embodiments, the diluent is an alkane, an alkyl nicnehalide, or an alkyl
poivhalide. In some embodiments, the diluent is 3 normal alkane. In some embBodiments, the
diluent is propang, nermal butane, hormal pentane, normal hexane, normal heptane, normal
octane, nommal nopane or normal decane. In some embodiments, the diluent is a branched
atkane, In some embodiments, the alkane is isobutane, isopentane, neopentane, isohoxane,

J-methylpentane, 2,2—aiimet’hyibu’fane_, or 2, 3-dimethylbutane.
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0.069 4 diallylsulfide 0.066 5 diisoatnylsulfide 0,101 Control A None 0 [00118] EXAMPLES 6-11
100119] Preparation of Polvisobutylene Using a Mono-functional Initiator, diisopro visulfide and
different reagiipn,dermiators 1001201A four-neck 250 milliliter round-botigm fiaskwasqguipped with
an overhead mechanica. stiner and platinum resistance thermometer, This assembly wasnersed into a

heptane bagmasr600wadaE dvairRasn 9as i subsiantiallyinaratmosphere glovebox, The flask
was then charged with the following reactants: 165.2 milliliters hexane equﬁl rated at 2o
(0012171185 % fﬁ%&“ﬁ%@iﬁ%ﬁr&%@é@&mﬁ%rmﬁ&% cbivijoongbyioe ehiltititsrgnethyt
2-chIore-2,a;&vﬂmatnytﬁﬁnha@a},m,iImzwﬂ@ﬂt%&gmaaﬁy%ar%%%%%&gmgﬁ%;@[IJU}tersb o
2,6-dimethylpyridine equilibrated at room temperature, and [0012 -9 milliliters of isobutylene
equilibrate "g%{{%ﬁﬁalﬁ%llﬁgf?ﬁg'n%'g%%6%53‘56#8}?“915@ %ﬁ”f@‘@éﬁiﬁ%‘%@ﬁ’a@‘ii@@. 261With
continued stithing;mere®:4 2omilfilitersititiniunst. airathionde waseharged i enated atkene. In

some smbodiments, the dituent is vinyl chloride, 1,t-dichloroethere, or 1,2-dichloroethene,

{099} In some embodiments, the diluent is a substituied benzene.

{88160]  In some embodiments, the diluent is carbon disulfide, sulfur dioxide, acetic
anhydride, acetonitrile, benzene, toluene, sthylbenzene methyleyelohexane; chlorcbenzene,
or & nitroalkapes. Insome embodiments, the diluent is 2 mixture of the compounds in this
paragraph.

{80181}  Insome embodiments, the diluent is 2 mixture of hexane and methy) chloride. In
some embodiments, such mixture is from about 10/90 to about 50/10 hexane/methyl chloride
by wohime, In some embodiments, such mixiure is from about 30/70 to about 70/30
hexane/methyl chloride by volume. In some embodiments, such mixture is from about 50750
10 about 160/0 hexane/methyl chloride by voluine, In some embodiments, such mixture is
from about 50/50 to about 70/30 hexane/methyl chloride by volume. In some embodiments,
such mixture is sbout 60/40 hexane/methyl chloride by volume. In some embodiments, such
mixture is about 50/30 hexane/methyi chioride by volume,

45  TEMPERATURE

[60102]  In some embodimenis, the methods described herein are performed at a
temperature from about ~120°C o abowt 0°C, In some embodiments, the methods described
herein are performed at a temperature from about -110°C {0 about -10°C. In some
embodiments, the methods described hereln are performed at a temperature from about -
100°C to about -20°C. In some embodiments, the methods deseribed herein are performed at
a temperature. from about -20°C to about -30°C. In some embediments, the methods
described herein are performed at a tfemperature from about -80°C o about ~40°C. In some
embodiments, the methods deseribed herein are performed at a temperature from ahout ~70°C
o about ~40°C. In some embodiments, the methods deseribed herein are performed ata
temperatire from about -60°C 1o about -40°C. In some embodiments, the methods described
herein are performed at a temperature of -40°C, -453°C, -60°C, or -80°C. In some
embodiments, the methods described herein are performed at a temperature of -40°C. In

seme embodiments, the methods described herein ate performed at a temperatare of -45°C,
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ask | he reictron was allowed to proceed 17 minutes and then 1.36 milliliters of dilsopropylsulfide was
charged to the reaction,conds, 35 milliliters of the polymerization solution was charged to six 60

mtubes, eqeipPaddwilsthreaded caps, immersed in the heptane bath maipigjnegab89ss  The
guenching reactions were allowed to react for 17 minutes, at which time acceptors were charged

individuallyriamacbitbaithrec miputasyarecranaind i compleis he termination of al reae WO
20091120 51PCT/U§2 09/037?‘%3 1281The reactant quantities for Exampie.S 6-11 are shown in

Table 11l (infra) P &b g R FABEL R S PP Rt Dot Aespioribion Kersmbrambthaiol 7
Ethanol 2,85 isopré@aNaIBTRATIONS

801037  In some embodinients, the ratio of the molar coneentration hetween
dihydrocarbylmenosulfides to chain ends is from about .2 — to about 3. In somie
embodiments, the ratio of the molar conceniration between. dibydrocarbyimonosulfides to
chiain ends 15 from about 0.3 — 1o sbout 5. In some embodiments, the ratio of the molar
concentration between dihydrocarbyvimonosulfides to chain ends is from sbout 0.5 — {o about
2. In some embodiments, fhé ratio of the molar concentration between
dihvdrocarbylmonosulfides to chain ends is from about 0.7 — o about 1.5, In some
embodiments, the ratio of the molar concentration between dilivirocarbyimonosulfides to
chain ends is from about 0.9 — to about 1.4, In some embodimenis, the ratio of the molar
concentration between dihvdrocarbylmonosuifides to chain ends is from about 1.0~ to aboul,
1.2, Insome embodimenis, the ratio of the molar concentration betwesn
dihydrocarbybmoenosulfides to chain ends is about 1.0,

{00164]  The chain end concentration of the methods described herein are not limiled by
the disclosed examples. The chain end concentration for the methods deseribed herein
appears to have no uppet limit, and the methods described herein may be performed at any
chain end concentration. In some embodiments, the electron donor concentration is less than
halfthe conceniration of Lewis acid. In sote embodiments, the electron donet coneantration
is less than 0.4 times the Lewis acid concentration. In some embodiments, the electron donoy
concentration 15 less than 0.3 times the Lewis acid concenitration. In some embodiments, the
glectron doner concentration is less than 0.2 times the Lewis acid concentration. In some
embodiments, the electron donor concenivation is lzss than 0.1 {imes the Lewis acid
concentration.

1661651  In some embodiments, the chain end concentration is less than 0.010 M. Insome
embodinients, the chiin end concentration is less than §.050 M. In some embodiments, the
chain end concentration is less than 0,10 M, In some embodiments, the chain end
concentration 1s less than 6.5 M. In some embodiments, the chain end concentration is Jess
than 1.0 M. In some embodiments, the chain end concentration is greater than 0.001 M.

4.7 EXO-SELECTIVITY

{06186}  In some ermbodiments, the methods described herein selectively provide

vinylidene terminated polyelefing, In some embodiments, vinviidene terminated polvelefin,
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9 Diethylamine 3.99 10 n-butylamine 4.53 11 Tert-arnylamine EXAMPLE 1) - Preparation of
Polvisobutvl diisopropvlisulfide 1001301A four-neck 250 milliliter round-bottomequipped with an
overhead mgghafigakstirrer and platinum resistance thermometer. This aggsgm@yowasdamersed into
a heptane bath at -60C under dry nitrogen gas in a substantially inert atmosphere glovebox. The flask

was then gharare withihedelawingJeastanis a2 g@tg@@%taemsge&%ﬁ}s& s80C.
100131178.6 milliliter met?yiphloride equilibrated at -60C, 10613211. 59 _ ~
2-chloro-2 A KBt pEn i e BE GMErAEE He s i saiateraitoed aslocifiminihe meior
2,6-dimethytpjuidinedgguilidediedcahranmytemnperaiiie a0a 100 ledldenanilllitasspldsobutylene
equilibrated at -60C, 1001351 Then, the, contents of the round-bottom flask were equilibrated at -60C.

o 3 i1 1 — . . .
100136/WAt ‘yccol‘ﬁ inued s ﬁﬁ’ﬁ&%@)ﬁ 29 milliliters titanium tetrachloride was charged to the flask. The

reaction wié Hiiwedrteoproeesndtening fesvatiidict timeias2-mpaligudiavasremoxeddtom the reactor
and charggd 1o, a:\i niain| | prechilled methanol to provide.a comparative example prior to
tho adait e A e Rl e or o
ininutes, 4GB G WESeIvaR) &Y TwiB F00br12DES HE W6 2000037513t Wy idacior. The

mixture was-atiiced i 19 miniesalviienline A0ca ! alaisMislauMaRIge was charged to

the reactor slowly over a 5 minute period. Finally, 25 ml pre-chilled methanol was charged to the
reactor 5 HilHNEEERE: fovaadidere dpanialed polyolefin tormed is at least 70 percent by mole of

all products. In some embodiments, the vinylidene lerminated polyolefin formed is at least
80 percent by mole of all products. In some embodiments, the vinylidene termingted
polyolefin formed is at least 85 percent by mole of all products. In some embodiments, the
vinylidene terminated polyolefin formed is at least 90 percent by mole of all products. In
some embodiments, the vinylidene tenminated polyolefin formed is at least 94 percent by

motle of all products.

5. EXAMPLES

[48108]  Certain embodiments provided herein are illustrated by the following non-limiting
examples, Unless expressly stated in the contrary, all temperatures and terperatures ranges
refer to the Centigrade system and the term “ambient”™ or “room {emperature” refers {0 about
2010 25° C,

5.1 EXAMPLES 1-5

[60109] A four-neck 250 milliliter round-bottom flask was equipped with an overhead
mechanical stivrer and platinam resistance thermometer., This assembly was immersed into a
heptane bath at -60°C under dry nitrogen gas in a subsiantially inert atmosphere glovebox.
The flask was then charged with the following reactants:

F08 milliliters hexane equilibrated at -60°C,

00131¢] 72 milliliters methylchioride equilibrated at -60°C,

[G0131]  0.48 mulliliters 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature,
{81321 0.23 milliliters 2,6-dimethylpyridine equilibrated at room termperature, and
[G0%13] 164 milliliters of isobutylene equilibrated at -60°C.

[80114] Then, the contents of the round-bottom flask were eguilibrated at -60°C.
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Results are shown in Table 111 (infi-a). 5,3EXAMPLE 13 1001371Preparation ofUsing a Mono-fit
ional taint diisopro Isulfide [00138] A four-neck 250 milliliter round-bottomquipped with an overhead
mechanicakgtirsgroanesplatinum resistance thermometer. This assembly wagipsiessackiito a e bath at
-40C under dry nitrogen gas in a substantiallyere glovebox, lask was then charged with the following

reactants: @B3st miliets hexanessauiibraled 8t ANARI0ANA il methydehiorde
equilibrate% aﬁg%c 0014111.75 ¢ lf-c'hl ro_-2_,_4,4-trimethyulr%entane equilibrated at roont temperature,
100142102% Yiifilitets ZEHMBIHIBOHEME SHiRtt dreEtrsbridehipehraréilisme ¢66143]33.8
milliliters ofdgobutyteie equiibratas k40001004440 Thenithe-a0ntentsof theaqundrhottam flask
were equil{i}%}a@g%t -40C. ‘%ch) 1§4§thWi;3h t%ontinued %tirr_in%b_ ext 2.58 milliliters titanium tetrachloride
was chargéd to the Task.. The reaction was AlibWed to Broteed 20 minutes at which time a 2 ml aliquot
was ovel¥ibif thelfeapthrasmietianged thlawidkcontaimingrbembpeetiiethmethasabiaprovide a

comparatiye, grarvele. pQLInhe Arsiien ol hesulide, Then 1 94l ot disopropylspjige was

chanted to the reaction. After 5 minutes,’1.13 m was charged to the (-t e mixture was
stirred fin 10UHES BRWRTEH a2 Bies ok préeiodmehutytamidditas Cliargettitestfidereactor

slowly ovefs, a2 nire pariod fina y@h%%dmfg@f%iﬁa rihasoLwas:charged fo (he 18aciqr, 5 minutes
after the addition of n- b,utylam%]é. JAEXA 'PLEz 14 rrﬁ?%ﬁ?ﬁ%ﬁ#?ﬁgﬁgég% Pgr%gpga&%}tion of

Polvisobufiiié VBiiig GWIBHY RihBIRSASPEHEAIE SRSPfopRiSTrii oD M7 E AtteUrhddk 250 milliliter
round-bottam:fiaslc wasquippesisitian everheadmechanicalstimelandRiatinup Jesistance
thermometer. This a se.mbg/_wa%jmmgrsed into a heptane bath at -80C under dry nitrogen gas in a
substantialf{THEP AHA SEBR EHE HBTREER H IS HRRKANAL T &R ERAFGR AT v ROTGWARG Teadtants:
mitliliters of methanol was charged in order to terminate the quenching reaction. The final
polymerization test tube was then terminated with 5 milliliters of methano! to provide & final
coraparative example (Control A, Non-quencher-containing reactions were used to provide
a comparative baseline for the guenching reactions and to provide references for siructural
arw! molecular weight characterization in the absence of a guenching agent,
[(G117}  The reactant quantities for Examples 1-5 and Contrel A are listed in Table 1.

Reanits are shown in Table I (infra).



WO 2009/120551PCT/US2009/037513 100148187.0 milliliters hexane equilibrated at -80C,
[00149[79.1 milliliters methylchloride equilibrated at -80'C, 100150]1.75 g
2-chloro-2,4345timetindpentarte equilibrated at room temperature, [001511:44180ilditgks 13
2,6-dimethylpyridine equilibrated at room temperature, and 100152131.6 milliliters of isobutylene
equilibrated at -80C, 1001531 Then, the contents-gfitheyround-bottom flask were equilibrated at -80C.
[00154]With continued stirt next-0.26.milliliters titanium tetrachloride was charged to the flask. The
reaction was allowed to pr%‘@’ﬁ“@% minutes &N time & 2 nﬁ"éﬁ’ﬁfﬂﬁ}was removed from the reactor
and charged to a vial conth mt 'preei'%%;ﬁ?u q..ul to-provide-a-compayative example prior to
the addition of the sulfide. Then®1.69 ml of |30propy(isulllde was éhéifged to the reaction. After 5
minutes, 3,2 ml of TiCh was charged to theipeggtanaipe mixture was stirred for 10 minutes at which
time 25.4 ml of pre-chilled inbutylarnine was charged to the reactopgﬁﬁmly over a 5 minute period.
Finally, 25 ml pre- chi tied imethanol was &fareett itoiflie reactor 5 fringites after the addition of
n-butylamine. Results are shown in-Table Hl (infra) 5 SEXAMPLE 15 [00155]Preparation of
Polvisobutylene Using aM 3no-fénctioﬁal InftiE tﬁjf‘”fﬁiiéopropwsuIf|d%%f00156 LA four-neck 250 milliliter
round-bottom flask was equipped-witf an%Sngﬁ mwcu.a teat-stif rer ane-platinum resistance mot
This assembly was immersed into a heptane bath at -45C under dry nitrogenigas in a substantially
inert atmosphere glovebox E‘Q&a Igik was themgharged withi the Tollpwing reactants: [00157184.7
milliliters hexane equilibrated at -45C, 100158178.8 milliliters methylchloride equilibrated at -45C,
[0015911.75 g 2-chloro-2,4,4-trimethylpentane equilibrated at morn temperature, [00160]0.092
milliliters 2,6-dimethylpyridine equilibrated at room temperature, and 100161133,5 milliliters of
isobutylengenug|ibratedc atp436 499162]Then, the contents of the round-bottom flask were
equmbrated at -45C, 1001631W|thcont|nued stlrrln, next 0. 97 milliliters tltanlum tetrachloride was
charged 1 Chkidy. THERAEER ARl isns Benwadd enpripastionshiaitintia 2 m aliquot was
removed f@oign fmg?egfemmtﬂaadmhmgﬁdntq-@mm;pmmmﬁ@gé ml prechilled methanol to provide a

comparati mple prior to t ddition of the sulfide, n 1.64 ml of lisopropylsulfide was
charged tgl@?@acﬁ%rgj uAﬁ;eFjih%rﬁ tﬁgs cirgiﬁiﬁi F‘i"‘i’é’fi‘\)i?a 588 GHIppe SOREPIRRY SR

mechanical stizrer and platinum resistance thermometer, This assembly was immersed into &

heptane bath at -60°C under dry nitrogen gas in g substantially inert atmosphere glovebox,
The flask was then charged with the following reactanis:

165.2 milliliters hexane equilibrated at 605,

[00121] 1101 milliliters methyichloride equilibrated af -60°C,

(601221 1.06 mulliliters 2-chlore-2,4,4-trimethylpentane equilibrated at room temperature,
[88123]  0.35 milliliters 2,6-dimethylpyridine equilibrated at room temperature, and
[06124]  19.9 milliliters of isobutylene equilibraied at -60°C.

{001258]  Then. the contents of the round-botigi flask werte equilibeated at -60°C.

[60126]  With continued stirring, next 3 42 milliliiers titanium tetrachloride was charged ©
the flask. The reaction was allowed to procsed 17 minutes and then 1.36 milliliters of
diisopropylsuifide was charged to the reaction. Afler 30 seconds, 35 milliliters of the
pelymerization solution was charged fo six 60 milliliter test tubes, equipped with threaded
caps, immersed in the heplane bath maintained at -60°C.

f[60127]  The quenching reactions were allowed 10 react for 17 minutes, at which time the
praton acceptors were charged individually to each tube. Three minutes were required to

complete the termination of all reactions.



charged to the reactor. The mixture was stirred for 10 minutes at which time 20,3 ml of pre-chilled
n-butylamine was charged to the reactor slowly over a 5 minute period. Finally, 25 ml pre-chilled
methanol wag,cligsgesip the reactor 5 minutes after the addition of nhutylamine:deesiséssare shown in
Table Ill (injiw)' 5.6EXAMPLE 16 1001641 Preparation of Polyisobutvlene Using a Mono-functional
Initiator, clisRIBEWide 6tk 250aubhteiouad-beiian faskwaseauippesiwith arverhead
mechanicasrﬂd "Qlatin{.l,rgi._r%ﬁiztaq'ce then-nometer. This assembly was immersed into a heptane bath at
-45C under grynnil?roﬁe’ﬁ ga z"*l"?ﬁ’"<§1);substantially inert atmosphere glovebox. The flask was then charged
with the following reactants: 100166175.2 millilitarsdaexane equilibrated at -45C, 100167170.2
milliliters methylchloride equilibrated at -45C, 1001681324 g 2-chloro-2,4,4-trimethylpentane
equilibrated at room tempegrature: [0§169]0;13 g tettabuty famipmpiurrchigrice; [00170]0.094 milliliters
2,6-dimethylpyridine equilibratadgat roonriemperalyig,[00171130.1 milllliters of iscibutylene
equilibrated at -45C. 1001721:ontents of the round-bottom; flask wesgsequilibrated at -45C.
[001731With mtinued stirring, next 0:6 milliliters titanium tetrachloride was charged to the flask. The
reaction was allowed to proceegl 55 minutes“itiifich time!a 2 ml ajigyiot was removed from the reactor
and charged to a vial contraiﬂiﬂg%n%preehilgag - : ide-a-comparative example prior to
the addition of the sulfide.| Theri 3.29; ml of diiSopropylsulfide was cha¥ged to the reaction, After |
minute, 3,88 ml of TiCli waSchargedto theygagion i e miikture was stirred-for 5 minutes at which
time 13 ml of pre-chilled nhutylgmine' was charged to the reactor slowly over a 5 minute period. Finally,
10 ml pre-chilled methanadl was,charged tdihéweadtor 5 minutes afte# the addition of n-butykunine.
Results are shown in Table ill eiltru) ;PROCEDURE EOR COLIECTING 1H NMR DATA [0017411H
NWIR spectra were colledted yging a Variﬁﬁ’l‘%%‘%‘ﬁé% ()phptometef-dsing san’iples concentrations of 3
percent to 5 percent (weightiweight)-tn C?g’»tlgrn ';“'i';gﬁn%pec*a were :'?rgd- for-analysis of the end groups.
Fractions of exo-olefin, endo-oléfin, qertchldriae and coupled olefin"¢hain ends were obtained using
4-1NMR integration as described in a Subseguerit section. WO 2009/120551PCT/US2009/037513
wedure for Calcujatin the Fractional Amounts of Chain Ends on the Polvisobutvlene Product jThe
fractions of gxo-ole; nlefin. and teiends, and coupled products in the polyisobtitylene samples

were quanﬁﬁﬁed VR-fitegration, It was assumed that these four species represent 100

percent of i S1aIn g, i sOMEIIANGES ANRISHPIOTHELS: gl e absent by
qualitativeinsﬂtio Of T e t Spec %%%g%‘i‘fﬁé |r§8 ‘ﬁ%{&gﬂg E@SQEE&{B a shoulder on the
low elutioritiztpiggitdisiehe main polymer peak in the OPC chromatogram, Two procedures are
given belows g "GanerakRrecedursiiwas wsed whencoupled praductwasidetecied. the "Special

Procedure” Wgs us?d when coupled product was deemed to be absent, (a)General Procedure
mechanical stirrer and platinum resistance thermometer. This assembly wag immersed into 8

heptane bath at ~60°C under dry nitrogen gas in 2 substantially inert atmnosphere glovebox.
The flask was then charged with the following reactants:

852 mullibters hexane equilibeated at -60°C,

{81311  78.6 milliliters methylchloride equilibrated at -60°C,

00132) 175 g 2-chloro-24 4-trimethyipentane equilibrated at room temperature,

{81331 0.23 milliliters 2.6-dimethylpyridine equilibrated at room temperature, and
100334]  32.7 milliliters of isobutylene equilibrated at -60°C,

{00135]  Then, the contents of the round-botiom flask were equilibrated at -60°C.

96136]  With continued stirring, next 1.29 milliliters titaniom tetrachloride was charged to
the flask. The reaction was allowed to proceed 29 winutes at which time a 2 mi aliguot was.
removed from the reactor and charged o g vial containing 5 mi prechilled methanol 1o
provide a comparative example prior to the addition of the sulfide. Then 1.69 ml of

diisopropylsulfide was charged to the reaction. After 5 minutes, 4.5 ml of TiCly was charged
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The fractional molar amount of each.type ot chain end was obtained using an quation analogous to the
equation given below for detezmining the fractional amo F(ex(Aexa)(A,"Ai",,a2A,"ipied)(1) where
Ae0dO is thevaraagiihee olefinic resonance at 5.15pprn"A",,is theofso- otafifigssasangace 4,63ppm,
and AEc, was calculated as follows: Atert-Cl =-1.72/6) - Aendo where A,55 -1 72 is the integrated

area of thaednvehited PHaksasseciaiedivit e gemdimethmentans abtbe andralefin and the
ten-chloride ghtayn ends. it vvhll be . ot1L d thatta co-efficient of 2 a ears in_equation (I for coupled
product, to aceount for the Tactth t"} SoRTBH O Hisee B‘to‘oﬁétgi %Qhﬁ&dz%ﬂﬁﬂéobhf?iéh% chains.
AL", pl,,i whstcamamsdta:saﬁoiruws:m@we@mz(aaaﬂaﬁmﬁ%ammmgrateﬂaaﬁe@ of the

convoluted;peaks,as &Lateg ‘{{ olefln protons and the two identical protons of the coupled
product,and wher?e 4?sgthe -ate areaqbf he ‘peak associated with the other exo-olefin proton. Special

ProceduresW0 208#224BEFP3T/US2009/037513 1001771In the qualitative absence of coupled
product, th%fractlonal molar amount of each t) pe of chamend was obtalned usmg an equation
analogous LEBALE] Bel8y BiSRAInHER R R ibmasignaliligiiste-olefin, F(exo)
(Atm) (Aemtgﬁend@y@dem@ )(1 ) Where ACHJO is the area of the smgle oIeflnlc resonance at 5,15pprn,

A0 = Gpene e SLie o o cipnatet 1034009 bro pr i, an
2009/120553#*@T{clS2000/08 1643 Molasi@emp dsitimneé:chdihik ads-afier QuénshinadReaciion EX.
Sulfide Tet%}t%%ﬁ@%% under dry nitrogen gas in a substantially tnert atmosphere glovebox,

The flask was then charged with the following reactants:

[OU138] 83,4 milliliters hexane equilibrated at -40°C,

160146]  78.1 milliliters methyvichioride equitibrated at -40°C,

{80141 1753 g 2-chloro-2,4 4-trimethylpentans equilibrated af room temperature,

[66142]  0.23 milliliters 2,6-dimethylpyvridine equilibrated at room temperature, and
[00143]  33.8 milliliters of isobutvlene equilibrated at ~40°C.

[00144] Then, the contents of the round-bottom {lask were equilibrated at -40°C.

{80145]  With continued stirring, next 2.58 milliliters fitanfum tetrachloride was charged to
the flask. The reaction was allowed to proceed 20 minufes af which time & 2 ml aliguot was
removed from the reactor and charped 106 a vial containing 5 mi prechilled methanol to
provide a comparative example prior to the addition of the sulfide. Then 1.69 miof
diisopropylsuifide was charged to the reaction. After 5 mimutes, 1.13 ml of TiCl was
charged {0 the reactor. The mixture was stirred for 10 minutes at which time 29.65 mi of pre-
chilled n-butylamine was charged to the reactor slowly over 2 5 minute period. Finally, 23
ml pre-chilled methanol was charged to the reactor § minutes after the addition of n-
butylamine. Results are shown in Table 1] (infra).

5.4 EXAMPLE 14

{00146]  Preparation of Polvisobutviene Using 3 Mono-fonctional Initiatur,

diisopropvisulfide

(80147} A four-neck 230 milliliter round-bottom flask was equipped with an overhaad
mechanical stirver and platinum resistance thenmometer. This assembly was Immersed into a
heptane bath at -80°C under dry nitrogen gas in a substaniially inert atmosphere glovebox.

The flask was then charged with the following reactants:
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Methanol Exo- Olefin nole !le) 39 Endo- Olefin s (mole %co 6 Tert-C1 (mole %) 50 Coupled (mole
%) 0 Other 5 diethylsulfide
WO 2009/120551 PCT/US2009/037513

[00148]  87.0 milliliters hexane equilibrated at -80°C,

[00148]  79.1 milliliters methylchloride equilibrated at -80°C,

{60138]  1.73 g 2-chioro-2,4,4-trimethyipentane equilibrated at room temperature,

OISE] 012 milliliters 2,6-dimethyipyridine equilibrated at room iemperéifure, arid
{00182] 316 milliliters of iscbutylene equilibrated at -80°C.

{00153 Then, the contents of the round-bottom flask were equitibrated at -80°C,

{60154]  With continued stirring, next 0.26 milliliters titanium tetrachloride was charged to
the flask. The reaction was allowed to procesd 45 minutes at which tine a 2 mi aliguot was
removed from the reactor and charged 0 a vial conlaining 5 mi prechilled methanol to
provide a comparative example prior to the addition of the sulfide. Then 1.69 ml of
ditsopropylisulfide was charged to the reaction. Afler 5 minutes, 3.2 ml of TiCl; was charged
to the reactor. The mixture was stirred for 10 minutes at which time 25.4 ml of pre~chilled n-
butvlamine was charged to the reactor slowly over a 5 minute peried, Finally, 25 ml pre-
chilled methano! was charged to the reactor 5 minutes after the addition of n-butylamine.
Results are shown in Table I (Unpra).

5.5 EXAMPLE 18

{8G155] Preparation of Polvisobutyienc Usine a Mono-functional Initiater,

dilsopropvisulfide

180156} A four-neck 259 milliliter round-bottom flask was equipped with an overhead
mechanteal stirrer and platinum resistance thermorpeter. This assembly was immersed into a
heptane bath at -45°C under dry nitrogen gas in & substantially inert atmosphere glovebox,
The flask was then charged with the following reactants:

00557 84.7 milliliters hexane squilibrated at -43°C,

06158]  78.8 milliliters methylchloride equilibrated at -45°C,

B6159]  1.75 g 2-chioro-2,4.4-rimethyipentane equilibrated at room temperatare,

[G0168]  0.092 milliliters 2,0-dimethylpyridine equilibrated at room temperature, and
003611 33.5 milliliters of isobutylene equilibrated gt ~45°C.

[08162]  Then, the contents of the round-bottom flask wers equilibrated at -43°C.

[00163]  With continued stirring, next (.97 milliliters titaniwm tetrachloride was charged to
the flask. The reaction was allowed to proceed 50 mimites at which time a 2 ml aliquot was
removed from the reactor and charged to & vial contaivipg 5 mi prechilled methanol to
provide a comparative example prior to the addition of the sulfide. Then 1.64 mi of

ditsopropylsulfide was charged 10 the reaction. After 20 minutes, 1.5 mi of TiCls was
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2 dipropyisulfaie Methanol 24 4 69 " 3 dilsopropylsulfide Methanol 94 21034
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charged to the reactor. The mixture was stirred for 10 minutes at which time 20.3 mi of pre-
chilled n-butylamine was charged to the reactor slowly over a 5 minute period. Finally, 25
mil pre-chilled methanol was charged io the reactor 5 minutes after the addition of 5
butylamine. Results are shown in Table 1T (infra).

5.6 EXAMPLE In

[66164]  Preparation of Polviscbutylene Using 2 Mono-functions] Tnitistor,

ditsopropyisulfide

[00165] A fourneck 250 milliliter round-botiom flask was equipped with an overhead
mechanical stirrer and platinum vesistance thermometer. This assernbly was immersed into a
heptane bath af -45°C under dry nitrogen gas in a substantially inert atmmosphere glovebox.
The flask was then charged with the following reactants:

{60166] 752 milliliters hexane equilibrated at 45°C,

891671 70.2 milliliters methylchioside equilibrated at -45°C,

[08168]  3.24 g 2-chioro-2.4,4-trimethylpentane equilibrated at room temperature,

[00169] 013 g tetrabutylammonium chloride,

{00176] .09 milliliters 2,6-dimethylpyridine equilibrated at room temperatire, and

{60871 30,1 mifliliters of iecbutylene equilibrated at -45°C.

{00172] Then, the contents of the round-bottom flask were equilibrated at -45°C,

{06173 With continued stirring, next 0.6 milliliters titarium tetrachloride was charged to

the flask. The reaction was allowed to proceed 55 minutes af which time a 2 mi aliquot was

removed from the reactor and charged to a vial containing 5 ml prechilled methanol] to
provide a comparative example prior to the addition of the sulfide. Then 3.29 ml of

diisopropylsulfide was charged to the reaction. After 1 minute, 3.88 ml of TiCly was charged

to the reactor. The mixtore was stivred for 5 minutes at which time 13 mi of pre-chilled n-

butylamine was charged to the reactor slowly over a § minute period. Finally, 10 mi pre-

chifled methanol was c:ha;rged o the reactor 3 minutes afler the addition of n-butviamine.

Results are shown in Table [ (infial,

&7 PROCEDURE FOR COLLECTING 'H NMR DATA

[0174]  'H NMR spectra were collected using 2 Varian (300MHz) spectrophotometer
using samples concentrations of 3 percent to 5 percent (weight/weight) in CIDCl. 'H NMR
spectra were used for analysis of the end groups. Fraetions of exo-clefin, endo-clefin, tert-
chloride and coupled olefin chain ends were obtained using "H NMR integration as described

in a subsequeni section.
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8711 Procedure for Calenlating the Fractional Amounts of Chain Ends on the
Polvisebutyviene Product

{08175]  The fractions of exo-olefin, endo-olefin, and tert-chloride chain ends, and coupled
products in the polylsobutylens samples were quantified using 'H NMR integration, It was
assumed that these four species represent 100 percent of the chain ends. In some instances
coupled products were deemed to be absent by qualitative inspection of the 'H NMR
spectrum, and by confirming the absence of 2 shoulder on the low elution volume side of the
main polymer peak inthe GPC chromatogram, Two procedures are given below. The
"General Procedure” was used when coupled product was defected; the "Special Procedure”
was used when coupled product was desmed to be absent,

{a)y  Genersl Procedure
[066176]  The fractional molar amount of each type of chain end was obtained using an
equation analogous w the equation given below for determining the Fractional amount of exo-
olefin,

F(axra’} = { Asco) ! ‘\Aexg + Ao T Asencoy T zfﬁﬁcaas:p;'ed} (1

whete Aego 1% the area of the single olefinic resonance at 5.15ppm, Ag is the area of the exo-

olefinio resonance 4.63ppm, and Ao was caleulated as follows:
Auerery = {Aq.65 -172/6) ~ Aenao (23

where Aj gs-172 18 the integrated area of the convoluted peaks asspciated with the gem-
dimethyt protong of the endo-olefin and the tert-chloride chain ends. It will be noted that a
co~-elficient of 2 appears in eguation {1} for coupled product, to account for the fact that
creation of these products consumes 2 polyisobutylene chains. Auuped was caleulated as

follows:
Acwp}cd = {Ai;\)-%.?i - 1%4.5-4.'?5);3 {3}

where A5 947518 the integrated area of the convoluted peaks associated with one of the exo-
olefin protons and the two identical protons of the coupled product, and where Ay sg9: 18 the

integrated area of the peak associated with the other exo-olefin proton.

fhy Special Procedure
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0177)  Inthe qualitative absence of coupled product, the fractional melar amount of gach
type of chain end was obtained using an equation analogous to the equation given below for
determining the fractional amount of exo-olefin,

F{:ﬁXO) = (-Aexi:a} 7 (Aexo + Aez;do + Atert--Ci } (1:’

where Aengo 15 the area of the single olefinic resonance at 5.15ppm, Aww is the average area of
the two exo-olefinic resonances at 4.63 and 4.85 parts per million, and Awn.cr was ealculated

iz the same manner as described in the "Genersl Procedure®,
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ditsopropylsulfide n-butylamine 904 2 4
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Molar Cornposition of Chain Ends after Quenching Reaction

. Terminator/ Exo- Endo- | Terit-Cl | Coupt d.
Ex. Suifide Proton Olefin Olefip | Soriwl | AOEREG L per
B Acceptor | {male %) | (mole %) {mole %) | (mole %)
i digthylsulfide Methanol 39 & 30 o 5
P dipropyisuifide Methansl 24 4 6y i) 2
¥ 1 disopropylsulfide Methano! 04 2 i o 3
4 diallylsuifide Methane! 43 5 43 £ &
5 ditsoamylsuifide Methanol I8 3 67 o i
A i Maethanad 4 i o4 i g
& | dilsopropylsuifide Methanol 88 3 1 3 3
¥ 1 diisopropylsuifide Ethanol 24 3 3 3 i
% | diisopropyisulfide | Isopropanol g1 3 3 3 0
% difsopropylsulfide | Diethylamine 40 3 4 3 o
30 ¢ ditsopropyisulfide | a-bulylamine 3§ 3 s 4 &
11 ditsppropylauliide Tort- 23 3 1 2 &
amylaming
£2 | dilsoprepylsuifide | n-butylamine ] 4 2 4 8.0
13 | ditsepropylsuifide | n-butylaming 73 12 33 <2 .0
14 | dilsopropyimuifide | n-butylamine 70 <2 < 19 4.0
1% | ditsopropyisulfide | n-buiylamine 73 7 1a =i 0.0
16 | diisepropylaulfide | n-butvlamine 88 4 § <2 0.4
{68178}  The embodiments and examples described above are infended 1o be merely

exemplary, and suck examples and embodiments are non-limiting. One of crdinary skill in
the art will recognize, or will be able 1o ascertain nsing no more than rouwtine experimentation,
modifications of the embodiments and examples described herein. Such modifications are
considered to be within the scope of the claimed subject matter and are encompassed by the

appended claims,
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What 1s claimed is:

1. A method for preparing a vinylidene terminated polyolefin comprising: (a) generating

. an ionized polyolefin in the presence of a Lewis acid; (b) reactiﬁg the ionized polyolefin

5 from step (a) with one or more dihydrocarbylmonosulfides having the following formula:
R;-S-Ry; wherein R; and Rp are each, independently, hvdrocarbyl, wherein the
dihydrocarbylmonosulfides are added to the polymer after polymerization has occurred;

and (c¢) reacting the product of step (b} with one or more proton acceptor compounds;
wherein a vinylidene terminated polyolefin is formed and the vimylidene terminated

10 polyolefin formed is at least 40 percent by mole of all products; wherein the method is

performed at a temperature from about -120°C to about 0°C.

2. The method of claim 1, wherein R; and R are each, independently, alkyl, alkenyl,
alkynyl, aryl, alkaryl, aralkyl, or cycloalkyl.

15
3. The method of claim 1, wherein the one or more dihydrocarbylmonosulfides are

dicthylsulfide, dipropylsulfide, diisopropylsulfide, diallylsulfide, or diisoamylsulfide.

4. The method of claim 1, wherein the one or more dihydrocarbylmonosulfides are

20 diisopropylsulfide.
5. The method of claim 1, wherein one dihydrocarbylmonosulfide is used.

6. The method of claim 1, wherein the proton acceptor is an alcoho! or amine.

25
7. The method of claim I, wherein the proton acceptor is an alcohol.
8. The method of claim 1, wherein the proton acceptor is methanol, ethanol, or
isopropanol.

30
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8846 L. [001781 The embodiments and examples described above are intended to be merely
exemplary, and such examples and embodiments are non-limiting. One of ordinary skill in li
recognize, or will be able to ascertain using no more than routine experimentation, modifications of the
embodiments and examples described herein. Such modifications are considered to be within the
scope of the claimed subject matter and are encompassed by the appended claims. What is claimed
is: 1. A method for preparing a vinyliclene terminated polyolefin comprising: (a) generating an ionized

polyolefin ig t r e of a_tewis acid: [ng the ionj lyolefin from step (a)_ with one or
more dihyd@rb?glrﬁﬁéﬁonﬁ%sﬁf%ae%%wdvﬁ%%ﬁép%ﬁ%ﬁ%%%%rﬁ?&?fggég-%%%%%rﬂ%irs? ?Ql%aen(g R2 are each,
independestipsitiydiia ceibycaipiaireipoibiel efitly dndc kb yimadrnds i ficksoared ddalditorthe pohaner after
polymerizafjgn,hias,aaeH Eekiiangk () reacting the product of step (b) with one or more proton acceptor
compounds; wherein a vinylidene terminated polyolefin is formed and the vinylidene terminated 10
polyolefin formed is at least 40 percent by mole of all products; wherein the method is perfooned at a-

temperaturegram: ahaHba A% BDAULRAG: Re THRMBIOMLALERAITL. WIRIRILR BRARZ are each,
independently, alkyl, alkenyl, alkynyl, aryl, alkaryl, aralkyl, or cycloalkyl. 15 3. The method of claim 1,

wherein th@BAE BBy S AbnTIOLRfide L4 lidy 8 Ut it glsatrigectron

diisopropylgutfidec chalyisisfide, or dbsaanyisufigepruldae, method of claim 1, wherein the one or
more dihydrocarbylmonosulfides are 20diisopropylsulfide. 5. The method of claim 1, wherein one

dihydrocarbylmonosulfide is used. 6. The method of claim 1, wherein the proton acceptor is an alcohol
or amine. 11. The method of claim 10, wherein the Lewis acid is a titanium tetrahalide, a boron

10 trihalide, aluminum trichloride, tin tetrachloride, zinc chloride, or ethyl aluminum

dichloride, or a mixture mixtures thereof.
12. The method of claim 10, wherein the Lewis acid s a titanium tetrahalide.
15 13. The method of claim 10, wherein the Lewis acid is titanium tetrachloride.
14. The methoed of claim 10, wherein a mixture of Lewis acids is used.
15. The method of claim 10, wherein the initiator is monofunctional.
20
16. The method of claim 10, wherein the initiator is 2-chloro-2-phenylpropane, 2-acetyl-
2-phenylpropane, 2-propionyl-2-phenylpropane, 2-methoxy-2-phenylpropane, 2-ethoxy-
2-phenylpropane, 2-chloro-2,4,4-trimethylpentane, 2-acetyl-2,4,4-trimethylpentane, 2-
propionyl-2,4 4-trimethylpentane, 2-methoxy-2,4,4-trimethylpentane, or 2-ethoxy-2,4,4-
25  trimethylpentane.

17. The method of claim 10, wherein the initiator is 2-chloro-2,4,4-trimethylpentane.

18. The method of claim 10, wherein the quasiliving carbocationic polyolefin is prepared

30  from more than one nionomer.
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7. The method of claim I, wherein the proton acceptor is an alcohol. 8. The method of claim 1, wherein
the proton acceptor is methanol, ethanol, or isopropanol. 9. The method of claim 1, wherein the
ionized polyolefin generated in step (a) is a quasiliving carbocationic polyolefin and the method is
performed under quasiliving polymerization conditions. 510. The method of claim 9, wherein the
guasiliving carbocationic polyolefin is prepared by adding a Lewis acid and a monomer to an initiator in
the presence of an electron donor, common ion salt, or common ion salt precursor. 11. The method
of claim 10 rein the Lewis acid.is a titanium tetrahalide,.a borgn 10trihalide, @uminum trichloride,
i totrachion i S R G A A B HEBIGEeS e P eS| 12, The
method of eietryt0;bwivareir thenttbylid -@cidesea titanium tetrahalide. 1513. The method of claim 10,
wherein the Lewis acid is titanium tetrachloride. 14. The method of claim 10, wherein a mixture of
Lewis acids is used. 15. The method of claim 10, wherein the initiator is monofunctional. 20 16. The
method of @it meiinstefirknaihtiatberptenisranshnyispiene, 2-acetyl2-phenylpropane,
2-propipny1-2-phenylpropane, 2-methoxy-2-phenylpropane, 2-ethoxy2-phenylpropane,
2-chloro-2,4,4-trimethylpentane, 2-acetyl-2,4,4-trimethylpentane, 2- propiony1-2,4,4-trimethylpentane,
2-methoxy-%1,4?41-?%&1%9@%%&,0@Wﬁ‘?é?ﬁbW-Qi,ﬂc,mI? fivTetg serrared of tharfamsdahod of claim 10,
wherein the initiator is 2-chloro-2,4,4-trimethglpentane,r, 18. The method of claim 10, wherein the
quasilivmg carbocationic polyolefin is prepared 30 frgm more than one monomer. 19. The method of
claim 10, wherein the monomer is isobutyleng; o -butene, 3- methyl- | -butene, or 4-methyl-1
-pentene. 20. The method of claim 10, wherein thg monomer is isobutylene. 5 21. The method of
claim 10, wherein the electron donor is a compouncf of the formula: R5N R1 R3 wherein RI, R2, R3,

R4, and R5*yasadh; ivddbeRdety Raydeaeh. dndapgroeatbyhipirrgen or hydrocarbyl; or Ry
and R;, or R; and R, or R; and Ry, or Ry and Rs independently form a fused aliphatic

10 ring of about 3 to about 7 carbon atoms or a fused aromatic ring of about 5 to about 7

carbon atoms.

22. The method of claim 10, wherein the common ion sali precursor is tetra-n-

butylammonium chloride or tetra-n-butylammonium iodide.

15
23. The method of claim I, wherein the method is performed in the presence of pyridine
or a pyridine derivative.
24. The method of claim 23, wherein the pyridine derivative is 2,6-lutidine.

20

25. The method of claim I, wherein the method is performed in the presence of an amide.

26. The method of claim 25, wherein the amide is dimethylformamide.

25  27. The method of claim 1, wherein the method is performed in the presence of a

common ion salt or common ion salt precursor.

28. The method of claim 27, wherein the common ion salt precursor is

tetrabutylammonium chloride or tetrabutylammoniom iodide.
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and R2, or R2 and R3, or R3 and R4, or R4 and R5 independently form a fused aliphatic 10 ring of
about 3 to about 7 carbon atoms or a fused aromatic ring of about 5 to about 7 carbon atoms. 22. The
method of claim 10, wherein the common ion salt precursor is te a-nbutylammonium chloride or
tetra-n-butylammonium iodide. 23. The method of claim 1, wherein the method is performed in the
presence of pyridine or a pyridine derivative. 24. The method of claim 23, wherein the pyridine
derivative is 2,6-lutidine. 25. The method of claim 1, wherein the method is performed in the presence
of an amide. 26. The method of claim 25, wherein the amide is dimethylformamide. 25 27. The method
of claim 1, wherein the method is performed in the presence of a common ion salt or common ion salt
precursor. 28. Tienmewbdfelalaim @ isminahei mtiteodompadiriondsalt prepersorisitetratbatylammonium
chloride or _tgég%b?(;ya[%qmgaj,@p iodide. 29. The method of claim 1, wherein the method is performed
at a temperature rrom about -60C. to about -40C. 5 30. The method of claim 1, wherein the one or
more dihydrocarbylmonosulfides are present at a concentration of from about 0.5 to about 3 times

chain end eenespiralian,34r TheMethad eI dreMiergiR. e 0Rs SRR Slilydracarhyimonosul

fides are present at a concentration from about 1 to about 1.2 timés chairi end concentration. 10 32.
The methodr&f&ieth? LONFsBIEH A ofifien I8P B2t TritsodhoiRifrazcatiaien the diluent is a
mixture of two or more compounds. 1534. The method of claim 32, wherein the diluent is a mixture of
methyl chloride and hexane. 35. The method of claim 34, wherein the mixture is from about 10/90 to

about 90/16 heln A P ERlsRad by ieitihdi o s e TRE mathudr reehaimonaEfish #e vinylidene

terminated pelyalefin forned-isial least80parcemdy MDlgmekallarodiictsncentdfiokhe method of claim
1, wherein the vinylidene terminated polyolefin formed is at 25least 70 percent by mole of all products.

38. The method of claim 1, wherein the vinylidene terminated polyolefin formed is at least 80 percent
by mole of 2l piaduetBod of claim 1, wherein a diluent is used.

33. The method of claim 32, wherein the diluent is a mixture of two or more compounds.

15 34. The method of claim 32, wherein the diluent is a mixture of methyl chloride and

hexane.

35. The method of claim 34, wherein the mixture is from about 10/90 to about 90/10
hexane/methyl chloride by volume,

20
36. The method of claim 1, wherein the Vinyiic.iene terminated polyolefin formed is at

least 60 percent by mole of all products.

37. The method of claim 1, wherein the vinylidene terminated polyolefin formed is at

25  least 70 percent by mole of all products.

38. The method of claim 1, wherein the vinylidene terminated polyolefin formed is at

least 80 percent by mole of all products.

30 39. The method of claim 1, wherein the vinylidene terminated polyolefin formed is at

least 85 percent by mole of all products.
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3039. The method of claim 1, wherein the vinylidene terminated polyolefin formed is at least 85
percent by mole of all products. 40. The method of claim 1, wherein the vinylidene terminated
polyolefin formed is at least 90 percent by mole of all products. 541. The method of claim 1, wherein
the vinylidene terminated polyolefin formed is at least 94 percent by mole of all products. 42. The
method of claim 10, wherein the vinylidene terminated polymer formed is at least 70 percent by mole
of all products. 10 43. The method of claim 10, wherein the vinylidene terminated polyolefin formed is
at least 85 percent by mole of all products. 44. The method of claim 1, wherein the ratio of the molar
concentration of 15dihydrocarbylmonosulfide to the molar concentration of chain ends of the ionized

polyolefin isfpormabautnbd 40 AR -Rherein the vinylidene terminated polyolefin formed is at

least 90 percent by mole of all products.

5 41. The method of claim 1, wherein the vinylidene terminated polyolefin formed is at

least 94 percent by mole of all products.

42. The method of claim 10, wherein the vinylidene terminated polymer formed is at least
70 percent by mole of all products.

10
43. The method of claim 10, wherein the vinylidene terminated polyolefin formed is at

least 85 percent by mole of all products.

44. The method of claim 1, wherein the ratio of the molar concentration of
15 dihydrocarbylmonosulfide to the molar concentration of chain ends of the ionized

polyolefin is from about 1.0 to about §.2.
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