
WO 2010/048023PCT/US2009/060799 PRODUCTION OF V1NYLIDENE-TERMINATED AND
SULFIDE-TERMINATED TELECHELIC POLYOLEFINS VIA QUENCHING WITH DISULFIDES 1.
FIELD  100011Provided herein are methods for producing vinylidenc-terminated polyolefins. Further,
provided herein are novel sulfide-terminated polyolefins and methods for producing the same. 2.
BACKGROUND  [00021Terminally functionalized polymers are useful precursors for the preparation of
polymers containing functional end groups. Examples of terminally functionalized polymers are
vinylidene-terminated polyolefins. Polymers containing functional end groups have several useful
purposes. For example, polyisobutylene (PIB) containing vinylidene chain ends are utilized in the
synthesis of PIB-succinic anhydrides (P1BSAs), which are key intelmediates in the production of
FIB-based succinimide dispersants for use as additives for engine lubricants. Vinylidene-telminated
PIBs are also utilized in the production of PIBamines, which are useful as fuel additives. An
opportunity exists to create polyolefins containing sulfide end groups for use in lubricant applications.
These thio-terminated polyolefins can offer oxidation inhibition and surface affinity, two important
factors in the design of lubricant additive technology. Thus, there is a need for new classes oftctuinally
functionalized polymers, as well as methods of selectively or exclusively producing terminally
functionalized polymers, such as vinylidene-terminate polyolefins and sulfide-terminated polyolefins. 3.
SUMMARY  [0003]In some embodiments, provided herein are methods for preparing telechelic
polyolefins, comprising:        a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis
acids tofolio an ionized polyolefin; b. reacting the ionized polyolefin from step (a) with one or more
disulfides to foiinan intermediate; and        c. reacting the inteimediate of step (b) with one or more
alcohols, amines, or thiols. 100041In some embodiments, provided herein are methods for preparing a
vinylidene terminated polyolefin, comprising:  WO 2010/048023PCT/US2009/060799 a. ionizing a
polyolefin in the presence of a Lewis acid or mixture of Lewis acids tofoini an ionized polyolefin; b.
reacting the ionized polyolefin from step (a) with one or more disulfides to forman intelinediate; and c.
reacting the intelmediate of step (b) with one or more alcohols or amines. 



[00051In some embodiments, provided herein are methods for preparing a compound of the foimula:
H3C CH3 XH. S-RA or H3C CH3 RiS-RB ; or a mixture thereof; wherein RI is a polyolefin group; RA
and RB are each, independently, allcyl, aryl, arallcyl, alkaryl, -1-(CH2)m-r -F(CH2/mN\ -HCH26-1- , s
R3 -1-(CH2)p-O-Si-R4 1-(CH2),-0-Rx orR5 wherein m is 1-3; n is 1-3; p is 1-3; X is halo or a
pseudohalide; 12.' is alkyl or aryl; R3 is tert-butyl; and R4 and R5 are each, independently, alkyl, aryl,
aralkyl, or alkaryl; comprising: a. ionizing a polyolefin in the presence of a Lewis acid or mixture of
Lewis acids toform an ionized polyolefin; b. reacting the ionized polyolefin from step (a) with one or
more compounds of theformula: RA-S-S-RB  WO 2010/048023PCTTUS2009/060799 to fojin an
intermediate; and 



c.reacting the intermediate of step (b) with one or more alcohols, amines, or thiols. [00061In some
embodiments, provided herein are methods for preparing a compound of the formula: H3C CH3 S-RC
; wherein RI is a polyolefin group; and RC is alkyl, aryl, aralkyl, alkaryl, substituted alkyl, or substituted
aryl; comprising: a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
tofoiiii an ionized polyolefin; b. reacting the ionized polyolefin with one or more compounds of the
formula: RA-s-s-R6 to form an inteiii ediate; wherein RA and RD are each, independently, alkyl, aryl,
arallcyl, or alkaryl; and c. reacting the inteimediate from step (b) with one or more compounds of the
formula: RD-SH [0007]In some embodiments, provided herein are compounds of the formula: H3C
CH3 RI S-RD  wherein RI is a polyolefin group; and RD is alkyl of Ito 7 carbons, substituted alkyl of at
least 3 carbons, unsubstituted 1-(CH2)tn-11CH2)p-O-Si-R4  1-(CH2)n-R5  3-  WO
2010/048023PCT/US2009/060799 wherein m is 1-3; n is 1-3; p is 1-3; 



X is halo or a pseudohalide; R3 is tert-butyl; R4 and R5 are each, independently, aryl or alkyl; and R' is
hydrocarbyl. [0008]Without being limited to any theory, in some embodiments, the methods described
herein proceed by the pathway shown in the following scheme: CH3 " IR1R2a' IRA-S-S-RB    wherein
RI is a polyolefin group; R2 is hydrocarbyl or hydrogen; RA, RB, and RC are each, independently,
hydrocarbyl or substituted hydrocarbyl; M is a metal, transition metal, or metalloid; Y is independently
halo or alkyl; and a and 13 are each, independently, an integer from 1 to 20.  WO
2010/048023PCT/US2009/060799 4.DETAILED DESCRIPTION  4.1DEFINITIONS  [0009]Unless
defined otherwise, all technical and scientific teiins used herein have the same meaning as is
commonly understood by one of ordinary skill in the art. In the event that there are a plurality of
definitions for a term used herein, the definitions provided in this section prevail unless stated
otherwise. [0010]As used herein, "alcohol" refers to a compound of the following formula: R-OH ;
wherein R is hydrocarbyl or substituted hydrocarbyl. In some embodiments, the hydrocarbyl is
aliphatic. In some embodiments, R is alkyl or substituted alkyl. 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 -OH is attached to a tertiary carbon. In some embodiments, the alcohol
contains more than one hydroxyl group. In some embodiments, the alcohol contains one hydroxyl
group. 



[0011]As used herein, "alkane" refers to a hydrocarbon containing only single bonds. In some
embodiments, the alkanc contains a straight hydrocarbon chain. In some embodiments, the alkane
contains a branched hydrocarbon chain. In some embodiments, the alkane is cyclic. In some
embodiment, the alkali contains 1 to 10 carbons. In some embodiment, the alkane contains 1 to 8
carbons. In some embodiment, the alkane contains 1 to 6 carbons. In some embodiment, the alkane
contains 1 to 3 carbons. In some embodiment, the alkane contains 1 to 2 carbons. In some
embodiments, the alkane contains 5 to 6 carbons. In some embodiments, the alkane is pentane. In
some embodiments, the alkanc is hexane. In some embodiments, the alkane is substituted. [0012]As
used herein, "alkaryl" refers to an aryl group substituted with at least one alkyl, alkenyl, or alkynyl
group. [0013]As used herein, "alkenyl" refers to a hydrocarbon chain or group of about 2 to about 20
carbons, wherein the chain or group contains one or more double bonds. In some embodiments, the
alkenyl contains about 2 to about 15 carbons. In some embodiments, the alkenyl contains about 2 to
about 10 carbons. In some embodiments, the alkenyl contains about 2 to about 8 carbons. In some
embodiments, the alkenyl contains about 2 to about 6 carbons. In some embodiments, the alkenyl
contains about 2 to about 3 carbons. In some embodiments, the alkenyl is an allyl group. In some
embodiments, the alkenyl group contains one or more double bonds that are conjugated to another
unsaturated group. In some embodiments, the alkenyl is substituted. WO
2010/048023PCT/US2009/060799 100141As used herein, "alkyl" refers to a hydrocarbon chain or
group of about 1 to about 20 carbons. In some embodiments, the alkyl contains about 1 to about 15
carbons. In some embodiments, the alkyl contains about 1 to about 10 carbons. In some
embodiments, the alkyl contains about 1 to about 8 carbons. In some embodiments, the alkyl contains
about 1 to about 6 carbons. In some embodiments, the alkyl contains about 1 to about 3 carbons. In
some embodiments, the alkyl contains 1 to 2 carbons. In some embodiments, the alkyl is primary. In
some embodiments, the alkyl is secondary. In some embodiments, the alkyl is tertiary. In some
embodiments, the alkyl is methyl, ethyl, n-propyl, isopropyl, isobutyl, n-butyl, sec-butyl, tert-butyl,
isopentyl, neopentyl, tert-pentyl, or isohexyl. In some embodiments, the alkyl is methyl, ethyl, n-propyl,
or isopropyl. In some embodiments, the alkyl is methyl. In some embodiments, the alkyl is tert-butyl. In
some embodiments, the alkyl is a straight hydrocarbon chain. In some embodiments, the alkyl is a
branched hydrocarbon chain. In some embodiments, the alkyl is cyclic. In some embodiments, the
alkyl is substituted. 100151As used herein, "alkynyl" refers to a hydrocarbon chain or group of about 2
to about 20 carbons, wherein the chain contains one or more triple bonds. In some embodiments, the
alkynyl contains about 2 to about 15 carbons. In some embodiments, the alkynyl contains about 2 to
about 10 carbons. In some embodiments, the alkynyl contains about 2 to about 8 carbons. In some
embodiments, the alkynyl contains about 2 to about 6 carbons. In some embodiments, the alkynyl
contains about 2 to about 3 carbons. In some embodiments, the alkynyl is a propargyl group. In some
embodiments, the alkynyl group contains one or more triple bonds that are conjugated to another
unsaturated group. In some embodiments, the alkynyl is substituted. [0016]As used herein, "amide"
refers to a compound of the following formula: 0 R'NR2R3; wherein 121-R3 are each, independently,
hydrogen or optionally substituted hydrocarbyl. In some embodiments, RI is hydrogen. In some
embodiments, R' is hydrocarbyl. In some embodiments, R2 is hydrogen. In some embodiments, R2
and R3 are hydrocarbyl. In some embodiments, the amide is N,N-dimethylkormamide. [0017]As used
herein, "amine" refers to a compound of the following formula: R1-N-R3 R2  WO
2010/048023PCT/US2009/060799 wherein RI, R2, and 12.3 are each, independently, hydrogen or
optionally substituted hydrocarbyl. In some embodiments, RI, R2, and R3 are each, independently,
hydrogen or alkyl. In some embodiments, the amine is a primary amine. In some embodiments, the
amine is a secondary amine. In some embodiments, the amine is a tertiary amine. In some
embodiments, the amine is ammonia. 100181As used herein, "aralkyl" refers to an alkyl, alkenyl, or
alkynyl group substituted with at least one aryl group. [00191As used herein, "aryl" refers to a
monocyclic or multicyclic aromatic group containing from 6 to about 30 cyclic carbons. In some
embodiments, the aryl is monocyclic. In some embodiments, the aryl contains about 6 to about 15
cyclic carbons. In some embodiments, the aryl contains about 6 to about 10 cyclic carbons. In some
embodiments, the aryl is fluorenyl, phenyl, or naphtyl. In some embodiments, the aryl is phenyl. In
some embodiments, the aryl is a substituted aryl. The substituted aryl is a substituted with a
hydrocarbyl or a heteroatomic group, including, but not limited thios, thioethers, and halides. [0020]As
used herein, "binifer" refers to an inifer that is capable of initiation and propagation at two separate
sites of an inifer. In some embodiments, the initiation and propagation occur simultaneously or nearly
simultaneously at the two sites. [0021]As used herein, "carbocation terminated polyolefin" refers to a
polyolefin containing at least one carbocation end group. Examples include, but are not limited to,
compounds of the formula: 



CH2 RCH3. wherein R is a polyolefin group. [00221As used herein, "chain-end concentration" refers to
the sum of the molar concentration of carbocationic end groups and dormant end groups. 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. [00231As used
herein, "common ion salt" refers to 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.  WO 2010/048023PCT/US2009/060799 [0024]As used herein,
"common ion salt precursor" refers to an ionic salt that is optionally added to a reaction performed
under quasiliving carbocationic polymerization conditions, wherein the ionic salt generates
counter-anions that are identical to those of the propagating chain ends, via in situ reaction with a
Lewis acid. [0025]As used herein, "diluent" refers to a liquid diluting agent or compound. Diluents may
be a single or a mixture of two or more compounds or agents. Diluents may completely dissolve or
partially dissolve the reaction components. [0026]As used herein, "disulfide" refers to a compound of
the following formula: R1-S-S-R2 ; wherein R' and R2 are each, independently, optionally substituted
hydrocarbyl. [0027]As used herein, "electron donor" refers to a molecule that is capable of donating a
pair of electrons to another molecule. [0028]As used herein, "halo" refers to halogen. In some
embodiments, halo is F, Cl, Br, or I. In some embodiments, halo is F. In some embodiments, halo is
Cl. In some embodiments, halo is Br. In some embodiments, halo is I. [0029[As used herein,
heteroaryl refers to a monocyclic or multicyclic aromatic ring system containing about 5 to about 15
ring atoms wherein at least one ring atom is a heteroatom. In some embodiments, the hetcroaryl
contains 5 to about 10 ring atoms. In some embodiments, the heteroaryl contains 5 or 6 ring atoms. In
some embodiments, the heteroaryl is monocyclic. In some embodiments, the heteroatom is N, 0, or S.
In some embodiments, the heteroaryl contains one heteroatom. In some embodiments, the heteroaryl
contains I to 3 N atoms. In some embodiments, the heteroaryl contains one 0 or S atom and one or
two N atoms. In some embodiments, the heteroaryl is furyl, imidazolyl, pyrimidinyl, tetrazolyl, thienyl,
pyridyl, pyrrolyl, thiazolyl, isothiazolyt oxazolyl, isoxazolyl, thiazolyl, quinolinyl, or isoquinolinyl. In some
embodiments, the heteroaryl is furyl. In some embodiments, the heteroaryl is substituted. [0030]As
used herein, -hydrocarbyl" refers to a monovalent, linear, branched, or cyclic group which contains
carbon and hydrogen atoms, and in certain embodiments, is substituted. In some embodiments, the
hydrocarbyl is alkyl, alkenyl, alkynyl, aryl, alkaryl, or aralkyl, each optionally substituted. In some
embodiments, the hydrocarbyl is substituted. In some embodiments, the hydrocarbyl is not substituted.
[0031]As used herein, "inifer" refers to a compound that acts as both an initiator and a chain transfer
agent.  WO 2010/048023PCT/1JS2009/060799 



[0032]As used herein, -initiator" refers to a compound that provides a carbocation. [0033]As used
herein, "ionized polyolefin" refers to a polyolefin containing at least one carbenium ion. In some
embodiments, the ionized polyolefin is a ten-halide terminated polyolefin that has been ionized into a
cationic polyolefin. In some embodiments, the ionized polyolefin is a quasiliving carbocationic
polyolefin. In some embodiments, the ionized polyolefin is a vinylidene-teiniinated polyolefin that has
been ionized into an ionized polyolefin or quasiliving polyolefin. In some embodiments, the ionized
polyolefin is a polyolefin containing an olefin that has been ionized into a quasiliving carbocationic
polyolefin or a cationic polyolefin. In some embodiments, the ionized polyolefin is derived from an
inifer. [0034]As used herein, "Lewis acid" refers to a chemical entity that is capable of accepting a pair
of electrons. [00351As used herein, "metalloid" refers to elements that have properties of both metals
and non-metals. In some embodiments, the metalloid is boron or silicon. [0036]As used herein, "mole
percent" 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 hundred. [0037]As used herein,
"mono-functional initiator" refers to an initiator that provides approximately one stoichiometric
equivalent of carbocation relative to initiator. When a mono-functional initiator is used, the chain-end
concentration is approximately equal to the initiator concentration. [0038]As used herein, monomer"
refers to an olefin that is capable of combining with a carbocation to foiin another carbocation.
100391As used herein, "multi-functional initiator" refers to an initiator that provides approximately x
stoichiometric equivalents of carbocation relative to initiator, wherein x represents the functionality of
the initiator. When a multi-functional initiator is used, when the functionality of the initiator equals x,
then the chain-end concentration equals x times the initiator concentration. In some embodiments, x is
2, and the initiator is a bifunctional initiator. [0040]As used herein, "nitroalkane" refers to RNO2,
wherein R is hydrocarbyl. In some embodiments, R is alkyl. [0041fAs used herein, "polyolefin" refers to
a polymer that comprises at least two olefin monomers. In some embodiments, the polyolefin has a
molecular weight from about 300 to in excess of a million g/mot. In some embodiments, the polyolefin
has a molecular weight of  from about 200 to 10,000 g/mol. In some embodiments, the polyolefin has a
molecular weight of from about 100,000 to 1,000,000 g/mol. In some embodiments, the polyolefin has
a molecular weight greater than 200 g/mol. In some embodiments, the polyolefin has a molecular
weight greater than 400 g/mol. In some embodiments, the polyolefin has a molecular weight greater
than 600 g/mol. In some embodiments, the polyolefin has a molecular weight greater than 800 g/mol.
In some embodiments, the polyolefin has a molecular weight greater than 1000 g/mol. In some
embodiments, the polyolefin has a molecular weight greater than 5000 g/mol. In some embodiments,
the polyolefin has a molecular weight greater than 10,000 g/mol. In some embodiments, the polyolefin
has a molecular weight greater than 100,000 g/mol. In some embodiments, the polyolefin has a
molecular weight greater than 500,000 g/mol. In some embodiments, the polyolefin has a molecular
weight greater than 1,000,000 g/mol. [0042iAs used herein, "polyolefin group" refers to monovalent
polyolefin substituent. [0043]As used herein, "pseudohalide" refers to a substituent that resembles the
reactivity of a halide substituent, for example, cyano, azido, cyanate, thiocyanate, or isothiocyanate. [
0044]As used herein, "quasiliving carbocationic polyolefin" refers to a carbocationic polyolefin that has
been formed under quasiliving cathocationic polymerization conditions. [0045]As used herein,
"quasiliving carbocationic polymerization conditions" refers to conditions that allow for quasiliving
polymerizations, which are polymerizations that proceed with minimal irreversible chain termination
and minimal chain transfer. Quasiliving polymerizations proceed by initiation followed by propagation,
wherein propagating (living) species are in equilibrium with non-propagating (non-living) polymer
chains. 10046]As used herein, "substituted" refers to the presence of one or more substituents.  In
some embodiments, only one substituent is present. In some embodiments, the substituent is alkyl. In
some embodiments, the substituent is alkenyl. In some embodiments, the substituent is alkynyl. In
some embodiments, the substituent is aryl. In some embodiments, the substituent is alkaryl. In some
embodiments, the substituent is aralkyl. In some embodiments, the substituent is halo. In some
embodiments, the substituent is heteroaryl. In some embodiments, the substituent is heteroalkyl. In
some embodiments, the substituent is 



1-SH1-S-R . In some embodiments, the substituent is, wherein R is alkyl, aryl, aralkyl, or alkaryl. In
some embodiments, the substituent is furyl. In some embodiments, the substituent is  WO
2010/048023PCT/1JS2009/060799 RI R3 wherein RI-R3 are each, independently, optionally
substituted hydrocarbyl. In some embodiments, the substituent is +OH . In some embodiments, the
substitucnt is -1-0R wherein R is alkyl, aryl, aralkyl, or alkaryl. In some embodiments, the substitucnt is
a pseudohalide. [0047]As used herein, "telechelic polyolefin" refers to a polyolefin having a
functionalized endgroup. [0048]As used herein, "tert-halide terminated polyolefin" refers to a polyolefin
that contains at least one tertiary halide end group. In some embodiments, the ten-halide teiinated
polyolefin has the following formula: CH )<?( R CH3 . wherein R is a polyolefin group and X is halo.
[0049]As used herein, "thiol" refers to a compound of the following foula: R-SH ; wherein R is
optionally substituted hydrocarbyl. [0050]As used herein, "trinifer" refers to an inifer that is capable of
initiation and propagation at three separate sites of an inifer. In some embodiments, the initiation and
propagation occur simultaneously or nearly simultaneously at the three sites. [0051]As used herein,
"vinylidene-terminated polyolefin" refers to a polyolefin that contains at least one vinylidene end group.
In some embodiments, the vinylidene-terminated polyolefin has the following formula: CH2 RR2;
wherein RI is a polyolefin group and R2 is optionally substituted hydrocarbyl or hydrogen. In some
embodiments, R2 is hydrocarbyl. 4.2 METHODS  



4.2.1 OVERVIEW [0052]In some embodiments, provided here are methods for preparing telechelic
polyolefins. [0053]Without being limited to any theory, in some embodiments, the methods described
herein proceed by the pathway shown in the following scheme: -11-  CH3 MY R1R2 mo,' 1RA-s-s-RB
8" 'vi, and/or RAa I SaS-R8H3C RBS' CD-"S41 TR3A R1R2R1R2 alcohol or amine  alcohol, amine, or
thiol  Rc-SH  OR 



OR         H3CH3C 1.--)cS RA and/or  RR2R1- -sR2R1R2 sulfide-sulfide- terminatedterminated
polyolefinpolyolefin derived fromderived from disulfidethiol additionaddition  wherein RI is a polyoIefin
group; R2 is hydrocarbyl or hydrogen; RA, RB, and RC are each, independently, hydrocarbyl or
substituted hydrocarbyl; M is a metal, transition metal, or metalloid; Y is independently halo or alkyl;
and a and j3 are each, independently, an integer from 1 to 20. [0054]In some embodiments, 1MaYii is
derived from a Lewis acid described herein. In some embodiments, IIMaYpis derived from a titanium
halide. In some embodiments, MY is-Ti2C19. 



[00551Without being limited to any theory, the following compounds are stable intelmediates in the
methods disclosed herein at low temperature: 0 n RA MrhYr .3,-,0H n RB MaYp 0        S-S-RB and/or
)cS-S-RA R1R2R1R2 In some embodiments, such intermediates are observable by spectroscopy.
WO 2010/048023PCT/US2009/060799 [00561In certain embodiments, provided herein are methods
for preparing a vinylidene terminated polyolefin, comprising: a. ionizing a polyolcfin in the presence of
a Lewis acid or mixture of Lewis acids toform an ionized polyolefin; b. reacting the ionized polyolefin
from step (a) with one or more disulfides to forman intermediate; and c. reacting the intermediate of
step (b) with one or more alcohols or amines. [0057]In certain embodiments, provided herein are
methods for preparing a compound of the formula: H3C CH3 R S-RA Or H3C CH3 R1 S-RB, or a
mixture thereof; wherein R' is a polyolefin group; RA and R5 are each, independently, alkyl, aryl,
aralkyl, alkaryl, 1-(CH2)m---C) -1-(CH2)m-r N -1-(CH2)rn 



I /1-(CH2),-X Fi3 -HCH2)p-O-SI-R4 or wherein m is 1-3; n is 1-3; p is 1-3; X is halo or a pseudohalide;
Rx is alkyl or aryl; R3 is tert-butyk and R4 and R5 are each, independently, alkyl, aryl, aralkyl, or
alkaryl; comprising: a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
tofatin an ionized polyolcfin; b. reacting the ionized polyolefin from step (a) with one or more
compounds of theformula:  WO 2010/048023PCT/US2009/060799 RA-s-s-RB to form an intermediate;
and        c. reacting the intermediate of step (b) with one or more alcohols, amines, or thiols. [0058]In
certain embodiments, provided herein are methods for preparing a compound of the formula: H3C
CH3 R1 S-RC wherein RI is a polyolefin group; and Rc is alkyl, aryl, aralkyl, alkaryl, substituted alkyl,
or substituted aryl; comprising: a. ionizing a polyolefin in the presence of a Lewis acid or mixture of
Lewis acids toform an ionized polyolefin; 



b. reacting the ionized polyolefin with one or more compounds of the formula: RA-s-s-RB to form an
intermediate; wherein RA and RB are each, independently, alkyt, aryl, or substituted aryl; and
c.reacting the intermediate from step (b) with one or more compounds of the formula: Rc-SH 4.2.2
IONIZED POLYOLEFINS [0059]Ionized polyolefins may be made by any method known to those of
skill in the art. Examples include, but are not limited to, ionizing a tert-halide with a Lewis acid; ionizing
a preformed polyolefin with a Lewis acid in the presence of a proton source; polymerizing an olefin
monomer under quasiliving carbocationic polymerization conditions; or perfoiming the "inifer" method.
[0060]In some embodiments, the ionized potyolefin is a carbocation terminated polyolefin. In some
embodiments, the ionized polyolefin contains one or more carbocation -14-  WO
2010/048023PCT/US2009/060799 end groups. In some embodiments, the ionized polyolefin contains
one carbocation end group. In some embodiments, the ionized polyolefin contains two carbocation end
groups. In some embodiments, the ionized polyolefin contains three carbocation end groups. In some
embodiments, the ionized polyolefin is a polyisobutylene with a cationic end group. In some
embodiments, the ionized polyolefin is a compound of the following fol H3C OH 3 CH3 H30v
Polyisobutylene CH3 (a)Ionized polyolefins from tert-halides  [0061]In some embodiments, the ionized
polyolefm is derived from a ten-halide terminated polyolefin. In some embodiments, the ionized
polyolefin is derived form a ten-chloride teiinitiated polyolefin, tert-bromide terminated polyolefin, or
tert-iodide terminated polyolefin. In some embodiments, the ionized polyolefin is derived from a
tert-chloride terminated polyolefin or tert-bromide terminated polyolefin. In some embodiments, the
ionized polyolefin is derived from tert-chloride terminated polyisobutylene of the following formula: 



H3C CH3 PIB  CH3. [0062[Tert-halide terminated polyolefins may be made by any method known to
those of skill in the art. [0063]In some embodiments, the ionized polyolefin is generated by contacting
a tert- halide terminated polyolefin with a Lewis acid. In some embodiments, the ionized polyolefin is
generated by contacting a tert-chloride terminated polyolefin, ten-bromide terminated polyolefin, or
ten-iodide terminated polyolefin with a Lewis acid. In some embodiments, the ionized polyolefin is
generated by contacting a ten-chloride terminated polyolefin with a Lewis acid. [0064]In some
embodiments, the tert-halide is derived from an inifer (b)Ionized polyolefins from preformed polyolefins
[0065]In some embodiments, the ionized polyolefin is derived from a preformed polyolefin. In some
embodiments, such prefolined polyolefin contains one or more double -15-  WO
2010/048023PCT/US2009/060799 bonds. In some embodiments, such preformed polyolefin contains
one double bond. In some embodiments, such preformed polyolefin is a polyisobutylene derivative. In
some embodiments, such prefoisued polyolefin contains one or more endo olefins. [0066]In some
embodiments, the ionized polyolefin is generated by contacting a proton source with a preformed
polyolefin in the presence of a Lewis acid. In some embodiments, the ionized polyolefin is generated
by contacting a preformed polyolefin containing one or more double bonds with a proton source in the
presence of a Lewis acid. In some embodiments, the ionized polyolefin is generated by contacting a
preformed polyolefin containing one double bond with a proton source in the presence of a Lewis acid.
In some embodiments, the ionized polyolefin is generated by contacting a polyisobutylene derivative
with a proton source in the presence of a Lewis acid. In some embodiments, the ionized polyolefin is
generated by contacting a preformed polyolefin containing one or more endo olefins with a proton
source in the presence of a Lewis acid. (c) Ionized polvolefins from the jailer method  [0067]In some
embodiments, the ionized polyolefm is derived from an inifer using methods known to those of skill in
the art. Non-limiting examples of such methods are described in U.S. Pat Nos. 4,276,394 and
4,568,732, each of which is incorporated by reference herein. In some embodiments, a monomer is
reacted with an inifer 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 polvolefins from olefinic monomers
under Quasi- living carbocationic polymerization conditions  [0068]In some embodiments, the ionized
polyolefin is derived from oleftnic monomers under quasi-living carbocationic conditions. Under such
conditions, a quasi-living carbocationic polyolefin is generated. Such conditions may be achieved by
any quasiliving method known to those of skill in the art. In some embodiments, a monomer, an
initiator, and a Lewis acid are used. In some embodiments, an electron donor, common ion salt, and/or
common ion salt precursor is/are used. Non-limiting examples of such methods are described in EP
206756 B1 and WO 2006/110647 Al, both of which are incorporated by reference herein. [0069]In
some embodiments, the ionized polyolefin is a quasi-living carbocationic 



polyisobutylene of the following formula:  WO 2010/048023PCT/US2009/060799 H3C CH3 CI-13 CH3
[0070]Some non-limiting examples of reagents and conditions suitable for polymerizations producing
quasi-living polyolefins will be described below. (i)Initiators [0071]In some embodiments, the initiator is
a compound or polyolefin with one, or more than one, end group capable of initiating a cationic olefin
polymerization. For example, the initiator can be a compound of formula (XLCRallb)alta wherein Ra
and Rb are independently hydrogen, alkyl, aryl, alkaryl, or aralkyl, provided that at least one of R. or
Rb is not hydrogen; and Re has a valence of n, and n is an integer of one to 4. X' is an acetate,
ethcrate, hydroxyl group, or a halogen. In some embodiments, Ra, Rb and K are hydrocarbon groups
containing one carbon atom to about 20 carbon atoms. In some embodiments, IL, Rb and K are
hydrocarbon groups containing one carbon atom to about 8 carbon atoms. In some embodiments, X' is
a halogen. In some embodiments, X' is chloride. In some embodiments, the structure of Ra, Rb and R,
mimics the growing species or monomer. In some embodiments, such structure is a
1-halo,!-phenylethane initiator for polystyrene or a 2,4,4- trimethyl pentyl halide initiator for
polyisobutylene. In some embodiments, Ra, Rb and Rc are each hydrocarbon groups containing one
carbon atom to about 8 carbon atoms for the initiation of an isobutylcne polymerization. In some
embodiments, the initiator is a cumyl, dicumyl or tricumyl halide. [0072]Some exemplary initiators
include 2-chloro-2-phenylpropane, i.e., cumyl chloride; 1,3-di-(2-chloro-2-propyl)benzene or
1,4-di-(2-chloro-2-propyt)benzene, i.e., collectively dicumylchloride;
1,3,5-tri(2-chloro-2-propyl)benzene, i.e., tri(cumylchloridc); 2,4,4-trimethy1-2-chloropentane;
2-acetoxy-2-phenylpropanc, i.e., cumyl acetate; 2- propiony1-2-phenyl propane, i.e., cumyl propionate;
2-methoxy-2-phenylpropane, Le., cumylmethyl ether; 1,4-di(2-methoxy-2-propyl)benzene, i.e.,
di(cumylmethyl ether); 1,3,5-tri(2-methoxy-2-propyfibenzene, i.e., tri(cumylmethyl ether);
2-chloro-2,4,4-trimethyl pentane (TMPC1); 1,3-di(2-chloro-2-propyl)benzene; and
1,3,-di(2-chloro-2-propy0-5-tert-butylbenzene (bDCC). [0073]In some embodiments, the initiator can
be mono-functional, bi-functional, or multi-functional. Some examples of mono-functional initators
include 2-chloro-2- phenylpropane, 2-acetoxy-2-phenylpropane, 2-propiony1-2-phenylpropane,
2-methoxy-2- phenylpropane, 2-ethoxy-2-phenylpropane, 2-chloro-2,4,4-trimethylpentanc, 2-acctoxy-
WO 2010/048023PCT/US2009/060799 2,4,4,-trimethylpentane, 2-propionyl-2,4,4-trimethylpentane,
2-methoxy-2,4,4- trimethylpentane, 2-ethoxy-2,4,4-trimethylpentane, and
2-chloro-2,4,4-trimethylpentane. Some examples of bi-functional initiators include
1,3-di(2-chloro-2-propyl)benzene, 1,3-di(2- methoxy-2-propyl)benzene,
1,4-di(2-chloro-2-propyl)benzene, 1,4-di(2-methoxy-2- propyl)benzene, and
5-tert-butyl-1,3,-di(2-chloro-2-propyl) benzene. Some examples of multi-functional initiators include
1,3,5-tri(2-chloro-2-propyl)benzene and 1,3,5-tri(2- methoxy-2-propyl)benzene. In some embodiments,
the initiator is 2-chloro-2,4,4- trimethylpentane, 1,3-di(2-chloro-2-propy1)-5-tert-butylbenzene, or
dicumyl chloride. In some embodiments, the initiator is 2-chloro-2,4,4-trimethylpentane. (ii) Monomers
100741In some embodiments, the monomer is a hydrocarbon monomer, i.e., a compound containing
only hydrogen and carbon atoms, including but not limited to, olefins and diolefins, and those having
from about 2 to about 20 carbon atoms, e.g., from about 4 to about 8 carbon atoms. Some exemplary
monomers include isobutylene, styrene, beta pinene, isoprene, butadiene, 2-methy1-1-butene,
3-methyl-1-butene, and 4-methyl-1-pentenc. In some embodiments, the monomer is isobutylene or
styrene. In some embodiments, the monomer is isobutylene. In some embodiments, the monomer is
styrene. [00751In some embodiments, a mixture of monomers is used. In some embodiments, a
mixture of 2 or more monomers is used. In some embodiments, a mixture of 2 monomers is used. In
some embodiments, a mixture of 3 monomers is used. In some embodiments, a mixture of 4
monomers is used. [00761In some embodiments, the monomers are polymerized to produce polymers
of different, but substantially unifolia molecular weights. In some embodiments, the molecular weight of
the polymer is from about 300 to in excess of a million 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 elastomeric materials having molecular weights of from about
100,000 to 1,000,000 g/mol, or more. (iii) Lewis acids 100771In the methods provided herein, in some
embodiments, the Lewis acid is a non- protic acid, e.g., a metal halide or non-metal halide.
[0078]Some examples of metal halide Lewis acids include a titanium (IV) halide, a zinc 



(II) halide, a tin (IV) halide, and an aluminum (11I) halide, e.g., titanium tetrabromide, -18-  WO
2010/048023PCT/US2009/060799 titanium tetrachloride, zinc chloride, AIBr3, and alkyl aluminum
halides such as ethyl aluminum dichloride and methyl aluminum bromide. Some examples of
non-metal halide Lewis Acids include an antimony (VI) halide, a gallium (Ill) halide, or a boron (III)
halide, e.g., boron trichloride, or a trialkyl aluminum compound such as trimethyl aluminum.
[00791Mixtures of two, or more than two, Lewis acids can also used. In one example, a mixture of an
aluminum (III) halide and a trialkyl aluminum compound is used. In some embodiments, the
stoichiometric ratio of aluminum (III) halide to trialkyl aluminum is greater than 1, while in other
embodiments, the stoichiometric ratio of aluminum (III) halide to trialkyl aluminum is less than 1. For
example, a stoichiometric ratio of about 1:1 aluminum (III) halide to trialkyl aluminum compound; a
stoichiometric ratio of 2:1 aluminum (111) halide to trialkyl aluminum compound; or a stoichiometric
ratio of 1:2 aluminum (III) halide to trialkyl aluminum can be used. In another example, a mixture of
aluminum tribromide and trimethyl aluminum is used. [00801In some embodiments, the Lewis acid can
be added in a suitable number of aliquots, e.g., in one aliquot or more than one aliquot, e.g., two
aliquots. (iv)Electron Donors [00811As 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. [00821In some embodiments, the electron donor is capable of complexing with Lewis
acids. In some embodiments, the electron donor is a base and/or nucleophile. In some embodiments,
the electron donor is capable of abstracting or removing a proton. In some embodiments, the electron
donor is an organic base. In some embodiments, the electron donor is an amide. In some
embodiments, the electron donor is N,N-dimethylloni amide, N,N-dimethylacetamide, or
N,N-diethylacctamide. 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
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 oxygen-containing metal compound. In some embodiments, the electron donor is
tetraisopropyl titanate.  WO 2010/048023PCT/US2009/060799 [0083]In some embodiments, the
electron donor is pyridine or a pyridine derivative. In some embodiments, the electron donor is a
compound of formula: R4-7-t-%%R2 R3 [0084]wherein RI, R2, R3, R4, and R5 are each,
independently, hydrogen or hydrocarbyl; or RI and R2, or R2 and R3, or R3 and R4, or R4 and R5
independently Rum 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, R1 and R5 are each, independently,
hydrocarbyl, and R2-R4 are hydrogen. [0085]In some embodiments, the electron donor is
2,6-di-tert-butylpyridine, 2,6-lutidine, 2,4-dimethylpryidine, 2,4,6-trimethylpyridine, 2-methylpyridine, or
pyridine. (v)Common Ion Salts and Ion Salt Precursors [0086]In some embodiments, common ion salts
or salt precursors may be optionally added to the reaction mixture in addition to or in replacement of
the electron donor. In some embodiments, such salts may be used to increase the ionic strength,
suppress free ions, and interact with ligand exchange. In some embodiments, the common ion salt
precursor is tetran-butylammonium chloride. In some embodiments, the common ion salt precursor is
tetra-nbutylammonium 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. 4.2.3 PREPARATION OF
VINYLIDENE-TERMINATED POLYOLEFINS [0087]In some embodiments, provided herein are
methods for preparing a vinylidene 



terminated polyolefin comprising: a.ionizing a polyolefin in the presence of a Lewis acid or mixture of
Lewis acids tofoim an ionized polyolefin; -20-  WO 2010/048023PCT/US2009/060799 b. reacting the
ionized polyolefin from step (a) with one or more disulfides to forman intermediate; and c. reacting the
intermediate of step (b) with one or more alcohols or amines. 100881In some embodiments, the
vinylidene teiminated polyolefin is a vinylidene terminated polyisobutylene. (a)Disulfides  100891In
some embodiments, more than one disulfide is used. In some embodiments, one disulfide is used.
100901In some embodiments, the disulfide is a compound of the formula: RA-S-S-R8 wherein RA and
RB are each, independently, alkyl, aryl, aralkyl, alkaryl, -1--(CH2)--1-(CH2), m  IR3 -1-(CH2)0-0-S!-R4
or wherein m is 1-3; n is 1-3; p is 1-3; X is halo or a pscudohalide; Rx is alkyl, aryl, aralkyl, or alkaryl;
R3 is tert-butyl; and                   fe and R5 are each, independently, alkyl, aryl, aralkyl, or alkaryl.
100911In some embodiments, the disulfide is a compound of the formula: RA-S-S-R8: 



wherein RA and RB are each, independently, alkyl, aryl, alkaryl, R3 1-(C1-12)n-O-Rx -1-(C1-12)n-X ,
orR5- wherein n is 1-3; p is 1-3; Xis halo; R3 is tert-butyl; R4 and R5 are each, independently, aryl or
alkyl; and 123( is alkyl or aryl. 100921In some embodiments, RA and RB are identical. [0093)In some
embodiments, RA and RB are alkyl, aryl or alkaryl.  WO 2010/048023PCT/US2009/060799 [0094]In
some embodiments, RA and RB are alkyl. [0095]In some embodiments, RA and RB are alkyl of 1 to
about 10 carbons. 10096]In some embodiments, RA and RB are methyl, ethyl, propyl, tert-butyl,
isopropyl, phenyl, or tolyl. [0097]In some embodiments, RA and RB are methyl, ethyl, tert-butyl,
isopropyl, or tolyl. [0098]In some embodiments, RA and RB are ethyl, tert-butyl, isopropyl, or tolyl.
[0099]In some embodiments, RA and RB are isopropyl or tert-butyl. [00100] In some embodiments,
RA and RB are isopropyl. [00101]In some embodiments, RA and RB are tert-butyl. [00102] In some
embodiments, RA and RB are                In further embodiments, n is 1-2. In further embodiments, n is
1. In further embodiments, Rx is alkyl. In further embodiments, R.' is aryl. [00103] In some
embodiments, RA and RB are -1-(CH2)n-X [00104]In further embodiments, n is 1. In further
embodiments, n is 2. In further embodiments, n is 3. [00105]In further embodiments, X is F, Cl, or Br.
In further embodiments, X is Cl or Br. 



In further embodiments, X is Cl. In further embodiments, X is Br. 100106] In some embodiments, RA
and RB are FP R5 1001071In further embodiments, p is 1 In further embodiments, p is 2. In further
embodiments, p is 3. [00108]In further embodiments, R4 and R5 are identical. 1001091 In further
embodiments, R4 and R5 are aryl. In further embodiments, R4 and R5 arealkyl. In certain
embodiments, R4 and R5 are tertiary alkyl. [00110] In some embodiments, R4 and R5 are phenyl or
methyl. In some embodiments, R4 and R5 are phenyl. (b)Alcohols  [00111]In some embodiments, the
inteiniediate of step (b) is reacted with one or more alcohols. In some embodiments, more than one
alcohol is used. In some embodiments, one alcohol is used.  WO 2010/048023PCT/US2009/060799
1001121 In some embodiments, the alcohol is a compound of the formula. R-OH ; wherein R is alkyl of
1-8 carbons. In some embodiments, the alkyl is a straight hydrocarbon chain. [00113]In some
embodiments, the alcohol is methanol, ethanol, isopropanol, 2- ethylhcxanol, or sec-butanol. [00114]In
some embodiments, the alcohol is ethanol, isopropanol, 2-ethylhexanol, or sec- butanol. [001151 In
some embodiments, the alcohol is methanol or isopropanol [001161In some embodiments, the alcohol
is rnethanol. (e)Amines  [00117] In some embodiments, the intermediate of step (b) is reacted with one
or more amines. In some embodiments, more than one amine is used. In some embodiments, one
amine is used. [00118]In some embodiments, the amine is n-butylamine, 2-ethylhexylamine, tert-
amylamine, triethylamine, or dibutylamine. 



(d)Product Distribution  [00119]In some embodiments, the methods described herein selectively
provide vinylidenc-tetntinated polyolefins In some embodiments, vinylidene-terminated polyolefins,
polyolefins containing endo olefins, tert-halide polyolefins, coupled polyoleftns, and sulfide-terminated
polyolefins are reaction products. In some embodiments, vinylidene tettninated polyolefins are the
major products, and polyolefms containing endo olefins, tert-halide polyolefins, coupled polyolefins,
and sulfide-terminated polyolefins are the minor products. [001201In some embodiments, the
vinylidene terminated polyolefin formed is at least 10 mole percent of all products. In some
embodiments, the vinylidene tetminated polyolefin formed is at least 20 mole percent of all products. In
some embodiments, the vinylidene terminated polyolefin forHied is at least 40 mole percent of all
products. In some embodiments, the vinylidene terminated polyolefin finrued is at least 60 mole
percent of all products. In some embodiments, the vinylidene terminated polyolefin formed is at least
70 mole percent of all products. In some embodiments, the vinylidene terminated polyolefin formed is
at least 80 mole percent of all products. In some embodiments, the vinylidene terminated polyolefin
formed is at least 85 mole percent of all products.  WO 2010/048023PCT/US2009/060799 [0012].]In
some embodiments, the vinylidene telminated polyolcfin formed is at most 10 mole percent of all
products. In some embodiments, the vinylidene terminated polyolefin formed is at most 20 mole
percent of all products. In some embodiments, the vinylidene telininated polyolefin formed is at most
40 mole percent of all products. In some embodiments, the vinylidenc terminated polyolefin formed is
at most 60 mole percent of all products. In some embodiments, the vinylidene terminated polyolefin
formed is at most 70 mole percent of all products. In some embodiments, the vinylidene telininated
polyolefin formed is at most 80 mole percent of all products. In some embodiments, the vinylidene
terminated polyolefin formed is at most 85 mole percent of all products. 4.2.4 PREPARATION OF
SULFIDE-TERMINATED POLYOLEF1NS (a)Preparation of sulfide-terminated polvolefins via
termination reaction withalcohols or amines.  [001221 In some embodiments, provided herein are
methods for preparing a sulfide-terminated polyolefin of the formula: H3C CH3 Ri S-RA Or H3C CH3
Ri S-RB or a mixture thereof; wherein RI is a polyolefin group; RA and R.each, independently, alkyl,
aryl, aralkyl, alkaryl, -HCH2),,"-1-(CH26-31N               -+CH2)p-O-SI-R4 orR5 wherein m is 1-3; n is
1-3; p is 1-3; X is halo or a pseudohalide; 12' is alkyl or aryl; 



R3 is tert-butyl; and  WO 2010/048023PCT/US2009/060799 R4 and R5 are each, independently, alkyl,
aryl, aralkyl, or alkaryl,comprising       a. ionizing a polyolefin in the presence of a Lewis acid or mixture
of Lewis acids tofolio an ionized polyolefin; b. reacting the ionized polyolefin from step (a) with one or
more compounds of theformula: RA-s-s-RB to form an intermediate; and       c. reacting the
intermediate of step (b) with one or more alcohols or amines. [001.23] in some embodiments, provided
herein are methods for preparing a sulfide-terminated polyolefin of the formula: H3C CH3 RI S-RA Or
H3C CH3 RI S-RB ; or a mixture thereof; wherein RI is a polyolefin group; RA and RB are each,
independently, alkyl, aryl, alkaryl, R3 liCH2)p-O-St-R4 1-(CH2),-0-Rx, 4-(CH2)"-X ,R5 wherein n is 1-3;
p is 1-3; X is halo or a pseudohalide; R3 is tert-butyl; R4 and R5 are each, independently, aryl or alkyl;
and Rx is alkyl or aryl, comprising: 



a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids tofolio an ionized
polyolefin; b. reacting the ionized polyolefin from step (a) with one or more compounds of theformula:
RA-S-S-RB to foini an intolediate; and c.reacting the intermediate of step (b) with one or more alcohols
or amines. [00124]In some embodiments, 12.` is a polyisobutylene group. (i)Disulfides [00125] In
some embodiments, more than one compound of the formula RA-S-S-RB is used. In some
embodiments, one compound of the formula RA-S-S-RE is used. [00126] In some embodiments, RA
and RB are identical. [00127] In some embodiments, RA and RB are alkyl or alkarylsome
embodiments, RA and RB are alkyt In some embodiments, RA an RB are alkyl of 1 to about 10
carbons. [00128]In some embodiments, RA and RB are methyl, ethyl, propyl, isopropyl, phenyl, or
tolyl. [00129] In some embodiments, RA and RE are methyl, ethyl, isopropyl, or tolyl. [00130] In some
embodiments, RA and RB are isopropyl or tolyl. [00131] In some embodiments, RA and Rui are
isopropyl. [00132] In some embodiments, RA and RE are tolyl. [00133] In some embodiments, RA and
RB are -1-(CH2),-0-Rx . In further embodiments, n is 1-2. In further embodiments, n is 1. [00134] In
some embodiments, IV is alkyl. In some embodiments, le is awl. [00135] In some embodiments, RA
and RE are 1-(CF12),-X In further embodiments, n is 1. In further embodiments, n is 2. In further
embodiments, n is 3. [00136]In further embodiments, X is F, CI, or Br. In further embodiments, X is Cl
or Br. In further embodiments, X is Cl. In further embodiments, X is Br. [00137] In some embodiments,
RA and Re are R5 [00138]In further embodiments, p is 1. In further embodiments, p is 2. In further
embodiments, p is 3.  WO 2010/048023PCT/1282009/060799 



[00139]In further embodiments, RI' and R5 are identical. [00140] In further embodiments, R4 and R5
are aryl. In further embodiments, R4 and R5 are alkyl. In certain embodiments, RI and R5 are tertiary
alkyl. [00141] In some embodiments, R4 and R5 are phenyl or methyl. In some embodiments, RI and
R5 are phenyl. (ii) Alcohols [00142]In some embodiments, the intermediate of step (b) is reacted with
one or more alcohols. In some embodiments, one alcohol is used. In some embodiments, more than
one alcohol is used. [00143]In some embodiments, the alcohol is R -OH ; wherein R is alkyl of 1-8
carbons. [00144]In some embodiments, the alcohol is methanol or isopropanol. In some embodiments,
the alcohol is methanol. (iii) Amines [00145]In some embodiments, the intelmediate of step (b) is
reacted with one or more amines. In some embodiments, one amine is used. In some embodiments,
more than one amine is used. [00146] In some embodiments, the amine is R6-1?1- R7 wherein R6 is
alkyl; and R7 and R8 are each, independently, hydrogen or alkyl of 1-8 carbons. [00147]In some
embodiments, R6 is alkyl of 1-8 carbons. In some embodiments, R6 is `lc butyl,, or ethyl. [00148]In
some embodiments, R6 is butyl. [00149] In some embodiments, R7 and R8 are hydrogen. In some
embodiments, R7 is hydrogen. [00150] In some embodiments, R7 and R8 are each, independently,
alkyl of 1-8 carbons. [001511 In some embodiments, R6, R], and R8 are identical. In some
embodiments, R7 and R8 are identical. [00152]In some embodiments, R7 is methyl, ethyl, or butyl. In
some embodiments, R7 is methyl. In some embodiments, R7 is ethyl. In some embodiments, R7 is
butyl. -27-  WO 2010/048023PCT/US2009/060799 



[00153]In some embodiments, R8 is methyl, ethyl, or butyl. In some embodiments, R8 is methyl. In
some embodiments, R8 is ethyl. In some embodiments, R8 is butyl. [00154]In some embodiments, the
amine is n-butylamine, 2-ethylhexylamine, tert- amylamine, triethylamine, or dibutylamine. In some
embodiments, the amine is triethylamine. (iv)Product Distribution [00155] In some embodiments, the
methods described herein selectively provide sulfide-terurinated polyolefins of the formula: H3C CH3
R1 S-RA Or H3C CH3 Ri S-RB, or a mixture thereof. [00156JIn some embodiments,
vinylidene-terminated polyolefins, polyolefins containing endo olefins, tert-halide polyolefins, coupled
polyolefins, and sulfide-terininated polyolefins are reaction products. In some embodiments,
sulfide-terminated polyolefins are the major products, and polyolefins containing endo olefins,
tert-halide polyolefins, coupled polyolefins, and vinylidene-terminated polyolefins are the minor
products. [00157]In further embodiments, the sulfide terminated polyolefins formed are at least 10
mole percent of all products. In some embodiments, the sulfide terminated polyolefins formed are at
least 20 mole percent of all products. In some embodiments, the sulfide terminated polyolefins formed
are at least 40 mole percent of all products. In some embodiments, the sulfide terminated polyolefins
formed are at least 60 mole percent of all products. In some embodiments, the sulfide terminated
polyolefins formed are at least 70 mole percent of all products. In some embodiments, the sulfide
terminated polyolefms formed are at least 80 mole percent of all products. In some embodiments, the
sulfide terminated polyolefins formed are at least 85 mole percent of all products. In some
embodiments, the sulfide terminated polyolefins formed are at least 90 mole percent of all products. In
some embodiments, the sulfide terurinated polyolefins formed are at least 95 mole percent of all
products. [001581In further embodiments, the sulfide terminated polyolefins formed are at most 10
mole percent of all products. In some embodiments, the sulfide terminated polyolefins  formed are at
most 20 mole percent of all products. In some embodiments, the sulfide terminated polyolefins formed
are at most 40 mole percent of all products. In some embodiments, the sulfide terminated polyolefins
fojijied are at most 60 mole percent of all products. In some embodiments, the sulfide terminated
polyolefins formed are at most 70 mole percent of all products. In some embodiments, the sulfide
terminated polyolefins formed are at most 80 mole percent of all products. In some embodiments, the
sulfide terminated polyolefins formed are at most 85 mole percent of all products. In some
embodiments, the sulfide tenninated polyolefins formed are at most 90 mole percent of all products. In
some embodiments, the sulfide terminated polyolefins formed are at most 95 mole percent of all
products. (b)Preparation of sulfide-terminated polvolefins via termination reaction  withthiols
Sulfide-terminated polyoletins via disulfide addition 1001591 In some embodiments, provided herein
are methods for preparing a sulfide-terminated polyolefin of the formula: H3C CH3 



R1 S-RA Or H3C CH3 Ri or a mixture thereof; wherein R1 is a polyolefin group; RA and R8 are each,
independently, alkyl, aryl, aralkyl, alkaryl,    R3    -E(CH2)r-0-SI--R4 orR5 wherein m is 1-3; n is 1-3; p
is 1-3; X is halo or a pseudohalide; R.' is alkyl or aryl; R3 is tert-butyl; and  WO
2010/048023PCTATS2009/060799 FC and R5 are each, independently, alkyl, aryl, aralkyl, or
alkaryl,comprising        a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
tofowl an ionized pots/olefin;        b. reacting the ionized poly/olefin from step (a) with one or more
compounds of the RA-s-s-RB to form an intermediate; and        c. reacting the intermediate of step (b)
with one or more thiols.  [00160]In some embodiments, provided herein are methods for preparing a
sulfide- terminated polyolefin of the foimula: H3C CH3 R1 S-RA Or 



H3C CH3 Ri S-RB , or a mixture thereof; wherein RI is a polyolefin group; RA and RI3 are each,
independently, alkyl, aryl, alkaryl, R3 1-(CH2)p-O-SI-R4 I / -1-(CH2),-XR5 , Or wherein m is 1-3; n is
1-3; p is 1-3; X is halo; R3 is tert-butyl; and R4 and R5 are each, independently, aryl or alkyl;
comprising: a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids tofoil], an
ionized polyolefin; b. reacting the ionized polyolefin from step (a) with one or more compounds of
theformula:  RA -S-S--R6 to foiui an intermediate; and e.reacting the intermediate of step (b) with one
or more thiols. [001611 In some embodiments, RI is a polyisobutylene group. 1.Disulfides [00162] In
some embodiments, one compound of the formula RA-S-S-RB is used. In some embodiments, more
than one compound of the formula RA-S-S-R8 is used. [00163] In some embodiments, RA and RB are
identical. [00164] In some embodiments, RA and RB are alkyl or alkaryl. In some embodiments, RA
and RB are alkyl. In some embodiments, RA and RB are alkyl of 1 to about 10 carbons. [00165] In
some embodiments, RA and RB are methyl, ethyl, propyl, isopropyl, phenyl, or tolyl. [001661In some
embodiments, RA and RB are methyl, ethyl, isopropyl, or tolyl. [00167] In some embodiments, RA and
RB are isopropyl or tolyl. 



[001681 In some embodiments, RA and RB are isopropyl. [00169] In some embodiments, RA and RB
are tolyl. [00170] In some embodiments, RA and RB are                In fitrther embodiments, n is 1-2. In
further embodiments, n is 1 [00171]In some embodiments, Rx is alkyl. In some embodiments, Rx is
aryl. [00172] In some embodiments, RA and RB are [00173]In further embodiments, n is 1. In further
embodiments, n is 2. In further embodiments, n is 3. [001741 In further embodiments, X is F, Cl, or Br.
In further embodiments, Xis Cl or Br. In further embodiments, X is CL In further embodiments, X is Br.
[00175] In some embodiments, RA and RB are R3 -1-(CH2)p-O-SI-R4 R5 [00176]In further
embodiments, p is I. In further embodiments, p is 2. In further embodiments, p is 3.  WO
2010/048023PCTRJS2009/060799 [00177]In further embodiments, R4 and R5 are identical. [00178]
In further embodiments, fe and R5 are aryl. In further embodiments, R4 and R5 are alkyl. In certain
embodiments, R4 and R5 are tertiary alkyl. [00179] In some embodiments, R4 and R5 are phenyl or
methyl. In some embodiments, R4 and R5 are phenyl. 2. Thiols [00180] In some embodiments, one
thiol is used. In some embodiments, more than one thiol is used. [00181] In some embodiments, the
thiol has the foiriiula Rci-SH ; wherein R is alkyl, aryl, aralkyl, alkaryl, substituted alkyl, or substituted
aryl. [00182] In some embodiments, the Rci is alkyl of 1-6 carbon atoms. In some embodiments, the
Rd is alkyl of 1-3 carbon atoms. [00183]In some embodiments, the thiol is ethanethiol or
n-propancthiol. [00184]In some embodiments, the disulfide is diisopropyldisulfide and the thiol is
ethanethiol. In some embodiments, the disulfide is ditolyldisulfide and the thiol is npropanethiol. 3.
Product Distribution [00185]In some embodiments, the methods described herein selectively provide
sulfide- 



terminated polyolefins of the formula: H3C CH3 S-RA Or H3C CH3 RI S-RB , or a mixture thereof.
[00186]In some embodiments, vinylidene-terminated polyolefins, polyolefins containing endo olefins,
tert-halide polyolefins, coupled polyolefins, sulfide-terminated polyolefins derived from disulfide
addition, and sulfide-terminated polyolefins derived from thiol addition are reaction products. In some
embodiments, sulfide-terminated polyolefins, wherein the sulfide moiety is derived from the disulfide
reagent, are the major products. Polyolefins containing end() olefins, tert-halide polyolefins, coupled
polyolefins, vinylidcneterminated polyolcfins, and sulfide-terminated polyolefins, wherein the sulfide
moiety is derived from the thiol addition, are the minor products. -32-  WO
20101048023PCT/US2009/060799 [00187]In some embodiments, the sulfide terminated polyolefins
derived from disulfide addition formed is at least 10 mole percent of all products. In some
embodiments, the sulfide terminated polyolefins derived from disulfide addition formed is at least 20
mole percent of all products. In some embodiments, the sulfide terminated polyolefins derived from
disulfide addition formed is at least 40 mole percent of all products. In some embodiments, the sulfide
terminated polyolefins derived from disulfide addition formed is at least 60 mole percent of all products.
In some embodiments, the sulfide terminated polyolefins derived from disulfide addition formed is at
least 70 mole percent of all products. In some embodiments, the sulfide terminated polyolefins derived
from disulfide addition formed is at least 80 mole percent of all products. In some embodiments, the
sulfide terminated polyolefins derived from disulfide addition formed is at least 85 mole percent of all
products. [00188]In some embodiments, the sulfide terminated polyolefins derived from disulfide
addition formed is at most 10 mole percent of all products. In some embodiments, the sulfide
terminated polyolefins derived from disulfide addition formed is at most 20 mote percent of all
products. In some embodiments, the sulfide ter rninated polyolefins derived from disulfide addition
formed is at most 40 mole percent of all products. In some embodiments, the sulfide terminated
polyolefms derived from disulfide addition formed is at most 60 mole percent of all products. In some
embodiments, the sulfide terminated polyolefins derived from disulfide addition formed is at most 70
mole percent of all products. In some embodiments, the sulfide terminated polyolefins derived from
disulfide addition formed is at most 80 mole percent of all products. In some embodiments, the sulfide
terminated polyolefins derived from disulfide addition formed is at most 85 mole percent of all
products. (ii)Sulfide-terminated polyolefins via thiol addition [00189[In certain embodiments, provided
herein are methods for preparing a sulfide- terminated polyolefin of the formula: H3C CH3 RS-Rc2.
wherein RI is a polyolefin group; and 10 is alkyl, aryl, aralkyl, alkaryl, substituted alkyl, or substituted
aryl; comprising: a.ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
toform an ionized polyolefin; -33-  



WO 2010/048023PCT/US2009/060799 b. reacting the ionized polyoldin with one or more compounds
of the formula: RA-S-S-RB to form an intermediate; wherein RA and RD are each, Independently,
alkyl, aryl, aralkyl, or alkaryl; and c. reacting the intermediate from step (b) with one or more
compounds of the formula Rc2-SH [00190]In some embodiments, RI is a polyisobutylene group.
1.Disulfides [00191] In some embodiments, one compound of the formula RA-S-S-RD is used. In
some embodiments, more than one compound of the formula RA-S-S-RD is used. [00192] In some
embodiments, RA and RD are each, independently, alkyl, aryl, aralkyl, -1-(CH2)m---;-1-(CH2)
/1-(CH2)n-X alkaryl, R3 +CH2)p-O-SI-R4 orR5; wherein m is 1-3; n is 1-3; p is 1-3; X is halo or a
pseudohalide; R.' is alkyl or aryl; R3 is tert-butyl; and R4 and R5 are each, independently, alkyl, aryl,
aralkyl, or alkaryl. [00193]In some embodiments, RA and RD are each, independently, alkyl, aryl,
alkaryl, R3 -1-(CH2)p-O-S1-R4 1-(CH2),-0-1Rx, -1-(CH2)n-X ,R5 wherein n is 1-3; p is 1-3; X is halo;
R3 is tert-butyl; R4 and R5 are each, independently, aryl or alkyl; and Rx is alkyl or aryl. 



[00194]In some embodiments, RA and RD are identical. [00195] In some embodiments, RA and RD
are alkyl or alkaryl. In some embodiments, RA and RD are alkyl.  WO
20101048023PCT1US20091060799 1001961In some embodiments, RA and RB are methyl, cthyt,
propyl, tert-butyl, isopropyl, phenyl, or tolyl. [00197]In some embodiments, RA and RB are methyl,
ethyl, tert-butyl, isopropyl, or tolyl. 1001981 In some embodiments, RA and RB are isopropyl or tolyl.
1001991 In some embodiments, RA and 128 are isopropyt [00200] In some embodiments, RA and R8
are tolyl. [002011 In some embodiments, RA and RB are -1-(CH2),,-0-Rx In further embodiments, n is
1-2. In further embodiments, n is 1. In further embodiments, Rx is alkyl. In further embodiments, 121(
is aryl. [002021 In some embodiments, RA and RB are [00203]In further embodiments, n is 1. In
further embodiments, n is 2. In further embodiments, n is 3. [00204]In further embodiments, X is F, Cl,
or Br. In further embodiments, X is Cl or Br. In further embodiments, X is Cl. In further embodiments, X
is Br. [00205] In some embodiments, RA and RB are R3 A liCH2)p-O-SI-R4 R5 [00206]In further
embodiments, p is 1. In further embodiments, p is 2. In further embodiments, p is 3. [002071In further
embodiments, R4 and R5 are identical. [002081In further embodiments, R4 and R5 are aryl. In further
embodiments, R4 and R5 are alkyl. In certain embodiments, R4 and R5 aretertiary alkyi. [002091 In
some embodiments, 114 and R5 are phenyl or methyl. In some embodiments, Fe and R5 are phenyl.
2.Thiols 1002101 In some embodiments, one thiol is used. In some embodiments, more than one thiol
is used. 



[002111In some embodiments, the thiol has the formula Rc2-SH ; wherein Rc2 is alkyl, aryl, aralkyl,
alkaryl, substituted alkyl, or substituted aryl. [00212]In some embodiments, Rc2 is alkyl of 1-6 carbons.
1002131In some embodiments, 12c2 is alkyl of 1-3 carbons.  WO 2010/048023PCT/US2009/060799
[00214]In some embodiments, the thiol is ethanethio1 or n-propancthiol. [00215]In some
embodiments, the thiol is n-propanethiol. [00216] In some embodiments, the disulfide is
diisopropyldisulfide and the thiol is npropanethiol. In some embodiments, the disulfide is
diisopropyldisulfide and the thiol ethanethiol. 3.Product Distribution [002171In some embodiments, the
methods described herein selectively provide sulfide- terminated polyolefins of the formula: H3C CH3
RS-Rc2. [00218]In some embodiments, vinylidene-terminated polyolefins, polyolefins containing endo
olefins, tert-halide po]yolefins, coupled polyolefins, sulfide-terminated polyolefins derived from disulfide
addition, and sulfide-terminated polyolefins derived from thiol addition are reaction products. In some
embodiments, sulfide-terminated polyolefins, wherein the sulfide moiety is derived from thiol addition,
are the major products. Polyolefins containing endo olefins, tert-halide polyolefins, coupled polyolefins,
vinylidenc-terminated polyolefins, and sulfide-terurinated polyolefins, wherein the sulfide moiety is
derived from the disulfide reagent, are the minor products. [00219]In some embodiments, the sulfide
terurinated polyolefin derived from thiol addition formed is at least 10 mole percent of all products. In
some embodiments, the sulfide terminated polyolefin derived from thiol addition formed is at least 20
mole percent of all products. In some embodiments, the sulfide terminated polyolefin derived from thiol
addition formed is at least 40 mole percent of all products. In some embodiments, the sulfide
terminated polyolefin derived from thiol addition formed is at least 60 mole percent of all products. In
some embodiments, the sulfide terminated polyolefin derived from thiol addition formed is at least 70
mole percent of all products. In some embodiments, the sulfide terminated polyolefin derived from thiol
addition formed is at least 80 mole percent of all products. In some embodiments, the sulfide
terminated polyolefin derived from thiol addition formed is at least 85 mole percent of all products.
[00220]In some embodiments, the sulfide terminated polyolefin derived from thiol addition formed is at
most 10 mole percent of all products. In some embodiments, the sulfide terininated polyolefin derived
from thiol addition formed is at most 20 mole percent of all products. In some embodiments, the sulfide
terminated polyolefin derived from thiol addition formed is at most 40 mole percent of all products. In
some embodiments, the sulfide -36-  WO 2010/048023PCT/LS2009/060799 terminated polyolefin
derived from Mint addition formed is at most 60 mole percent of all products. In some embodiments,
the sulfide terminated polyolefin derived from thiol addition formed is at most 70 mole percent of all
products. In some embodiments, the sulfide terminated polyolefin derived from thiol addition formed is
at most 80 mole percent of all products. In some embodiments, the sulfide terminated polyolefin
derived from thiol addition forriled is at most 85 mole percent of all products. 4.2.5 DILUENTS [002211
In some embodiments of the methods described herein, the methods are performed in a diluent. In
some embodiments, the diluent is a single compound or a mixture of two or more compounds. In some
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. 



[00222] In some embodiments, the diluent has a low boiling point and/or low freezing point. In some
embodiments, the diluent is a normal alkane. In some embodiments, the diluent is propane, normal
butane, normal pentane, noimal hexane, normal heptane, normal octane, normal nonane or normal
decane. In some embodiments, the diluent is normal hexane or normal pentane. In some
embodiments, the diluent is normal hexane. In some embodiments, the diluent is a branched alkane.
In some embodiments, the alkane is isobutane, isopentane, neopentane, isohexane, 3-methylpentane,
2,2-dimethylbutarre, or 2,3- dimethylbutane. In some embodiments, the alkane is a nitroalkane.
[00223]In some embodiments, the diluent is an alkyl halide. In some embodiments, the diluent is an
alkyl monohalide or an alkyl polyhalide. In some embodiments, the diluent is chlorofot111,
ethylchloride, n-butyl chloride, methylene chloride, methyl chloride, 1,2- dichloroethane,
1,1,2,2-tetrachloroethane, carbon tetrachloride, 1,1-dichloroethane, n-propyl chloride, iso-propyl
chloride, 1,2-dichloropropane, or 1,3-dichloropropane. In some embodiments, the diluent is methylene
chloride or methyl chloride. In some embodiments, the diluent is methyl chloride. In some
embodiments, the diluent is an alkene or halogenated alkene. In some embodiments, the diluent is
vinyl chloride, 1,1-dichloroethene, or 1,2- dichloroethene. [00224]In some embodiments, the diluent is
a substituted benzene. In some embodiments, the diluent is benzene. In some embodiments, the
diluent is toluene.  WO 20101048023PCT/US2009/060799 [00225]In some embodiments, the diluent
is carbon disulfide, sulfur dioxide, acetic anhydride, acetonitri le, benzene, toluene, ethylbenzene,
methylcyclohexane, chlorobenzene, or a nitroalkane. [00226] In some embodiments, the diluent is a
mixture of two or more compounds. In some embodiments, the diluent is a mixture of hexane and
methyl chloride. In further embodiments, such mixture is from about 1:9 to about 9:1 hexane:methyl
chloride by volume. In further embodiments, such mixture is from about 1:2 to about 2:1
hexane:methyl chloride by volume. In further embodiments, such mixture is from about 1:1.6 to about
1.6:1 hcxane:methyl chloride by volume. In further embodiments, such mixture is from about 1:1.4 to
about 1.4:1 hexanc:methyl chloride by volume. In further embodiments, such mixture is about 1:1
hexane:methyl chloride by volume. 4.2.6 TEMPERATURE [00227]In some embodiments, the methods
described herein are perfollled at a temperature 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 perfoluted at a temperature from about - 100C
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 described 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 perfoiwed at a temperature from about -60C to about -40C. In some
embodiments, the methods described herein are performed at a temperature of -40C, -45C, -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. 4.2.7
CONCENTRATIONS [00228] The chain end concentration of the methods described herein are not
limited by the disclosed examples. In 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 M. In some embodiments, the chain end  WO
2010/048023PCT/US2009/060799 concentration is less than 1.0 M. In some embodiments, the chain
end concentration is greater than 0.001 M. [00229]In some embodiments, the molar concentration of
disulfide is from about 1 to about 10 times the molar concentration of chain ends. In some
embodiments, the molar concentration of disulfide is from about 1.1 to about 8 times the molar
concentration of chain ends. In some embodiments, the molar concentration of disulfide is from about
1.1 to about 5 times the molar concentration of chain ends. In some embodiments, the molar
concentration of disulfide is from about 1.1 to about 4 times the molar concentration of chain ends. In
some embodiments, the molar concentration of disulfide is from about 1.1 to about 3 times the molar
concentration of chain ends. In some embodiments, the molar concentration of disulfide is from about
1.1 to about 2 times the molar concentration of chain ends. [00230] In some embodiments, the molar
concentration of Lewis acid is from about 0.5 to about 20 times the molar concentration of chain ends.
In some embodiments, the molar concentration of Lewis acid is from about 0.5 to about 15 times the
molar concentration of chain ends. In some embodiments, the molar concentration of Lewis acid is
from about 1.0 to about 10 times the molar concentration of chain ends. In some embodiments, the
molar concentration of Lewis acid is from about 1.0 to about 8 times the molar concentration of chain
ends. In some embodiments, the molar concentration of Lewis acid is from about 2 to about 5 times
the molar concentration of chain ends. [00231]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. 4.3
COMPOUNDS 



[00232] Provided herein are compounds of the formula: H3C CH3 R1 S-RD wherein ft' is a polyolefin
group; and  WO 2010/048023PCT/US2009/060799 RD is alkyl of 1 to 7 carbons, substituted alkyl,
unsubstituted aryl, alkaryl, R3 -1--(CH2)p-O-SI-R4 aralkyl,R5, or wherein m is 1-3; n is 1-3; p is 1-3; X
is halo or a pseudohalide; R3 is tert-butyl; RR5 are each, independently, aryl or alkyl; and Rx is
hydrocarbyl. [00233]In some embodiments, RD is alkyl of 1 to 7 carbons or substituted alkyl. In some
embodiments, RD is alkyl of 1 to 7 carbons. In some embodiments, RD is alkyl of I carbon. In some
embodiments, RD is alkyl of 2 carbons. In some embodiments, RD is alkyl of 3 carbons. In some
embodiments, RD is alkyl of 4 carbons. In some embodiments, RD is alkyl of 5 carbons. In some
embodiments, RD is alkyl of 6 carbons. In some embodiments, RD is alkyl of 7 carbons. In some
embodiments, RD is substituted alkyl. In some embodiments, RD is substituted alkyl of 1 to 7 carbons.
[00234]In some embodiments, RD is substituted alkyl of at least 3 carbons. In some embodiments, RD
is substituted alkyl of 3-7 carbons. In some embodiments, RD is substituted alkyl of 3 carbons. In
some embodiments, RD is substituted all of 4 carbons. In some embodiments, RD is substituted alkyl
of 5 carbons. In some embodiments, RD is substituted alkyl of 6 carbons. In some embodiments, RD
is substituted alkyl of 7 carbons. [002351 In some embodiments, RD is alkaryl. In some embodiments,
RD is alkaryl of at least 8 carbons. In some embodiments, RD is alkaryl of 8 to about 12 carbons. In
some embodiments, RD is alkaryl of at least 14 carbons. [002361In some embodiments, RD is methyl,
ethyl, tert-butyl, isopropyl, or tolyl. In some embodiments, RD is isopropyl or tolyl. In some
embodiments, RI) is isopropyl. t(CH21,-X [002371 In some embodiments, RD isIn some embodiments,
n is 1-2. In some embodiments, n is 1. In some embodiments, n is 2. In some embodiments, n is 3.
1002381 In some embodiments, X is a pseudohalidc. In some embodiments, X is N3 or CN. 1002391
In some embodiments, X is halo. In some embodiments, X is F, Cl, or Br. In some embodiments, X is
Cl or Br. [00240] In some embodiments, RD is  



WO 2010/048023PCT/US2009/060799 1-(CHDp-O-SI-R4 R5 [002411In some embodiments, p is 1-2.
In some embodiments, p is 1, In some embodiments, p is 2. In some embodiments, p is 3. [00242]In
some embodiments, 124 and R5 are identical. In further embodiments, R4 and R5 are aryl. In further
embodiments, R4 and R5 are alkyl. In certain embodiments, R4 and R5 are tertiary alkyl. In further
embodiments, R4 and R5 are phenyl or methyl. In some embodiments, R4 and R5 are phenyl. )
[00243] In some embodiments, RD is 1-(OH2n-0-Rx                                                In further
embodiments, n is 1. In further embodiments, n is 2. In further embodiments, n is 3. [00244]In some
embodiments, le is alkyl, aryl, aralkyl, or alkaryl. In some embodiments, le is alkyl or aryl. In some
embodiments, le is aralkyl. In some embodiments, le is alkaryl. [002451 In some embodiments Rx is
alkyl. In some embodiments, le is substituted alkyl. In some embodiments, le is substituted alkyl of 1 to
about 10 carbons. In some embodiments, le is substituted alkyl of Ito about 6 carbons. In some
embodiments, Rx is substituted alkyl of 1 to about 3 carbons. In some embodiments, le is
unsubstituted alkyl. In some embodiments, IV is unsubstituted alkyl of 1 to about 10 carbons. In some
embodiments, le is unsubstituted alkyl of 1 to about 6 carbons. In some embodiments, Rx is
unsubstituted alkyl of 1 to about 3 carbons. [00246]In some embodiments, le is aryl. In some
embodiments, le is substituted aryl. In some embodiments, Rx is substituted aryl of 6 to about 12
carbons. In some embodiments, le is substituted aryl of 6 to about 8 carbons. In some embodiments,
Rx is unsubstituted aryl. In some embodiments, le is unsubstituted aryl of 6 to about 12 carbons. In
some embodiments, Rx is unsubstitutcd aryl of 6 to about 8 carbons. 1002471 In some embodiments,
m is 1. In some embodiments, m is 2. In some embodiments, m is 3. [00248]In some embodiments,
the polyolefin group has a molecular weight greater than 100 g/mol. In some embodiments, the
polyolefin group has a molecular weight greater than 200 Wmol. In some embodiments, the polyolefin
group has a molecular weight greater than 400 g/mol. In some embodiments, the polyolefin group has
a molecular weight greater than 600 g/mol. In some embodiments, the polyolefin group has a
molecular weight greater than 800 g/mol. In some embodiments, the polyolefin group has a molecular
weight greater than 1000 g/mol. In some embodiments, the polyolefin group has a molecular weight
greater than -41-  WO 2010/048023PCT/US2009/060799 5000 g/mol. In some embodiments, the
polyolefin group has a molecular weight greater than 10,000 g/mol. In some embodiments, the
polyolefin group has a molecular weight greater than 100,000 g/mol. In some embodiments, the
polyolefin group has a molecular weight greater than 500,000 g/mol. In some embodiments, the
polyolefin group has a molecular weight greater than 1,000,000 g/mol. 5.EXAMPLES  [00249]Certain
embodiments provided herein are illustrated by the following non-limiting examples. Unless expressly
stated to the contrary, all temperatures and temperature ranges refer to the Centigrade system and the
term "room temperature" refers to about 20 to 25 degrees Celsius. 5.1EXAMPLES 1-4  [00250] A
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: [00251]110 mL hexane equilibrated at -60C, [00252172 mL methylchloride
equilibrated at -60C, 



10025310.43 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature, [00254]0.23 mL
2,6-dimethylpyridine equilibrated at room temperature, and [00255]17 mL of isobutylene equilibrated at
-60C. [00256]Then, the contents of the round-bottom flask were mixed and equilibrated at - 60C.
[00257]With continued stirring, next 3.1 mL titanium tetrachloride was charged to the flask. The
reaction was allowed to proceed 12 minutes and then 20 mL of the polymerization solution was
charged to 60 mL test tubes, equipped with threaded caps, immersed in the heptane bath maintained
at -60C. [00258]The polymerization was allowed to continue in each test tube for 14 additional minutes
(26 total reaction minutes) at which point one of the tubes was terminated with 5 mL methanol to
provide a comparative example prior to addition of a disulfide quencher. Immediately after completing
the comparative example, 0.090 g of furfurylmethyldisulfide was added to one of the tubes containing
a reactive polymerization, while other sulfide quenching agents were added to 3 of the remaining test
tubes. The furfurylmethyldisulfide quenching reaction (and other quenching reactions) was allowed to
proceed 15 minutes at -42-  which time 5 mL of methanol was charged to the tubes in order to
terminate the quenching reaction. A final polymerization test tube which contained no quencher was
then terminated with 5 g of methanol to provide a final comparative example (Control A).
Non-quenchercontaining 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. [002591The reactant quantities for Examples 1-4 and Control A are listed in
Table I. Results are shown in Table V (infra). Table Example Disulfide Disulfide (g) 1
finfurylmethyldisulfide 0.052 2 dimethyldisulfide 0.053 3 diethyldisulfide 0.068 4 



di-tert-butyldisulfide 0.100 Control A None 0  5.2 EXAMPLES 5-11  [00260] A 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:
[00261]110 mL hexane equilibrated at -60C, [00262] 73.4 mL methylchloride equilibrated at -60C,
[00263]0.62 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature, [00264]0.23 mL
2,6-dimethylpyridine equilibrated at room temperature, and [00265]13.3 mL of isobutylene equilibrated
at -60C. [002661Then, the contents of the round-bottom flask were mixed and equilibrated at - 60C.
[002671With continued stirring, next 2.28 mL titanium tetrachloride was charged to the flask. The
reaction Was allowed to proceed 17 minutes and then 132 mL diisopropyldisulfide was charged to the
polymerization. The solution was immediately  poured into 60 rnL test tubes, equipped with threaded
caps, immersed in the heptane bath maintained at -60C. [00268] The quenching reaction was allowed
to continue in each test tube for 10 minutes at which point 0.80 mL methanol was charged to one of
the tubes (example 5). Various terminators were charged to the remaining tubes as separate
examples (6-11). [00269]The reactant quantities for Examples 5-11 are listed in Table II. Results are
shown in Table V (infra). Table 11 Example Terminator Terminator (g) 5 



methanol 0.80 6 ethanol 1.148 7 isopropanot 1.498 8 2-ethylhexanol 3.246 9 n-butylamine 1.823 10
2-Mbylhexylamine 1.91 11 tert-amylamine 2.172  5.3 EXAMPLES 12-16 [00270] A 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:
[00271]72.6 in1_, hexane equilibrated at -60C, [00272] 48.4 mL methylchloride equilibrated at -60C,
[0027313.43 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature, [00274]0.23 mL
2,6-dimethylpyridine equilibrated at room temperature, and [00275]73.6 mL of isobutylene equilibrated
at -60C. 



[00276] Then, the contents of the round-bottom flask were mixed and equilibrated at - 60C.
[00277]With continued stirring, next 1.27 mL titanium tetrachloride was charged to the flask. The
reaction was allowed to proceed 27 minutes and then 4.05 mL  WO 2010/048023PCT/US2009/060799
diisopropyldisullide was charged to the polymerization followed by immediate addition of 4.3 mL
titanium tetrachloride. The solution was immediately poured into 60 mL test tubes, equipped with
threaded caps, immersed in the tteptane bath maintained at -60C. [00278] The quenching reaction
was allowed to continue in each test tube for 16 minutes at which point 2.807 g ethanol was charged
to one of the tubes (example 12). Various terminators were charged to the remaining tubes as
separate examples (13-16). [00279]The reactant quantities for Examples 12-16 are listed in Table III.
Results are shown in Table V (infra). Table III Example Terminator Terminator (g) 12 ethanol 2.807 13
sec-butanol 4.516 14 isopropanol 3.661 15 ethanethiol 3.785 16 n-propanethiol 4.640 



5.4 EXAMPLES 17-21  [00280] A 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: [00281]110 mL hexane equilibrated at -60C, [00282]
73.4 mL methylchloride equilibrated at -60C, [00283]0.62 gram 2-chloro-2,4,4-trimethylpentanc
equilibrated at room temperature, [002841 0.23 mL 2,6-dimethylpyridine equilibrated at room
temperature, and 100285]13.3 mL of isobutylcnc equilibrated at -60C. [00286] Then, the contents of
the round-bottom flask were mixed and equilibrated at - 60C. [002871With continued stirring, next 2 28
mL titanium tetrachloride was charged to the flask. The reaction was allowed to proceed 18 minutes
and then 1.89 mL ditolyldisulfide was  charged to the polymerization. The solution was immediately
poured into 60 mL test tubes, equipped with threaded caps, immersed in the heptane bath maintained
at -60C. 1002881 The quenching reaction was allowed to continue in each test tube for 16 minutes at
which point 1.40 g methanol was charged to one of the tubes (example 17). Various terminators were
charged to the remaining tubes as separate examples (18-21). A final polymerization test tube which
contained no quencher was then terminated with 5 g of methanol to provide a final comparative
example (Control B). 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. [00289] The reactant quantities for Examples
17-21 and Comparative B are listed in Table IV. Results are shown in Table V (infra). Table IV
Example Terminator Terminator (g) 17 methanol 1.40 18 isopropanol 2.62 19 n-butylamine 3.19 20 



triethylaminc 4.41 21 n-propanethiol 3.32 B methanol 5.0  5.5 EXAMPLE 22  [00290] A four-neck 1000
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:
[002911189 mL hexane equilibrated at -60C, [002921216 mL methylchloride equilibrated at -60C,
[0029316.25 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature, [0029410.48 mL
2,6-dimethylpyridine equilibrated at room temperature, and [00295)135 mL of isobutylene equilibrated
at -60C.  WO 2010/048023PCT/US2009/060799 [00296] Then, the contents of the round-bottom flask
were mixed and equilibrated at - 60C. [00297]With continued stirring, next 2.03 mL titanium
tetrachloride was charged to the flask to initiate the isobutylene polymerization. The polymerization
was allowed to proceed 90 minutes and then 14.13 g dibromoethyldisulfide was charged to the
polymerization. Immediately after the quencher addition, 30.24 mL titanium tetrachloride was charged
to the reaction mixture and the solution was allowed to react 22 minutes. The reaction was then
terminated by addition of 29.3 mL tricthylamine equilibrated at -60C. The solution was stirred for 10
minutes and then 73.2 mL methanol equilibrated at -60C was charged to reaction slowly. The solution
was removed from the glove box and volatile components were evaporated under ambient conditions.
The hexane/polyisobutylene layer was washed with a 5% aqueous HCI solution and then
deionized1-120 until extracts were neutral. The wet organic phase was dried over MgSO4, filtered, and
concentrated on a roto-evaporator. Results are shown in Table V (infra). 5.6 EXAMPLE 23  [00298] A
four-neck 1000 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: [00299]169 mL hexane equilibrated at -60C, [00300]156 mL methylchloride
equilibrated at -60C, [00301]5.41 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room
temperature, [00302]0.35 mL 2,6-dimethylpyridine equilibrated at room temperature, and 



[00303]65.4 mL of isobutylcne equilibrated at -60C. [003041 Then, the contents of the round-bottom
flask were mixed and equilibrated at - 60C. [00305]With continued stirring, 1.44 mL titanium
tetrachloride was charged to the flask to initiate the isobutylene polymerization. The polymerization
was allowed to proceed 60 minutes and then 8.34 g dichloroethyldisulfide was charged to the
polymerization. Immediately after the quencher addition, 34.5 mL titanium tetrachloride was charged to
the reaction mixture and the solution was allowed to react 10 minutes. The reaction was then
terminated by addition of 30.4 mL triethylamine equilibrated at -60C. The solution was stirred for 10
minutes and then 81 mL methanol equilibrated at -60C was charged to reaction slowly. The solution
was removed from the glove box and volatile components were -47-  evaporated under ambient
conditions. The hexane/polyisobutylene layer was washed with a 5% aqueous HC1 solution and then
deionized H20 until extracts were neutral. The wet organic phase was dried over MgSO4, filtered, and
concentrated on a roto-evaporator. Results are shown in Table V (infra). 5.7 EXAMPLE 24 [003061 A
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: [00307]110 mL hexane equilibrated at -60C, [00308]73 mL methylchloride
equilibrated at -60C, [00309]0.62 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room
temperature, 10031010.23 mL 2,6-dimethylpyridine equilibrated at room temperature, and [00311]13.3
mL of isobutylene equilibrated at -60C.  [00312J Then, the contents of the round-bottom flask were
mixed and equilibrated at - 60C. [00313]With continued stirring, 2 28 rriL titanium tetrachloride was
charged to the flask to initiate the isobutylene polymerization. The polymerization was allowed to
proceed 17 minutes and then 3.15 g tert-butyldiphenylsiloxyethyldisulfide was charged to the
polymerization and allowed to react 15 minutes. The reaction was then terminated by addition of 18.4
lit dibutylamine. The solution was removed from the glove box and volatile components were
evaporated under ambient conditions. The hexane/PIB layer was washed with a 5% aqueous HC1
solution and then dcionized H20 until extracts were neutral. The wet organic phase was dried over
MgSO4, filtered, and concentrated on a rotoevaporator. Results are shown in Table V (infra). 5.8
PROCEDURE FOR COLLECTING NIVIR DATA [00314]II-I NMR spectra were collected using a
Varian (300MHz) spectrophotometer using samples concentrations of 3 percent to 5 percent
(weight/weight) in CDC13. 11-INMR spectra were used for analysis of the end groups. Fractions of
exo-olefin, endo-olefin, tertchloride, coupled olefin, and sulfide (PIBthioether) chain ends were
obtained using 'H NMR integration as described in the following section.  WO
2010/048023PCT/US2009/060799 5.8.1 PROCEDURE FOR CALCULATING THE FRACTIONAL
AMOUNTS OF CHAIN ENDS ON THE POLYISOBUTYLENE PRODUCT [00315]The fractions of
exo-olefin, endo-olefin, sulfide (PIBthioether), tert-chloride chain ends, and coupled products in the
polyisobutylene samples were quantified using 1E1 NMR integration. In some instances coupled
products were deemed to be absent by qualitative inspection of the IH NMR spectrum, and by
confirming the absence of a shoulder on the low elution volume side of the main polymer peak in the
Gel Permeation Chromatography chromatogram. [00316] 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) = (Aexe) (Aexo Aendo AterdCI + Asulfide 2Acoupled)(I) 



where Aend0 is the area of the single olefinic resonance at 5.15ppm, A"" is the area of the exoolefinic
resonance 4.63ppm, and Atemci was calculated as follows: Atert-CI = (AI.65 -1.72/6) - Aendo(2) Or
Awn-CI = (A1.95/2) where A165 _1.72 is the integrated area of the convoluted peaks associated with
the gemdimethyl protons of the endo-olefin and the tert-chloride chain ends and A195 is the integrated
area of the peak associated with methylene protons on the end of the polyisobutene chain. In some
cases, sulfide teiminated PIB yielded peaks in the area between 1.65 and 1.72, which made it very
difficult to accurately measure the area associated with only the tert-CI chain ends; therefore, in those
cases, we utilized the peak at 1.95 for quantification of tert-CI chain ends. It will be noted that a
co-efficient of 2 appears in equation (1) for coupled product, to account for the fact that creation of
these products consumes 2 polyisobutylenc chains. Acoupled was calculated as follows: Aeoupled
(A5.0-4.75 = A4.54.75)/2(3)  WO 2010/048023PCT/US2009/060799 where A5.04.75 is the integrated
area of the convoluted peaks associated with one of the exoolefin protons and the two identical
protons of the coupled product, and where Ai 5A 75 is the integrated area of the peak associated with
the other cxo-olefin proton. [00317]The integrated area and fractional amount of sulfide teii.u.inated
PIB were obtained on a product-specific basis. Typically, a well-resolved peak associated with the
proton(s) of the non-polyisobutenyl residue of the thioether chain end was integrated. For example, in
Example 9 of the present invention, the area associated with the singe proton of the isopropyl group
(multiplet at 2.93 ppm) attached to sulfur on the PIB chain end was integrated in order to quantify the
amount of sulfide chain ends in the composition (see figure below). C H3C H3 I PIB-CH2-CS C-H
CH3CH3 5.9 RESULTS  1003181 The results for all examples described, supra, are summarized in
Table V.  WO 2010/048023PCT/US2009/060799 Table V. Molar Composition of Chain Ends after
Quenchina Reaction Ex Disulfide Terminator Vinylidene terminated (mole %) Endo 



Olefin (mole %) Tert-CI (mole %) Coupled (mole %)  Sulfide-terminated Polyolefin (mole %) Other 1
Furfuryl- methyl Methanol 22 2 2 0 74 0 2 Dimethyl Methanol 23 1 1 0 75 0 3 



Diethyl Methanol 40 2 1 2 55 0 4 di-tert-butyl Methanol 69 1 15 15 0 0 A None Methanol 4 1 94 I 0 0   



5 Diisopropyl Methanol 78.6 4.4 8.9 0.5 0.0 7.6 6 Diisopropyl Ethanol 77.7 4.3 16.2 1.7 0.0 0.1 7
Dnsopropyl Isopropanol 84.3 3.5 11.5 0.6 0.0 0.1 8 



Diisopropyl 2 -eihylhexanol 86.5 5.8 7.6 0.1 0.0 0.0 9 Dnsopropyl n-butylamine 10.3 0.0 0.0 0.8 88.9 0
10  Diisopropyl 2- ethylhexylami me 10.0 0.9 0.9 0.5 87.7 0 



11 Diisopropyl Ten- amylamine 10.3 0.0 0.0 0.8 88.9 0          12 Diisopropyl Ethanol 80.5 5.2 14.0 0.4
0.0 0 



13 Dnsopropyl see-butanol 82.5 5.1 11.8 0.6 0.0 0 14 Diisopropyl Isopropanol 82.8 6.1 10.3 0.7 0.0
0.1 15 Di isopropyl ethanethiol 3.6 2.2 22.4 0.0 71.8 0 16 



Diisopropyl n-propanethio 1 3.5 0.3 13.0 0.0 83.2 0           WO 2010/048023PCT/US2009/060799 Ex
Disulfide Terminator Vinylidene terminated (mole %) Endo Olefin (mole %) 



Tert-C1 (mole A) Coupled (mole "/0)  Sulfide-terminated Polyolelin (mole 94) Other 17 Ditolyl Methanol
11.8 1.5 39.1 0.0 29.5 18.1 18 Ditolyl Isopropanol 29.9 2.0 6.9 0.0 38.5 22.7 19 Dim134 n-butylamine
9.0 



0.9 4.7 0.0 81.3 4.1 20 Ditolyl triethylamme 14.6 0.0 0.0 0.0 85.4 0 21 Ditoly1 n-propanethiol 0.0 0.0
1.6 0.0 86.0 12.4 B None Methanol 2.0 0.4 



97.6 0.0 0.0 0.0          22 Dibromo-ethyl Triethylamt e 3 0 0 0 97 0 23 Dichloro-ethyl Triethylamine 3 0
0 



0 97 0 24 Di-ten- butyldiphenyl siloxyethyl dibutylarnine 11 0 0 3 86 0  [003191In example 15, the
71.8% total sulfide-terminated polyolefin product is a mixture of 73 mole percent
isopropylsulfide-terminated product and 27 mole percent ethylsulfideteiutinated product. 1003201In
example 16, the sulfide-terminated polyolefin product is 100 mole percent n- propylsulfide-tetininated
product. [003211In example 21, the sulfide-tettninated polyolefin product is 100 mole percent
tolylsulfide-tenninated product. [003221 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 the art will 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: 1.A method for preparing a compound of
formula II or III or mixtures thereof: H3C CH3 R1 S-R- A 



it H3C CH3 R1 S-RB III; wherein R1 is a polyolefin group; and RA and RB are each, independently,
alkyl, aryl, aralkyl, alkaryl, -/-(CH2),,-HCH2), 1-(OH2)n-X 1-(CH2)" 0 Rx , or wherein m is 1-3; n is 1-3;
p is 1-3; X is halo or a pseudohalide; Rx is alkyl or aryl; R3 is ten-butyl; and R3 -1-(CH2)p-O-Si-R4 R5
R4 and R5 are each, independently, alkyl, aryl, aralkyl, or alkaryl; comprising: (a) ionizing a polyolefin
in the presence of a Lewis acid or mixture of Lewis acids tofonn an ionized polyolefin; (b) reacting the
ionized polyolefin from step (a) with one or more compounds of formula IV: RA-S-S-RB Iv to form an
intermediate; and       (c) reacting the intermediate of step (b) with one or more alcohols, amines, or
thiols.  The method of claim 1, wherein R is a polyisobutylene group. 3.The method of claim 1, wherein
RA and R8 are each, independently, alkyl, aryl, 



alkaryl, aralkyl, -1-(CH2), O-Rx,0 wherein n is 1-3; p is 1-3; X is halo or a pseudohalide; R3 is
tert-butyl; R4 and R5 are each, independently, aryl or alkyl; and IV is alkyl.       4. The method of claim
1, wherein RA and RB are the same. 5. The method of claim 4, wherein RA and R8 are methyl, ethyl,
isopropyl, or tolyl.       6. The method of claim 4, wherein RA and 128 are -HCH2)n-O-Rx.       7. The
method of claim 4, wherein RA and R8 are       8. The method of claim 6 or 7, wherein n is 2.       9.
The method of claim 7, wherein X is Cl or Br.       10. The method of claim 4, wherein RA and R8 are
R3 -1-(CH2)p-O-Si-R4 R5  11. The method of claim 10, wherein p is 2. 12. The method of claim 10,
wherein R4 and R5 are phenyl or methyl. 13. The method of claim 1, wherein the intermediate of step
(b) is reacted with one or more alcohols, wherein the one or more alcohols have the following formula:
R -OH ; wherein R is alkyl of 1-8 carbons.        14. The method of claim 13, wherein the one or more
alcohols are one or more of methanol and isopropanol.        15. The method of claim 1, where the
intermediate of step (b) is reacted with one or more amines, wherein the one or more amines are of
the formula: R6-N-R8 R7; wherein R6 is alkyl; and R7 and le are each, independently, hydrogen or
alkyl of 1-8 carbons.        16. The method of claim 15, wherein the one or more amines are one or
more of nbutylamine, 2-ethylhexylamine, tert-amylamine, triethylamine, and dibutylamine. 



17. The method of claim 1, wherein the intermediate of step (b) is reacted with one or more thiols,
wherein the one or more thiols are of the formula Rcl-SH wherein Ralkyl of 1-6 carbons.        18. The
method of claim 17, wherein the one or more thiols are one or more of ethanethiol and n-propanethiol.
19. The method of claim 1, wherein the compound of formula II or III or mixtures thereof is at least 20
mole percent or at least 40 mole percent of all products formed.  20.A method for preparing a
compound of formula V: H3C CH3 R1 S-R2 V; wherein RI is a polyolefin group; and 1222 is alkyl, aryl,
aralkyl, alkaryl, substituted alkyl, or substituted aryl; comprising: (a) ionizing a polyolefin in the
presence of a Lewis acid or mixture of Lewis acids toform an ionized polyolefin; (b) reacting the
ionized polyolefin with one or more compounds of formula VI: RA-S-S-RB VI to form an intermediate;
wherein RA and RB are each, independently, alkyl, aryl, aralkyl, or alkaryl; and (c) reacting the
intermediate from step (b) with one or more compounds of formula VII: Re2-SH VII. 21.The method of
claim 20, wherein RI is a polyisobutylene group. 22.The method of claim 20, wherein 1(2 is alkyl and
RA and RB are each, independently, alkyl, aryl, or alkaryl. 23.The method of claim 20, wherein RA and
RB are the same. 24.The method of claim 23, wherein RA and RB are isopropyl or tolyl. 



25.The method of claim 20, wherein the one or more compounds of formula VII are one or more of
ethanethiol and n-propanethiol.  26.A method for preparing a vinylidene terminated polyolefin,
comprising: (a) ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids toform an
ionized polyolefin; (b) reacting the ionized polyolefin from step (a) with one or more disulfides to form
an intermediate; and (c) reacting the intermediate of step (b) with one or more alcohols or amines.
27.The method of claim 26, wherein the vinylidene terminated polyolefin is a vinylidene terminated
polyisobutylene. 28.The method of claim 26, wherein the intermediate of step (b) is reacted with one or
more alcohols, wherein the one or more alcohols are of the formula: R-OH; wherein R is alkyl of 1-8
carbons. 29.The method of claim 28, wherein the one or more alcohols are one or more of methanol,
ethanol, isopropanol, 2-ethylhexanol, and sec-butanol. 30.The method of claim 26, wherein the one or
more disulfides are a compound of formula I: RA-S-S-RB 1; wherein RA and R8 are each,
independently, alkyl, aryl, aralkyl, alkaryl, I N -HCH26-1S. -F(CH2),-- i-(CH2)n-X, R3
-E(CH2)p-O-Si-R4 -I-(CH2)n-O-RxR , Or5 



wherein m is 1-3; n is 1-3; p is 1-3; X is halo or a pseudohalide; R.' is alkyl or aryl; R3 is tert-butyl; and
R4 and R5 are each, independently, alkyl, aryl, aralkyl, or alkaryl. 31.The method of claim 30, wherein
RA and RB are methyl, ethyl, tert-butyl, isopropyl, or tolyl. 32.The method of any of claims 1, 20, and
26, wherein the ionized polyolefin is formed by adding a Lewis acid to a tert-halide terminated
polyolefin or adding a Lewis acid and a proton source to a preformed polyolefin. 33.The method of any
of claims 1, 20, and 26, wherein the ionized polyolefin is a quasiliving carbocationic polyolefin and the
method is performed under quasiliving carbocationic polymerization conditions. 34.The method of
claim 33, wherein the quasiliving carbocationic polyolefin is prepared by adding a Lewis acid and a
monomer to an initiator in the presence of (a) an electron donor; (b) a common ion salt; (c) a common
ion salt precursor; (d) an electron donor and a common ion salt; or (e) an electron donor and a
common ion salt precursor. 35.The method of claim 34, wherein the initiator is 2-chloro-2,4,4-
trimethylpentane, 1,3-di(2-chloro-2-propy1)-5-tert-butylbenzene, or dicumyl chloride. 36.The method of
claim 34, wherein the monomer is isobutylene or styrene. 37.The method of claim 34, wherein the
electron donor is 2,6-dimethylpyridine, 2,4-dimethylpyridine, or 2,6-di-tert-butylpyridine. 38.The method
of claim 34, wherein the common ion salt precursor is tetrabutylammonium chloride or
tetrabutylammonium iodide. 39.The method of any of claims 1, 20, and 26 wherein the Lewis acid is a
titanium tetrahalide, titanium tetrachloride, a boron trihalide, an aluminum trihalide, a tin tetrahalide,
zinc  chloride, or ethyl aluminum dichloride, or mixtures thereof; or a mixture of an aluminum (III) halide
and trialkyl aluminum compound. 



40.The method of any of claims 1, 20, and 26, wherein a diluent is used, wherein the diluent is an
alkane or alkyl halide or mixtures thereof. 41.The method of any of claims 1, 20, and 26, wherein the
method is performed at a temperature from about -120 C to about 0 C or from about -70 C to about -40
C. 42.The method of any of claims 1, 20, and 26, wherein the Lewis acid or mixture of Lewis acids are
present at a molar concentration of from about 0.5 to about 20 times chain-end molar concentration.
43.A compound of formula VIII: H3C CH3 RI S-RD VIII; wherein R is a polyolefm group; and RD is
alkyl of I to 7 carbons, substituted alkyl of at least 3 carbons, unsubstituted aryl, alkaryl, aralkyl,
-HCH2)p-O-SI-R4 HCR2)n-X R5, or  -HCH2)n-O-Rx; wherein m is 1-3; n is 1-3; p is 1-3; X is halo or a
pseudohalide; R3 is tert-butyl; R4 and R5 are each, independently, aryl or alkyl; and Rx is hydrocarbyl.
44.The compound of claim 43, wherein RD is alkyl of Ito 7 carbons, substituted alkyl of at least 3
carbons, or alkaryl.  WO 2010/048023PCT/US2009/060799        45. The compound of claim 43,
wherein RD is methyl, ethyl, tert-butyl, isopropyl, or tolyl. 



2),-X        46. The compound of claim 43, wherein RD isand n is 2.        47. The compound of claim 43,
wherein RD is R3 -1-(CH2)p-O-SI-R4 R5, p is 2, and R3 is tert-butyl.        48. The compound of claim
43, wherein the polyolefm group has a molecular weight greater than 200 g/mol.        49. The
compound of claim 43, wherein RI is a polyisobutylene group. 


