WO 2010/048023PCT/US2009/060799 PRODUCTION OF VINYLIDENE-TERMINATED AND
SULFIDE- Mldﬂﬁg'ggp TELECHELIC POLYOLEFINS VIA QUENCHING MY HitbdgdmabkllziDES 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

polymerPRORIHEHHDNCGIHINALGPHUNE - EXRNBISATEE AN § ¥IACH Bak 2R BNk are
vinylidene-termi _ | %om inj ' RHIOHPSRKgIPeYEral useful
purposes. Fo@gﬁggﬂ &ﬁﬁ%@%ﬁ@% con%ﬁ%ﬁﬁ%ﬁ;ﬂe chain gﬁ}jﬁsﬂare ut%ized in the

synthesis of PIB-succinic anhydrides (P1BSAs), which are key intelmediates in the production of
FIB-based sucERiklde dispersants for use as additives for engine lubricants. Vinylidene-telminated

PIBs argyaip U“'iﬁgJ{aéB%&f&QHpéi%fafoﬁéffmcm@i%?rﬁaﬁe{mﬂ@i a&%gmﬁasm

opportuhity exists to create polyolefins containing sulfide end groups for use in lubricant applications.
These thisthsmimeridepbiyoin e ket ofdfidxitpaoneiaai i andrmhodinfer WRdHSipBriant
factors i[gétggtgg_sign 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
functiortlized Bt RALMNIYS vinylidene-terminate polyolefins and sulfide-terminated polyolefins. 3.

SU'V'Mj&)\ézﬁooo%}ﬁm?y%%m%&ﬁgﬂﬁ%@a@@{@mrﬁrw&t&zﬁgmrﬁ%ﬂﬂ%ma@helic
|

polyolefins, comprising: a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis

acids topslipresticereihpaarstinns. ¢ad arREMhebsAmRIgSTIyoeina s FEEp AR RUHESE more
diSU'fid%%%&%'iﬁ‘&ém{&%ﬁgé@&gyﬁaeﬁns.CPEﬁgﬁ%egd&ﬁéﬁiﬁngﬁﬂ@mn@( sirpotdLpitkuene or more
n odi

~ alcohols, amines, or thiols. 100 some embodiments, provided herein are methods for preparing a
vinylideﬁ@f@pmﬂﬁaﬁ@loppmyeﬁéﬁﬁpé@W@WOWEwméﬂ@éﬁW%W%ﬁ%nizing a
polyolefin jn the RigsenaeRt dhawisanems qixiHe ehkrnigacidspieiniandonicad polyolefin; b.

reacting the ionized polyolefin from step (a) with one or more disulfides to forman intelinediate; and c.
reactingtherdintesdinfboreds don ik b e o aicers digreatante for use as additives for

engine Jubricants. Vinylidene-terminated PIBs are also utilized in the production of PIB-
amines, which are useful as fuel additives. An opportunity exists o 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 of terminally
functionalized polymers, as well as methods of selectively or exclusively producing
terminally functionalized polymers, such as vinylidene-terminate polyolefins and sulfide-
terminated péiyoieﬁns.

3. SUMMARY

[06603] In some embodiments, provided herein are methods for preparing telechelic

potyolefins, comprising:

a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
to form 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, amines, or

thiols.
[00604] In some embodiments, provided herein are methods for preparing a vinylidene

terminated polyolefin, comprising:



[00051In some embodiments, provided herein are methods for preparing a compound of the foimula:
H3C CH3xH »edAsesH3C CH3 RiS-RB ; or a mixture thereof; wherein Riis/esobyalafimogroup; 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§1-3; n,is %ﬁig IS 1t-3; X 'gﬁbalo or a
pseudohalide;212." is MEF ARAVRIETW (s REFSGIRE RA2 Vs Ye B 4ER %885 JehfS “Alkyl, aryl,
aralkylgr alkaryl; comprising:a. @nizing & in the presence of a Lewis acid or mixture of
Lewis acids toform an ionized polyolefin; b. reacting the ionized. polyolefin from. st @%a% with one or
more compouRds of IRafsRads: 1@%@@9&@%&%&@?@&%&%%@%@# &fojin an
intermegljafe; and an intermediate; and
C. reacting the intermediate of step (b) with one or more alcohols or amines.
[{0005] In some embodiments, provided herein are methods for preparing a compound of

the formula:

MaC
R1

CHs
S-RA

or

HaC
R1

CHs,
X
or a mixture thereof;

wherein R' is a polyolefin group;

R* and R® are each, independently, alkyl, aryl, aralkyl, alkaryl,

H
o N s
4~(CHg)n ~$CHa)m ~~(CHy)m
Hem ) HORT ) TR $HCHX
R3
—4-CH,),~0~Si—R*
~§—(CH2)n-—O-R"j or RS

wherein m s 1-3; nis 1-3; pis 1-3;
X is halo or a pseudohalide;
R* is alkyl or aryl;
R? is tert-butyl; and
R* and R’ 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
to form an ionized polyolefin;

b. reacting the ionized potyolefin from step (a) with one or more compounds of
the formula:

RA-S5—8-R®

o



c.reacting the intermediate of step (b) with one or more alcohols, amines, or thiols. [00061In some
embodimepgsfpyided herein are methods for preparing a compound of tirerfosmwimdd8€ CH3 S-RC
; wherein Rl 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 tg,fRiim an intelhediate awnerein 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 [000FRALSEHRE dRtBTaRAMERRE ﬁ?@\&%‘d’@éﬂ%}é\ E'®6nf C&%ﬁgls Wﬁ%sfg)rrmula: H3C

CH3 RliGsRD wherein Rl is a polyolefin group; and RD is alkyl of Ito 7 carbons, substituted alky! of at
least 3 carbons, unsubstituted 1-(CH2)tn-11CH2)p-O-Si-R4 1- CI§|2)n-R5 .3- WO dof
2010/04883P C TS PR SRRSO SraV dra ST 230 AT ReARQfifsqr preparng a compound o

the formula:

HaC
R1

CH,

XS"RC ;

wherein R' is a polyolefin group; and
R® 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
to form an ionized polyolefin;
b. reacting the ionized polyolefin with one or more compounds of the formula:
RA-5-8-RP
to form an intermediate;
wherein R* and R® are cach, independently, alkyl, aryl, aralkyl, or alkaryl; and
c. reacting the intermediate from step (b) with one or more compounds of the

formula:
RC-SH

[00G7] In some embodiments, provided herein are compounds of the formula:

HaC
R'l

CHj

><S—RD :

wherein R' is a polyolefin group;
and R” is alkyl of 1 to 7 carbons, substituted alkyl of at least 3 carbons, unsubstituted
R3

|
_gm(CHz)m‘—[o) , 4-CH,),~0~Si—R*
aryl, alkaryl, aralkyl, % . ~CHg)y =X RS .

bl

4CH)y—O~RX



X is halo or a pseudohalide; R3 is tert-butyl; R4 and R5 are each, independently, aryl or alkyl; and R' is
hydrocarby} o 99RGIWIH30out being limited to any theory, in some embodimexts;itkmimetitogs described
herein proceed by the pathway shown in the following scheme: CH3 " IR1R2a' IRA-S-S-RB  wherein
Rl is a polyolefin group; R2 is hydrocarbyl or_ hydrogen; RA, RB, and RC are each, independently,
hydrocarbyl ordifbetded hyarosatbyiPhF i%\’ metal, transition metal, or metalloid; Y is independently
halo or alkyl; and a amdidB-s@£aebeindenrigdently, an integer from 1 to 20. WO
2010/048023PCT/US2009/060799 4.DETAILED DESCRIPTION 4.1DEFINITIONS [0009]Unless
defined otherwise, alRetHiSIATSRY scientific teiins used herein have the same meaning as is
commonly understoof ‘bynane’ ef osdinardsisithidethiey aatylnthékevenidhat there are a plurality of
definitions for a term used herein, the definitions provided in this section prevail unless stated
otherwise. [0010]As Jseld REFERT@ Y Eohol" refers to a compound of the following formula; R-OH ;
wherein s hydropaayk eesubsHiteddydrasarbyidneanentabiodiments; thetuirdcaniydds
aliphatic. In some embodjments, R is alkyl or u%ﬁ'tuted alkyl. In some embodiments, the -OH is
attache8¥G'8 BW%%FB%H?%WrﬁBOéW%ﬁ% 3&%5 T attached to a secondary carbon. In
some embodiments, the -OH is attached to a tebtiary carbon. In some embodiments, the alcohol

contains more than one hydroxyl group. In sgm&@&m@aqments, the alcohol contains one hydroxyl

group.
l RA-S—5-RP
RA MGLYB RB eMaYB
HiG " g HoC e
kS”S_RB and/or )(S“S_R
R' RrZ R1 R2
alcohol alcohol,
or amine, RC-gH
amine o
OR thiol OR
i
CHZ ch ch H3C c
§—RA S—R® SR

vinylidene- sulfide- sulfide-
terminated terminated termmat_ed
polyolefin polyolefin polyolefin

derived from derived from

disulfide thiol

addition addition

wherein

Rlisa polyolefin group;

R’ is hydrocarbyl or hydrogen;

R R®, and R" are each, independently, hydrocarbyl or substituted hydrocarbyl;
M 1is a metal, transition metal, or metalioid;

Y is independently halo or alkyl; and

a and B are each, independently, an integer from 1 to 20.



[0011]As used herein, "alkane" refers to a hydrocarbon containing only single bonds. In some
embodime%,z“ﬁ/@é@}c contains a s.traight hydrocarbor_l chain. In some %p%m%ﬁ}gome 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
carbonstIn so® Yeta s & contains 1 to 6 carbons. In some embodiment, the alkane
containg } to JppphiRiguihre@me embodiment, the alkane contains 1 to 2 carbons. In some
embodiments, The alkané contains 5 to 6 carbons. In some embodiments, the alkane is pentane. In

some ef#B8Aimentsnigse dikand pshrawasie alhtedmisd isbehtaaiis; trraamsadd i goheraittel. [0012)As
used hergin, Hallan(Slers 10, S YhIERHBIURSHIIEH it AL IeRST g Al il alkynyl

group. [0013]As used herein, "alkenyl" refers to a hydrocarbon’chain or group of about 2 to about 20
carbonghwitbeedritpa phisiiorfrdefinedrnaies oieprstdrecovabliBdibstinnsprasidsaivitients, the

alkenyl confaingahautddQ ey dp&arkens. 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
emboditf&hs, the/aikepdibesrithinsletholt lerasvuceraawoh el hefitleverbbambats, the alkenyl
contains about 2 to about 3 carbons. In some emhgdiments, the alkenyl is an allyl group. In some
embodiments, the alkenyl group contains one or more double bonds that are conjugated to another

unsaturatetrardtps ydesrabehiodipsbnts dhsdaneamylis Bussngeatbadipents, the hydrocarbyl
2010/048983R T/ 4 Z009/0R05 3 RR1A LA sis G @%@é{@ui@c{k&&ﬁ?fﬁ{%ﬁl@ Qygranasban ghain or

group of about 1 to about 20 carbons. In some embodiments, the alkyl contains about 1 to about 15

carbons: (i HEaet s thadiry derngimscalsdinestaybar thidamsrbehiesme
- embodigeptsathe Al CONRIRR ahPdliimabeawt SeaRonscit $amesmhodiments ithealkyl contains

~about 1 to about 6 carbons. In some embodiments, the alkyl contains about 1 to about 3 carbons. In
some efBORAIAERLS; thiednalol SAREHES MBI BRI YHTEE I 2 Embo it dIALS dhthary. In
some embogdimentsitheralkybiv 26r ry. 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,
isopentyPHdbpent)t 1 Bers, HisoRaxsicTh Sonhe BRATBHRNHEMRETHRLARY RSN, n-propyl,

or isoprgpvk imsemeambadingais, dheratyhisnetyinoameronkrdimentsc harlshisnigrt-butyl. In
some embodiments, the alkyl is a straight hydrocarbon chain. In some embodiments, the alkyl is a

brancheBRIEr8E &BBHEhART2RF Reshie Eirfisbbmmeitel-tiB Rt BRI IAtShierEioltiments, the

alkyl is gybrstitutes A0 QhbbaasR A nesaian s "efs TRte.ApaYdr asainan ShBlIRLGHOUR of about 2
to about 20 carbons, wherein the chain contains one or more triple bonds. In some embodiments, the

alkynyl B3R5 S BB A90° Q35RRS I eSS TP et Entio atkIBA O IkYA cBhdihs Bbout 2 to
about 10 earkanwdimsang embadinantisaine@ ki ERNBING AR IRARAULR eRERRNS. In some

embodiments, the alkynyl contains about 2 to about 6 carbons. In some embodiments, the alkynyl
contain§ABBE 2 {8 AbBROE taB A ARBAHE SOt EFRES S 9L L HRAEr o} HHBYSp. In some
embodiggpégithe @l kyo vl res i gRAtaHS BNsHalears IRIenRO TS dhahake Konivgateddaanother
_unsaturated group. In some embodiments, the alkynyl is substituted. [0016]As used herein, "amide"

- refers t&"& s RSB WIS la: 0 R'NR2R3; wherein 121-R3 are each, independently,
hydroge@ngptionallyssiinstiuieth hyciocaskyk 1h.50ipd erpbpdimantigeRivisHwdragesmdaiggme
embodiments, R' is hydrocarbyl. In some embodiments, R2 is hydrogen. In some embodiments, R2
and R3 %{}@Wd%@g%?ﬁﬁ%%e embodiments, the amide is N,N-dimethylkormamide. [0017]As used
herein, fapiige" refeysdedansamposire B therted awing, Bogt R B3 i Oabout 2 to
2010/04@023{7%%7/ S2009/060799 wherein RI, R2, and 12.3 are each,?ié%qﬁe%en ently, hydrogen or
optionafy SHEAFRASy SEEAB A FPESR Y SIRBBARAKIS OBT, B E oagEn iggendently,

hydrogesmdoaliadnis) senatkembostimanishthe 2mitkois APeirasaminens savwdiemshediments, the

amine is a secondary amine._In soqme embodiments, the amipe js a tertiary amine. In some
embodiHBHRS! AT CAIAERTAL 1DG LRS- (SR RE EREOTARG A I ey, or
alkynyl greup2suhsitutadnith:at |easbereabd drotns [R19LAs Lsestdigsaifuualyh fbirisito a
monocyclic or multicyclic acomatic group containing from 6 to about 30 cycli¢ carbgns. In some
emboci AT SR RTUEY e TR BRI S PEO YGRS Aol PR about 15
cyclic carhbginisrsgie erkbodimeantsiiihgrang. chntaine ahbodontmaboistdlaytheosarbons. In some
embodiments, the aryl is flugrenyl, phenyl, or naphtyl. In some embodiments, the aryl |s phenyl. In
ome e SR OOy L R RRb A OBt S AT e SIS HE R IR
hydrocashodiadneteiiasitiveis, plosuhsinaiieding, but not limited thios, thioethers, and halides. [0020]As
used herein, "binifer" refers to an inifer that is capablg.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:

E BB Aekh iR b G BikHD



CH2 RCH3. wherein R is a polyolefin group. [00221As used herein, "chain-end concentration” refers to
the sum of‘y}?mg}@‘[sg?pcentration of carbocationic end groups and dormq;&tﬁﬂgz&{?b%??yvmn 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 eh®lddhcentativaddesproxatate ipsguia adixdinsesbiiedhiiiamr sonpeibeon! [0G283ASs used
herein, “ePmBERion sathereiaisde-Rnome spllfaghisiprlionally adged o R easionheriagmed under

guasiliving carbocationic polymerization conditions to prevent dissociation of the propagating

carbenigmbiefi@aesdimeekiopopiaiss akaytldotrorbagomcnss Josoroserdoduueiatieised herein,
"commopoN SAL RIEAISOT EeIRE LS AAHIRIC SRILIhAldSppERRally addete & feartignpeiormed

under quasiIiV|n%carbocatlonlc polymerization conditions, wherein the ionic salt generates

counteri@iong thearhpadddnteriasaHssbratntietheoplynoniairaihendsioskabtsitcerbartiomwith a
Lewis agig JQOZR)AisbsROhe e HeRK f%eﬁsaﬁ?b%qul#ﬁ 93%%%%3939158&&‘1%08 pc Diluents may

be a single or a mixture of two of more compounds or agents. Diluents may completely dissolve or

partiallyPiisgshe htoreaeadr damponistalipp spaendser Haremne giabiHiieemsiesedlytsmpound of
the following-foriulanR s nWhetein i} ieRt Ba afe pestidapRRdaY, ABHaRAll. substituted

hydrocarbyl. [0027]As used herein, "electron donor" refers to a'molecule that'is capable of donating a

pair of dlaettores T olEHIBleR b IBIARCTSR S HERSRTY I aTo3 2 Be&Hd tdth¥IBgen. In some
embodigightzRalRsisife @Kﬁfs Qfethwl, SORYE E—’BJ%%%U}%E%P@IL%SIﬁ-s‘éh?@éﬁ?o@&%ﬁ@gi@%ts' halo is
m

Cl. In some embodiments, halo is Br. In some embodiments, halo is I. [0029[As used herein,

heteroafkYbte e nlBeEicrEBpdIRRY clfe MBI At AR EystEhs GoR tEmiag EISH: 1t about 15
. Ting atomgoviereip AlhleR SRS BRI AAN madsiaeainimiacome srbadinemisdie hetcroaryl

~contains 5 to about 10 ring atoms. In some embodiments, the heteroaryl contains 5 or 6 ring atoms. In
some emﬁgﬂﬁﬁ@ﬁ&?%@hgé?eﬁ@'ﬁ%ﬁ%%mlﬁelN@dﬁ@@ﬁ%ﬁoéﬁf@%,%%@@éﬁ is N, 0, or S.

In some,arpbRAIMBENs.the heteroaryl contains one heteroatom. In some embodiments, the heteroaryl

contains | to 3 N atoms. In some embodiments, the heteroaryl contains one 0 or S atom and one or

two N at8fs$]in sénasshbagimentsynd Hefero iy I irsihaniesn prdnanahybortaolyl, thienyl,
pyridyl, pystelyb hiagalywiaatipaR ¥harpZoivlits xRz ot aZoly b SHHROlRYL,AE iSoquinolinyl. In some

embodiments, the heteroaryl is furyl. In some embodiments, the heteroaryl is substituted. [0030]As

used heP@Pod)eREe ek oRdrsabiaith shevitdRtahital> Ak dioreyerebrstipwtichEontains
carbon and-fyciaash A4861% 2RI e IR AMROdIMRAS damsustitHiednn.some eskadiments, the

hydrocarbyl is alkyl, alkenyl, alkynyl, aryl, alkaryl, or aralkyl, each optionally substituted. In some

embodiARMs2 tRS PRRIr AT Ts LBiBetite RRPIIENHE Shsdkime AN HBS ARIECAIBPRIAGL substituted.

[0031]Asauisieh heiaiimeiBifeo JRfRiL QIR GURROLA AL askuas ROBoaR initisienang soehain transfer

agent. WO 2010/048023PCT/1JS2009/060/799 , ,
embodiments, the alkynyl 1s 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:
8]

R*-’”\NRZW;
wherein R'-R? are each, independently, hydrogen or optionally substituted hydrocarbyl. In
some embodiments, R' is hydrogen. In some embodiments, R’ is hydrocarbyl. In some
embodiments, R? is hydrogen. In some embodiments, R* and R¥ are hydrocarbyl. In some
embodiments, the amde i1s N, N-dimethylformamide,
[0017] As used herein, “amine” refers to a compound of the following formula:

R?_NMRB



[0032]As used herein, -initiator” refers to a compound that provides a carbocation. [0033]As used
herein, "io%g??@gﬁ%ggn" refers to a polyolefin containing at least one camﬁzmhﬁgmﬁég@ome
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

polyolefirhaitEoRne Rminsimersatheinsikpetipabyolsiasen vingitenalembiitaidolyolefin that has
been ioﬂ%@éﬁ%@”ﬂ?%ﬁ@eﬂ%ﬁﬂ%@[ Ruagtivingrpalyolefin. |ns3me&mPadiniepks: dhe ionized

polyolefin is a polyolefin containing an olefin that has been ionized into a quasiliving carbocationic
polyolefihkat aleaaB € HORBIBARS | thsGHeng B FISAYA B o AiZEdssiyBlefiigndeed from an
inifer. [003A1AS UsecbigiRinmicWis At 'glaisdemathenicalsatbythatis canakle pf aerepting a pair
of electrons. [00351As used herein, "metalloid” refers to elements that have properties of both metals
and norPMRAGISH S RSB dHAMEMBIthe metalloid is boron or silicon. [0036]As used herein, "mole
percentjggfgys to theeanpsian afiifie nupoker of MalrsIofh A anpIRY g%g;]! aurRastien to the
number of moles of all products of the reaction multiplied by one hundred. [0037]As used herein,
"mono-fTHERSH et shistary refei® to an initiator that provides approximately one stoichiometric

€q UWa'?ﬂﬁ_P;]C_arbﬁ%%%_H B%l%iﬁ{e‘at%dﬂ'F@E?E;t&"_i‘%@oﬁ%ﬂ@'&‘ﬂ%ﬁ!@i@o%lm%%déd’%%qpthe chain-end
concentration is approximately equal to the initiator concentration. [0038]As used herein, monomer"

refers tCAHBIEHE HRRP & AP BrasHtATRG AitA s eBbBeReEH eI aABthisr earesrdion.

1003915 4srd-fareiimdmylinnstiepatdnialut e fravouan sfiaerihsbRrovidesRpproximately x
stoichiometric equivalents of carbocation relative to initiator, wherein x represents the functionality of

the initiSIBPORIERE: MGIFLALAERBR htetsrin Aol [ reithethartioHaRtysimBdigsEequals x,
- then theichgiprenguepacanpiatian, eduahy fimasdhe BiiRemsansant ations Phepme grahiadiments, x is

2, and the initiator is a bifunctional initiator. [0040]As used herein, "nitroalkane" refers to RNOZ2,

whereirCRS RIS ardy AT SohistsHBtdisiahts! 1 RBTRITO AR e IRERS WV ¥BSlyolefin” refers to
a polymeydhlkenprigasaideastiva Qlplim eARNAR8IS kit SRMeAMBIdMEAtR{heRdyRiREN has a

molecular weight from about 300 tq in excess of a million g/mot. In some embodiments, the polyolefin
has a mdRiar weigkicdh s abBiterorsism tromoyfridhah seprabintidaitieion 2k polyolefin has a
moleculgioygightehiremn abauid AL ja ;00,0 NekIbEameEMNRadimenis atlae polyolefin has

a molecular weight greater than 200 g/mol. In some embodiments, the polyolefin has a molecular

weight GRORSRHRICEOE ST LETNECE O HERLA RIS BIS B Kas Eolecular weight greater

than 60@ugimpl. InsomedarpkRodimariscifsPaimlairhasvomalectifryveiafogyerigs than 800 g/mol.
In some embodiments, the polyolefin has a molecular wejght greater than 1000, g/mol. In some

embodiff & b bieienn HAEsHHBReRfF Mg HEGRaRKET IARS0B]' gTmBe! W¥GHd%embodiments,
the polyglafinhaganMedawiaiiweight greater than 10,000 g/mol. In some embodiments, the polyolefin
has a molecular weight greater than 100,000 g/mgl. In some embodiments, the polyolefin has a
molecular weight greater than 500,000 g/mol. Inj@?ne embodiments, the polyolefin has a molecular
weight greater than 1,000,000 g/mol. [0042iAsRisedterein, "polyolefin group” refers to monovalent

_ polyolefin substituent. [0043]As used herein, "pseudohalide” refers to a substituent that resembles the
-_reactivitybfraindlideaisateleneimexample, cyano, azido, cyanate, thiocyanate, or isothiocyanate. [
0044]A5¢ipeq herainy yasiivinogaihasationichaplafineralers nasarbesatiapigolyolefin that has

been formed under quasiliving cathocationic polymerization conditions. [0045]As used herein,

"quasiliiticeabisseatiiie besgHBc 4118 miennditth SorerYscrs R0 nd HearameRCrbIliesRving
po'ymerﬂ&ﬁ%&?&%"ﬁ@é@t‘tﬁéecﬁﬁkﬂ&ﬁ{ié@ﬁ%%r%h%%ﬁﬁ&m{&&g%ﬂ%l_lﬁ%ﬂé{ﬁiﬁlﬁo‘%mi” termination

and minimal chain transfer. Quasiliving polymerizations proceed by initiation followed by propagation,
whereingrssagating (Fomyapediechrash BHRIMHURCNRE Aorcieaphbatihgyieniaomgusilymer
chains. 100461As tised befebhcsHbsiHIRdRIRmSIRdNE ESPRICE ALORS GhiMALe Substituents. In
some embodiments, only one substituent is present. In some embodiments, the substituent is alkyl. In
some efiBBENHBREE the substituent is alkenyl. In some embodiments, the substituent is alkynyl. In

some emypadimentss thesHasiuentisanylidh seme.amhediments sterubstifentds pli@pd. In some

embodiments, the substituent is aralkyl. In some embodiments, the substituent is halo. In some
emboditfehtsatHasPBEPmSHIadrERIBHIIINE SHRRSENBENMBRRIIFREOSR AoRitionsi© EtEdhIkyl. In

some eRAIMEMND AR SHOSIEHER ISirbenium ion and counter-ion pairs.



1-SH1-S-R . In some embodiments, the substituent is, wherein R is alkyl, aryl, aralkyl, or alkaryl. In
some embggdiments, &g substituent is furyl. In some embodiments, the supstitient s, WL,
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
substituldHi241-1-0R vitseddinrRiis sRpman/ion faliyir cSHERATYFIors S0 deienib stliiats, the substitucnt is

a pseudphaidenlQ0dddAs LRadE ek IRIEFIRHERANAIRNR o "EIIS IR SROMAIGHE-DINID &

functionalized endgroup. [0048]As used herein, "tert-halide terminated polyolefin” refers to a polyolefin

that corfansitistib AhIRE (BRI 3l SCBFH TP IS sH R e MtodimderE Ceh otErsitibeeiinated
polyolefinhas dhgfallowipgiformuiastdtdstloR FilBa MdatelpiR 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

optionall§ B stitutbyagdiseaibyldfoent) afas de hasid, ddwimeragenbrs (oBneErdr Pusseapable of
initiation:ad, ProRAGALGNT 3k RS SERASFERIRSBhAbIRER b/ A ﬁm&a@grﬂﬁosltémméwﬂaﬂon and
e

propagation occur simultaneously or nearly simultaneously at the three sites. [0051]As used herein,
"vinylidshesabyerih Rt otatve BEiets G sORBRFIRIthat contains at least one vinylidene end group.

In somg @E@Pdimﬁ@%sé@%éf@ﬂ!id@i@ﬁrﬁﬁ@M@Qt@%‘%@lﬁﬁ&ﬁﬁ%mﬁé alouingofasmuia: CH2 RR2;
wherein Rl is a polyolefin group and R2 is optlonallgl suzbstltuted hydrocarbyl or hydrogen. In some

embodiments, R2 is hydrocarbyl. 4.2 METHODS~5-R?;
wherein R! and R? 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.

[6G28] As used herein, “halo™ refers to halogen. In some embodiments, halo is F, Cl, Br,
or 1, In some embodiments, halo is F. In some embodiments, halo is Cl, In some
embodiments, halo is Br. In some embodiments, halo is 1.

[0629] As used herein, heteroaryl refers to a monocyclic or multicyclic aromatic ring
system containing about 5 to about 15 ring atoms wherein at [east one ring atom is a
heteroatom. In some embodiments, the heteroaryl contains 5 to about 10 ring atoms. In
some embodiments, the heteroary! contains 5 or 6 ring atoms. In some embodiments, the
heteroaryl 1s monocyclic. In some embodiments, the heteroatom is N, O, or S. In some
embodiments, the heteroaryl contains one heteroatom. In some embodiments, the heteroaryl
containg 1 to 3 N atoms. In some embodiments, the heteroaryl contains one O or S atom and
onc or two N atoms. In some embodiments, the heteroaryl is furyl, imidazolyl, pyrimidinyl,
tetrazolyl, thienyl, pyridyl, pyrrolyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, thiazolyl,
quinoliny!, or isoquinolinyl. In some embodiments, the heteroaryl is furyl. In some
embodiments, the heteroaryl is substituted.

[6G30] 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,
cach optionally substituted. In some embodiments, the hydrocarbyl is substituted. In some
embodiments, the hydrocarbyl is not substituted.

[0031] As used herein, “mifer” refers to a compound that acts as both an initiator and a

chain transfer agent.



4.2.1 OVERVIEW [0052]In some embodiments, provided here are methods for preparing telechelic

polyolefins,[Q0R3IWVjthopt being limited to any theory, in some embodime S described
herein prosézz[ed by the pathway shown in the following scheme: -11- CH3 }[g%@ &]@?%RA-S-S-RB

8" 'vi, and/or RAa | SaS-R8H3C RBS' CD-"S41 TR3A R1R2R1R2 alcohol or amine alcohol, amine, or
thiol RA®IIZDR 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 1on. In some embodiments, the ionized polyolefin is a tert-halide terminated
polyolefin that has been ionized info a cationic polyolefin. In some embodiments, the ionized
polyolefin is a quasiliving carbocationic polyolefin. In some embodiments, the ionized
polyolefin is a vinylidene-terminated 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.

[6035] As 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.

[6037] 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
ipitiator concentration.

[0038]  Asused herein, “monomer” refers to an olefin that is capable of combining with a
carbocation to form another carbocation.

[6039] As 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 1s 2, and the initiator is a bifunctional
nitiator.

{0040] As used herein, “nitroalkane” refers to RNO;, wherein R is hydrocarbyl. In some
embodiments, R is alkyl.

[0041] As 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/mol. In some embodiments, the polyolefin has a molecular weight of
-9



OR H3CH3C 1.--)cS RA and/or RR2R1- -sR2R1R2 sulfide-sulfide- terminatedterminated

. : ) : S : o o : : volefin
polyolefinp [ ed fromderived from disulfidethiol addltlonaddltlon wherein RI is a poly
group; R2 S{ ;}grlc@g%% or hydrogen; RA, RB, and RC are each, independéridy S4By or
substituted hydrocarbyl; M is a metal, transition metal, or metalloid; Y is independent!y halo or alky!g _
and a arftb[8 abeus 30N, tindieS8NdEmty, in sotegentrodinients 2the]pOB4)bTiadmesambediments, 1MaYii is

derived (1R &EHARAHA 0956 RRAN A dAOmE S TPHD S AMAT 2o sol o & tanium

halide. In some embodiments, MY is-Ti .
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. Tn 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.
[0042] As used herein, “polyolefin group” refers to monovalent polyolefin substituent.
[6043] As used herein, “pseudohalide” refers to a substituent that resembles the reactivity
of a halide substituent, for example, cyano, azido, cyanate, thiocyanate, or i.sot_hiocyanate.
[0044] As used herein, “quasiliving carbocationic polyolefin” refers to a carbocationic
polyolefin that has been formed under quasiliving carbocationic 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.
[0046] 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
MEHSH. In some embodiments, the substituent is -E'S“R, wherein R is alkyl, aryl, aralkyl, or

alkaryl. In some embodiments, the substituent is furyl. In some embodiments, the

substituent is

-10-



[00551Without being limited to any theory, the following compounds are stable intelmediates in the

methods dgg% hgrgin at low temperature: 0 n RA MrhYr .3,-,0H n RB MarY 59009/66%93-RB and/or
)cS-S-RA R1R2 10R2 In some embodiments, such intermediates are observaiﬁe by spectroscopy.

WO 2010/048023PCT/US2009/060799 [00561In certain embodiments, provided herein are methods
for preparing a vinylidene terminated polyolefip, c&%prising: a. ionizing a polyolcfin in the presence of
a Lewis acid or mixture of Lewis acids toform‘gﬂTﬁiﬂ'Béd polyolefin; b. reacting the ionized polyolefin
from step (a) with one or more disulfides to formafintermediate; and c. reacting the intermediate of

oo TSRS SRR e H ot B SR OF NN R L &R, or
e e S0 5 B AEONO, BA AR 8 LR o
wherein R is alkyl, aryl, aralkyl, or alkaryl. In some embodiments, the substituent 1s a
pseudohalide.
[6047]  Asused berein, “telechelic polyolefin” refers to a polyolefin having a
functionalized endgroup.
[¢048] As used herein, “tert-halide terminated polyolefin™ refers to a polyolefin that

contains at least one tertiary halide end group. In some embodiments, the tert-halide

terminated polyolefin has the following formula:

CH,

X
R™ CH,.

wherein R 1s a polyolefin group and X is halo.
[6049] As used herein, “thiol” refers to a compound of the following formula:

R-SH .
wherein R is optionally substituted hydrocarbyl.
[6050] As used herem, “trintfer” 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 simultancously 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:

ji"z

R ORZ,

wherein R' is a polyolefin group and R* is optionally substituted hydrocarbyl or hydrogen. In
some embodiments, R? is hydrocarbyl.
42  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-



| /1-(CH2),-X Fi3 -HCH2)p-O-SI-R4 or wherein m is 1-3; nis 1-3; p is 1-3; X is halo or a pseudohalide;
Rx is alkyl%aj;){[lévgﬁd%tert-butyk and R4 and R5 are each, independentl @{Jf&,}ggy)@@%yl, or
alkaryl; comprising: a. lonizing 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 2010/048023P S7U§2009/060799 RA-s-s-RB to form an intermediate;
and c. reacting the intermediate of step foy With oMeYer 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 Rl is a polyolefin group; angkRe is-ahkyl, aryl, aralkyl, alkaryl, substituted alkyl,
or substituted aryl; comprising: a. ionizing a polyelefin in the presence of a Lewis acid or mixture of

Lewis acids toform an ionized polyolefig; e
HiG Ry o e HyG RS Ma
8=8—R*® S=8—RA
- k ) and/or )( )
R R
alcohol,
aming, RC-gH
ar
thiol OR
CH, HsC R HC . H;C .
— o S—R
R?J‘LR2 R1)<§2 R and/or R1)<§2 R R1)<R2
vinylidene- suifide- sulfide-
ferminated terminated terminated
polyolefin polyolefin polyolefin
derived from derived from
disuffide thiol
addition addition

wherein
R’ is a polyolefin group;
R? is hydrocarbyl or hydrogen;
R*, R®, and R are each, independently, hydrocarbyl or substituted hydrocarbyl;
M is a metal, transition metal, or metalloid;
Y is independently halo or alkyl; and
a and P are each, independently, an integer from 1 to 20,
[0054] In some embodiments, M, Y is derived from a Lewis acid described herein. In
some embodiments, M, Ypis derived from a titanium halide. In some embodiments, ~
M,Ypis “TixClo.
[0055] Without being limited to any theory, the following compounds are stable

intermediates in the methods disclosed herein at low temperature:

o ©
HSCIQTC)MUYEB Hscl??C)MaYbA
5=5—R d/ 5=5—R

R1)<R2 and/or R1)<R2

In some embodiments, such intermediates are observable by spectroscopy.

w] 2w



b. reacting the ionized polyolefin with one or more compounds of the formula: RA-s-s-RB to form an
intermediafg, Whegreif,RA and RB are each, independently, alkyt, aryl, or gbstituige,alddeand
c.reacting the intermediate from step (b) with one or more compounds of the formula: Rc-SH 4.2.2
IONIZED POLYOLEFINS [0059]lonized polyolefins may be made by any method known to those of
skill in tHO8H. ExdmpresihernbrliBynsra ROt RS ieTIE Ihmivthostdar Ramers WA BDdiWRPacid; ionizing
a prefo%&g@gﬂgf%wﬁﬁ,%&ﬁ%iﬁg@d in the presence of a proton source; polymerizing an olefin
monomer under quasiliving carbocationic polymerization conditions; or perfoiming the "inifer" method.
[0060]In some&mbodiidhts athel sz Bdpaty st EakoritimmndorRdtag %gﬂsﬁ‘dfé?i%ﬁiﬁﬁ some
embodiggents, the ionized palyRlglinantainsipneMY; more carbocation -14- WO
2010/048023PCT/US2009/060799 end groups. In some embodiments, the ionized polyolefin contains
one carbocatidh end gﬁfﬁlﬁglW%W%ﬁéﬂﬂ%@ﬁt&%ﬁh(ﬁé&ﬁbl%@ﬁ%ﬁtﬁ#%%é‘arbocation end
groups.gf,some embodiments;theripaized aplyolefin contains three carbocation end groups. In some
embodiments, the ionized polyolefin is a polyisobutylene with a cationic end group. In some
embodiments, ¢he ioriRE b6 BferTacd BRb iR %@%wwweml@éﬂg%a@mssmov

Polyisolgigtene Cin3daalanizednalypleling Ham Rihalides 100610 semeismbesimnents, he ionized

polyolefm is derived from a ten-halide terminated polyolefin. In some embodiments, the ionized
polyoleﬁheif(ﬁ@tl%d 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-chIorid(?:twgqS R%d polyisobutylene of the following formula:

or

HsC. .CHs
R’xS—RB
or a mixture thereof;
wherein R' is a polyolefin group;

R* and R are cach, independently, alkyl, aryl, aralkyl, alkaryl,

H
“HHCHIn— $HCH Ny EHCHa S
Hoh Y, s, 1y A 1) Hcrax
R?:
:  ~H{CHy)—O—S|—R"
- "(CHz)n"'O_R , O RS

wherein mis 1-3; nis 1-3; p1s 1-3;
X is halo or a pseudohalide;
R* is alkyl or aryl;
R? is tert-butyl; and
R’ and R are each, independently, alkyl, aryl, aralkyl, ot

alkaryl; comprising:

a, tonizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
to form an ionized polyolefin;

b. reacting the ionized polyolefin from step (2) with one or more compounds of
the formula:

-13-



H3C CH3 PIB CHS3. [0062[Tert-halide terminated polyolefins may be made by any method known to
those of ski d%l?@gq%%p%s]ln some embodiments, the ionized ponoIefirbiéaﬁgﬁr@ﬁ%% 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 termingted polyelefin with a Lewis acid. [0064]In some
embodiments, the tert-halide is derived from an inifer (b)lonized polyolefins from preformed polyolefins
[0065]In some embodiments, the ionized polyolefin is derived from a preformed polyolefin. In some
embodiments, such piefglined palelefincontains one or more double -15- WO
2010/048023PCT/US2009/060799 bonds. In some embodiments, such preformed polyolefin contains
one double bofd. In d6mETENIBOBEIMEHEIanen BeefdrmethpoiyslemeTe AgdiglsoBarytene derivative. In
some emhgndiments, 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
polyolefiflA%he pﬂ@ﬁ@wﬁ%}éeéwa@%i@mﬁlé@ﬁ@wam fslsth prspRsip slyeraRpURignerated
by contggling-apreformed 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 ponoIefin—i@%e@mersated by contacting a polyisobutylene derivative
with a proton source in the presence of a Lewjg €sig. ft some embodiments, the ionized polyolefin is
generated by contacting a preformed polyolefin containifig one or more endo olefins with a proton
/'source in the presence of a Lewis acid. (c) lonized polvolefins from the jailer method [0067]In some
“-embodiments, t %J&giﬁeqspglgécfl%flr&.is dr%rivedngom an inifer using methods known to those of skill in
the art. Non-limiting exa_mpF ot such methods are described in U.S. Pat Nos, 4,276,394 and
4,568,732, each of whithsistiytomdratetkhl séiferghsebistraied dtksbroesehstiodirdents, a monomer is
reacted C\gglh ggrilni,fer carrying at least two tertiary halogens under cationic polymerization conditions.
In some em%o w%'ents, the inifer is a binifer or a trinifer In some embodiments, the inifer is tricumyl
chloride, paradicumyliehioride, e yadtimyihhomidesr(ch) ¢drikedolvd efimsifton ofdfivicsmodemers
under ?Lgasi- living carbocatj %c&qlé{mzeer&zrﬁ{g@ ggﬂditions [0068]In some embodiments, the ionized
polyolefin is derived from oleftnic monomers u dle'r guasi-living carbocationic conditions. Under such
conditions, a qoasi-liviergitag bbeativaic polyolefin ivitfenesaetosSusimyendifions thedpdseubchieved 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-#hingeR&mples of such methods are described in EP

206756 B1 and WO %8%%&%89(?1@%#1‘?#&01‘ which are incorporated by reference herein. [0069]In
some embodiments, the ionized polyolefin’is a quasi-living carbocationic

wherein R* and R® are cach, independently, alkyl, aryl, or substituted aryl,

and

c. reacting the intermediate from step (b) with one or more compounds of the

formula:
RE-8H

4.2.2 IONIZED POLYOLEFINS
[0059] lonized 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 performing the
“inifer” method.
[6060] In some embodiments, the ionized polyolefin is a carbocation terminated

polyolefin. In some embodiments, the ionized polyolefin contains one or more carbocation
-14-



polyisobutylene of the following formula: WO 2010/048023PCT/US2009/060799 H3C CH3 CI-13 CH3
[0070]Somg Hopiiiyking examples of reagents and conditions suitable for[;pig Bmgg%producing
guasi-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

polyme2g Al For @aorsienbrsinentotka bl dolypblindcentoih oie QORI a%d wherein Ra
and Rb ge,indgpendentiybydienena!imiany balatinebarakybrrevidschihat aldeastane 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,
ethcratdnHpine N epeupcs.dhsdriyer nokersarrmEanhires, REDRYIaAEN ZeHdriesBen groups
containingREEAROhARM AU RAHIZECAR PRI B RROMeenhesienf olbuRDianddtare
hydrocarbon groups containing oné carbon atom to about 8 carbon atoms. In some embodiments, X' is
a ha|ogémh@d%@ﬁﬁlése%mﬁ@gwlwiﬁﬁeﬁma@nwgam eelineredomaikiructure 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 R Hs&Each hydrocarbon groups containing one
carbon atom to about 8 carbon atofiglfispithty!amitiati f butylcne polymerization. In some
embodiments, the initiator is a cumyl, dicumyl or tricumyl hali &{OO?Z]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., trilcumylchloridc); 2,4,4-trimethy1-2-chloropentane;

2-acetoxy-2-p 9ylpr9(plﬁggdi woHRYLAESIR R e nRIRRIONY 1-2-phenyl propane, i.e., cumyl propionate;
/ 2-methoxy-2-p enylpm%mmmﬂ-di(}methoxy-2-propyl)benzene, le.,
*di(cumylfidétHy| gtﬂx@ﬁﬁ@@@@bﬂ(ﬁ%@tﬁd@@@@éﬁﬁﬁ@éﬁé? Kerieiddueny iiethrBeser):;
2-chlorqz2, 44 tEmeIiPRR ARG &HY g&ﬂédﬂn%ﬂéﬁ%fﬁ?%%% ﬁ@p@(ﬂ%hmg%@m@ Borm a tert-

1,3,-di(2-chloro-2-propy0-5-tert-butylbenzene (bDCC). n Some embodiments, the initiator can
be monebfardeoranibitfshpabnidfisr ientitiramidionaniSepdeekaistieoteriondiflertetionaitiditators
include 2-ehire:2- 1B dRIRRANE AR RRNEMRRRAR G ARIPRIGNY 2 haBMiRroPane,
2-methoxy-2- phenylpropane, 2-ethoxy-2-phenylpropane, 2-chloro-2,4,4-trimethylpentanc, 2-acctoxy-
WO 201e7oasaed palyaleSpoudtostragde Acmpipediibettane 12 sropiomppdimentsitisthylpentane,
2-methqyy; 2.4 ?@IVH&%Y&%@W&&?@Q&G&%&&E WREHIRERIBNGLARG e of the following
2-chloro-2,4,4-trimethylpentane. Some examples of bi-functionalinitiators include
1,3-di(2ferBHs-2-propyl)benzene, 1,3-di(2- methoxy-2-propyl)benzene,
1,4-di(2-chloro-2-propyl)benzene, 1,4-di(2-metpgg§y-@ﬁ§)ropy@,b§nzene, and
5-tert-butyl-1,3,-di(2-chloro-2-propyl) benzene. Song examples ofmulti-functional initiators include
1,3,5-tri(2-chloro-2-propyl)benzene angk, 3,5-tri(2-ymethoxy-g-ropyl)benzene. In some embodiments,
the initiator is 2-chloro-2,4,4- trimethylpent ;3-diR-chforo- et;%pyl)-S-tert-butylbenzene, or
dicumyl chloride. In some embodiments, the initiator is 2-chloro-2,4,4-trimethylpentane. (i) Monomers
~100741pEee emBRdinRB R MR MRNURRIILSIA IS ALARAR MORQRINLE kASAMBeKI gentaining
.only hydrogen and carbon atoms, including but not limited to, olefins and diolefins, and those having
from ab@ﬂﬁz%héft%ht 20 carbon atoms, e.g., from about 4 to about 8 carbon atoms. Some exemplary

monomegggaFude isphbAene dsheRReHRSER DiepSSRRrenS hUtadiens c2metingls hutene,

3-methyl-1-butene, and 4-meth¥I-1-pentenc. In some embodiments, the monomer is isobutylene or
1

styrene i iREERIGSHRAN RIS thenbgs reidodutRErec P edimentmbsdrEss peiectBRomer is
styrene-14%%&%&@@9%%@9@mmm&g%&ﬁﬁwmﬁm%ﬂ&%%ﬁmm%mem a

mixture of 2 or more monomers is used. In some_embodiments, a mixture of 2 monomers is used. In

some eRMBAIRHERE ETmiRdide GraiRsbRmdYs iRfinskth mlsoitasiiodunnBIs s b paRmsFEsote
monomeysile41p8H:dREAGE K:R0ME ERRAAIMANRIS Athe: IROAINEIS RIRRQ] YBBZSEhQ RRoduce polymers
of different, but substantially unifolia molecular weights. In some embodiments, the molecular weight of
the polﬁﬁé‘fl?s"’ﬁ’&ﬂ about 300 to in excess of a million g/mol. In some embodiments, such polymers
are low fp@éagular yaight ishid @mwiscots RAYMEIE hauing amelackagiveight 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 1,008, 00018mizd pokseleling nom prefopmadololeling methods provided herein, in some
embodimegss, thethewiscagithiziaRar, iolinasd Rigoleimelabiatideonnoprongialpalide.

[0078]Some examples of metal halide Lewis acids include a titanium (V) halide, a zinc
polyolefin. In some embodiments, such preformed polyolefin contains one or more double
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(I1) halide, a tin (IV) halide, and an aluminum (111) halide, e.qg., titanium tetrabromide, -18- WO
201.0/0480%%{)&{({2#% 9(060799 titar_1ium tetrachloride, zi.nc chloridg, AI%&IEQ%@M?%gminum
halides such as ethyl aluminum dichloride and methyl aluminum bromide. Some éxamples of
non-metal halide Lewis Acids include an antimony (V1) halide, a gallium (lll) halide, or a boron (llI)

halide, &¢ndpolarsarishiotiislioesttrisuky rapinimedebralsdungh sticts asrilmétisybandmimueme
[00791M;j Egj;l;@‘r ' ids: I ne le, a mixture of an
aluminllj\é nﬁﬁ %}I{I;I(ﬁﬁ%na%%g %%%{ﬁgr?alkyl a U%%ﬁffggr?ggﬁ%é}%ﬁggfIﬁggsggr?wig%r%%)é%{iﬁrgents, the
stoichiopielifidirasietsafimpisieried nedtiolsfio aoatkyatnn runets erdatelethien 1, while in other
embodi , theystoichi j¢ ratio. ofaltmyj ' j quggm s le nl. For
examplcra[r,%a@s oiqhi?rﬁg%ﬁioégﬁg %ﬁ%ﬁ%ﬁ%ﬁ%ﬁéﬂ%@%. eﬁtgﬁér%i)glkyl alur%ﬂg%gfﬁggund; a
stoichiofREEAe mtbwwfymmigﬁnﬂpﬁm@mﬁ@m Aigivitnund cormeounembe dimithiometric
ratio of ¢ RTURYWR U MRICE R Kialul AMIBHD 63085 A% ABRINGRXAMR!Enapixture of
aluminum tribromide and trimethyl aluminum is used. [00801In some embodiments; the Lewis acid can
be addeHdif deudshendsmbBragtamusnsre i, the oreseiuet ok avorereidnlorsemafiquot, e.g., two
aliquotseyYateciien Mengrs LR HAsHs understaos 1o angetardinaty skl i Mg Atk some electron
donors are capable of converting traditional polymerization systems into quasiliving polymerization
system$oBhe easeuitiebrad thitheprias srgedbedrarsitere Performisddifthtn srssence of an
electron.AaRAinA82HN;seme SMDeLMER S ARR RIPEY RBARARIIS gaelgaaiﬁ&&@a@@é?m@vwith Lewis

acids. In some embodiments, the electron donor is a base and/or nucléophile’ In some embodiments,
the elecifbh HBFIPISSEHSOIR tBE MFRipReting Dk raftoviny Spremrembedimendmisdimniss, the electron
« donor iS,8RORgANIS PaREAIYRE RIBAALINABISH NG BACHRIEACHNLI%iAR ARIgEnIOSOmR
‘embodiments, the electron donor is N,N-dimethylloni amide, N,N-dimethylacetamide, or

N, N-dieBhARECEiAPIHO80IRIE Erilb SHfiisatacerl 8lk&trdnagtshor is a sulfoxide. In some embodiments,

the electron dqaer is gimeihyhauiaxigs tRaPre RIEPANHALE. the electron donor is an ester. In some
embodiments, the electron donor is methyl acetate or e é/ acetate. In some embodiments, the
electron $MHdr is dbrIuprETROSHRIBHIBE IAdarde e pIsBnie desi e imae o idshBFRErimethy|
phosphatesiuErRRPRPIAS ArdiamidsherasisinypiasRials, 16 e0e eRPoimants, the electron

donor is an oxygfn-containlng metal compound. In some embodiments, the electron donor is

B | . . ¥
tetraisofFSPRIPRERS RO Yort 848324 redri 88 Gd caclr 99 YoueBiMamme @ BdTiments, the
electron-genaicisHysiding, Qbm DG SiehiativRo M3 SieMS e aReOimants ithe cleclyan denakis a
compound of formula: R4-7-t-%%R2 R3 [0084]wherein RI, R2, R3, R4, and R5 are each,
indeperfdehiftiRuRa ST b HylFREMYE BRIRPSHEER 6rrditians R semRMPRAMENSY: 1% and R5
independeetys R widctusesd aipRaticr ipgefanadiddaahautdcabanatemepbadsised aromatic ring
of about 5 to about 7 carbon atoms. In some embodiments, R1 and R5 are each, independently,
hydrocdBAdiSHENR 2 IRorske pR/ieH BN F60ilf some embodiments, the electron donor is
2,6-di-tert-buty{gyridingnisdl wWelNose it ¢ 1 iRENMRR itMotdiR- A RRYEIdine, 2-methylpyridine, or
_pyridine. (v)Common lon Saj}siﬁraq:z{gﬁo%gﬂdﬂ@gl@@%@]@@%ﬂ&&@mﬁﬁpbodiments, common ion salts

“.or salt precursors may be optionally added to the reaction mixture in addition to or in replacement of

the eleqsoagyononlBsamensmbadime ks, iSHER SBHS, B1eNR YseekofipaIeAsethedonissienath,
suppress free ions, and interact with ligand exchange. In some embodiments, the common ion salt

precursBrIE S - B BRFATRBFRUAT EHIBRALIONS s SIS S FIAREHIE N $ha F¥HHMBE®N salt precursor is
tetra-nbiiylapamaniupoinslichn i seme.ambedinepisitprancantrion &f tie.a0mmeinign.salts or salt
precursors in the total reaction mjxture may be_in the range from about 0.0005 moles per liter to about
0.05 mARLs, AR iR 8 %%Himé?ﬁg%mgﬁwgﬁsfmﬂﬁeaeaﬁwaﬁrm Like8Fsalt

precursgsg isliledhe Jaiagedinat abe vbAOADINRIRS BEk itesdoARRIHLR; B8R mlasPeliitesdlg-some
embodiments, the concentration of the common ion salt or salt precursors is_in the range from about

0.001 N8BT BB RP4 s BSEHEET00 Pinbisd: pRPRbm U BLr BRIDBA RN pesiods are described
VINYLIRENE2GERN iNARE VOQIOHE LN A0 b Semenembrdingniss PIvierehesein are

methodﬁglperirg)reparing a vinylidene

[6069] In some embodiments, the ionized polyolefin is a quasi-living carbocationic

polyisobutylene of the following formula:
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terminated polyolefin comprising: a.ionizing a polyolefin in the presence of a Lewis acid or mixture of

Lewis acidﬁigpggmoqgognized polyolefin; -20- WO 2010/048023PCT/USZQ,(():E1/ %%%@ﬁgacting 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 tesnain isobutylene. (a)Disulfides 100891In
some embodiments, more than oné;digsihdiglisaised>4q s embodiments, one disulfide is used.
100901In some embodiments, the disulfide is a compound of s formula: RA-S-S-R8 wherein RA and

RB ind Akl ary! kyh alkaryl, -1+ (CH2)--1-(CH: IR3 -1-(CH2)0-0-S!-R4
are ey ndegsndsi Al TRl AU ada (GHRE (GR Ty R3 -L-(CH2)

or whereinm'is 1-3; nis 1-3; p is 1- or a pscudo x Is alkyl, aryl, aralkyl, or alkaryl;

R3 is tepehunghizatebns producinggeasdiRngreobadhfiindepehe datlyilaiiyiclanyl, aralkyl, or alkaryl.

100911In some embct%imeniﬁi{g%ggsulfide Is a compound of the formula: RA-S-S-R8:
[00671] 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 (X'-CR.Rp).R. wherein R, and Ry, are independently
hydrogen, alkyl, aryl, alkaryl, or aralkyl, provided that at least one of R, or Ry, is not
hydrogen; and R, has a valence of n, and n is an integer of one to 4. X'is an acetate, etherate,
hydroxy! group, or a halogen. In some embodiments, R,, Ry, and R, are hydrocarbon groups
containing one carbon atom to about 20 carbon atoms. In some embodiments, R,, Ry and R
are hydrocarbon groups containing one carbon atom to about 8 carbon atoms. In some
embodiments, X' 1§ a halogen. In some embodiments, X' is chloride. In some embodiments,
the structure of R,, Ry and R, mimics the growing species or monomer, In some
embodiments, such structure is a 1-halo,1-phenylethane initiator for polystyrene or a 2,4,4-
trimethyl pentyl halide mitiator for polyisobutylene. In some embodiments, R, Ry, and R, are
each hydrocarbon groups containing one carbon atom to about 8 carbon atoms for the
initiation of an isobutylene polymerization. In some embodiments, the initiator is a cumyl,
dicumyl or tricumyl halide.
[6072] 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-propylhbenzene, i.e., collectively
dicumylchloride; 1,3,5-tri(2-chloro-2-propyl)benzene, i.e., tri{cumylchloride);
2,4, 4-trimethyl-2-chloropentane; 2-acetoxy-2-phenylpropane, i.e., cumyl acetate; 2-
propionyl-2-phenyl propane, i.e., cumyl propionate; 2-methoxy-2-phenylpropane, i.e.,
cumylmethyl ether; 1,4-di(2-methoxy-2-propyl)benzene, i.e., di(cumylmethyl ether);
1,3,5-tri(2-methoxy-2-propyl)benzene, i.e., tri{cumylmethyl ether); 2-chloro-2,4,4-trimethyl
pentane (TMPCI); 1,3-di(2-chloro-2-propyl)benzene; and
1,3,-di(2-chloro-2-propyl)-5-tert-butylbenzene (bDCC).
[0G73] 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-propionyl-2-phenylpropane, 2-methoxy-2-
phenylpropane, 2-ethoxy-2-phenylpropane, 2-chloro-2,4,4-trimethylpentane, 2-acetoxy-
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wherein RA and RB are each, independently, alkyl, aryl, alkaryl, R3 1-(C1-12)n-O-Rx -1-(C1-12)n-X,
orR5- whegginn.is. 1=3,p is 1-3; Xis halo; R3 is tert-butyl; R4 and R5 are ' tly, aryl or
eg? 1Pkt d ' ’ yh SRCRnBAGRRRdSHLY. ary
2@3?5 aﬁﬁ /genticﬁ. 0

alkyl; and or aryl. 100921In some embodiments, RA and RB are | 093)In some
embodiments, RA and RB are alkyl, aryl or alkaryl. WO 2010/048023PCT/US2009/060799 [0094]In
some embddimentsy Renng. R i aid 2 fbdgsmedoinerdmBodimehes yRAdthd RB are alkyl of 1 to

about 1Q:caioneAROSIYSAME SRAMMAIRARALAERG M Sl ARRn (et DU
isopropyl, phenyl, or tolyl. [0097]In some embodiments, RA and RB are methyl; ethyl, tert-butyl,
isopropPre @igmpbeod]hi-fermbcnslisifinsentinokdehd -Ri2a¢blatend-nerrBiyhaeshrbviiGr tolyl.
[0099]In,50M&-E *BI%W)%. angdiRB IS dert-butyls [QOA( me embodiments,
RA and RB a?:ﬁg]opropyl.la[%%?%?]l’r? ?of(fe@gﬁf%ﬁn%%?éﬁ}%% %%%%fl%ﬁ? [00102] In some
embodifensd )Rz RB &fer’-butyl-1,Indilisblosmbamen et e - Somagntap Brdodiments, n is

L. In futhetemRelime Rz SRld. NFur @%ﬁi@&@ﬁ%@éﬂ%@/&&@%@§lﬁmﬁome
embodiments, RA and RB are -1-(CH2)n-X [00104]In further émbodiments, n is 1. In further

embodifEAS s RNK L IbraFEPemBoamRAR G 3131 T CHOB] gt Het-EMISdRIetts, X is F, CI, or Br.
In further, EBOHIRERIS, PSISE @rBFo-2-propyl)-5-tert-butylbenzene, or dicumy] chloride. In

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

(ii) Monomers

[0074] In 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 sobutylene, styrene, beta pinene,
isoprene, butadiene, 2-methyl-1-butene, 3-methyl-1-butene, and 4-methyl-1-pentene. In
some embodiments, the monomer is isobutylene or styrene. In some embodiments, the
monomer is isobutylene. In some embodiments, the monomer is styrene.

[6075] In 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.

[6676]  In some embodiments, the monomers are polymerized to produce polymers of
different, but substantially uniform 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.
(iiif Lewis acids
106077] In the methods provided herein, in some embodiments, the Lewis acid is a non-
protic acid, e.g., a metal halide or non-metal halide.
6678} Some examples of metal halide Lewis acids include a titanium (IV) halide, a zinc

(1) halide, a tin (IV) halide, and an aluminum (111} halide, e.g., titanium tetrabromide,
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In further embodiments, X is CI. In further embodiments, X is Br. 100106] In some embodiments, RA
and RB arg /bR Rpetff33071in further embodiments, p is 1 In further embogimgnisgp dgdedn 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

embodifHantempefragh oRid e rene fldeyidaoh Fe o] sk sotiardnibs Brhdpt suAuaa sR5 are phenyl or
methyl. I spmecRbedinenta ReANdRRi A ReRTDIAIcale{A0LI LI saes aaRediments, the

inteiniediate of step (b) is reacted with one or more alcohols. In some embodiments, more than one

alcohol lcndeAciAsdaiede sbaekiments Ghealidshsas isad Hxdn oaborsrEh/itide09/060799

1001121 n 50rH8 SRMSHIBENS HIEQICONAL R M COMPAUE QLI formuta Ritihywherein R is alkyl of
1-8 carbons. In some embodiments, the alkyl is a straight hﬁ/drocarbon chain. [00113]In some

emboditi8ild, theMicore of MewRiHBPBREASH BT asHis Zaptythesethoin Spe ssaputlensl. [00114]In
some eﬁiQ&Q%QWHﬁaﬂ'&ﬁxﬁi&ﬁmm@H@@%diﬁqgé@%@bn%ﬁ%ﬁy&%ﬁ?éﬂd% 868G ytaggl [001151 In

some embodiments, the alcohol is methanol or isopropanol [001161In some embodiments, the alcohol

is rneth&RbEENaRinds Jooeliopritis s BEaniemd [thd ideinctiateyb ALipnusy is sEeid with one

or moreigiRineshiR $OBIRRRRBHINENIE, MOQIRANDIRERMING & HRRLnlSaMFIRMRAdIments, one
amine is used. [00118]In some embodiments, the amine is n-butylamine, 2-ethylhexylamine, tert-

amyl a”ﬁrﬁélk&} Wﬁﬁ%’fﬁé‘? &saﬂ%@ﬂanﬁi%;xampie, a stoichiometric ratio of about 1:1 aluminum

(ITT) 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 (I1) halide
to trialkyl aluminum can be used. In another example, a mixture of aluminum tribromide and
trimethyl aluminum is used.

[0080] In some embodiments, the Lewis acid can be added in a suitable number of

aliguots, ¢.g., in one aliquot or more than one aliquot, e.g., two aliquots,

(ivy  Electron Donors

[06081] As 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 herem are performed in the presence
of an electron donor.

[0082] In 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-dimethylformamide,
N,N-dimethylacetamide, or N,N-diethylacetamide. In some embodiments, the electron donor
is a sulfoxide. In some embodiments, the electron donor is dimethyl sulfoxide. In some
embodiments, the electron donor is an ester. In some embodiments, the electron donor is
methy! acetate or ethyl acetate. In some embodiments, the electron donor is a phosphate
compound. In some embodiments, the electron donor is trimethyl phosphate, tributy!
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.
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(d)Product Distribution [00119]In some embodiments, the methods described herein selectively
provide vinylidene-ietptinated polyolefins In some embodiments, vinyIidengé%yﬂg%@%mg/oleﬁns,
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 pt88Bils, addl wctaThed sty CEtdw BRI iianridintopslpsieding desupied pbiyolefins,
and sulfidg:terminated Rolyalelins Ao ML EARAUSP.FA312Q4IN 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 terminat alMolefin forHied is at least 40 mole percent of all
products. In some embodiments, the vinylidene flermjnated polyolefin finrued is at least 60 mole
percent of all products. In some embodimenités4 idene terminated polyolefin formed is at least
70 mole percent of all products. In some embodimgnts, fhe 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 ehff8dimentgitranihy RteRe, BlnindtBd polyaieimdoperattis at indsigto midipdperednt:of all
product e dj ts, vinylide rmingted p of] IS, £ mole
percentggfkgllfdglgégﬁ’c%#%?ngé’ ggn)ggéé%gﬁfg?t e V|ﬁy%ggri%gﬁﬁggé%{%g%ﬁe%ﬁr?gﬁég is at most
40 molerserebnbwitalltprduut (s chibsoratommbbdifmdisramatiinytid edehenniratebopb i oteionformed is
at most, ol f ts. In sO ( me inyli erminsate yolefin
formed fggél?g m(%f& %qgno g %%b&rﬁg’ggéﬁ%er% l%%&%ﬁ;%%gﬂ? eﬂnwéggg?ﬁw\%%s%%%h%/%ﬁ gftie %inated

- polyolefiydopgrad is at most 80 mole percent of all products. In some embodiments, the vinylidene
terminaiggholafiIpmathisash mast B9 ACIERRIGERL QLGS AR ARREPARATIQN OF
SULFIDE-TERMINATED POLYOLEFINS (a)Preparation of sulfi e-terr?{l ted polvolefins via
terminafichdeactlishpwithark ahb - airasHinbyrifoos. Z2methsnwadinsbedimeatss 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 thereofyyhereigRinsrarprlgelafimarasw SRR rdirLagh, independently, alkyl,
aryl, aralkyl, alkaryl, -HCHZ2),,"-1-(CH26-31N -+CH2)p-O-SI-R4 orR5 wherein m is 1-3; n is

1-3; p igdeBeX is halpekamssuRehalidehada RIKYLAE 8F%alt 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 tetra-
n-butylammonium chloride. In some embodiments, the common ion salt precursor is tetra-n-
butylammonium iodide In some embodiments, the concentration of the common ion salts or
salt precursors in the total reaction mixture may be in the range from about 0.0005 moles per
liter to about 0.05 moles per liter. In some embodiments, the concentration of the common
ion salts or salt precursors is in the range from about 0.0005 moles per liter to about 0.025
moles per liter. In some embodiments, the concentration of the common ion salt or salt

precursors is in the range from about 0.001 moles per liter to about 0.007 moles per liter.

4.2.3 PREPARATION OF VINYLIDENE-TERMINATED POLYOLEFINS
[06087] 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

to form an ionized polyolefin;

220~



R3 is tert-butyl; and WO 2010/048023PCT/US2009/060799 R4 and R5 are each, independently, alkyl,

aryl, aralky‘;vcprﬁ]fm%{ﬁ?mprising a. ionizing a polyolefin in the preseng%fﬂ,fugzlﬁ% X Jd or mixture
of Lewis acids tofolio an ionized polyolefin; b. reacting the ionized polyolefin‘from’s epéai&with one or

more compounds of theformula: RA-s-s-RB to form an intermediate; and c. reacting the
intermediate obstep (Bagtitkeche ionistedicobbsiomamines) [00h.o6} i swmedsmlfsidnents, provided
herein agg. methods for prepg{liqlgt@ﬂﬁggig&t%a‘ninated polyolefin of the formula: H3C CH3 RI S-RA Or
H3C CH3 RI S-RB ; or a mixture thereof; wherein Rl is a polyolefin group; RA and RB are each,
independently calkyl, &gttakarylimarichpympOise- 24 wifcer) commys 41¢ckdy oxXaRBsherein n is 1-3;

P is 1-3ygpigghalo gr & preudohalide: R3isfaiRil K4andRpaieieasns pdareadgoty. aryl or alkyl,
and Rx is alkyl or aryl, comprising:
terminated polyisobutylene.

(a)  Disulfides
[06089] In some embodiments, more than one disulfide is used. In some embodiments,
one disulfide is used.
[6096] In some embodiments, the disulfide is a compound of the formula:
RA-5—-8-R?
wherein R and R® are each, independently, alkyl, aryl, aralkyl, alkaryl,

H

HHCHn Oy CH— N -HCH— S

Hor _U bk, _E/) bk @’E—(CHz)n“X
R3

E _ -HcH),-o-si—r¢

~£{CHy)y—0O-R ,or RS

wherein mis 1-3;n1s 1-3; pis 1-3;

X is halo or a pscudohalide;

R™ is alkyl, aryl, aralkyl, or alkaryl;

R’ is tert-butyl; and

R and R” are cach, independently, alkyl, aryl, aralkyl, or alkaryl.
[0491) In some embodiments, the disulfide is a compound of the formula:

RA-§—S~RB.

wherein R” and R® are each, independently, alkyl, aryl, alkaryl,

R3
~$-(CH)p-O~§i—R*
FHCH)—O-R AHCH X RS

wherein n is 1-3; p 1s 1-3;
X is halo;
R is tert-butyl;
R’ and R” are each, independently, aryl or alkyl; and
R* is alkyl or aryl.
[0092] In some embodiments, R* and R® are identical.

[0093]  In some embodiments, R* and R” are alkyl, aryl or alkaryl.
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a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids tofolio an ionized

polyolefin; Qd%ﬁﬁ;}ﬂ%ﬁ% ionized polyolefin from step (a) with one or morewﬂgg&gg@eformula:

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 emb(_)dimentsA 12.° isBa polyisobutylene group. (i)Disulfides [00125] In
some emté&imen@, sperectbpdonenssipsaddoftiseermula RA-S-S-RB is used. In some

embodigyais; one compOMRRE e oA RA®S: SiRE isUPer. {0012 Lin,sqme embodiments, RA

and RB are identical. [00127] In some en}bodiments, RA and RB are alkyl or alkarylsome
embodiff88), RA areRBearBodiRyNt S dRbettrmetiy] . Rven RE Braeatkiiol. Tsepstiolt 10
carbons, @ %}I&ﬁﬁme embodiments, RA and RB are methyl, ethyl, propyl, isopropyl, phenyl, or

tolyl. [00129 In some émbodime_nts, RA and RE are methyl, ethyl, isopropyl, or tolyl. [00130] In some
emboditf¥ft8, RAEeRBearBodERresyRoraahR (001 BEfhHls et daibbuimeneyrfyylant Ryl are

isopropyh 681321 1n sameAIRaimenie: %Wa%%ﬁ%ﬁ,@%%@%ﬁléfbgﬁ% gSngodiments, RA and

RB are -1-(CH2),-0-Rx . In further embodjments, n is 1-2. In furthér embo iments, n is 1. [00134] In

some ed¥¥88iments, 3908 5&%@§@%@éﬁ%&%ﬁé’ﬁt§?lﬁqdeE rooP85ilin some embodiments, RA

and RE @i do{CFiRbothdnfuthenembedimenis? nyisilodpjther embodiments, nis 2. In further
embodiments, n is 3. [00136]In further embodiments, X'is F, Cl, or Br. In further embodiments, X is Cl

or Br. IntA4tALk entBsE ostingents. R futHdr emid6ainiBhts, X is Br. [00137] In some embodiments,

RA and fgg1ang RIHO0QLRSLRSHEReempodingts,p is 1. In further embodiments, p is 2. In further
embodiments, p is 3. WO 2010/048023PCT/1282009/060799

FCHOR 1) further embodiments, nis 1-2. In further embodiments,nis 1. In
further embodiments, R” is alkyl. In further embodiments, R™ is aryl.

[00163] In some embodiments, R* and R® are
$+CH) =X
[00104]  In further embodiments, nis 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.
[00106] In some embodiments, R" and R” are
R?
-§~(CH2)F,—O—S§—R4
R5
[06107] In further embodiments, p is 1. In further embodiments, p is 2. In further
embodiments, p is 3.
[60108] In further cmbodiments, R* and R’ are identical.
[60109) In further embodiments, R’ and R’ are aryl. In further embodiments, R* and R’ are
alkyl. In certain embodiments, R* and R” are tertiary alkyl.
[00110] In some embodiments, R* and R’ are phenyl or methyl. In some embodiments, R*
and R are phenyl,
{b) Alcohols
[00111] In some embodiments, the intermediate 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.
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[00139]In further embodiments, RI' and R5 are identical. [00140] In further embodiments, R4 and R5
are aryl. | ek gbadiments, R4 and RS are alkyl. In certain embodimgpts, R]ahdFrdre tertiary
alkyl. [00141] In some embodiments, R4 and R5 are phenyl or methyl. In some embodiments, Rl and
R5 are phenyl. (ii) Alcohols [00142]In some embodiments, the intermediate of step (b) is reacted with
one or B Zlcohalsomessnhe EmpridinheritsobpkisfceriPiunded.ths &smuslembodiments, 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 alcfgh_%liﬁ methanol or isopropanol. In some embodiments,
the alcohol is methanol. (iii) Amines [00145]In someé €mbodiments, the intelmediate of step (b) is
reactedwitcone o alereodimigesYsnsome embodiments, one amine is used. In some embodiments,
more than one anglgeijs used LOO](?E In some négodiml()ents, the amine is R6-1?1- R7 wherein R6 is
alkyl; arld FP5 PR PSS he e B RIS ﬁ? ERARE5P AR 1-8 carbons. [00147]In some
embodineentiss|R6Tis allod ehbolieashrnsiclalsoineiembidingrithaRE, iSolerdnybl, ar ethyl. [00148]In
some em o‘[dgiment , R6 is butyl. [00149] In some embodiments, R7 and R8 are hydrogen. In some
embodiff ?)ﬁl?oli ﬂﬂ/?ﬁ%'é)g’ﬁg 150] In some embodiments, R7 and R8 are each, independently,
alkyl of p@1adiboris. 4602 Bhibidiseme,ehthodindits:tRG,dR isapebRBElre icbrtioalatiolsomec-
embodiments, R7 and R8 are identical. [00152]In some embodiments, R7 is methyl, ethyl, or butyl. In
some e%ﬁ%‘?}nents, R7 is methyl. In some embodiments, R7 is ethyl. In some embodiments, R7 is
butyl. -2B0MED 2000O48QABRIANMEHEL ARONEMRMD % methanol or isopropanol

[00116] In some embodiments, the alcohol is methanol.

(c) 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.
[60118] In some embodiments, the amine is n-butylamine, 2-ethylhexylamine, tert-
amylamine, triethylamine, or dibutylamine.

() Product Distribution

[00119] In some embodiments, the methods described herein selectively provide
vinylidene-terminated polyolefins. In some embodiments, vinylidene-terminated polyolefins,
polyolefins containing endo olefins, tert-halide polyolefins, coupled polyolefins, and sulfide-
terminated polyolefins are reaction products. In some embodiments, vinylidene terminated
polyolefins are the major products, and polyolefins containing endo olefins, tert-halide
polyolefins, coupled polyolefins, and sulfide-terminated polyolefins are the minor products.
[60120] In some embodiments, the vinylidene terminated polyolefin formed is at least 10
mole percent of all products. In some embodiments, the vinylidene terminated polyolefin
formed is at lcast 20 mole percent of all products. In some embodiments, the vinylidene
terminated polyolefin formed is at least 40 mole percent of all products. In some
embodiments, the vinylidene terminated polyolefin formed 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.
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[00153]In some embodiments, R8 is methyl, ethyl, or butyl. In some embodiments, R8 is methyl. In
some emb%gtﬁﬂ}§4£gis ethyl. In some embodiments, R8 is butyl. [00155&13@%} /%%%gjiments, 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

method$/8&3tlibeln Keresreadiedivensplvvidesdisaaresrinpbnqiuyeisnifsrordie sbmsid 0H3C CH3
R1S-RAQE HAC CHARI SRB10 B QU BRIeRl, [0S e A0 IRpme EmbedimsBiSolofin
vinylidene-terminated polyolefins, polyolefins containing endo olefins, tert-halide polyolefins, coupled
polyoleffaEngghé stimest&liniakaea g oferihprartssadticeprorubestimessniberibdiiments,
sulfide-temipaled BANAIAING ARe dRe MAURE RIPHURS A0 PONPIGIDE AN taINpg.endo olefins,

tert-halide polyolefins, coupled polyolefins, and vinylidene-terminated polyolefins are the minor

product8Mouisenisfitthershdsaaitiernatedosliadreommrdds Bonpsiciihaebeprganeobelbast 10
mole pgsmm‘. ath REPOLIELSL A IRMR, eRRRedImEn!s «haaullide saroninatestpelylefing fprped are at

least 20 mole percent of all products. In some embodiments, the Sulfide terminated polyolefins formed

are at |SBSIATTHBIEP SIS GBIt drotpesSbedimeimbsdimshtsnmisBundeddehirksd polyolefins
formed ﬁfﬁrﬁ:ﬁ'?s%i%ﬁ@s%%%ﬁ(})%%éﬁft 3t RI9duaiR«dn FOBREMRAUMRALS, the alfidrdgrminated
m

polyolefins formed are at least ole percent of all products. In some embodiments, the sulfide

terminatedpEisiepholsimderarelds rasesd rvrlgrsEsHt of all proditiiss. In some embodiments, the
sulfide teaminapqorplyeleiTe P IS ¢ AS IR RMMOleTRaCROIOf O prPdusts. In some
embodiments, the sulfide
some embodirfnts, #EeBARIEL
~product®itB01581In further 868beARBATIBLS.

“mole percent of all products. In some embodiments, the sulfide terminated polyolefins formed are at
most 20 $d2 berée sppranpredimessipeite Ehssonire methads dorensirarateliigelyolefins formed
are at mesh#atRIQieIPsIeeRbLetRl Bragdugts. 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 8 le prescent of all products. In some embodiments, the
sulfide terminated polyolefins formed are at mast'8g npgle 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 polyol&fins 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 ag_'dgion 001591 In some embodiments, provided herein

are methods for preparing a sulfide-terminated fg&% &fin of the formula: H3C CH3
R' “s-RB

or a mixture thereof;
wherein R is a polyolefin group;
R* and R are cach, independently, alkyl, aryl, aralkyl, alkaryl,
H

“4-HCHIn— %y HCHIm— Ny -E+CH S
o Y Fio i o 1) tcrx
R3
%  ~HH{CHy)~O—S—R*
$H{CHo=O-R* RS

wherein mis 1-3; nis 1-3; pis 1-3;
X is halo or a pseudohalide;
R* is alkyl or aryl;
R? is tert-butyl; and
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R1 S-RA Or H3C CH3 Ri or a mixture thereof; wherein R1 is a polyolefin group; RA and R8 are each,

independegtly ,alkyl,casyl, aralkyl, alkaryl, R3  -E(CH2)r-0-SI--R4 orR5 whereln i isdrd Nis 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 RS are each, independently, alkyl, aryl, aralkyl, or
alkaryl,comprising  a. ionizing fpsRyRTiA Ak, presberResiE, I@E'W{saéﬂdf’é?l ktbfe of Lewis acids
tofowl a.‘gmgwged potg/&ggg%m b. reacting the ionized poly/olefin from step (a) with one or more
compounds of the RA-s-s-RB fo form an intermediate; and c. reacting the intermediate of step (b)

with one or mate thiolSMFIA 8OTH SEHIB Briflsatifi i ohrol/RIES HErem BrstHiR Bidefisrasiéparing a
sulfide- ggrminated polyolefigpfihg foimulp, siGEH3 R1 S-RA Or

b. reacting the ionized polyolefin from step (a) with one or more compounds of

the formula:
RA-§~5~RP

to form an intermediate; and
c. reacting the intermediate of step (b) with one or more alcohols or amines.
[006123] In some embodiments, provided herein are methods for preparing a sulfide-

terminated polyolefin of the formula:
HsC
R1

CHs
S-RA

or

HaC
R1

CH
XS—BRB :
or a mixture thereof;
wherein R' is a polyolefin group;
R* and R® are each, independently, alkyl, aryl, alkaryl,
R3

—§—(CH2)p—o—s§—R4
FHCH—O—R* H-(CHX o RS

wherein n is 1-3; p is 1-3;
X 1s halo or a pseudohalide;
R® is tert-butyl;
R’ and R’ are each, independently, aryl or alkyl; and
R* is alkyl or aryl, comprising:

a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
to form an 1onized polyolefin;

b. reacting the ionized polyolefin from step (a) with one or more compounds of
the formula:
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H3C CH3 Ri S-RB , or a mixture thereof; wherein Rl is a polyolefin group; RA and RI3 are each,
independ 5{,}4 l, alkaryl, R3 1-(CH2)p-O-SI-R4 | / -1-(CH2),-XR5 I Is1-3;nis
1-3;pis 1%%(2@ alltl%%};%S is tert-butyl; and R4 and R5 are each, indepen e%’ﬁgg%éﬁg%(a l%yl;
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 intermediatg; ang.e.reacting the intermediate of step (b) with one
or more thiols. [001611 In some embodiments, Rl 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 qf e-formuia,RAgSre-Bis 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 all§/l. In S6AtERs b HifERed FR0AAGIRB)ardlamys of mescatevhalo Gamdes: [00165] In

some ?fﬁh@gﬂrenﬁ’sﬁﬁb@ﬂo@rﬁéﬁt@ﬂhﬁla%%s%%%%ﬂé‘%?&%[%%yl’ phenyl, or tolyl. [001661In some
yl.

embodiments, RA and RB are methyl, ethyl, isopropyl, or tol 167] In some embodiments, RA and
RB are isopropyl or tolyl.

(i) Disulfides

[60125] In some embodiments, more than one compound of the formula R*-S—S-R"®

is used. In some embodiments, one compound of the formula R*-$—8-R® {5 used.

[00126] In some embodiments, R* and R® are identical.

[00127] Insome embodiments, R* and R® are alkyl or alkaryl. In some embodiments, R*
and R® arc alkyl. In some embodiments, R* an R” are alkyl of 1 to about 10 carbons.
[60128] In some embodiments, R* and R” are methyl, ethyl, propyl, isopropyl, phenyl, or
tolyl.

[00129]  In some embodiments, R* and R” are methyl, ethyl, isopropyl, or tolyl.

[00130] In some embodiments, R* and R® are isopropyl or tolyl.

[00131] In some embodiments, R* and R® are isopropyl.

[00132] In some embodiments, R* and R” are tolyl.

[00133] In some embodiments, R™ and R® are

WEW(CHz)“"O_RX. In further embodiments, n is 1-2. In further embodiments, n is 1.

[00134] In some embodiments, R* is alkyl. In some embodiments, R* is aryl.

[66135] In some embodiments, R* and R® are

WEM(CHQ"_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 ¥, Cl, or Br. In further embodiments, X is Cl or Br.
In further embodiments, X 1s Cl. In further embodiments, X 1s Br,

[00137] In some embodiments, R* and R® are

R3
~§(CH,),~0O—SI—R*
R5

[60138] In further embodiments, pis 1. In further embodiments, p is 2. In further

embodiments, p 1s 3.
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[001681 In some embodiments, RA and RB are isopropyl. [00169] In some embodiments, RA and RB
are tolyl. [Qgil)?ﬁ]"l’gbmg}e embodiments, RA and RB are In fitrth%;m%ggﬁg)@ﬂ gN is1-2. In
mbodim

further embodiments, nis 1 [00171]In some embodiments, Rx is alkyl. In some e ents, Rx is
aryl. [00172] In some embodiments, RA an RB are [00173]In further embodiments, n is 1. In further
embodit®eAdP]n ide furlergrabatipatimBnesdRs @e[0on724l In further embodiments, X is F, Cl, or Br.

In furthgh1RRPdIMe AT DAL REIR, TRABRY Rmi}qu’@?rﬁ%f&&&?&ﬂﬂo‘?&i?ﬂ%%‘isewb&}ﬂrﬁe&t@ X is Br.
[00175] In some embodiments, RA and RB are R3 -1-(CH2)p-O-SI-R4 R5 [00176]in further

embodifrks [p 58ri2in snrbrdinesnisoBinsedtR g tortiprvurksk embodiments, p is 3. WO
2010/04867230C TRISLAOMARARALIQ0A7 Z1a further rmpbogimenis: Re sl Randrritentical [00178]

In further embodiments, fe and R5 are aryl. In further embodiments, R4 and R5 are alkyl. In certain

embodigiehts, [RATAEMRS are tertiary alkyl. [00179] In some embodiments, R4 and R5 are phenyl or
methyl. In some embegjmenigcfig,RnNd RS 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 had dhERiriiula sRErSINboGHEEaS. R ialRpmeHAtC A RN, GkiritacisastitthoaamtynE substituted
aryl. [00182dn seme embadimentsthe Reldsmatkyl REd-G:crhaN AR08t ROME £ MRRdiRents, the

Rd is alkyl of 1-3 carbon atoms. [00183]In some embodiments, the thiol is ethanethiol or
n-propa él.IEO@fM]In some embodiments, the disulfide is diisopropyldisulfide and the thiol is

ethanethigh 48)somesmbedinaiistdiedissifide igditolyldisulfide and the thiol is npropanethiol. 3.
Product Distribution [00185]In some embodiments, the methods described herein selectively provide

sulfide-
= R—OH;

wherein R is alkyl of 1-8 carbons.

[00144] In some embodiments, the alcohol 1s methanol or isopropanol. In some

embodiments, the alcohol 1s methanol.

(iii) Amines

[00145] In some embodiments, the intermediate of step (b) is reacted with one or more

amines. In some embodiments, one amine 1s used. In some embodiments, more than one

amine is used.

[66146] In some embodiments, the amine is
RO-N-R®

RT .
wherein R° is alkyl; and R” and R® are each, independently, hydrogen or alkyl of 1-8 carbons.

[60147]  In some embodiments, R°® 1s alkyl of 1-8 carbons. In some embodiments, R®is

butyl, \/\)i}‘f, \)it, or cthyl.

[00148] In some embodiments, R® is butyl.

{00149] In some embodiments, R’ and R® are hydrogen. In some embodiments, R7is
hydrogen.

[06150] Insome embodiments, R’ and R® are cach, independently, alkyl of 1-8 carbons.
[00151] 1n some embodiments, Ré, R7, and R® are identical. In some embodiments, R’ and
R® are identical.

[00152] In some embodiments, R7 is methyl, ethyl, or butyl. In some embodiments, R is
methyl. In some embodiments, R’ is ethyl. Tn some embodiments, R” is butyl.
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terminated polyolefins of the formula: H3C CH3 S-RA Or H3C CH3 RI S-RB , or a mixture thereof.
[00186]In 8% qbg%ipents, vinylidene-terminated polyolefins, polyolefi %ggdmrhg gggjo olefins,
tert-halide pg‘ryoﬁe ins, coupled polyolefins, sulfide-terminated polyolefins (?e%;:%/e ror% (?isulfide
addition, and sulfide-terminated polyolefins derived from thiol addition are reaction products. In some

embodifi8his3 Isulfitecmprainbedipaljoliinsnathatepthecs s MoisapiscodmaiasrsmBhés disulfide
reagent, are fhe majnr.Riadhiets.-Reielefing containing. end Alafing, terthalie polyolefins, coupled

polyolefins, vinylidcneterminated polyolcfins, and sulfide-terminated polyolefiris, wherein the sulfide
moiety i8Efitkd fioremiccmbsidagniontharemine mindrsrbauas, 23thyveylamine, tert-
20101048023PCT/LLSR009/080 7990 BAlRSOme SMRAsmERIs: thersulfidg derminated polyolefins
derived from dlsuﬁlde addition formed i$ at least 10 mole percent of all products. In some
embodifiéHis!aPénsulfide terminated polyolefins derived from disulfide addition formed is at least 20
mole percent of all preduicts pifl, gameHsIBRgiaNts, the sulfide terminated polyolefins derived from
disulfide addition formed is at least 40 mole percent of all products. In some embodiments, the sulfide

terminal@81581 ol firie e sy orards s dachnfit slsfaihrdd i eit et oG Imbre peecentidi-all products.

In some.emhpdimeni e sulfige srminated 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 nﬁ‘éi@g@&nt of all products. In some embodiments, the
sulfide terminated polyolefins derived from disBifideSadRfition formed is at least 85 mole percent of all
products. [00188]In some embodiments, the sulfidg 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 tgrrnigaied polyolefins derived from disulfide addition
formed is at most 40 mole percent of all produgts: B.SQime embodiments, the sulfide terminated
polyolefms derived from disulfide addition formed is at miost 60 mole percent of all products. In some
embodinrentsittuecshifidefterminated polyolefins derived from disulfide addition formed is at most 70

ole PS4 PUetichy i ans chimens e e RRSeS Rl g et fom
terminatadpolytlefjnsderidedfrhmlcinglfidezdditioly defmedasdatificst 8mole p eodgsit Hifall
procues NS e esualsiine il pduen olesln eTen snigdene, rove
whereinpRidscss palyigiefir gfoup;centa i 0g sadloyd eyl acetioplli dtariplositstitoed alkyl, or substituted
o %g”‘;o T}(ﬂ%%h%%%%%yﬁéﬁ?@%}/t%l\:%;ﬁ{?laiil‘?ey§0P§8%%%ea% BERNSAFIhRLixture of Lewis acids

[00157] In further embodiments, the sulfide terminated polyolefins formed are at Ieast 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 polyolefing

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 terminated polyolefins formed are at least 95

mole percent of all products.

[00158)  In further embodiments, the sulfide terminated polyolefins formed are at most 10

mole percent of all products. In some embodiments, the sulfide terminated polyolefins
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WO 2010/048023PCT/US2009/060799 b. reacting the ionized polyoldin with one or more compounds
of the fornw,l&: %ﬁﬁ@%@?’ to form an intermediate; wherein RA and RD a{%gﬁggoyag,ggﬁ)gdently,
yl, or 0

alkyl, aryl, ara alkaryl; and c. reacting the intermediate from step (b) with one or more
compounds of the formula Rc2-SH [00190]In some embodiments, Rl is a polyisobutylene group.

1.Disulfigex¢00193] mpesbAfaisnudisidmsab meccosipolingpatarebodinmiRALS IR is used. In

some ?E@Hﬁ%‘?@d‘{ﬁ%‘?&ﬁ&?ﬁﬂwﬁ@@a‘i@’i&ﬂﬁ&ﬁ%@@ﬁ%@e@&%‘ﬂﬁ&%{ sRidiHsS #56Hnk00192] In some
embodiments, RA'and RD are each, independently, alkyl, aryl, aralkyl, -1-(CH2)m---;-1-(CH2)

/11-(CHmDhe giresiis. B sdfid temupprd riRgtofipe fermes igra a3 mpi 403nelespergent ¢f whlo or a
pseudohalide: R 15 ik On B ISdRr ihelyd t@ﬂqiﬁﬁeag%él@ﬁﬁs%%em%%qg&w% alkyl, aryl,
aralkyl, or alkaryl. [00193]In some embodiments, RA and RD are each, independently, alkyl, aryl,
alkaryl, Rele¢rm)ptelpropurs. Hpmecrrbedimeets e xlRépimeraired Bolyglging 1-3; X is halo;
R3 is tefloitl R4 AR RBALR R RHE PR IeEEYe @YUM nad: R s Ay QT iy -

terminated polyolefins formed are at most 85 mole percent of all products. In some

embodiments, the sulfide terminated 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
with thiols

{i) Sulfide-terminated polyolefins via disulfide addition
[00159] In some embodiments, provided herein are methods for preparing a sulfide-

terminated polyolefin of the formula:

H,C
R‘i

CHa
§—RA

or

H4C
R'l

CHs,
>gre 5
or a mixture thereof;

wherein R' is a polyolefin group;

R* and R® are each, independently, alkyl, aryl, aralkyl, alkaryl,

H
FCHIm— A $HCHY— N EHCH S
o Ty o —U o Y, $CHa X
RB
:  —HCHy),—0—5|—R*
- _(CHz)n_O_R ,or RS

whereinmis 1-3;nis 1-3; pis 1-3;
X 1s halo or a pseudohalide;
R* ig alkyl or aryl;
R’ is tert-butyl; and
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[00194]In some embodiments, RA and RD are identical. [00195] In some embodiments, RA and RD
are alkyl o me embodiments, RA and RD are alkyl. WO

20101048@@?@ 0091060799 1001961In some embodiments, RA and RE 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. RCIEE’ lrreensh, endspeiharits, RitvhadyRBralilsopropyl or tolyl.
100199} {n,spme empggémgm 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 émbodiRTEAtag & Isahthﬁurméir@m@dnﬂeﬁ@sLW@amW mifuntieer drabodividnts, 121(
is aryl. [902021 In some em?@ﬁﬁ%ﬂ@%ﬁ%f&]?oﬁ@i@re [00203]In further embodiments, nis 1. In
further embodiments, n is 2. In further embodiments, n is 3. [00204]In further embodiments, X is F, Cl,
or Br. In furthebembotisatngstix ienGledrmBly ot furthermetisbddinmartong ¢ Bprinchmperrsinpbdiments, X
is Br. [09205] In some embogijmeiits, 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 certairpena b%d Fg@nts R4 and R5 aretertiary alkyi. [002091 In
some embodiments, 114 and R5 are phenyl or met n 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. to form an intermediate; and

c. reacting the intermediate of step (b) with one or more thiols.
[06160] In some embodiments, provided herein are methods for preparing a sulfide-
terminated polyolefin of the formula:

HaC. ,CHs

S—RA

or

H:C. CHs
R1><S—RB
or a mixture thercof;
wherein R' is a polyolefin group;
R™ and R® are each, independently, alkyl, aryl, alkaryl,
RE

~$(CHy)— O ~$~CH,);~0—S5i—R*
D e o, TEPTTRT

wherein mis 1-3; nis 1-3; pis 1-3;
X is halo;
R’ is tert-butyl; and
R and R are each, independently, aryl or alkyl;

comprising:

a. lonizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
to form an 1onized polyolefin;

b. reacting the ionized polyolefin from step (a) with one or more compounds of
the formula:
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[002111In some embodiments, the thiol has the formula Rc2-SH ; wherein Rc2 is alkyl, aryl, aralkyl,
alkaryl, sulstit or substituted aryl. [00212]In some embodiment ' -6 carbons.
1002131InQ§§n%Lﬁg(ﬁ%%%§iments, 12c2 is alkyl of 1-3 carbons. WO 2010/0?8%@@%@%@%6&139/060799
[00214]In some embodiments, the thiol is ethanethiol or n-propancthiol. [00215]In some
embodiments, the thiol is n-propanethiol. [00216] In some embodiments, the disulfide is
diisopropyldisulfide and the thiol is npropane 'Qé_lgm e 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 sqm%ﬁmgg%@ﬁﬂgﬁiﬁggy%ne-terminated polyolefins, polyolefins containing endo
olefins, tert-halide po]yolefins, coupled polyolefins, sulfide-terminated polyolefins derived from disulfide
addition, and stlfide-teastingtte polrolefinscddmien(romiihiviaeiitiors dreleaction products. In some
embodim@[ﬁ,]sulﬂgg(-);ﬁgrg%%gm%?kgﬁ&sa M;{&jweﬁglglq) noiety is derived from thiol addition,
are the major products. Polyolefins containing eniddo olefins, tért-halide polyolefins, coupled polyolefins,
vinylidenc-terminated polyoléfins, aRisaiiidee-terurinated polyolefins, wherein the sulfide moiety is
derived e disulfide r nt. are the minor praducts. [00219]In:seme_gmbodiments, the sulfide
terurinalfgg%g olcélﬁEO e%Se r%ol#et tﬁdlggg&?%ﬁgg?mg%ﬁlseaﬁg fggépfjl% r?{(r;rg p?éem:clseﬁ’? %Cﬁgﬁlproducts. In
some esthodiméntinihessulfide terminatednpolyaiefitidefived ok thict-affdiiandarmed is at least 20
mole pe f al| products..In somewec[gbrod' @nts, the sulfide terminated polyolefin derived from thiol
additionlré:ﬁﬁgd isl'f r“%%&%)ﬂ%‘f%%r nt 4 I 6128(5%%@?7 ' some embodiments, the sulfide
termina{éd gl oldfinsled vathirdim dhigl Rt aiioR “farmeiiis atdhast 6 mole perdet okatk lkdducts. In

- some e?%pig{yngnt t eIsquide ter@igatedt%q@oleg gerive frfofg#hiol ddii&n fqrmed is at least 70
~-mole per%en ot 8I?p|yodu%t§0.rpncseglm8 embodimefit , S i eod”p y%ﬁ Herived from thiol
additionf 6668 islatteastahmidtecpardéhind &F produsats:!|rbeinerepybodimentd, fiemsilfide
termina%gfi f)olyolefin derived from thiol addition formed is at least 85 mole percent of all products.
[00220]In <ome embodiments, the sulfide terminated polyolefin derived from thiol addition formed is at
most 10[#0dls pertestokatirminetstsRSame Rinbodimbriscthe, sSsofideptdriminalgd polyolefin derived
from thi%ga&d) ionlfosr(r}neé:lérsnagtg?rgst %Oﬁnoledrigg%?nt of allg%liod cts In some embodiments, the sulfide
terminated po olefin‘derived om thisl addition formaaie 3t mos Xb mole percent of all products. In
some efibdafhents sthecstiflseli@6atA\KD 264 BD4BORBRGIYLS2009/060799 terminated polyolefin
derived f int, addition formed is at grost 6Qsmale percent of all products. In some embodiments,
the sulfi@e8 %‘r%inﬁle%%&%% |rglelglgrrll§é frg%ét%ioarrgééilﬁ([jn formed is at most 70 mole percent of all
productﬁ?ﬂfﬁmmelemhnémﬁmhetslﬂﬁdmddkﬁmmted polyolefin derived from thiol addition formed is
at most %O mole percent of all products. In some embodiments, the sulfide terminated polyolefin
derived Fofn ol Additiom fmtiked isbo dhost 85mivle hehdnttbéathirodinetsts4 216 DILUENTS [002211
In som(:‘;ln I?Prﬁim nné[sﬁ% th m &Q%gt% %grgﬂgq hlenregr}m'g:he(?n e&lhnggstarﬁxr])ggorimed in a diluent. In
some embodiments, the-diluent is a sihgle con‘?’p'oun J0r 2 mixture of two of more compounds. In some
_embodiif#énie] theluiduert cohplatelytgiBSavéRtharceaction components or partially dissolves the
*_reaction gomponents. In some embodiments, the diluent completely or nearly completely dissolves the
reaction Tehts. In some embodiments, the diluent completely dissolves the reaction

comporygs I QI SRUPQRmERIR. e P neath FomPISiel fissavgs e gaction components.
embodiments, n is 3.
(00174} In further embodiments, X is ¥, Cl, or Br. In further embodiments, X is Cl or Br.
In further embodiments, X is Cl. In further embodiments, X is Br.
[00175] In some embodiments, R* and R® are

R3

{
~$-(CHp),~O—Si—R*

RS

[66176] In further embodiments, pis 1. In further embodiments, p is 2. In further

embodiments, p is 3.
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- chloride

[00222] In some embodiments, the diluent has a low boiling point and/or low freezing point. In some
embodime{,%, %fgi%%t is a normal alkane. In some embodiments, the dIUHxla .%QJBQ@BE’ normal
butane, normal pentane, noimal hexane, normal heptane, normal octane, normal honane or normal
decane. In some embodiments, the diluent is normal hexane or normal pentane. In some
embodit#8A thelaifusheiscmbadiantrsaReand Bonte semssdiments, the diluent is a branched alkane.
In some ybBrimENiS e AllEReR RohUanE HSARaRIANS, NEARGIARGHISANRANE, rRefRyIpentane,

2,2-dimethylbutarre, or 2,3- dimethylbutane. [n some einbodiments, the alkane is a nitroalkane.
[00223]Pksbmia esntsBummbatimerdRiemdRasralkylitalidkyln some embodiments, the diluent is an
alkyl mqpghadde gp an-alkvlpolvhalide /nsome smprdiments,dag ciantis chigsafatdhl, r*
ethylchloride, n-butyl chloride, methylene chloride, methyl chloride, 1,2- dichloroethane,
1,1,2,2-taddthsradeiethe, carbon tetrachloride, 1,1-dichloroethane, n-propyl chioride, iso-propyl
chloride, 1,2-dichloropropang, or 1,gigighloropropane. In some embodiments, the diluent is methylene
chloride or methyl chloride. In some embodiments, the diluent is methyl chloride. In some
embodih98A8)]thelaitoam ssnbpdiments. onp AeRjap atsd. alRsaand ssbadenesabodinie Hien wrediluent is
vinyl chigeide 1.ldichloroethene, 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 iBMII8ENe. INGOTROL01048023R GTF/AL B2 000186 67e0: {0075 h someierRbbdinikts, the diluent
is carbo isﬂjzﬂgﬁt %ﬂg%gfiiaiﬂgﬁm%%e&iﬁ(ﬁ”B¥9”|95?-ﬁﬁ g'g 'fri le, benzene, toluene, ethylbenzene,

g, C oré fitroalk %

methylcycldhexa benzene, or a mtrcqa ane. 6] In some embodiments, the diluent is a

mixture ¥d8d]or osenao amplordidenis, ek embbdineénits, chbdilueanis domixtgre of hexane and

~~methyl chlari u @ I S ' is from about 1:9 to about 9:1 hexane:methyl
%ﬁl@égﬁ?r%\%gl Eﬂ%l?r{[hg}zﬁrgggg%gn%éﬁ%ﬂ%%%ure is from about 1:2 to about 2:1

hexane 1$@tRJ] chloridend e wbkdirecitsfihthén @nsostinehiel suctprapawdislirom about 1:1.6 to about

L T e A T LU g st L

oride by volume. In fu ments, such mixture is about 1:1
hexane gH@tajhishioliveoy volbater s tieMPERA BURE fddize!fide sodibetbbdiments, the methods
describﬁ A gﬁ@iﬂi@fe perfollled at a temperature from about -120C to about OC. In some embodiments,
the methods described herein are performed at a temperature from about -110C to about -10C. In
some embodiments, the methods deetmididréndoa perfoluted at a temperature from about - 100C
to aboutg0ks In seveLEReMImASiE (e Meliedsdesaubarhareinareerrigimad shifdemperature
from about-90C to about -30C. In some embodiments, the methods described herein are performed at
a temperariveted pohpdeting o thy &sul240C. In some embodiments, the methods described herein
are performed at a temperature from about -7Q€ tosphout -40C. In some embodiments, the methods
described herein are perfoiwed at a temperat n.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 descril#d 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 hereintfe pefformed at a temperature of -80C. 4.2.7
CONCENTRATIONS [00228] The chain end ddncédtiltion of the methods described herein are not
IimitedNtP/ the.disclo%ed eFamples. In some embodiments, the chain end concentration is less than
0.010 MR BEHHE B ments, the chain end concentration is less than 0.050 M. In some
embodifésnssjthelakainendicoicentiatoryikitessithambdDpdlyisl fhme evbledimestsaitiagchain end
concentratjon is.ess than 0.5 M. In.same embodiments, the chain end W

0100 ST oD S O e L et o SUBHe 8RBl RS, the chain
end congentrativonsiinelidiidy tddniOr)@tdul802291Hsorieelndetimdsts;dhé&onothictoncentration of
disulfide (ifsdf{.om about %. to abaut 10 {imes the rBoI r copcenlt]g%ti(_)n of.chaiéu_ endsl. some
embodifients, the mofar Concentration of disuiige 1s from apot s ﬂ?f)éy fiie%%the molar
concentvdtioaoflchaiifidadsoikssrerambfdimdrid; dhidi dootarpean centiatianof pisdiitde is from about

1.1 to ahout 5 times the. molar congeptration of chain ends. In some embodiments,.the. molar
oo e B e e o ubTed Be Bl P T R8s, i
some emchodiatehis toé MolarcondédtrationofteisuificddS fspmbabonttie kitfidbauwidtfiiges the molar
concentr%t&on offrgga,[' %H{jﬁ.awdﬁomeaerqtgodiment%(tp%tmolar concentration of disulfide is from about
1.1to agou‘t\mzdtlmes Ye MOIar Concentration of chain ends. [00230] In some embodiments, the molar
concentration of Lewis acid is from about 0.5 to abou20 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
onde In enme embodimente the molar concentration of | ewie acid iec from ahoiit 2 to ahnirit & timec



[00232] Provided herein are compounds of the formula: H3C CH3 R1 S-RD wherein ft' is a polyolefin

group; an%?’%i A1E(0A8023PCT/US2009/060799 RD is alkyl of 1 to 7 cabpps,sidhriitdted alkyl,
unsubstituted aryl, alkaryl, R3 -1--(CH2)p-O-SI-R4 aralkyl,R5, or wherein mis 1-3; n'is 1-3; p is 1-3; X

is halo or a pseudohalide; R3 is tert-buglé RR5 are each, independent‘l_a%/, aryl or alkyl; and Rx is
§I‘

hydrocd A8Td02 3B pernzvenebefimsaimErmsuineseamiasi ne yolkdiborervicd bamdtad BiRy1. In some

embomg&l%‘iﬁ%n‘?&&&@'ﬂ@%t%és@? 0/ 1H810PB% I @%%HQ&Q?@E@%BQH@@KM&&E! faragnatn some

embodiments, RD is alkyl of 2 carbons. In some embodiments, RD is alkyl of 3 carbons. In some

emboditpentsatiRbrR g/t desarsonem disehideaddisamierrsdipaid earl £ O repkappEisat i some

embodigiepisdRR 192U OLRGIRANS: MHSaME SNBSS o RBigi Ayl o SRrbaNSy Igsome
embodiments, RD is substituted alkyl. In some embodiments, RD is substituted alkyl of 1 to 7 carbons.

[00234 ] disntlersddiab st RB okt prigeeef alkpreduttedsr o mspshedinayi&embbdiments, RD
is SubSQ&ﬁ%ﬁH@%&%t@%f@&%d%ﬁﬂ&sﬁmQQQH&m &dg supstifuterh 3yl gt Garbens. In

some embodiments, RD is substituted all of 4 carbons. In some embodiments, RD is substituted alkyl

of 5 car¥oREIHGbNB ¥mscabeAeRD RestbEdaigmarirbre lribsdorivedriaefisstidtents, RD
is substijgiashalkyhefd’ CarhoRs 7I0RRR5 100 BTe. A HRAYIMENIS s SR ispalicancHisSaIRg erRodiments,

RD is alkaryl of at least 8 carbons. In some embodiments, RD is alkaryl of 8 to about 12 carbons. In

some efpBBt#Ehre YR fa iy ré fanedist i e adsdig fopnsdissidsribiimmiamsEss D is methyl,

ethyl, tegfrbitvl, ieonropvh OLARIYHIIN SRS £ PRgiments. . RE (s iR mRI QI e dm a0inBide
embodiments, RI) is isopropyl. t%%HZl,-X [002371 In some embodiments, RD isln some embodiments,

n is 1-22388em OERIYGEIFhER igqle|peserpbod HbBERASEYs. n is 2. In some embodiments, n is 3.
-~100238{pin ggme prbadimentgintcls 2 Rsaudanalidani sepeRNBRdinenisd KdmNRaREN. 1002391

“In some embodiments, X is halo. In some embodiments, X Is F, Cl, or Br. In some embodiments, X is

Cl or Br@cﬂéﬁ%ﬁqﬁx@gﬁ%@%éi%ﬁ{gm@e@ of all products. In some embodiments, the sulfide

terminated polyolefins derived from disulfide addition formed is at most 20 mole percent of
all products. In som.e.embodiments, the sulfide terminated polyolefins derived from disulfide
addition formed is at most 40 mole percent of all products. In some embodiments, the sulfide
terminated polyolefins 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.

(i)  Sulfide-terminated polyolefins via thiel addition
[00189] In certain ecmbodiments, provided herein are methods for preparing a sulfide-

terminated polyolefin of the formula:

HaC, CHs
R1><S—R€2 :

¥

wherein R' is a polyolefin group; and
R%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
to form an ionized polyolefin;
-33-



WO 2010/048023PCT/US2009/060799 1-(CHDp-O-SI-R4 R5 [002411In some embodiments, p is 1-2.
In some em@p%q&w%zp is 1, In some embodiments, p is 2. In some embegdimeMgadniiR[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 andrEiBgelsrieniacst rabplimnadnee eonsaererrdorads o the Breplkenyl. )
[00243] In some embodiments, RD is 1-(OH2n-0-Rx In further
embodiments, nis 1. In further embodiments, n is 2. In further embodiments, n is 3. [00244]In some
embodiments, le is alkyl, aryl, aralkyl, or alkaryl. M SoreeRmbodiments, le is alkyl or aryl. In some
embodiments, le is arglkylyinsameseapgdiments, le is alkaryl. [002451 In some embodiments RX is
alkyl. In some embodiments, le,is sub§titutéd alkyl. In some embodiments, le is substituted alkyl of 1 to

about 10 carbons. In SdieiBRbgarentss R sisntrdhiLsr itarab ot yd b shariy d8the
embodiments, Bx is substifidtect avhAbdide RN FADANG HASOMERIRRNNEIIS ofats
unsubstituted alkyl. In some embodlm%nts, IV is unsubstituted alkyl of 1 to about 10 carbons. In some
embodiments, le is unsubstif@t’@ﬁlhﬂ@{fow to about 6 carbons. In some embodiments, Rx is
unsubstﬂw%?lkyhpg&ﬂg APOUt 3 SRbaNS @83&@5@&9{@@6 diments, le is aryl. In some
embodiments, le is substituted aryl. I_n’some embodiments, Rx is substituted aryl of 6 to about 12
carbons. In some embodimehts, le Bissddetuted aryl of 6 to about 8 carbons. In some embodiments,
Rxisu ituted aryl. In some embodiments, le is unsubstituted arykofd feabout 12 carbons. In
some eﬁﬁggg en?g,ﬁgy?seﬂnrggggngﬁpﬁéglgﬁg?p@ %%a %%]te és%rg} eioans. 1002471 1?1ussgrcr%elgmbodiments,
m is 1. kaeneabsdbacinemisethis 2nhceameer bodinnsuin R3S {G0RE8lisaine embodiments,

~the polyglefin group has a molecular wejght greater than 100 g/mol. In some embodiments, the
potyolcMEAT: i R W0 oAl 1 S0b ATTHEREHG BB SIS the polyolefi
group has a molecular Weigkg greater than 4OR g/r%ol. In some §mbodiments, the polyolefin group has
a molecular We'rgh@féa | é@gﬁhﬁ‘@rﬁ ‘@H%w g1e polyolefin group has a

m

erns,
moleculalkweight greater t 800 g/mol. In e embodi , the "é%'f%l"é“ﬁh group has a molecular
weight greater than 1000 g/mol. In some_gmbodiments, the polyolefin group has a molecular weight
greater than -41- WO 2019%04 023PCT. __3009/060799 5000 g/mol. In some embodiments, the
polyolefi_g_%% hasgmole b Z\)Ne@ht gg ter than 10,000 g/mol. In some embodiments, the
polyolefifi grotp has a n¥lecular weight Greater than 100,000 g/mol. In some embodiments, the
polyolefin grouphasia melacylarweighp gggater 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 Hetelf ofra Rrgetiakalidsy the following non-limiting examples. Unless expressly
stated to the contrary palid@mpesaties and temperature ranges refer to the Centigrade system and the
term "room temperature” refers to aboyt 20 to 25 degrees Celsius. 5.1IEXAMPLES 1-4 [00250] A
four-neck 250 milliliteRrod -8 #Msk was equipped with an overhead mechanical stirrer and

platinum resistance thetmeeter. Ik, assepabienyas immessadpied heptgas bath at -60C under dry

_hitrogen (();as ina substantiallki inert atmogphere glovebox. The flask was then charged with the
followingHt2dhntdnERme ¢4 Qﬁ?ﬁﬁ%xﬁn@%BiIiBfﬁt%a&khtlgéﬁﬁﬁﬁ%‘é@zf%hﬁ%@t‘?fﬁfé’llﬂoride
equilibrated at -60C, |?3
~$~(CH,),~0—Si—R*
FHCH—0-R* $HCHa=X o TR

wherein n is 1-3; p is 1-3;
X 1s halo;
R? is tert-butyl;
R” and R’ are each, independently, aryl or alkyl; and
R* is alkyl or aryl.
[00194] In some embodiments, R* and R are identical.
[00195] In some embodiments, R* and R” are alkyl or alkaryl. In some embodiments, R*
and R® are alkyl.
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10025310.43 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature, [00254]0.23 mL
2,6-dimeth§ 1%1ng4 gilibrated at room temperature, and [00255]17 mL (?Hfﬂ}%g%@@g%ﬁguilibrated at
g?/ ; eéquilibrated a

-60C. [002 en, the contents of the round-bottom flask were mixed an - 60C.
[00257]With continued stirring, next 3.1 mL titanium tetrachloride was charged to the flask. The
reactior] (L6l owlscseproebedimenisimitendRd tremethybl conthepolynterizativh sokmorlwas
charge%}&%g rgl_tggg'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 total98487bn rirares cathwielesaim ot ot theettisseylvathidristvanes wishrsaptl reetbixhol to
provide [%@Pﬁ_ﬂ?ar%ﬂvs%ﬁé%%mﬁiﬂﬂa{t@}@dgﬁt@ﬁm&%fél%ijéiﬁlﬁ gpﬂﬂﬁper. Immediately after completing

the comparative example, 0.090 g of furfurylmetpyldlgu ide was added to one of the tubes containing
a reactiVa0i88imerzansw, suMindsasass R dadBeneningseryits were added to 3 of the remaining test

tubes. E@@fﬂﬁf}’ryﬁﬁ%ﬁ?ﬂ%ﬁ%ﬁﬂﬁr&ﬂ%ﬁ?@%ﬂﬁ@%&ﬂ@ 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
terminat@RBlduedenpiyseabesimatind poNReriation test tube which contained no quencher was

then terrJ?]i_reﬁ%g v_v{ﬁhéxg of methanol to provide a final comparative example (Control A).
Non-quehchercontaininglrebietistisiveedinsat o prdviddm othpamabodibmssineifor. the quenching

reactiong, ARd- Q. AQ¥ideleIerencas for siticiialand Malseyian weight characterization in the absence

of a quenching agent. [002591The reactant quaptities for Examples 1-4 and Control A are listed in
Table I.[8& ard SRBW S TP IEBIENS(idfraydtabisExample Disulfide Disulfide (g) 1
finfurylmgl(iml%i)sg@de 0.052 2 dimethyldisulfide 0.053 3 diethyldisulfide 0.068 4

[00243]  In further embodiments, nis 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.
[60205]  In some embodiments, R™ and R® are

RB
~§-(CH,),~O—SI—R¢

RS
[00206] In further embodiments, p is 1. In further embodiments, p is 2. In further
embodiments, p is 3.
[00207] In further embodiments, R* and R® are identical.
[00208] In further embodiments, R* and R® are aryl. In further embodiments, R* and R’ are
alkyl. In certain embodiments, R* and R’ are tertiary alkyl.
[08209] In some embodiments, R* and R’ are phenyl or methyl, In some embodiments, R
and R’ are phenyl.

2. Thiols

[00210] In some embodiments, one thiol is used. In some embodiments, more than one
thiol is used.
[06211] In some embodiments, the thiol has the formula R%-SH ; wherein R is alkyl,
aryl, aralkyl, alkaryl, substituted alkyl, or substituted aryl.
[60212] In some embodiments, R“* is atkyl of 1-6 carbons.

[00213]  In some embodiments, R is alkyl of 1-3 carbons.
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di-tert-butyldisulfide 0.100 Control A None 0 5.2 EXAMPLES 5-11 [00260] A four-neck 250 milliliter
round-bott 2@}50% 3equipped with an overhead mechanical stirrer an @ m E‘iﬁ nce
thermome?é&? 15 gss%mbly was immersed into a heptane bath at -60C un ew}@r’y n%’@ogen gasina
substantially inert atmosphere glovebox. The flask was then charged with the following reactants:

[00261] 1002 ML helvasrarequilinditaenis. bodihopedprgiahprmettepiertdride equilibrated at -60C,

[OOZGB]%@gl%amI%—g&@g%ﬁb%éﬂ{ég{g_ﬂ%Qﬁ%ﬁ@%gﬂgﬂ&r@q}ﬁg@t room temperature, [00264]0.23 mL
2,6-dimethylpyridine equilibrated at room temperature, and [00265]13.3 mL of isobutylene equilibrated

at -60C [§62326k 1 Thewrthembatbmentt the déwﬁ@dséﬁtémmgpmlrﬁ@ee@éﬁ@é@aﬂibrmed at - 60C.
[002671WWih coniinued SHing. Beth2:AS Mk dianim eracisidearaiarged iuihg flask. The

reaction Was allowed to proceed 17 minutes and then 132 mL Jﬂgopropyldisulfide was charged to the
polymerifisthiThe solution was immediately poured into 60 rnL test tubes, equipped with threaded
caps, immersed in the heptage batlp paipeinetahils- (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 tubd8q&kaimplnspeemhederaivatbeswtredsigigaad ge e sslaning iubeyds selilate
examples-(8xL 14 Lé)(qugg]ﬂgeoqe{ﬁgtm%ntities for Examples 5-11 are listed in Table II. Results are
infr

shown in Table V a). Table 11 Example i‘_ll';acrmiréﬁtgr Terminator (g) 5

R1><S—-RC2 _

[00218] 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 dertved from thiol addition, are the major products. Polyolefins
containing endo olefins, tert-halide polyolefins, coupled polyolefins, vinylidene-terminated
polyolefins, and sulfide-terminated polyolefins, wherein the sulfide moiety is derived from
the disulfide reagent, are the minor products.

[00219] Insome embodiments, the sulfide terminated polyolefin derived from thiol
addition formed is at least 10 mole percent of all products. In some embodiments, the sulfide
termmnated 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 1s at least 85 mole percent of all products.

[66220] TIn 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
terminated 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
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methanol 0.80 6 ethanol 1.148 7 isopropanot 1.498 8 2-ethylhexanol 3.246 9 n-butylamine 1.823 10
2-Mbylhex&@9€)ﬂgﬂ;ﬂ 1 tert-amylamine 2.172 5.3 EXAMPLES 12-16 [(}%@%@Jﬂ%ﬁ%ck 250
d- plati

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

substanigairtes patiokpitedertioldtsox thinkatidgionsertheh isharged MHimelepfolewing #Bactants:
[00271] 72,640 _1hexpne sayiinated at-80f4d002 4l A8 Adnbmaindgbloride.eapiitprated at -60C,

[0027313.43 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature, [00274]0.23 mL
2,6-dimeddyiheyriginecd qspbraed drrobrpsariperatlrar g o0 7sIme @nbedanisb ihdenliéguilibrated

at -60C errpinated 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 formed is at most 85 mole percent of all products.
4.2.5 DILUENTS
[60221] 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.
[06222] 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, normal 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, isochexane, 3-methylpentane, 2,2-dimethylbutane, or 2,3-
dimethylbutane. In some embodiments, the alkane is a nitroalkane.
[06223] 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
chloroform, 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 dituent is an alkene or halogenated
alkene. In some embodiments, the diluent 1s vinyl chloride, 1,1-dichloroethene, or 1,2-
dichlorocthene.
[00224] In some embodiments, the diluent is a substituted benzene. In some

embodiments, the diluent is benzene. In some embodiments, the diluent is toluene.
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[00276] Then, the contents of the round-bottom flask were mixed and equilibrated at - 60C.
[OOZ??]Wi@&%WHE&girring, next 1.27 mL titanium tetrachloride was chgrgedtp g fagk. 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

titaniunm 9883Thlofie compersbRiisteniad ieHagrits gasberadsisiids osmifutekosidie sceldtiipped with
threadeg, capsJMIPEREH 0, g HaRiaRs bath-mainiaingd h:AR%-A0RLBIhEne eRGgg. reaction

was allowed to continue in each test tube for 16 minutes at which point 2.807 g ethanol was charged
to one cfthaiftisdisasxample 12). Various terminators were charged to the remaining tubes as

separatpgxaenPles chad Gin B2 AN eHEEARIRRL AUARIHGRTOF FxaBmiRRcshP@lgdlsted in Table III.

Results are shown in Table V (infra). Table Ill Example Terminator Terminator (&? 12 ethanol 2.807 13
sec-butéPiBr 4B PedindsEpBp AHYFBL 66 M BRGNS 7ubnetbebliistn il

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 1s from about 1:1.6 to about 1.6:1
hexane:methyl chloride by volume. In further embodiments, such mixture is from about
1:1.4 to about 1.4:1 hexane: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 performed at a
temperature from about -120°C to about 0°C. In some embodiments, the methods described
herein are performed at a temperature from about -110°C to about -10°C. In some
embodiments, the methods described herein are performed at a temperature from about -
100°C to about -20°C. In some embodiments, the methods described herein are performed at
a temperature from about  -90°C to about -30°C. In some embodiments, the methods
described herein are performed at a temperature from about -80°C to about -40°C. In some
embodiments, the methods described herein are performed at a temperature from about -70°C
to about -40°C. In some embodiments, the methods described herein are performed at a
temperature from about -60°C to about -40°C. In some embodiments, the methods described
herein are performed at a temperature of -40°C,  -45°C, -66°C, or -80°C. In some
embodiments, the methods described herein are performed at a temperature of -40°C. In
some embodiments, the methods described herein are performed at a temperature of -45°C.
In some embodiments, the methods described herein are performed at a temperature of -60°C.
In some embodiments, the methods described herein are performed at a temperature of -80°C.
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 0.610
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
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5.4 EXAMPLES 17-21 [00280] A four-neck 250 milliliter round-bottom flask was equipped with an
overhead Qﬁﬂg stirrer and platinum resistance thermometer. This aﬁ,ieg}g oaR.dragersed into
a heptane bath at -6 C 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 mLcméq«m@mrﬁ@éeéﬁqmﬁ@rbféMatinsmle[@@@géj@l@QSgﬁamcméﬁmqmcantmﬁQW|pentanc
equilibr%tg% iRerature, [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 rourl89338bm mseoigerabaiian o dtee minbrateacsR T SOT, ?@GEE‘?&WHN&@WM@H S#ftring, next 2 28

mL titanjymy teaghioride was, charasetiadhe flasky Thesreactionsas.Blanariaragsgd 18 minutes

and then 1.89 mL ditolyldisulfide was charged to the polymerization. The solution was immediately

poured fisereuigiioteat dineEdadufppadthod threadeenedpanpnhesetaironecniptumeobstidihaintained
at -60C 1002881, The Ausaching, reacimyash alowed 1Q Saniinge. It eaeh 1sshiubedrspkiminutes at

which point 1.40 g methanol was c harged to one of the tubes (example 17). Various terminators were

chargedit8th P aneMIARIIEIBBANS §6 SARPRC A NP RSN SO dImERE BiSIyPREHZ06ANESEUbe which
containgd e, areNEhesWasdhe fepminaled writh e shmethanehia e ideraifinaicompasative

example (Control B). Non-quencher- contalnlng reactions were used to provide a comparative baseline

for the quebrFimeiedbaonedPIsPovIge rifdiantds ol emuetar lahtp monsEd EMRRIERL
characterizationinthealsenes.af andvenching.agenidiA0R&Ithadeactantayamitiss for Examples

17-21 and Comparative B are listed in Table IV. Results are shown in Table V (infra). Table IV

Exampléﬁ@ﬁﬁﬁfﬁt@?%iﬁa’t&@?Wﬁ%’éﬂﬁéﬁdbi%IQ@WW of §Da19 idsutylamine 3.19 20

[60230] 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 1s 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 clectron 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,

43 COMPOUNDS

[00232] Provided herein are compounds of the formula:

HsC. ,CHs

X

RI” "S-RV
wherein R’ is a polyolefin group; and
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triethylaminc 4.41 21 n-propanethiol 3.32 B methanol 5.0 5.5 EXAMPLE 22 [00290] A four-neck 1000
milliliter rowggﬁ%mo%sk was equipped Wi'Fh an overhead mechanical 5t§5§ﬁ%§f&ﬂ'jﬂ9@}dl}‘ resi_stance
thermometer. This assembly was immersed into a heptane bath at -60C under dry nitrogen gas in a
substantially inert atmoDsphere glovebox. The flask was then charged with the following reactants:
[002911189 mL hexaRe &qukibretddat -catoeceystinig mlicvhetmsibsiiviidd abitibratdd at -60C,
[0029316.25 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature, [0029410.48 mL
2,6-dimethylpyridine equilibr b mperature, anQ;Q@;p?)ﬁléQ@p_l___Qf isobutylene equilibrated
at -6OC.MEL 012010/048023P 1U&3008/9 Z@nggg%d Then, thé contgpts of the round-bottom flask
were mlxeakgrid equilibrated at - 60C. [00297]With continued stirring, next 2.08ML titanium
tetrachlggi%mg%&dqwged 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 alitsethaqéiéntHesaddition, [38;24 mL titanium tetrachloride was charged
to the reaction mixture and the solujiqp Hﬁ?osﬁllpﬂggd%ﬁﬁﬂg, 22 minutes. The reaction was then
terminated by addition of 29.3 mL tritg:t_hylamine equilibrated at -60C. The solution was stirred for 10
minutes and then 73.2 mL methand} equfiiblatet at -60C was charged to reaction slowly. The solution

was removed from the glove box apd gg@ﬁ@@g&g&q@_@gﬁéﬁg@@% fggegmpﬁ{dambient conditions.

The hexane/polyisobutylene layer was washed with a 5% aqueous HCTI solution and then
deionized1-120 until extracts were Redftraydnsarie organic phase was dried over MgSO4, filtered, and

concentig§odAn afGRVARBEIN RS SIS g AWy Eaﬁ!snwwﬁ%h&féu@egw.%ﬁs&ﬁe [00298] A

four-neck 1000 millilitef, round-bottom flask was equipped with an overhead mechanical stirrer and

~platinunsrbsdiesas tRerinatietef g sssemmplylhvsemprndedanims.Rnapeikeliohtharbenc under dry

' nitrogengasqa esyheiaaialk e RIMeFPRErERIO VAP BRfAF YA, henchirygse jith the
following reactants: [00299]169 mL hexane equilibrated at -60C, [00300é156 mL me})h_ylchlorlde

equilibr&fshoss -cocorsosobpstimegtak 2181k o 4 aathensthiipemeasabedimsitted aisabi
tempergjpke: JAR30214- 3B ed s aimatiyy Ry ridine, e or AL d AU RO QS ICTIRRIAMEG I ARD 15
alkyl of 7 carbons. In some embodiments, R” is substituted alkyl. In some embodiments, R®
is substituted alkyl of 1 to 7 carbons.
[00234] In some embodiments, R” is substituted alkyl of at least 3 carbons. In some
embodiments, R” is substituted alkyl of 3-7 carbons. In some embodiments, R is substituted
alkyl of 3 carbons. In some embodiments, R” is substituted alkyl of 4 carbons. In some
embodiments, R” is substituted alkyl of 5 carbons. In some embodiments, R” is substituted
alkyl of 6 carbons. In some embodiments, R is substituted alkyl of 7 carbons.
[00235] Insome embodiments, RPis alkaryl. In some embodiments, R”is alkaryl of at
least 8 carbons. In some embodiments, R” is alkaryl of 8 to about 12 carbons. In some
embodiments, R is alkaryl of at least 14 carbons.
[00236]  Insome embodiments, R is methyl, ethyl, tert-butyl, 1sopropyl, or tolyl. In some

embodiments, R” is isopropyl or tolyl. In some embodiments, R” is isopropyl.

[00237] Insome embodiments, R" is —E_(CH‘?)”_X. In some embodiments, nis 1-2. In
some embodiments, n is 1. In some embodiments, nis 2. In some embodiments, n is 3.
[00238] In some embodiments, X is a pseudohalide. In some embodiments, X is N3 or
CN.

[00239] 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, R” is
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[00303]65.4 mL of isobutylcne equilibrated at -60C. [003041 Then, the contents of the round-bottom
flask Wereﬁlgg(g@ﬂ&&guilibrated at - 60C. [00305]With continued stirring,[,%flﬁ]%&o;iﬁ%%m
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. Imme&f’ately after the quencher addition, 34.5 mL titanium tetrachloride was charged to
the reactiofChhiktofe-&imRhe solution was allowed to react 10 minutes. The reaction was then
terminated by additiorRdf 30.4 mL triethylamine equilibrated at -60C. The solution was stirred for 10
minutes en 81 mL methanol equilibrat t -60C was charged to.reaction slowly. The solution
s rem BUEA ot 1 B B VI 6 o SO IS S Fltro A ncier ambent
conditioasbdlierkexapaiiblyiscbmity leneokdiyersas washed with a 5% aqueous HC1 solution and then
deioniz untjl extracts were neutrgk The wet organic phas s dried aver MgS04, filtered, and
concenﬁrga‘t’gg%n aqflo‘ %%ev%%év?a %?ﬁéés%lt%ngfgs rgv%/%efﬁl gblgl\g’l ﬁﬁ%@?@%iﬁaﬁﬂ 03061 A
four-neck &g ImittilieriraundsbdttamtilaR k and Re quiped withcariaoverhbatimeath &ieatRiteee and
platinum resistapce thermameter, This assembl immersed into a heptane bath at -60C under dry
irogen e L s A R gt with e
followingmbadiantsts[0030id Ri @mmpheexhne equilibrated at -60C, [00308]73 mL methylchloride
equilibrated at -60C, [00309]0.62 gram 2-chloyo-2,4 4-trimethylpentane equilibrated at room
temperdi24 L0002 3mio@Bedim@Ryipyridine eqtilBratbdfattteorntbodparatsre,iand [00311]13.3
mL of isl%b tgi[%nebg?luilép@ted ai %(‘)3 : 0031%1 JO{Q%% ghe 1%oj’ntents of the round-bottom flask were
mixed an equdlﬂ%ra ed at > 60C: [0 ith con mue& ‘s%rrlng, 2 28 rriL titanium tetrachloride was
- charged 8624 fladk tormitimddtisrisas R/éne odlyandrizalion, FhelpolimBrizatiormiasiatienred to
-proceed,17 minutes and then 3.15 g tert-butyldighenylsiloxyethyldisulfide, was chakged to t
oy merts o oe B e s R R UG o 16.4
lit dibutyjiéfiRiid. The solutionbwdsnarsdved fidyl tHe spovechoodindeut| alifel corbpdiuérnts Nodre
evaporgied ynder ambienteqpdivons, Thenenansii ayaiasashedyith,a 5% aqueous HC1
solution and then dcionized H20 until extracts were neutra u+ he wet organic plﬁase was dried over
MgSO4¢filterdichcarr] RO ncentstiteddalleytatbévapbratar cRbsults lareoshowmtindiiabies\R(infra). 5.8
SRQC%?@%%@%%&M& NIRRT ORI SResTRNEEe fARG 1 900 @
arian Z) spectrophotometer using samples concentrations of 3 percent to 5 pefcent
(weight/seeigrtpirodDos. R NMRbspettdhaliarofiddd fbrantlysisbohthdresmingroups. Fractions of
exo-olefin,.e -olefinxter ' C fin,. i IBthiget in ends,were
abtained L T g e e o R R
2010/04862BROTAI SRGDO06E78D 6 8. taPROCEDURE FOR CALCULATING THE FRACTIONAL

exo-0leROT R o SR (BSIAD AER it SO GG QIS Sl COuRe

J!gg ggi;tigps of
exo-olefin, endo-ole ainen coupled products in the

polyisotﬁ@m@n@h@dﬁpmwé’?é%qméﬁﬁw@@d@ﬁ@@ﬁh@ﬂ intexgrition. In somrecindehossisobipled
- products wore %@%‘}5‘8&%@%@% @&%&5‘%@%&4%&&@‘éﬁa%%'aiﬁie%}g, iy %}Mﬁ%&ﬁ?&ﬁ%ﬁ‘aﬁﬂdfﬁy _
..confirming the absence of a shoulder on the low elution volume side of the main polymer peak in the

Gel Permaation@diowiitofapshyshrsidedgramo {608 wbpThilfrathional metaraenduritioketch type of

chain quygqﬁl%%@&g&m@@ gaMatio analggous to the equation given below for determining the

fractional amount of exo- olefin, F(exo) = (Aexe) (Aexo Aendo AterdCl + Asulfide 2Acoupled)(l)
[00247] In some embodiments, mis 1. In some embodiments, m is 2. In some

embodiments, m is 3.
[066248]  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 g/mol. 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
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where AendO is the area of the single olefinic resonance at 5.15ppm, A™ is the area of the exoolefinic
resonance‘éiﬁg AR ggi Atemci was calculated as follows: Atert-Cl = (AI'QET Z%@;@g&%@do(@ Or
Awn-CIl = (Al g}% vﬁere Al165 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 #9pasrusdacieneionithdieeiiiciie prorordisremerding omhtepuRyisehabe aecelvditham some
cases, syfip ieiminaind £IB ¥ialdedReEAKD B Qe %?6‘&?%93%%%‘31%%%@ LJgde it very

difficult to accurately measure the area associated with only the tert-Cl chain en erefore, in those
cases, Wentl{£00the/ mebk Jatseros serbgdianeicatinpef telelon sivainasdsorlegiibe wod that a
co-efficienl -3 ARRRAIBAD LA (HoLsedalaR AL IO AERRIbINIICIag el reation of
these products consumes 2 polyisobutylenc chains. Acoupled was calculated as follows: Aeoupled
(A5.0-4 sighpgrarer sha 3) 00080z o104 8023PC T/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 othetcxo-defid MBIIES [00317]The integrated area and fractional amount of sulfide teii.u.inated
PIB wergepiginedon annmbiahnereficRania tvpically imweltiesovedipeakagseiatatayigh the
proton(s) of the non-polyisobutenyl residue of the thioether chain end was integrated. For example, in
Exampl&*0®pipe BRSHCHVEHIDRTGE reie 4985 aited WtRReIatyIRg ansr BT SEIHE KBBESpyl group
(multiplet.at 2,98 PEPABHAENS oL SIHiUmeR-the RIBrRNa, enfwas Itegrated jp frdento quantify the
amount of sulfide chainends in the composition (see figure below). C H3C H3 | PIB-CH2-CS C-H
CH3CH3e8r9RESHLFS 1003181 The results for all examples described, supra, are summarized in

- Table V5 WO 281 Q0A503RGT/US2009/060799 Table V. Molar Composition of Chain Ends after

“Quenchina Reaction Ex Disufiide Terminator Vinylidene terminated (mole %) Endo
[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 -60°C 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 -60°C,

[60252] 72 mL methylchloride equilibrated at -60°C,

[00253]  0.43 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature,

{60254}  0.23 mL 2,6-dimethylpyridine equilibrated at room temperature, and

[00255] 17 mL of isobutylene equilibrated at -60°C.

[600256] Then, the contents of the round-bottom flask were mixed and equilibrated at -
60°C.

[60257}  With continued stirring, next 3.1 ml titantum 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 -60°C.

[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 furfuryimethyldisulfide
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
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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-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.

[00259]  The reactant quantities for Examples 1-4 and Control A are listed in Table L.

Results are shown in Table V (infra).

Table I
Example Disulfide Disuifide (g)
1 furfurylmethyldisulfide 0.052
2 dimethyldisulfide 0.053
3 diethyldisulfide 0.068
4 di-tert-butyldisulfide 0.100
Control A None 0

52 EXAMPLES 5-11

[002606] 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 -60°C under dry nitrogen gas in a substantially inert atmosphere glovebox.
The flask was then charged with the following reactants:

[60261] 110 mL hexanc equilibrated at -60°C,

[00262] 73.4 mL methylchloride equilibrated at -60°C,

[006263] 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

[06265] 13.3 mL of isobutylene equilibrated at -60°C.

[00266] Then, the contents of the round-bottom flask were mixed and equilibrated at -
60°C.

(00267} With continued stirring, next 2.28 mL titanium tetrachloride was charged to the
flask. The reaction was allowed to proceed 17 minutes and then 1.32 mL

diisopropyldisulfide was charged to the polymerization. The solution was immediately
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poured into 60 mL test tubes, equipped with threaded caps, immersed in the heptane bath
maintained at -60°C.

[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 isopropanol 1.498
8 2-ethylhexanol 3.246
9 n-butylamine 1.823
10 2-cthylhexylamine 1.91

11 lert-amylamine 2.172

53 EXAMPLES 12-16
[60270] 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 -60°C under dry nitrogen gas in a substantially inert atmosphere glovebox.
The flask was then charged with the following reactants:

[00271]  72.6 mL hexane equilibrated at -60°C,

[00272] 48.4 mL methylchloride equilibrated at -60°C,

[00273]  3.43 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 -60°C.

[60276]  Then, the contents of the round-bottom flask were mixed and equilibrated at -
60°C.

{60277}  With continued stirring, next 1.27 mL titanium tetrachioride was charged to the

flask. The reaction was allowed to proceed 27 minutes and then 4.05 mL
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diisopropyldisulfide 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 heptane bath maintained at -60°C.

[00278]

The quenching reaction was allowed to continue in cach 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 111, Results are
shown in Table V (infra).
Table IH
Example Terminator Terminator (g)

12 ethanol 2.807

13 sec-butanol 4.516

i4 isopropanol 3.661

15 ethanethiol 3.785

16 n-propanethiol 4.640

54 EXAMPLES17-21

[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 -60°C under dry nitrogen gas in a substantially inert atmosphere glovebox.

The flask was then charged with the following reactants:

[00281]
[00282]
[00283]
[00284]
[00285]
[00286]
60°C.

[00287]

110 mL hexane equilibrated at -60°C,

73.4 mL methylchloride equilibrated at -60°C,

0.62 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature,

0.23 mL 2,6-dimethylpyridine equilibrated at room temperature, and

13.3 mL of isobutylene equilibrated at -60°C.

Then, the contents of the round-bottom flask were mixed and equilibrated at -

With 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
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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 -60°C.

[00288] The quenching reaction was allowed to continue in each test tube for 16 minutes
at which point 1.40 g methano! 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,

[60289]  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
i8 isopropanol 2.62
19 n-butylamine 3.19
20 triethylamine 441
21 n-propancthiol 3.32
B methanol 5.0

5.5 EXAMPLE 22

{002%90] 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 -60°C under dry nitrogen gas in a substantially inert atmosphere glovebox.
The flask was then charged with the following reactants:

[00291] 189 mL hexane equilibrated at -60°C,

[60292] 216 mL methylchloride equilibrated at -60°C,

[00293]  6.25 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature,
{00294] 0.48 mL 2,6-dimethylpyridine equilibrated at room temperature, and

[606295] 135 mL of isobutylenc equilibrated at -60°C.
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[00296] Then, the contents of the round-bottom flask were mixed and equilibrated at -
60°C.

{00297] With continued stirring, next 2.03 mL titanium tetrachloride was charged to the
flask to nitiate 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 triethylamine equilibrated at -60°C. The soiution was
stirred for 10 minutes and then 73.2 mL methanol equilibrated at -60°C 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 deionized H,O until extracts were neutral. The wet
organic phase was dried over MgSQy, 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 -60°C 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 -60°C,

[60380] 156 mL methyichloride equilibrated at -60°C,

[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 isobutylene equilibrated at -60°C.

[80304] Then, the contents of the round-bottom flask were mixed and equilibrated at -
60°C.

[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 -60°C. The solution was
stirred for 10 minutes and then 81 mL methanol equilibrated at -60°C was charged to reaction

slowly. The solution was removed from the glove box and volatile components were
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evaporated under ambient conditions. The hexane/polyisobutylene layer was washed with a
5% aqueous HCI solution and then deionized H>O until extracts were neutral. The wet
organic phase was dried over MgSQy, filtered, and concentrated on a roto-evaporator.
Results are shown in Table V (infia).

5.7 EXAMPLE 24

[00306] 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 -60°C under dry nitrogen gas in a substantially inert atmosphere glovebox.
The flask was then charged with the following reactants:

[00307] 110 mL hexanc equilibrated at -60°C,

[00308] 73 mL methylchloride equilibrated at -60°C,

[00309]  0.62 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature,
[06310]  0.23 mL 2,6-dimethylpyridine cquilibrated at room temperature, and

[00311]  13.3 mL of isobutylene equilibrated at -60°C.

[00312]  Then, the contents of the round-bottom flask were mixed and equilibrated at -
60°C. |

[00313]  With continued stirring, 2.28 mL 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 ferr-butyldiphenylsiloxyethyldisulfide was charged to the
potymerization and allowed to react 15 minutes. The reaction was then terminated by
addition of 18.4 mL 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 HCI solution and then deionized H,O until extracts were neutral,
The wet organic phase was dried over MgSOQs, filtered, and concentrated on a roto-
evaporator. Results are shown in Table V (infra).

5.8 PROCEDURE FOR COLLECTING '"H NMR DATA

[00314] 'HNMR spectra were collected using a Varian (300MHz) spectrophotometer
using samples concentrations of 3 percent to 5 percent (weight/weight) in CDCly. 'H NMR
spectra were used for analysis of the end groups. Fractions of exo-olefin, endo-olefin, tert-
chloride, coupled olefin, and sulfide (PIBthioether) chain ends were obtained using 'H NMR

integration as described in the following section.
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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 (P1Bthioether), tert-chloride chain
ends, and coupled products in the polyisobutylene samples were quantified using 'H NMR
integration. In some instances coupled products were deemed to be absent by qualitative
inspection of the "H NMR spectrum, and by confirming the absence of a shoulder on the low
clution 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(ex0) = (Aexo) / (Aexo T Aendo T Arennci T Asalfide + ZAcoapied) (1)

where Ao 18 the area of the single olefinic resonance at 5.135ppm, Ay, is the area of the exo-

olefinic resonance 4.63ppm, and A1 Was calculated as follows:
Atereci = (A1651.72/6) - Aendo | (2)
or
Asercci = (A105/2)

where Ajgs-1.72 18 the integrated area of the convoluted peaks associated with the gem-
dimethyl protons of the endo-olefin and the tert-chloride chain ends and A, g5 is the integrated
area of the peak associated with methylene protons on the end of the polyisobutene chain, In
some cases, sulfide terminated 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-Cl chain
ends; therefore, in those cases, we utilized the peak at 1.95 for quantification of tert-Cl 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 polyisobutylene chains.

Acoupled Was calculated as follows:

Acoupled = (As.0.4.75 — Aa5.475)/2 (3)
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where Asg.4.7s 1s the integrated area of the convoluted peaks associated with one of the exo-
olefin protons and the two identical protons of the coupled product, and where Ays.47s is the

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

[00317] The integrated area and fractional amount of sulfide terminated 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 1sopropyl
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 (sce figure below).

ghe G
PIB—CH,—C S-—-—?——H e
CHs CHs

59  RESULTS

[00318] The results for all examples described, supra, are summarized in Table V,
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Molar Composition of Chain Ends after Quenchine Reaction

Sulfide-
Endo
Vinylidene Tert-Cl Coupled terminated
Ex Disulfide Terminator Olefin Other
terminated (mole %) | (mole %) Polyolefin
(mole %)
(mole %) (mole %)
Furfuryl-
1 i Methanol 22 2 2 0 74 0
methyl
P Dimethyl Methanot 23 1 1 0 75 0
3 Diethyl Methanot 4G 2 i 2 35 0
4 di-tert-butyl Methano! &9 1 15 15 0 0
A None Methanol 4 i 94 1 G 0
5 Diisopropyl Methanol 78.6 44 8.9 0.5 0.0 7.6
6 Diisopropyl Ethanol 77.7 43 16.2 1.7 0.0 0.1
7 Diisopropyl Isopropanol 843 3.5 115 0.6 0.0 0.1
L Diisopropyl 2-ethylhexanoi 86.5 58 7.6 0.t 0.0 0.0
9 Diisopropyl n-butylamine 10.3 0.0 0.0 0.8 88.9 0
2.
14 Diisopropyl ethyihexylami 100 0.9 0.9 0.5 87.7 G
ne
Tert-
11 Diisopropyt 10.3 0.0 0.0 0.8 889 0
amylamine

12 Diisopropyl Ethanol 80.5 52 14.0 0.4 0.0 0
13 Diisopropyl sgc-butanol 82.5 31 11.8 0.6 0.0 0
14 Diisopropyl Isopropanol B2.8 6.1 103 0.7 0.0 6.1
15 Diisopropyl ethanethiol 36 22 22.4 0.0 71.8 0
16 Diisopropyl n-propanethiol 33 0.3 13.0 0.0 83.2 0
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Sulfide-
Endo

Vinylidene Tert-Ci Coupled terminated
Ex Disuifide Terminator Olefin Other

terminated (mole %) | (mole %) Polyolefin

(mole %)
(mole %) (mole %)
17 Disolyl Methanol 11.8 1.5 39.1 0.0 29.5 18.1
18 Ditolyi Isopropanol 29.9 2.0 6.9 0.0 i85 229
19 Ditolyl n-butylamine 9.0 0.9 4.7 0.0 81.3 4.1
20 Ditolyl triethylamine 14.6 0.0 0.0 0.0 85.4 0
21 Ditolyl n-propanethiol 0.0 0.0 1.6 0.0 86.0 i2.4
B None Methanot 2.0 0.4 97.6 0.0 00 6.0
22§ Dibromo-ethyl | Triethylamine 3 0 0 0 97 i
23 | Dichloro-cthyl | Triethylaming 3 0 0 0 g7 0
Di-tert-
24 butyldiphenyl { dibutylamine 11 0 O 3 84 0
siloxyethyl

[00319]  In example 15, the 71.8% total sulfide-terminated polyolefin product is a mixture
of 73 mole percent isopropylsulfide-terminated product and 27 mole percent ethylsulfide-
terminated product.

[60320]  In example 16, the sulfide-terminated polyolefin product is 100 mole percent n-
propylsulfide-terminated product.

[00321] In example 21, the sulfide-terminated polyolefin product is 100 mole percent
tolylsulfide-terminated product.

[00322]  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,
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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 16WiHé EuffidéAeMEiRated polyolefin product is 100 mole percent n- propylsulfide-tetininated
product. [003211In example 21, the sulfide-tettninated polyolefin product is 100 mole percent
tolylsulfide-tenninated praduehd@@s23iphiiaccmbagisnanist anaexampias deserinadsahaverare
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 embodimehiS examples described herein. Such
modifications are considered to be within the scop& ofghr*claimed subject matter and are
encompassed by the appended claims. WHAT IS CLAIMED: 1.A method for preparing a compound of
formula Il or Il or mixtures-thereof: H3C CH3 R1 S-R- A

HsC
R‘i

CH
><SjRB
IIE;
wherein R' is a polyolefin group; and
R* and R® are each, independently, alkyl, aryl, aralkyl, alkaryl,
H

_ o _ N _ )
%‘(CHz)m‘U %‘(CHz)m‘H/\/) é'(Cﬂz)mD

) , , .
~$<CHy)y~0O~Si—R*
$H{CH X H-(CHy—O-RX RS
whereinmis 1-3;nis 1-3; pis 1-3;
X is halo or a pseudohalide;
R* is alkyl or aryl;
R is tert-butyl; and
R*and R’ are each, independently, alkyl, aryl, aralkyl, or alkarvl;
. comprising:
(a) ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
to form an ionized polyolefin;
{(b)  reacting the ionized polyolefin from step (a) with one or more compounds of
formula IV;
RA-§-8-R®
v

to form an intermediate; and

(c) reacting the intermediate of step (b) with one or more alcohols, amines, or

thiols.
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it H3C CH3 R1 S-RB lll; 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 mis 1-3; nis 1-3;
p is 1-3; X is halo or a pseudohalide; Rx is alkyl or aryI R3 is ten-butyl; and R3 -1-(CH2)p-O-Si-R4 R5
R4 and R5 are eaéh, indpensémdofigimdrywhesitg o5 atkelytobomipnsignguta) 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 s Oor more com Qun of form a IV: RA-S-S-RB Iv to form an
intermediate; and£ (C)tﬁg S&’tﬁ‘%’i&;%%ﬁf?é‘i‘h}ed‘f éefﬁ &%ﬁfﬁ dPIFBTRASIHR G YhMes, or

thiols. Theateatigbdrafksiaim 1, wherein R is a polylsobutylene group. 3.The method of claim 1, wherein

RA and R8 are each, mdependently, alkyl, aryl, R3

~$-(CH,),~0—SI—R*
£{CH)—0-R* HH(CH=X "R
wherein n is 1-3; p is 1-3;
X is halo or a pseudohalide;
R? is tert-butyl;
R* and R® are each, independently, aryl or alkyl;

and R* is alkyl.
4, The method of claim 1, wherein R* and R® are the same.
5. The method of claim 4, wherein R* and R® are methyl, ethyl, isopropyl, or tolyl.

6. The method of claim 4, wherein R® and R are

$~{CH)—0-RX

7. The method of claim 4, wherein R* and R® are
“$-{CHp)—X
8. The method of claim 6 or 7, whereinn 1s 2.

9. The method of claim 7, wherein X is Cl or Br,
10. The method of claim 4, wherein R* and R® are

RB
~$-(GH,),~O—Si—R*
R5
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alkaryl, aralkyl, -1-(CH2), O-Rx,0 wherein nis 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 1V 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. 11. 6. Themsgiddicfalaind 4vhdrereniA 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-S%r-}I;24 F?ﬂi?#‘l‘?é SRSy & SO viRErBire s sl e thod 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 e orioeAlsPReLETSILIE BRGALBOIEAISP UGl el deiuingdormula:

R -OH ; wherein R is alkyl of 1-8 carbons. . The method of claim 13, wherein the one or more
alcohols ar€gRergplisRiielotrhetiafy amsmersFane!s havesbafdlendagdasidmiim 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, andr{g] 1d 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.

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;

Rs"f}i”RB
R

wherein R® is alkyl; and

R’ and R® are each, independently, hydrogen or alkyl of 1-8 carbons,

16. The method of claim 135, wherein the one or more amines are one or more of n-

butylamine, 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 dne or more thiols are of the formula
_ RO"-SH
wherein R is alkyl 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 I or 11l or mixtures

thereof is at least 20 mole percent or at least 40 mole percent of all products formed.
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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@laim A metmdfethepsinpewathpddodmiifeimetallY 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 Rl is a polyolefin group; and 1222 is alkyl, aryl,
aralkyl, alkaryl, substituted alkyl, or substituted Hp (i B'F‘ﬁprising: (a) ionizing a polyolefin in the
presence of a Lewis acid or mixture of Lewis aci® to SMR°an ionized polyolefin; (b) reacting the
ionized polyolefin with one or more compounds of fogmula 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 Ridgm RO SQRIN¥IENs g «42. The method of claim 20, wherein 1(2 is alkyl and

RA and RB are each, indgpendently, alkyl, aryl, or alkaryl. 23.The method of claim 20, wherein RA and
RB are the same. 24.The métt SO%Y |ﬁ’ia§%’¥vﬁﬁé"’rré'llm RSUReR Bk qESHhEEYRst 611,

comprising:
(a) ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
to form an 1onized polyolefin;

(b) reacting the ionized polyolefin with one or more compounds of formula VI:

RA-§—5~RB
VI
to form an intermediate;
wherein R® and R® are each, independently, alkyl, aryl, aralkyl, or alkaryl; and
() reacting the intermediate from step (b) with one or more compounds of
formula VIL
RC2-sH

VIL
21.  The method of claim 20, wherein R' is a polyisobutylene group.

22.  The method of claim 20, wherein R? is alkyl and R® and R® are each,
independently, atkyl, aryl, or alkaryl. |

23, The method of claim 20, wherein R” and R® are the same.
24.  The method of claim 23, wherein R” and R® 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.
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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 polyolefin2{b) redctisieetismesd palyolafitideamteepngagdutivolrdibrogppeitiigilfides to form
an intermediate; apd (C) faaciig, 8 JoiainediAleRESIEPLR) YR ORE L5 MALRAICIIYS Qhagunes.

27.The method of claim 26, wherein the vinylidene terminated polyolefin is a vinylidene terminated
polyisobutyl@ne. 28. The metho&BRARIPIEI AP Hhe intermediate of step (b) is reacted with one or

more alcohols, whgyein tha.ang ok Rare.alsonelsmar eahthefesmma KLidmvherainmids Alkhaf 1-8

carbons. 29.The method of claim 28, wherein the one or more alcohols are one or more of methanol,
ethanol, isopropanol, 2-ethylheXaH8F a8 €&c2Btanol. 30.The method of claim 26, wherein the one or

more disulfides argn compeimchief iowrhldi kiRA-TeSRBvkhwhe imRA ahHSameash,
independently, alkyl, aryl, aralkyl, alkaryl, | N -HCH26-1S. -F(CH2),-- i-(CH2)n-X, R3
-E(CH2)p-0O-Si-R4 -1-(CH2)n-O-RxR , Or5

27.  The method of claim 26, wherein the vinylidene terminated polyolefin is a

vinylidene terminated polyisobutylene.

28. The methdd 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~QH ;
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-3-S-RE
H
wherein R™ and R® are each, independently, alkyl, aryl, aralkyl, alkaryl,
H

HCHIn— O CHn N EHCH S
et v HORI) TR D g
RS
; _ ~HCHy)-O~-Si—R?*
“HCHO-R* RE

wherein mis 1-3;nis 1-3; pis 1-3;
X 1s halo or a pseudohalide;
R* is alkyl or aryl;
R*is tert-butyl; and
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wherein mis 1-3; nis 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 g*ppi@it SRUIES o ApLaiRime dangyalsiin. 33, The meghad 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, whereinthe quBisiiviethcebrb okaticiiicvainedefin dsbRartad diyyhdding ed-enisiacid and a
monomer t@sg}q{gg's;%a%grtéwﬁhe 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, 3 3-di(PhehtrEacd-Brapy brskiest hutvibenRzeneayrdicupybehlariigy36ihhe method of
claim 34, Wﬁ)erein the pnoryfeﬁr is isgbutylene or styrene. 37.The method of claim 34, wherein the

electron dohBPHEP%4 AVSYRNATE © A SHRaHgfosrainacg molsoliiB araddins filisiEis 8514 he method
of claim 34 andhepeivinecammapiefdsakigisoulson.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 éthyl altisiristheriianvel daimdurts e bivbeaimikeirniaedncdtatafiuina(ll) halide
and trialkyl @Miﬂﬁ@&%@&% 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)  acommon 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-propyl}-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
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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 methodcBioany. of effirhatampma diseridmeranisivece Swrsadcrt amiiarelohewis acids are

present at a mola@mggﬂlt@ﬁ?)ga%ggm AL Ok 0 RhouL 28 dimes 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 | to 7 carbons, substituted alkyl of at least 3 carbons, unsubstituted aryl, alkaryl, aralkyl,
-HCH2)p-0-SI-R440.CR2)heXtnRbp o 041§ HRYe@sR X 2 (hvereds nvisrtiB anliBidnBispisd] Bheofeia halo or a
pseudohaliql% B%éﬁ tert- I;: R4 and.R5:.are each, independently, aryl or alkyl; and Rx is hydrocarbyl.
44.The compound o léla%ig?%)ﬁgﬁgﬁﬁ@{%oaﬂ%}f{%ﬁ?oge%eé)r' ons, substituted alkyl of at least 3
carbons, or alkaryl. WO 2010/048023PCT/US2009/060799 45. The compound of claim 43,

wherein RD is methyl, ety defihbybH aisoRroRYmOr tofyland 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:

HaC
R?

CH,

X

VIIT;

wherein R' is a polyolefin group; and
RP is alkyl of 1 to 7 carbons, substituted alkyl of at least 3 carbons,
unsubstituted aryl, alkaryl, aralkyl,
R3
O !
_E_(CHz)m@ -g—(CHz)de_S!MR“
/) HCHy)—X RS o

~$~(CHy)y~O-RX.

wherein m is 1-3; nis 1-3; pis 1-3;
X is halo or a pseudohalide;
R’ is tert-butyl;
R* and R are each, independently, aryl or alkyl;
and R* is hydrocarbyl.

44, The compound of claim 43, wherein R” is alkyl of 1 to 7 carbons, substituted
alkyl of at least 3 carbons, or alkaryl.
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2),-X 46. The compound of claim 43, wherein RD isand n is 2. 47. The compound of claim 43,

wherein R, is B3 wlidfz§12)p-O-SI-R4 R5, p is 2, and R3 is tert-butyl. $erhhespmaeynd of claim
43, wherein the polyolefm group has a molecular weight greater than 200 g/mol. 49. The

compound of claim 43, wherein Rl is a polyisobutylene group. )
45.  The compound of claim 43, wherein R* is methyl, ethyl, tert-butyl, isopropyl,

or tolyl.

46.  The compound of claim 43, wherein R” is HHCH—X and n is 2.
47.  The compound of claim 43, wherein R” is

R3
$—(CHy),~0—SI—R?
R® | pis2,and R’ is tert-butyl.

48.  The compound of claim 43, wherein the polyolefin group has a molecular

weight greater than 200 g/mol.

49.  The compound of claim 43, wherein R' is a polyisobutylene group.
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