
WO 2009/120551PCT/US2009/037513 PRODUCTION OF NYLIDENE-TERMINATED POLYOLEFINS
VIA QUENCHING WITH MONOSULFIDES FIELD  100011Provided herein are methods for preparing
vinylidene-teated polyo BACKGROUND [00021lidene terminated pot -olefins, such as polyisobt tylene
(PM), are useful precursors forpreparation of polymers containing functional end groups. Vinylidene
end groups may be trarsformed into other specific functional end groups. Polymers containing specific
end groups have several useful purposes,. For example, P1B-based succinimide dispersants are
useful additives for engine lubricants, and polyisobutylene amines are useful as fuel additives. The
vinylindene isomer is the most reactive isomer towards many reactions selected to transform the
polyolefin chain end. Thus, there is a need for methods of selectively or exclusively producing
vinylidene terminated polyolefins. 100031In recent years, considerable research has been conducted
in the field of quasiliving cationic polymerization (QTCP) of olefins. Quasiliving polymerizations
proceed with minimal chain transfer while irreversible termination is practically absent. Therefore,
QL,CP yields polymers with well defined architectures and narrow molecular weight distributions.
Another advantage of (ACP is that it offers the potential for in situ fanctionalization of the polymer
chain ends and block copolymer synthesis, in situ ization provides materials which are amenable
towards further post-polymerization reactions. 100041Research involving in situ functionalization of
QLCP has yielded a variety of end groups. However, successful production of the vinylidene terminus
has been achieved in a limited number of cases. Kennedy et al, disclosed the use of
allyltrimethylsilane as a quenching agent to cap PM with an ally' group it Poly. Sci, A: Poly, Chem., 25,
3255, 1987). Mayer et al. illustrated a similar reaction through the use of 2- methallyltrimethylsilane to
yield the exo olefin product (Macromolecules, 29, 6104, 1996). However, both of these synthetic
routes utilize rather expensive reagents which are consumed in the reaction with FIB during the
quenching step. 0005jRecent work by Stokes et al., in US Patent Publican. 2006/0041083 and
2006/0041084, describes the in situ conversion of quasiliving, tertiary chloride NB chain ends to
vinylidene via the use of certain nitrogen-containing quenching agents.  [0006]A need exists in the art
to develop new in situ processes for producing vinylidene terminated polyolefins which offer the
potential recovery of key reagents in the quenching process. Recycling of quenching agents could lead
to reduced cost. 3.SUMMARY [0006a]In an aspect, there is provided a method for preparing a
vinylidene terminated polyolefin comprising: (a) generating an ionized polyolefin in the presence of a
Lewis acid; (b) reacting the ionized polyolefin from step (a) with one or more
dihydrocarbylmonosulfides having the following formula: R1-S-R2 wherein RI and R2 are each,
independently, hydrocarbyl, 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 vinylidene terminated
polyolefin fonned is at least 40 percent by mole of all products; wherein the method is performed at a
temperature from about -120C to about 0C. 



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
embodiments, the dihydrocarbylmonosulfide has the formula: wherein R, and R2 are each,
independently, hydrocarbyl. [0009]In some embodiments, the method is represented by the following
scheme:                    1) R1-S-R2                    2) proton acceptor ionized polyolefin  PolyolefinR3
wherein RI and R2 are each, independently, hydrocarbyl; and R3 is hydrogen or hydrocarbyl, such as
methyl.  [0010]In some embodiments, the vinylidene teiminated polyolefin formed is at east 94 percent
by mole of all products. [0011]Without being limited to any theory, in some embodiments, the methods
described herein appear to proceed by the pathway shown in the following scheme: PIB9R1-S-R2S/0
eproton acceptor MAY13PIB   PIB 42 mAYB wherein R1 and R2 are each, independently, hydrocarbyl;
M is a metal, transition metal, or metalloid; Y is a halide; and A and B are each, independently, an
integer from 1 to 20.  WO 2009/120551PCT/US20091037513 4.DETAILED DESCRIPTION
4.1DEFINITIONS 100121Unless defined otherwise,all technical and scientific terms used herein have
the 



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 as a [00141As used herein, "alkyl" refers to a carbon chain or group containing from 1 to 20
carbons, or 1 to 16 carbons. Such chains 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-butyl, tert-butyl, iospentyl, neopentyl, tert-pentyl, or isohexyl. As used herein, "lower alkyl" refers to
carbon chains or groups having from 1 carbon atom to about 6 carbon atoms. 100151As used
her"alkenyl" refers to a carbon chain or group containing from 2 to 20 carbons, or 2 to 16 carbons,
wherein he chain contains one or more double bonds. An example includes, but is not limited to, an
ally! group. The double bond of an alkenyl carbon chain or group may be conjugated to another
unsaturated group. [0016]As used herein, "alkynyl" refers to a carbon chain or group containing from 2
to carbons,16 carbons, wherein the chain contains one or more triple bonds"An is not limited to, a
propargyl group. The triple bond of an alk myl carbon chain or group may be conjugated to another
unsaturated group. [0017]As used herein,refers to a monocyclic or mulneyclic aromatic 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 



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, "earbocation" and "carb.enitun ion" refer to a positively charged carbon atom. 100231As used
herein, "carbocation terminated polyolefin" refers to a polyoleftn containing at least one carbocation
end group. Examples include, but are not limited to, compounds of the formula: CH; C.'t,
PolyolefiriCH3 100241As used herein, chain end concentrao the sum of the concentrations of olefin
end groups, tert-halide end groups, 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, when the functionality of the initiator equals x, then the chain end concentration is
approximately equal to x times the initiator concentration, [0025]As used herein, "chain transfer anent"
rmpow-id which inte its halide ion with a caxbenium ion to form a new carbenitun ion. 100261As used
herein, "common ion salt" refers to an ionic salt that is optionally added to a reaction performed under
quasiliving carbocationie polymerization conditions 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 that optionallyto a reaction performed under quasiliving carbocationic polymenza conditions,
which generates counter-anions that are identical to those 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 of a carboeation terminated polyolefin to another polyolefin. 100291As used herein, "diluent"
refers to a liquid diluting agent or co pound. Diluents or are of two or more compounds, Diluents may
completely dissolve  or partially dissolve the reaction components. Examples include, but are olimited
to, hexane or methyl chloride, or mixtures thereof, 



[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 molecule that is capable of donating a pair of electrons to another molecule, Examples include,
but are not limited to, molecules capable of complexing with Lewis acids. Further examples include,
but are not limited to, bases and/or nucleophiles. Further examples include, but are not limited to,
molecules capable of abstracting or removing a proton. [0032]As used herein, "exo-olefin" refers to a
compound of the formula R wherein R is hydrocarbyl In one embodiment, R is methyl. [0033]A used
herein, "halide," halo," or "halogen" refer to F, Cl, Br or I. [0034]As used herein "hydrocarbyr refers to a
monovalent, linear, branched or cyclic group which contains only carbon and hydrogen atoms.
[0035]&s used herein, "inifer" refers to a compound thatboth an in*  chain transfer agent. 100361As
used herein initia,a compow.d that provid a carbocation, Examples include, but are not limited o,
compounds or polyolefins with one or more tertiary end groups. An initiator may be mono-functional or
multi-functional. As used herein, "mono-functional initiator" refers to an initiator that provides
approximately one stoichiometric equivalent of carbocation relative to initiator. As used herein,
"multifunctional initiator" refers to an initiator that provides approximately x stoichiornetric equivalents
of extrication relative to initiator, wherein x represents the functionality of the         When a
mono-functional initiator is used, the chain end concentration is approximately equal to the initiator
concentration. For a multi-functional initiator, when the functionality of the initiator equals x, then the
chain end concentration equals x times the initiator concentration. [0037]As used herein, "ionized
polyolefin" refers to poly( in containing 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 polyolelm. A further example includes, but is not
limited to, vinylidene terminated polyolefin that has been ionized into an ionized polyolefin or
quasiliving carbocationic polyoleiln. A further example includes, but is not limited to, a polyelefin
containing an olefin that has been ionized into a quasiliving earbocationic polyoletin or a cationic
polyolefin. A further example includes, but is not limited to, an ionized polyolefin derived from an inifer.
100381As used herein, '<Lewis acid" refers to a chemical entity that is capable of accepting a pair of
electrons. f00391As used herein, "monomer" refers to an olefin that is capable of combining with a
carbocation to form another carbocation. 



[0040]As used herein, "nifroalkane" refers to RiN07, 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 a particular product of a reaction to the number of moles of all products of the reaction
multiplied by one iumdred. [0042]As used herein, "proton acceptor" refers to a compound  capable of
abstracting a proton. [0043]As used herein, "pyridine derivative" refers to a compound of the formula:
R5\ R4R2 R3 wherein RI, R2, R3, R4, and R5 are each, independently, hydrogen or bydrocarbyl; or RI
and .R2, or R2 and R3, or R3 and R4, or R4 and R5 independently form a fused aliphatic ring of about
4 to about? carbon atoms or a fused aromatic ring of about 5 to about 7 carbon atoms. When RI, R2,
R, R4, and R5 are each hydrogen, the compound is pyridine. [0044)As used herein, "quasiliving
carbocationic polymerization conditions" refers to quasiliying polymerization conditions that allow for
the formation of quasiliving carbocationic polyolefins [0045]As used herein, "quasiliving carbocationic
polyolefm" refers to a carbocationic polyolefin that has been formed under quasiliving polymerization
conditions, 100461As used herein, "quasiliving polymerization" refers to polymerizations that proceed
in the absence of irreversible chain-breaking events. Quasiliving polymerizations  WO
2009/120551PCT/US2009/037513 proceed by initiation and.is followed by propagation, wherein
propagating (living) species in equilibrium with non-propagating (non-living) polymer chains. 100471As
used herein, "quasiliving polymerization conditions" refers to reaction conditions that allow quasilivinz
polymerization to occur. [0048]As used herein, -quenching" refers to reacting a carbenium ion with a
quenching 100491As used herein, "quenching agent refers to a compound that can,either alone or in
combination with another compound, react with a carbenium 



[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
embodiments, R is meembodiments, n is 1-4. In some embodiments, n is 1-3. [0051]As used herein
"vinylidene end group"al olefin moiety which has an exo-olefin configuration. 100521As used herein,
"vinylident terminated poito a polyolefin that contains at least one vinylidene end group. Examples
include, but are not compounds of the following formula: Pol). LenR wherein R is hydrogen or
hydrocarbyl. [0053]As used herein, "ten-halide terminateda polyolect contains at least one tertiary
halide end group. An example includes, hut is not limited to, a compound of formula: CH3 X Potpie!!C,
3 wherein X is a halogen. METHODS  [0054]Provided herein are methods for preparingterminated mpr
g:  WO 2009/120551PCT/US2009/037513 a.ionizing a polyolefin in the presence of a Lewis acid to
form an, ionized 



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. 5ome embodiments,
the method is represented by the following scheme:                    1) R1-S-R2                    2) proton
acceptor ionized poiyolefin  Polylef inRs wherein Ri and R2 are each, independently, hydrocarbyl; and
R3 is hydrogen or bydrocarbyl, (00561In some embodiments, the polyolefin prepared by the methods
provided herein contains one vinylidene end group on the polyolefin chain. In some embodiments, the
polyolefin prepared by the methods provided herein contains more than one vinyhdene end group on
the polyolefin chain. 100571Without being limited to any theory, in some embodiments, the methods
described herein appear to proceed by the pathway shown in the following scheme: P  pia"'-7-sie R2
MAYB proton acceptor  MA;      wherein RI and R2 are each, independently, hvdrocarbyl.; M is a
metal, transition metal, oi metalloid; Y is a halide; and A and B are each, independently, an integer
from I to 20, In some embodiments, MA YB is derived from a Lewis acid described herein.
4.2.1IONIZED POLYOLEFINS 



100581Ionized 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; polymerizing an olefin monomer der quasiliving carbocationic polymerization conditions; or
performing the "Miler" method. [00591In sortie embodiments, the ionized polyolefin is a carbocation
terminated polyolefin. In some embodiments, the ionized poly:olefin contains one or more carbocation
end groups. In some embodiments, the ionized polyolefin contains one carbocation end group. in
some embodiments, the ionized poiyolefin contains two carbocation end groups. In some
embodiments, the ionized polyolefin contains three earbocation end groups. in some  WO
2009/120551PCT/US2009/037513 embodiments, the ionized poly olefin is a polyisobutylene with a
cationic end group. In some embodiments, the ionized polyolefm is a compound of the following
formula: Ft3C CHCHs Poiyisobutyle a)Ionized polvolefms -halides [0060]In some embodiments, the
ionized poly:olefin is derived from a tealide Mated polyoletin, in some embodiments, the ionized
polyolefin is derived form a ten-      de terminated polyolefin, tert-bromide terminated polyolefin, or
ten-iodide terminated polyolefin, In some embodiments, the ionized polyolefin is derived 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 o skill in the art, [0062]In some embodiments, the ionized
polyolefin is generated by contacting a ten- halide terminated polyolefin with a Lewis acid. In some
embodiments, the ionized polyolefin is generated by contacting a tart-chloride terminated polyolefin,
ten-bromide terminated polyolefin, or ten-iodide terminated polyolefirt with a Lewis acid. In some
embodiments he ionized polyolefm is generated by contacting a ten-chloride terminated polyolefin with
a Lewis acid, [0063]in some embodiments, the ten -halide is derived from an in h)d Dols:olefins from
preformed polyolerms [0064]e embodiments, the ionized polyolefin is derived froni a preformed
polyolefin. In some embodiments, such preformed polyolefin contains one or more double bonds. in
some embodiments, such preformed polyole,fin contains one double bond. In some embodiments,
such preformed polyolefin is a polyisobutylene derivative. In some embodiments, such preformed
rxilyolefin contains one or more endo olefins. [00651In some embodiments, the ionized polyolefin is
generated by contacting a Lewis acid with a preformed polyolefin. In some embodiments, the ionized
poi:vole:fin is generated by contacting a preformed polyolefin containing one or more double bonds
with a Lewis acid. In some embodiments, the ionized p&yolefin is generated by contacting a preformed
polyolefin containing one double bond with a Lewis acid, in some embodiments, the ionized polyolefin
is generated by contacting a polyisobutylene derivative with a Lewis acid, In  



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. (.0Ionized
nolyolefins from the Miler method  [00661In some embodiments, the ionized polyolefin is derived from
an inifer using  methods known to those of skill in the limiting examples of such methods are
described in U.S. Pat Nos. 4,276,394 and 4,563 732, each of which is incorporated by        e herein. In
some embodiments, a monomer reacted with an initiJir carrying at least two tertiary halogens under
cationic polymerization conditions. In some embodiments, the inifer is a binifer or a trinifer. In some
embodiments, the inifer is tricumyl chloride, paradicumyl chloride, or tricumyl bromide. (d)Ionized
polyolefins fromonomers under it siliving carbocafionic polymerization conditions In some
embodiments, the ionized polyolefin is derived from oleC) nder uasiliving earbocationic conditions.
Under such conditions, a quasi/i earbocationic polyolefinrated. Such conditions may be achieved by
any method known to those of skill in the art. Non-limiting examples of such methods are described in
EP 206756 B! and WO 2006/110647 Al, both of which are incorporated by reference herein. [0068]In
some embodiments, a monomer, an initiator, and a Lewis acid are used, In some embodiments, the
ionized polyolefi.n is a quasi living carbocationic polyisobutylene some embodiments, such quasi living
earbocationic polyoiefm is a compound of the following formula: Polyisobutyl e, H-C PH; CHa (r)- CH3
Initiators [00691in some embodiments, the initiator is a compound or polyolefin with one or more
tertiary enc. groups. In some embodiments, the initiator has one tertiary end group. In some
embodiments, the initiator has more than one tertiary end group. 100701In some embodiments, the
initiator is a compound of formula (X'-C.RaRb)x,R, 



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
embodiments, Re has a valence of n, and n is an integer of one to 4. In some embodiments, Ra, R.L,
and R are hydrocarbon groups containing one carbon atom to  WO 2009/120551 about 20 carbon a
containing one carbon a o In some embodiments, X' mimics the growing speci PCT/US2009/037513 e
embodiments, R,12.1, and R., are hydrocarbon groups o about 8 carbon atoms. In some
embodiments, X' is a halogen. hioride. In some embodiments, the structure of R" 14 and R., or
monomer. In some embodiments, such structure is a 1-  phenyleihyl derivative fo, polystyrene or a
2,4,4-trimethyl pentyl derivative for polyisoburyiene. In some embodiments, the initiator is a eumyl,
dicumyl or tricumyl In some embodiments, chlorides are used. In some embodiments, the initiator is
2-chloro-2- phenylpropane, Le., cumyl chIoride; 1,4-di(2-chloro-2-propyl)benzene, di(cumylehloride);
1,3,5-tri(2-chlaro-2-propyl)benzene, e., tri(cumylehloride); 2,4,44rimethy1-2-chloroperitane;
2-acety1-2-pbenylpropane, Le., cumyl acetate; 2-propionyl2-phenyl propane, L e., curly!. propionate;
2-methoxy-2-phenylpropane,eumylmethyl ether; 1,4-di(2-methoxy-2-propyl)benzene, L e.,
di(cumylinethyl ether); or 1,3,5-tric-methoxy-2-propylThenzene, i.e. , tri(cumylmethyl ether). In some
embodiments, the initiator is 2-chloro-2,4,4-trimethyl pentane (TMPCI), 1,3-chloro-2-propyebenzene,
1.3,5 trit2-ehloro-2-propylpenzene, or 1,3,-di(2-chloro-2-proenzene (bDCC), [00711In some
embodiments, the initiator is ono-functional bi-functional, or multi- functional. In some embodiments,
the iono-functional. In some embodiments. the initiator is 2-ehloro-2-phenylpropane,
2-acetyl-2-phenylpropane, 2-propicmy1-2- phenylpropane, 2-inethoxy-2-phenylpropane,
-ethoxy-2-phenyipropane, 2-chloro-2,4,4-                         ,4,-trirnethylpentane,
2-propionyi-2,4,4-trimt,thylpentaite, 2- methoxy-2,4,4-trimethylpentane, or
2-ethoxy-2,4,4-trimethyipentane. In some embodiments, the initiator is 2-chloro-2,4,4-trimethylpentane.
[00721in some embodiments, the initiator is bithnctiunaI In some embodiments he initiator is
1.3-di(2-chloro-2-propyl)benzene, 1,3-di(2-methoxy-2-propyl)benzene, 4-di(2-
chloro-2-propy/Thenzene, 1,4-di(2-methoxy-2-propyl)benzene, or 5-tert-butyl-1,3 chloro-2-propyl)
benzene. In some embodiments, the initiator is 5-tert-buty1-1,3,-di(2- ehloro-2-propyl) benzene.
100731In some embodiments, the initiator is multi-functional. In some embodiments, the initiator is
1,3,5-tri(2-chloro-2-propyiThenzencAllexy-2-propyl)benzene, Monomers (007411In some
embodiments, the monomer is a hydrocarboncompound 



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 bodimems, such compounds have from about 4 to about 8 carbon atoms. [00751In some
embodiments, the methods described herein can be employed for erization of such monomers to
produce polymers of different; but uniform molecular In some embodiments, such molecular weight is
from about 300 to in excess of a g/mol. In some embodiments, such polymers are low molecular
weight liquid or viscous polymers having a molecular weight of from about 200 to 10,000 g/mol, or
solid waxy to plastic, or clastomeric materials having molecular weights of from about 100,000 to
1,000,000 glum', or more. In some embodiments, the monomer is isobtayie e, styrene, beta plane,
isoprene, butadiene, or substituted compounds of the preceding types. In some embodiments, the
monomer is isobutylene, 2-methyl- I -butene, 3-methyl-1-butene, 4-methyl-l-pentene, or beta-pinene.
In some embodiments the monomer is isobutylene. 109761In some embodiments, mixtures may be
used. (iii)Lewis Acids 100771In some embodiments, the Lewisid is a non-protic acid in some embodi
the Lewisacid is a metal halide or non-metal halide. In some embodiments, Lewis acid is a metal
halide. In some embodiments, the Lewisis a titanium (IV) halide, a zinc (II) halide, a tin (IV) halide, or
an aluminum (III) halide. In some embodiments, the Lewis acid        ium(1V) halide. In sonic
embodiments, the Lewis acid is a tin (IV) halide. In some embodiments. the Lewis acid an aluminum
(III) halide. In some embodiments, the Lewis acid is titanium tetrabromide or titanium tetrachloride. In
some embodiments, the Lewis acid is titanium tetrachloride. In some embodiments, the Lewis acid is
zinc chloride, In some embodiments, the Lewis acid is A18r3. In some embodiments, the Lewis acid is
ethyl aluminum dichloride. In some embodiments the Lewis acid is a non-metal halide. In some
embodiments, the Lewis acid is an antimony (VI) halide, a gallium (III) halide, or a boron (III) halide. In
some embodiments, the Lewis acid is boron trichlmide. In some embodiments, the Lewis acid is a
trialkyl aluminum compound. In some embodiments, the Lewis acid is trimethyl aluminum, 100781In
some embodiments, a mixture of two or more Lewi.s acids is used. In some embodiments, a mixture of
two Lewis acids is used. In some embodiments, a mixture of a aluminum (III) halide and nialkyl
aluminum compound is used In some embodiments, a  WO 2009/120551PCT/US2009/037513
iometric ratio of about I:1 aluminum III halide to trialkylo pound is used. In some embodiments, a
stoichiometric ratio of 2:1 aluminum) halide to trialkyl aluminum compound is used. In some
embodiments, a stoichiometri ratio of 1:2 aluminum (11I) halide to trialkyl aluminum is used, In some
embodiments, the stoichionietric ratio of aluminum (110 halide to trialkyl aluminum is greater than I. In
some embodiments, the stoichiometric ratio of aluminum clip halide to trialkyl aluminum is less than 1.
In some embodiments, a mixture of aluminum tribromide and trimethyl aluminum is used 100791In
some embodiments, the Lewis acid is an alkyl aluminum halide. In some embodiments, the Lewis acid
is a methyl aluminum bromide. 



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)Electron Donors 100811As is understood to one of ordinary skill in the art, some electron donors
are capable of converting traditional polymerization systems into quasiliving polymerization systems. In
some embodiments, the methods described herein are performed in the presence of an electron
donor. In some embodiments, such electron donor has a different formula than the one or more proton
acceptors used to react with the sulfonium ion terminated polyolefin (described infra). In some
embodiments, such electron donor has the same formula as the one or more proton acceptors used to
react with the sulfonium ion terminated polyolefin (described infra). In some embodiments, the electron
donor reacts with the sulfonium ion terminated p 100821 acids. embodime embodiments o form a
vinylidene terminated polyolefin. bodiments, the electron donor is capable of complexing mbodiments,
the electron donor is a base and/or nucleophile. In some e electron donor is capable of abstracting or
removing a proton. In some citron donor is an organic base. In some embodiments, the electron  donor
is an amide. In some embodiments, the electron donor is N,N-dimethylformarnide,
dimethylacetamide, or iN,N-diethylacetamide. In some embodiments, the electron donor is a sulfoxide.
In some embodiments, the electron donor is &methyl sulfoxide, In some embodiments, the electron
donor is an ester. In some embodiments, the electron donor is methyl acetate or ethyl acetate. In
some embodiments, the electron donor is a phosphate compound. In some embodiments, the electron
donor is trimethyl phosphate, tributyl phosphate, or triamide hexamethylphosphate, in some
embodiments, the electron donor is an  WO 2009/120551PCT/1JS2009/037513 oxygen-containing
metal compound. In some embodiments the electron donor is tetraisopropyl titanate. !00831In some
embodiments, the electron donor is pyridine o a pyridine derivative, some embodimenL, the electron
donor is a compound of formula: R4.." wherein R1, R2, R3, R4, and R5 are each, independently,
hydrogen or hydrocarb or R1 an R2, or R2 and I23, or R3 and R4, or R4 and Rs independently form a
fused aliphatic ring of about 3 to about 7 carbon atoms or a fused aromatic ring of about 5 to about 7
carbon atoms. In some embodiments R and R5 are each, independently, hydrocarbyl, and R2-12,1 are
hydrogen. [0084]In some embodimentselectron donor 2,6-di-ten-butyle, 2,6-Imidine,
2.4-climethylpryldine, 2,4,6-trimeth pyridine, 2-methylpyridine, orIn some 



embodiments, the electron donor is N-dirnethylaniline ory luidine. In some embodiments, the electron
donor is 2,6-lutidine. (y)Common Ion Salts and Ion Salt Precursors 100851in some embodiments,
common ion salts or salt precursors may be option added to the reaction mixture in addition to or in
replacement of the electron donor, embodiments, such salts may be used to increase the ionic
strength, suppress free ions, 'memct with ligand exchange. In some embodiments, the common ion
salt precursor is te n-butylammonium chloride, In some embodiments, the common ion salt precursor
is butylammonium iodide In some embodiments, the concentration of the common 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 liter. In some embodiments, the concentration of the common ion salts or salt
precursors is in the range from about 0,0005 moles per liter to about 0,025 moles per liter, In some
embodiments, the concentration of the common ion salt or salt precursors is in the range from about
0.001 moles per liter to about 0.007 moles per liter. 4,22 REACTION WITH
DIHYDROCARBYLMONOSULFIDE 100861 Dihydrocarbwlmonosuirades mborliments, the
dihydrocarb RCS-R2 o tula:  WO 2009/120551PCT/U52009/037513 wherein Ri and R, are each,
independently, hydrocarbyl. 100871In some embodiments, R1 and R2 are each, independently, alkyl,
alkenyl, alkynyl aryl, alkaryh araikyl, or cycloalkyl. In some embodiments, R and R2 are each,
independently, alkyl, alkenyl, alky-nyl, aralkyl, or cycloalkyl, n some embodiments. RI and R2 are
each, independently, alkyl. In some embodiments, R1 and 12.2 independently contain from I to 20
carbon atoms,              ome embodiments, the dihydrocarbylmonosulfidc is diethylsulfide,
dipropylsulfi.de, diisopropylsulfide, diallylsuifide, dilsoamyisulfide, di-sec-butyl sulfie diisopentyl
sulfide,ethallylsulfide, methyl tert-octyl sulfide, dinonyl sulfide, dioctad sulfide, dipentyl sulflde, or
di-tert-dodecyl sulfide. In some embodiments, the dihydrocarbylmonosulfide is diethylsulfide,
dipropylsulfide, cliisopropylsulfide, diallylsulfide, or diisoamylsuifide. In some embodiments, the
dihydrocarbylmonosulfide is diisopropylsulfide. (b)Formation of sulfonium ion terminated polvoletin
9}Without being limited to any theory, in some embodiments, the dihydrocarbylmonosulfide acts as a
quenching agent. Without being limited to any theory, in some embodiments, the
dihydrocarbylmonosulfide reacts with the ionized polyolefin to form a sulfonium ion terminated
polyolefin. Without being limited to any theory, in some embodiments, such sulfonium ion terminated
polyolefin is stable. In some embodiments, such sulfonium ion terminated polyolefin is observable by
spectroscopy. Without being limited to any theory, in some embodiments, the sulfonium ion terminated
polyolefin is ion-  aired with a Lewis acid derived counterion. Without being limited to any theory, in
some embodiments, such counterion is a titanium halide. Without being limited to any theory, in some
embodiments, such COUilteriOn is-Ti2C4" Without being limited to any theory, in some embodiments,
the dihydrocarbylmonosulfide is regenerated. Without being limited to any theory, in some
embodiments, the reaction between the dihydrocathylmonosulfide and ionized polyolefin proceeds by
the reaction pathway described in the following scheme: , R1-S-R2protoPIBf  PIB---N+qe Te; 1 R2 "2
in RI and Po are each, independently, hydrocarbyl, ;TION WITH PROTON ACCEPTOR 



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
2009/120551PCT/US2009/037513 proton acceptor reacts with the sulfonium ion terminated polyolefin
to form a vinylidene terminated polyolefin. Without being limited to any theory, in some embodiments,
a proton acceptor abstracts a proton from the suifoniuni ion terminated polyolefim Without being
limited to any theory, in some embodiments, the vinylidene-terminated polyolefin is the major product.
Without being limited to any theory, the vinylidene teiminated polyolefin is the major product, arid
polyolefins containing endo-olefins, tert-halide polyolefins, and coupled polyolefins are the minor
products. Without being limited to any theory, in some embodiments, more than one proton acceptor
reacts with the sulfonium ion terminated polyolefin. Without being limited to any theory, in some
embodiments, more than one proton acceptor reacts with the sulfonium ion terminated polyolefin to
form a yinylidene terminated polyolefin.  100911In so me embodimhe proton acceptor has a di electron
donor described, sike embodiments, the p formula as the electron donor described, supra. 100921In
some embodiments, the proton acceptor embodiments, the proton acceptor is an amine. In some e a
compound of formula:  R3-NRi R2 whereinR 2, and R3 are each., independently, hydrogen or
hydrocarhyl. In some      diments, R3 is hydrocarbyl. In some embodiments, R.3 is alkyl, alkenyl,
alkynyl, cycloalkyl, alkaryl, aralkyl, or aryl. Inmbodiments, one of R1 and R2 is hydrogen, and the other
is hydrocarbyl. In some embodiments, RI and R., are the same. In some            s, RI and R2 are each,
independently, alkyl, alkenyl, alkynyl, cycloalkyl, aralkyl, alkaryl, or aryl. In some embodiments, R3 is
hydrocarhyl, and R1 and R2 are both hydrogen. In some embodiments, Ri is hydrocarhyl, and one of
R1 and R2 is hydrogen and the other is hydrocarbyl. In some embodiments, RI and R2, together, form
a ring of from about 3 to about 7 carbon atoms, In some embodiments, the proton acceptor has more
than one -1\il group. [00931In some embodiments, the proton acceptor is a. primary amine. In sonic
embodiments, the proton acceptor is a secondary amine. In some embodiments, theproton acceptor is
a tertiary amine. In some embodiments, the proton acceptor is dimethyl amine, diethyl amine, dipropyl
amine, n-butyl amine, tert-butyl amine, sec-butyl amine, d butylamine, aniline, cyclohexylamine,
cyclopentyl amine, or tert-arnylamine, In some  WO 2009/120551PCT/US2009/037513 embodiments,
the proton acceptor is trimethyl amine, triethylamineopyl amine, Or tributylamine. In some
embodiments, the proton acceptor is n-butylarnine, diethylamine triethylamine, or tert-amylamine,
100941In some embodiments, the proton acceptor is an alcoome embodiments. 



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 to a     ary, secondary, or tertiary carbon. In some embodiments, the-OH is attached to a
primary carbon. In some embodiments, the -OH is attached to a secondary carbon. In some
embodiments, the -014 is attached to a tertiary carbon. In some embodiments, R is alkyl, alkenyl,
alkynyl, Or aralkyl. In some embodiments, the proton acceptor has more than one - OH group. f0095jIn
some embodiments, the alcohol is methanol, ethanol, propanof, isopropanol,  1-butanol, 2-butanol,
tert-butanol, cyclohexanol, or cyclopentanol. In some embodiments, the alcohol is methanol, ethanol,
or isopropartol. In some embodiments, the proton acceptor may be a phenol or phenol derivative.
4.4DILUENTS 100961In some embodiments of the methods described herein, the methods are
performcd in a diluent. In some embodiments, the diluent is a single compound or a mixture of two or
more compounds. In sonic embodiments, the diluent completely dissolves the reaction components or
partially dissolves the reaction components. In some embodiments, the diluent completely or nearly
completely dissolves the reaction components. In some embodiments, the diluent completely dissolves
the reaction components, In some embodiments, the diluent nearly completely dissolves the reaction
components. 100971In some embodiments, the diluent has a low boiling point andior low freezing
point. In some embodiments, the diluent is an alkane, an alkyl monohalide, or an alkyl polyhalide, In
some embodiments, the diluent is a normal afkane. in some embodiments, the diluent is propane,
normal butane, normal pentane, naimat hexane, normal heptane, normal octane, normal nonane or
normal &cane. In some embodiments, the diluent is a branched alkane, In some embodiments, the
alkane is isobutane, isopentane, neopentane, isohexane, 3-methylpentane, 2,2-dimethylbutane, or
2.3-dimethylburane,  WO 2009/120551PCT/US2009/037513 100981in some embodiments, the diluent
is a halogenated aikane, In some embodiments, the diluent is chloroform, ethylchloride, n-butyl
chloride, methylene chloride, methyl chloride, 1,2-diehloroethane, 1,1,2,2-tetrachloroethane, carbon
tetrachloride, 1,1- dichloroethane, n-propyl chloride, iso-propyl chloride, l"2-dichloropropane, or 1,3-
dichloropropane. In some embodiments, the diluent is an alkene or halogenated alkene. In some
embodiments, the diluent is vinyl chloride, 1,1-diehloroethene, or 1,2-dichloroethene, (0099)in some
embodiments, the diluent is a substituted benzene. (00100]In some embodiments, the diluent is
carbon disulfide, sulfia dioxide, acetic anhydride, acetonitrile, benzene-, toluene, ethylbenzene
methylcyclobexane, chlorobenzene, or a nitroalkanes. In some embodiments, the diluent is a mixture
of the compounds in this paragraph, 1001011In some embodiments, the diluent is a mixture of hexane
and methyl chloride. In some embodiments, such mixture is from about 10/90 to about 90/10
hexmethyl chloride by volume, In some embodiments, such mixture is from about 30/70 to about 70/30
hexane/methyl chloride by volume. In some embodiments, such mixture is from about 50/50 to about
100/0 hexane/methyl chloride by volume, 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 about 60/40
hexane/methyl chloride by volume. In some embodiments, such mixture is about 50/50 hexane/methyl
chloride by volume. 



TEMPERATURE  [00102]hi some embodiments, the methods described hereinare performed at a
nerature from about -120C to about 0C. in some embodiments, the methods described herein are
performed at a temperature from about -110C to about -10C. In some embodiments, the methods
described herein are performed at a temperature from about - 100`C to about -20C. in some
embodiments, the methods described herein are performed at a temperature from about -90C to about
-30C, In some embodiments, the methods       ed herein are performed at a temperature from about
-80C to about -40C. In some embodiments, the methods described herein are performed at a
temperature from about -70C to about -40C. In some embodiments, the methods described herein are
performed at a temperature from about -60C to about -40C. In some embodiments, the methods
described herein are performed at a temperature of -40C, -45*C, -60C, or -80C. In some
embodiments, the methods described herein are performed at a temperature of -40C. in some
embodiments, the methods described herein are performed at a temperature of -45C.  In some
embodiments, the methods described herein are performed at a temperature of -60C. In some
embodiments, the methods described herein are performed at a temperature of -80C. 4.6
CONCENTRATIONS 1001031In some embodiments, the ratio of the molar concentration between
dihydrocarbylmonosuifides to chain ends is from about 0.2 - to about 5. In some embodiments, the
ratio of the molar concentration between dihydrocarbylmonostilfides to chain ends is from about 0.5 to
about 5. In some embodiments, the ratio of the molar concentration between
dihydrocarbylmonosulfides to chain ends is from about 0.5 - to about 2. In some embodiments, the
ratio of the molar concentration between dihydrocarbylmonosulfides to chain ends is from about 0.7- to
about 1.5. In some embodiments, the ratio of the molar concentration between
dihydrocarbylmonosultides to chain ends is from about 0.9 - to about 1.4, in some embodiments, the
ratio of the molar concentration between dihydrocarbylmonosullides to chain ends is from about 1.0- to
about 1,2, In some embodiments, the ratio of the molar concentration between
dihydreearbylinonosulfides to chain ends is about 1.0. 1001041The chain end concentration of the
methods described herein are not limited by the disclosed examples. The chain end concentration for
the methods described herein appears to have no upper limit, and the methods described herein may
be performed at any chain end concentration. 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 acid concentration. In some embodiments, the electron
donor concentration is less than 0.3 times the Lewis acid concentration. In some embodiments, the
electron donor concentration is less than 0.2 times the Lewis acid concentration. In some
embodiments, the electron donor concentration is less than 0.1 times the Lewis acid concentration.
1001051in some embodiments, the chain end concentration is less than 0.010 M. In some
embodiments, the chain end concentration is less than 0.050 M. In some embodiments, the chain end
concentration is less than 0.10 M. In some embodiments, the chain end concentration is less than 0.5
NI. In some embodiments, the chain end concentration is less than 1.0 M. In some embodiments, the
chain end concentration is greater than 0,001 M. 4.7EXO-SELECTIVITY 1001061 In some
embodiments, the methods described herein selectively provide vinylidene terminated polyolefins. In
some embodiments, vinylidene terminated palyolefin,  polyolefins containing endo olefins, tert-halide
polyolefins, and coupled polyolefins are reaction products. In some embodiments, the vinylidene
terminated polyolefin is the major product, and polyolefins containing endo olefins, tert-halide
polyolefins, and coupled polyolefins are the minor products. [00107] In some embodiments, the
vinylidene terminated 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. In some embodiments, the vinylidene terminated polyolefin formed is at least 60 percent by
mole of all products. In some embodiments, the vinylidene terminated polyolefin formed is at least 70
percent by mole of all products. In some embodiments, the vinylidene terminated polyolefin formed is
at least 80 percent by mole of all products. In some embodiments, the vinylidene terminated polyolefin
formed is at least 85 percent by mole of all products. In some embodiments, the vinylidene terminated
poly-olefin formed is at least 90 percent by mole of all products. In some embodiments, the vinylidene
terminated polyolefin formed is at least 94 percent by mole of all products. 5.EXAMPLES
[00108]Certain embodiments provided herein are illustrated by the following nonling exampks. Unless
expressly stated in the contrary, all temperatures and temperatures ranges refer to the Centigrade
system and the term "ambient" or "room temperature" refers to about 20 to 25' C. 5.1EXAMPLES 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
equilibrated at -60C, [0011110,48 mil2-chloro-2,4,4-trirnethylpentane equilibrated at room temperatu 



[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
equilibrated -60C.  WO 2009/120551PCTTLIS2009/037513 100115]With continued stirring, next 0,87
milliliters titanium tetrachloride was charged to the flask. The reaction was allowed to proceed 12
minutes and then 20 milliliters of the polymerization solution was charged to seven 60 milliliter test
tubes, equipped with threaded caps, immersed in the heptane bath maintained at -60C, 1001161The
polymerization was allowed to continue in each test tube for 13 additional minutes (25 total reaction
minutes) at which point 1 of the 7 tubes was terminated with 5 milliliters of methanol to provide a
comparative example prior to addition of diethyldisulfide. Immediately after completing the comparative
example, 0.52 g of diethylsulfide was added to one of the remaining test tubes containing a reactive
polymerization, while other sulfide quenching agents were added to 4 of the remaining test tubes, The
diethylsulfide quenching reaction (and other quenching reactions) was allowed to proceed 30 minutes
at which time 5 milliliters of methanol was charged in order to terminate the quenching reaction. The
final polymerization test tube was then terminated with 5 milliliters of methanol to provide a final
comparative example (Control A). Non-quencher-containing reactions were used to provide a
comparative baseline for the quenching reactions and to provide references for structural and
molecular weight characterization in the absence of a quenching agent. 100117)The reactant
quantities for Examples 1-5 and Control A are listed in Table l Results are shown in Table III (infra).
WO 2009/120551PCT/US2009/037513 Table Example Sulfide d g  diethylsulfide  2 dipropylsuifkle
0.069 3 dusopropylsulfide. 



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 reaction terminators  1001201A four-neck 250 milliliter round-bottom flask was equipped with
an overhead mechanica. stiner and platinum resistance thermometer, This assembly wasnersed 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: 165.2 milliliters hexane equilibrated at -60C,
[00121J110.1 milliliters methylchloride equilibrated at -60C [00122]1.06 milliliters
2-chlore-2,4,4-trimethylpentane equilibrated at room temperatur 10012310.35 milliliters
2,6-dimethylpyridine equilibrated at room temperature, and [00124]19.9 milliliters of isobutylene
equilibrated at -60C. [00125]Then, the coound-bottom flask were equilibrated at -10C. 261With
continued stirring, next 3.42 milliliters titanium t.etrachloride was charged to 



ask I 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, equipped with threaded caps, immersed in the heptane bath maintained at -60C.       The
quenching reactions were allowed to react for 17 minutes, at which time acceptors were charged
individually to each tube. Three minutes were required to complete the termination of all reac  WO
20091120551PCT/US2009/037513 1281The reactant quantities fbr Exampie.s 6-11 are shown in
Table III (infra). Tab d in Tabl IL Res 11  Example Proton Acceptor Proton Acceptor  Methanol  7
Ethanol 2,55  isopropanol + 



9 Diethylamine 3.99 10 n-butylamine 4.53 11 Tert-arnylamine   EXAMPLE 1)             Preparation of
Polvisobutvl diisopropvlsulfide 1001301A four-neck 250 milliliter round-bottomequipped 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: 85.2 milliliters hexane equilibrated at -60C,
100131178.6 milliliters methyichloride equilibrated at -60C, 10013211.75 g
2-chloro-2,4.4-trimethylpentane equilibrated at room temperature, [00133]0.23 milliliters
2,6-dimethylpyridine equilibrated at room temperature, and 100134132.7 milliliters of isobutylene
equilibrated at -60C, 1001351Then, the contents of the round-bottom flask were equilibrated at -60C.
100136/With continued stirring, next 1.29 milliliters titanium tetrachloride was charged to the flask. The
reaction was allowed to proceed 29 minutes at which time a 2 ml 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 1.69 ml of diisopropylsulfide was charged to the reaction, After 5
ininutes, 4,5 ml of TiC14 was charged  WO 2009/120551PCT/US2009/037513  to the reactor. The
mixture was stirred for 10 minutes at which time 30,52 ml of pre-chilled n-butylamine was charged to
the reactor slowly over a 5 minute period. Finally, 25 ml pre-chilled methanol was charged to the
reactor 5 minutes after the addition of'amine, 



Results are shown in Table 111 (infi-a). 5,3EXAMPLE 13  1001371Preparation ofUsing a Mono-fit
ional taint diisopro lsulfide [00138] A four-neck 250 milliliter round-bottomquipped with an overhead
mechanical stirrer and platinum resistance thermometer. This assembly was immersed into a e bath at
-40C under dry nitrogen gas in a substantiallyere glovebox, lask was then charged with the following
reactants: 9183,4 milliliters hexane equilibrated at -40cC, [00140178.1 milliliters methydchloride
equilibrated at 40C, 10014111.75 g 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature,
10014210,23 milliliters 2.6-dimethylpyridine equilibrated at room temperature, and [00143]33.8
milliliters of isobutylene equilibrated at -40C. 1001441Then, the contents of the round-bottom flask
were equilibrated at -40C. 100145]With continued stirring, next 2.58 milliliters titanium tetrachloride
was charged to the flask,. The reaction was allowed to proceed 20 minutes at which time a 2 ml aliquot
was    oved from the reactor and charged to a vial containing 5 ml preehilled methanol to provide a
comparative example prior to the addition of the sulfide. Then 1.69 ml of dilsopropylsultide was
chanted to the reaction. After 5 minutes, 1.13 ml of TiC14 was charged to the reactor. The mixture was
stirred fin 10 minutes at which time 29.65 ml of pre-chilled n-butylamine was charged to the reactor
slowly over a 5 minute period, Finally, 25 ml pre-chilled methanol was charged to the reactor 5 minutes
after the addition of n- butylamine. 5,4EXAMPLE 14 rn in Table 111 (infra).  100146]Preparation of
Polvisobutvie Using a Mono -functional 1nitiator  diisopropvisulfide 1001471 A four-neck 250 milliliter
round-bottom flask was quipped with an overhead mechanical stirrer and platinum resistance
thermometer. This assembly was immersed into a heptane bath at -80C under dry nitrogen gas in a
substantially inert atmosphere glovebox. The flask was then charged with the following reactants:  



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-2,4,4-trimethylpentarte equilibrated at room temperature, [00151]0.12 milliliters
2,6-dimethylpyridine equilibrated at room temperature, and 100152131.6 milliliters of isobutylene
equilibrated at -80C, 1001531Then, the contents of the round-bottom flask were equilibrated at -80C.
[00154]With continued stirring, next 0.26 milliliters titanium tetrachloride was charged to the flask. The
reaction was allowed to proceed 45 minutes at which time a 2 ml 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 1.69 ml of dilsopropylsullide was charged to the reaction. After 5
minutes, 3,2 ml of TiCh was charged to the reactor, The mixture was stirred for 10 minutes at which
time 25.4 ml of pre-chilled nbutylarnine was charged to the reactor slowly over a 5 minute period.
Finally, 25 ml pre- chi tied methanol was charged to the reactor 5 minutes after the addition of
n-butylamine. Results are shown in Table HI (infra). 5.5EXAMPLE 15  [00155]Preparation of
Polvisobutylene Using aMono-functional Initiator, thisopropvisulfide 11001561A four-neck 250 milliliter
round-bottom flask was equipped with an overhead mechanical stirrer and platinum resistance mot
This assembly was immersed into a heptane bath at -45C under dry nitrogen gas in a substantially
inert atmosphere glovebox. The flask was then charged with the following 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
isobutylene equilibrated at -45C. 100162]Then, the contents of the round-bottom flask were
equilibrated at -45C. 1001631With continued stirring, next 0.97 milliliters titanium tetrachloride was
charged to    flask. The reaction was allowed to proceed 50 minutes at which time a 2 ml 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 1.64 ml of diisopropylsulfide was
charged to the reaction. After 20 minutes, 1.5 ml of TiC14 was  



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 was charged to the reactor 5 minutes after the addition of nhutylamine. Results are shown in
Table Ill (injiw)' 5.6EXAMPLE 16 1001641 Preparation of Polyisobutvlene Using a Mono-functional
Initiator, cliisoproWide 6tk 250 muhl,tei round-bottom flask was equipped with an verhead
mechanicand platinum resistance then-nometer. This assembly was immersed into a heptane bath at
-45C under dry nitrogen gas in a substantially inert atmosphere glovebox. The flask was then charged
with the following reactants: 100166175.2 milliliters hexane equilibrated at -45C, 100167170.2
milliliters methylchloride equilibrated at -45C, 1001681324 g 2-chloro-2,4,4-trimethylpentane
equilibrated at room temperature. [00169]0,13 g tettabutylaminonium chloride, [00170]0.094 milliliters
2,6-dimethylpyridine equilibrated at room temperature, [00171130.1 milliliters of iscibutylene
equilibrated at -45C. 1001721:ontents of the round-bottom flask were equilibrated at -45C.
[001731With mtinued stirring, next 0.6 milliliters titanium tetrachloride was charged to the flask. The
reaction was allowed to proceed 55 minutes at which time a 2 ml 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 I
minute, 3,88 ml of TiCli was charged to the reactor. The mixture was stirred for 5 minutes at which
time 13 ml of pre-chilled nhutylamine was charged to the reactor slowly over a 5 minute period. Finally,
10 ml pre-chilled methanol was charged to the reactor 5 minutes after the addition of n-butykunine.
Results are shown in Table ill eiltru). PROCEDURE FOR COLLECTING 1H NMR DATA [0017411H
NWIR spectra were collected using a VarianHz) spec ()photometer using samples concentrations of 3
percent to 5 percent (weight/weight) in CDC13.NMR spectra were used for analysis of the end groups.
Fractions of exo-olefin, endo-olefin, tertchloride and coupled olefin chain ends were obtained using
4-1NMR integration as described in a subsequent section.  WO 2009/120551PCT/US2009/037513
wedure for Calcujatin the Fractional Amounts of Chain Ends on the Polvisobutvlene Product jThe
fractions of exo-olefin, endo-olefin. and teiends, and coupled products in the polyisobtitylene samples
were quantified using /II 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 114 NMR spectrum, and by confirming the absence of a shoulder on the
low elution volume side of the main polymer peak in the OPC chromatogram, Two procedures are
given below. The "General Procedure" was used when coupled product was detected; the "Special
Procedure" was used when coupled product was deemed to be absent, (a)General Procedure 



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
Ae0d0 is the area of thee olefinic resonance at 5.15pprn"A",,is theofso- otefinie resonance 4,63ppm,
and AEc, was calculated as follows: Atert-CI =-1.72/6) - Aendo  where A,55 -1 72 is the integrated
area of the convoluted peaks associated with the gemdimethyl protons of the end-olefin and the
ten-chloride chain ends. it will be noted that a co-efficient of 2 appears in equation (I) for coupled
product, to account for the fact that creation of these products consumes 2 polyisobutylene chains.
AL",,p1,,i was calculated as follows: AcoupIed = (A50475 where A5,0the integrated area of the
convoluted peaks associated with one of t olefin protons and the two identical protons of the coupled
product,and where 4is the :ated area of the peak associated with the other exo-olefin proton. Special
Procedure  WO 2009/120551PCT/US2009/037513 1001771In the qualitative absence of coupled
product, the fractional molar amount of each type of chain end was obtained using an equation
analogous to the equation given below for determining the fractional amount of exo-olefin, F(exo)
(Atm) (Aemi Aendo Alert-CI )(1 ) where Acrijo is the area of the single olefinic resonance at 5,15pprn,
Atty.() is the average area of the two exo-olefinic resonances at 4.63 and 4.85 parts per million, and
Ateg.a was calculated in the same manner as described in the 'General Procedure".  WO
2009/120551PCT/US2009/037513 Molar Composition of Chain Ends after Quenchina Reaction Ex.
Sulfide Terminator/ Proton o 
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88 4 6    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         Ii
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 in the presence of a Lewis acid; (b) reacting the ionized polyolefin from step (a) with one or
more dihydrocarbylmonosulfides having the following formula: R1-S-R2 wherein R1 and R2 are each,
independently, hydrocarbyl, wherein the dihydrocarbylrnonosulfides 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 vinylidene terminated 10
polyolefin formed is at least 40 percent by mole of all products; wherein the method is perfooned at a
temperature from about -120C to about 0C.  2. The method of claim 1, wherein RI and R2 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 diethylsulfide, dipropylsulfide,
diisopropylsulfide, diallylsulfide, or diisoamylsulfide.  4. The 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. 



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
quasiliving 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, wherein the Lewis acid is a titanium tetrahalide, a boron 10trihalide, 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 is a 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 claim 10, wherein the initiator is 2-chloro-2-phenylpropane, 2-acetyl2-phenylpropane,
2-propiony1-2-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-2,4,4-trimethylpentane, or 2-ethoxy-2,4,4- 25trimethylpentane.  17. The method of claim 10,
wherein the initiator is 2-chloro-2,4,4-trimethylpentane.       18. The method of claim 10, wherein the
quasilivmg carbocationic polyolefin is prepared 30 from more than one monomer.   19. The method of
claim 10, wherein the monomer is isobutylene, 2-methyl-I -butene, 3- methyl- I -butene, or 4-methyl-1
-pentene.  20. The method of claim 10, wherein the monomer is isobutylene. 5  21. The method of
claim 10, wherein the electron donor is a compound of the formula: R5N R1 R3 wherein RI, R2, R3,
R4, and R5 are each, independently, hydrogen or hydrocarbyl; or R1 



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. The method of claim 27, wherein the common ion salt precursor is tetrabutylammonium
chloride or tetrabutylammonium iodide.  29. The method of claim 1, wherein the method is performed
at a temperature from 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 concentration. 31. The method of claim 1, wherein the one or more dihydrocarbylmonosul
fides are present at a concentration from about 1 to about 1.2 times chain end concentration. 10 32.
The method 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. 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 90/10 hexane/methyl chloride by volume. 20  36. The method of claim 1, wherein the vinylidene
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 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 all products. 



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 is from about 1.0 to about 1.2. 


