PRODUCTI ON OF VI NYLI DENE- TERM NATED AND SULFI DE- TERM NATED TELECHELI C
POLYCLEFI NS VI A QUENCHI NG W TH DI SULFIDES 1. FIELD [0001] Provided herein
are net hoate 2bovo4gi2educi ng vi nyl i dene-t erm nat ed pol yol efPas/uskaminbeng

provi ded herein are novel sulfide-term nated pol yol efns and net hods for
produci ng the sane. 2. BACKGROUND [0002] Termi nally functionalized pol yners
are useful precursors for the preparation of polyners containing functional
end gr oRRODBGEHON OBV IN¥LADENE-I ERM&NAd“er) ANIR! SPaRIPE- TERMINATED

vi nyl i dene- f end groups
have sever ah%‘?ﬁﬁﬂﬁf‘%igﬁ Ni)&%pﬁgi yl %E&’lej(%s cont ai ni ng
vinylidene chain ends are utili zed in the synt hesi s of PIB-succinic
anhydries (FEB®Ns), which are key internediates in the production of

Pl B- based succini ni de dispersants for use as additives for engine
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appli cahdam These thio-term nated pol yol efns can offer oxidation
inhibition and surface affinity, tw inportant factors in the design of

| ubricént a ol ogy. Thus, there is a need for new cl asses of
termn fun ively or
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pol yolefm b. reacting the i oni zed pol yol efm fromstep (a) with one or nore
di sul f jatds ategitilized in the synthesis of PIB-succinic anhydrides (PIBSASE) Wthh are key

intermediates in the production of PIB-based succinimide dispersants for use as additives for
engine lubricants. Vinylidene-terminated PIBs are also utilized in the production of PIB-
amines, which are useful as fuel additives. An opportunity exists to create polyolefings
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 polyolefins.

3. SUMMARY

[0003] In some embodiments, provided herein are methods for preparing telechelic

polyolefins, comprising:

a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids
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.
[0004] In some embodiments, provided herein are methods for preparing a vinylidene

terminated polyolefin, comprising:



forman internediate; and ¢ . reacting the internediate of step (b) with
one or nore alcohols, amnes, or thiols. [0004] In sone enbodi nents,

provi ded Wwonreiwn4sr2é net hods for preparing a vinylidene PETHSA@YOE0799

pol yol efm conprising:a . ionizing a polyolefin in the presence of a Lew s

acid or mxture aof Lew s aci to, forman i.oni zed polyolefin;, b. reacting
the i oni zed ol ydPRFg %W@fﬂl%frbl& ths PIHTTER OBALCHS 4504 & TAIPLHIFOF BEWINH Por m an
intermadi ate; and c . {eAGHIGREdWRIJIMEL Medi ate of step (b) with one or
nore al cohols or am nes. [0005] I'n 'sone enbodi nents, provided herein are

met hods for bpr epariatiggahacionized nolyofefinHeont steprd)avithH3C @B rRAisglfidRator H3C
CHB RLS- R; or a m'xturte th rtepf; wherein RL is a polyolefin group; RA
and RB 81" each, i ndepagr}agml? ?eaﬂ&l , aryl, aralkyl, alkaryl, wherein mis
1-3; nis 1-G3; p resctihg3he tdrcdialedfcpdb PeRNAANEE dR alEholsSorahkinds. or aryl ;
R3 is tert-butyl; and R4 and RS are each, independently, alkyl, aryl

ar al ky![00Q}] al knyopne cralbaddmprip.rijevided hereiniaze mgthadp Birpatnafing aiCﬁnmn@%@%sence
of a Lq}(l\@%rﬁl%iad or mixture of Lewis acids to forman ionized polyol efin;

H;C_ CH,
R1><S—RA

or

H;C_ CHs;
e
R ~S-RB.
or a mixture thereof;
wherein R' is a polyolefin group;

R™ and R® are cach, independently, alkyl, aryl, aralkyl, alkaryl,

H
FHCH)—7 ) FHCH Ny H(CHI >
HOWT) T ) TN e
R3
: ) —~$4CH,),~O—SI—R*
- _(CHz)n_o_R , or R5

wherein mis 1-3; nis 1-3; p is 1-3;
X 1s halo or a pseudohalide;
R* is alkyl or aryl;
R? is tert-butyl; and
R* and R’ are cach, 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 polyolefin from step (a) with one or more compounds of
the formula:
RA-S—S-R®



b. reacting the ionized polyolefin fromstep (a) with one or nore conpounds
of the formula: RA-S-S-RBto forman internediate; and ¢ . reacting the

i nt er mediwsiDeowfo48@28p (b) with one or nore al cohols, am REF[USCN090HI709 S.
[0006] In sone enbodi nents, provided herein are nethods for preparing a
compound of the fornmula: wherein RL is a polyolefn group; and Rc is al kyl,
aryl, aral kyl, alkaryl, substituted al kyl, or substituted aryl; conprising:
a . ionizing a pahYshehiMmnkdinkaiPnggence of a Lewis acid or mxture of
Lewis acids to forman ionized polyolefm b. reacting the ionized polyol efm
wi th one or aror e remtipguirdistapiedint of stemibawitRonSoSNRE alephoby amings, or

i nterma[glioﬁste; wherein RA and RB are each, independently, alkyl, aryl,

aral kyl,""0r alkaryl; and ¢ . reacting the internediate fromstep (b) with
one or [906 ConpdemBddiinbets,fR6vWdt@herBa-aBimethodd ot prépariag AR oRFE@EH sENt S,
provi ded herein are conpounds of the formula: wherein RL is a polyol efn
group; thaEPrmolgs al kyl of 1 to 7 carbons, substituted alkyl of at |east 3
carbons, unsubstituted aryl, alkaryl, aralkyl,wherein mis 1-3; nis 1-3; p
is 1-3; Xis halo or a pseudohalide; R3 is tert-butyl; R4 and R5 are each,

i ndependently, aryl or alkyl; and H§Q>i<@thdr ocar byl .

R “S-R®;

wherein R' is a polyolefin group; and

RY 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-S—S-RP
to form an intermediate;
wherein R* and R® are each, independently, alkyl, aryl, aralkyl, or alkaryl; and
C. reacting the intermediate from step (b) with one or more compounds of the

formula:
RE-SH |

[0007] In some embodiments, provided herein are compounds of the formula:

H5;C
R1

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
RS

'%‘(CHz)m‘EO) -4-(CH,),—0—S|—R*
aryl, alkaryl, aralkyl, /) -HCH)—X ) RS .

2 2

$-CH,),—O—R"



[0008] Wthout being limted to any theory, in sonme enbodi nents, the

nmet hods descri bed herein proceed by the pathway shown in the follow ng
schene: QvOR¥104B023, OR vi nylidene- sulf ide- sulf id ePETASE@H6E0799

term nated term nated pol yol efin polyol efin polyolefin derived fromderived
fromdisulfide thiol a ditiqgﬁgdagiion wherein R1 is a polyolefin group; R2
i s hydrocarb ‘“ﬁpnﬁ?&fgdbﬁﬂ' ISRB)> and Rc are each, independently,
hydrocar byl or subsifdigbesd,dvdsipgacbyl; Mis a netal, transition nmetal, or
nmetalloid; Yis iqgependen¥ly hal o or alkyl; and a and b are each,

i ndependent | y, arRiiategbutykrom 1 to 20. 4. DETAI LED DESCRI PTION 4.1
DEFI NI TI ONS [ 0009]4 Unlgss defined otherw s | .technical and scientific
ternms used herei H%@ég%ﬁ%e%3n§ﬁﬁﬁgﬂﬁﬁ ’ Qﬁpgg%ﬁ %Iy under st ood by one of
ordinary skill imRtiBay@otarbyin the event that there are a plurality of
definitions for a termused herein, the definitions provided in this

sect i ol 0P8y ai Witheubbeing tigdted toemethopryein spo@rojbodinedse theyaetapds desgiiashol

f - ' myla  R-OH ; wherein R i
nyar oo by PR EREH e B s S BT A s ol et o, e

hydr ocar byl CHs
J@ eM Y
R1 R2 alp
RA-S—S—R°®
RA TM,Y RB eM Y
HC Ry g ° HsC \®“BA
S_S_R and/or S_S_R
RV)<R2 RV)<R2
alcohol alcohol,
or amine, RC-SH
amine or
OR thiol OR
CH, H5C R H,;C . H5C .
S—R S—R S—R
R1J\R2 R1)<R2 and/or R1)<R2 R1)<R2
vinylidene- sulfide- sulfide-
terminated terminated terminated
polyolefin polyolefin polyolefin
derived from derived from
disulfide thiol
addition addition

wherein
R' is a polyolefin group;
R’ is hydrocarbyl or hydrogen;
RA, R®, and R® are each, independently, hydrocarbyl or substituted hydrocarby];
M is a metal, transition metal, or metalloid;
Y is independently halo or alkyl; and

o and [ are each, independently, an integer from 1 to 20.



is aliphatic. In sone enbodinents, Ris alkyl or substituted alkyl. In sone
enbodi nents, the -CHis attached to a primary carbon. In sone enbodi nents,
the - OH iwoantaaked to a secondary carbon. In sone enbodCRaSR@9/0647¢9 - OH i s
attached to a tertiary carbon. In sone enbodi nents, the al cohol contains
nmore than one_hydr ox . Q. sonme enbodi nents, the al cohol contains one
hydr oxyl gr Gesp- "eé' —F ' reln "al kane" refers to a hydrocarbon
contai . N9 QYEFISITIONS bonds I n some enbodi nents, the al kane contains a
strai ght hydrocarbon chain. In sonme enbodi ments, the al kane contains a

br anc he[ﬂOWdr anids&defméiqmerwﬁesajh@claﬁtﬁddhcrlmcri@miﬁqth@nsauméherehshw ¢hd c. In

1to car S enbo |rrent
S he ol IAITE TRt 5o HSORT ARl By hnk S ekt B e N AP T ARE L ont & ns
1 to 6 tharthaBsare d PlufditEoRdBrRdion. Mr a tehe u@éd@ﬂ@n%sué\ﬂhﬁﬁoﬁs prévide€ardagns. I n
some enbodi nent, the al kane contains 1 to 2 car bons. In sone enbodi ment s,
the al KaplEOTCRIAYA) wless statedetherisns. | n some enbodi nents, the al kane is
pent an SO n odi nent s,
t he al ﬁ%’m IS 5’55@ e‘il 1@%%{06185‘;?&2451}63%% %ﬁgéﬁ&% fo‘lll% gq@mﬁg%ers to an
aryl group substitut ed W|th at | eastRdoke; al kyl, al kenyl, or al kynyl group.

[ 0013] As used herein, "alkenyl" refers to a hydr ocar bon chain or %éloup of
about 2VheE sy dipcas é?wb%rr%lbste/m@fiéwﬁm@%ré% Ha|SHms CPPEINE gD HeddEod

mor e dquby; sh RO NESsonl oS! iSRRI 5 %&%t@i&ﬁﬁ?lﬂ Iﬁ@%@'e&%o%%&ﬁs ﬁlet 0

about 15 carbons. In sone eﬁgpggrrents enyl contains a
about 1K ar dtabked tora somEy eadbooli hemmae, emlbmilmblkts,rtyé —Obink attached boait 2 to

about 8 carbons.. In sone e nt cont.ai ns abouyt t o about
6 car boREONRR Lehan- dRiSBar ﬁ%ﬁpglm%eﬁﬂg %ﬂﬁﬁ P A BB B dn abBhe 3
car bonsmyoRirfaIe tl?é’@l@&ﬂo‘l"@d%t&ns hidee dlak @Y hyddxAbrédy. Yin s8R émbolin & ®he
embodi ments, the al kenyl group contains one or nore doubl e bonds that are

conj ugalmot@%mmhﬁdr@a’ﬂgmped group. In sone enbodinents, the al kenyl

! b 002 3 al kenyl
| Subsibfft aL00kAl g, medberel o Kief 5k, A BRRICAR, £
cont ai nBmkketodimdénes, alodlkankTofRIMRQANSraidh hﬁdlﬁ'&arBéibﬂﬂlhﬂTemts‘émetdﬂ&)odiﬂ{MﬁS

contains about 1 to about 10 carbons. In sone enbodinents, the
the alkane contains a branched hydrocarbon chain. In some embodiments, the alkane is

cyclic. In some embodiment, the alkane contains 1 to 10 carbons. In some embodiment, the
alkane contains 1 to 8 carbons. In some embodiment, the alkane contains 1 to 6 carbons. In
some embodiment, the alkane contains 1 to 3 carbons. In some embodiment, the alkane
contains 1 to 2 carbons. In some embodiments, the alkane contains 5 to 6 carbons. In some
embodiments, the alkane is pentane. In some embodiments, the alkane is hexane. In some
embodiments, the alkane is substituted.

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

[0013] As used herein, “alkenyl” refers to a hydrocarbon chain or group of about 2 to
about 20 carbons, wherein the chain or group contains one or more double bonds. In some
embodiments, the alkenyl contains about 2 to about 15 carbons. In some embodiments, the
alkenyl contains about 2 to about 10 carbons. In some embodiments, the alkenyl contains
about 2 to about 8 carbons. In some embodiments, the alkenyl contains about 2 to about 6
carbons. In some embodiments, the alkenyl contains about 2 to about 3 carbons. In some
embodiments, the alkenyl is an allyl group. In some embodiments, the alkenyl group
contains one or more double bonds that are conjugated to another unsaturated group. In some

embodiments, the alkenyl is substituted.
-5-



al kyl contains about 1 to about 8 carbons. In sone enbodi nents, the al kyl
contains about 1 to about 6 carbons. In sone enbodi nents, the alkyl

cont ai ns wWbaoto/8@20 about 3 carbons. In sonme enbodi ment PCTIUSR0QI0KTRI
contains 1 to 2 carbons. In sone enbodi nents, the al kyl is prinary In sone

enbodi , the al kyl s, ondar n so odi nent s, the

Cort amfOlly o dmeSeliseimalod e o RifOrEbHRTHt of PHyPE b Sppront

i sopr opy oarborQP Y ddme é}ﬁwomen@ &fic Qﬂtwéontélﬁsr ot ¥d abdu§ Ppebyhs. 1NRGRENt VI,
tert-pentyl, or isohexyl. In some eibodi ments, the alkyl is nethyl, et hyI

n- pr opydmbOdrmq:rS@ phaogipyl. conrrinsabeuiehtocdoneHt earbarise Ilas¢<fy¢ embodrarchig) thel n some

nmbodi th b i

o or et S o sBade¥ R, sl P RER ERRE TR portl o gt o™
hydr ocap apsut@hatbns] h SRREcEPRREAERENhS alklheonadikydbous 1 €VSIdue3 chibosO MR
enbodi ments, the al kyl is substitut ed. [ 0015] As used herein, "al kynyl"

refers Sp@eén%k%&’ m‘a lsyliontas lgtp@l@ﬂlﬁnsabb%ﬁmezem@da@é@ﬁ tQ@ alkat sons,
wh | )
e &t el ORI SRS 9N iy MRS hR) 90 BONE o BeSfeyagront s

t he al contains a bons. n sone nts t he
al kynyltegian. almrssmalmﬂbdﬁndms ﬂimcu]ultylwmemyb@ﬂ@l - propplﬁ&o@fdp@ﬂh%hﬁﬁyﬁﬂ,n-t he
alkynyl contains about 2 to about 8 carbons. In some epbodi nents, the

al kyny|bugdntcsitneylaisEthuty. isepeabdicogenixh FahpentylnosisphexzhBdPment s. t he
al kynyl..a01 E{EF@“% e
al kynyl is gﬁ%@%p&%}%y llgﬁuf%wlsoﬁﬁ’%@%g Pﬁeoﬁypqqﬁﬁglg%ﬁ%yny gsr 6%62
cont ai redkyd mamenhykrdme;omel eplbedbnaands thdvdkylas ertelortylu gaisemie bmbadmtdne;c the
unsat ur ou sone ephodi ment s al ky ted. [0016]
ho tsed it Hre Bt by Bisceiben EPans o e HbRaCHr PhelbisPGURIST or mul o
wher ei myRrodidolcBaiBat sorh OSRBENHRM;! Hhe amﬂifsqg'@f'c O s8Rl PRRINeriyRL | t ut ed

hydrocarbyl . In sone enbodi nents, RL is hydroégen. In some enbodinents, R1L
is hydra(ﬂcérlﬁbgllbstltll‘rﬁdsone enbodi nents, R2 is hydrogen. In sone enbodi nents,

e I £ o R R e R o IR Rl St s ompound
of the dbeld Ma@l@rﬁs%ﬁ&ikﬁl th&3hdh Bbridains one or more triple bonds. In some
embodiments, the alkynyl contains about 2 to about 15 carbons. In some embodiments, the
alkynyl contains about 2 to about 10 carbons. In some embodiments, the alkynyl contains
about 2 to about 8 carbons. In some embodiments, the alkynyl contains about 2 to about 6
carbons. In some embodiments, the alkynyl contains about 2 to about 3 carbons. In some
embodiments, the alkynyl is a propargyl group. In some embodiments, the alkynyl group
contains one or more triple bonds that are conjugated to another unsaturated group. In some
embodiments, the alkynyl is substituted.

[0016] As used herein, “amide” refers to a compound of the following formula:
O

X

R'™ "NR?R®,

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 amide is N,N-dimethylformamide.

[0017] As used herein, “amine” refers to a compound of the following formula:
R'-N-R?

R2

2
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R2wherein Rl, R2, and R3 are each, independently, hydrogen or optionally
substituted hydrocarbyl. In sonme enbodi nents, Rl, R2, and R3 are each,

i ndependemol2910/ddgsogen or al kyl. In sone enbodi nents, PRE/H000861799 a
primary am ne. In sone enbodinents, the amine is a secondary am ne. In sone

enbodi nent s, _the, am ne tertiary amne. In some odi nents, the am ne
is amm%fileéem[l?ooﬁe]ans@ agfe%fahépéqpﬁndévnalef"i“@?genr%foarlgnaﬁ@%aﬂstw@| al kenyl ,

or al kmmoceﬁgzw PInSdsRRLdriBHdBdeid, IR, R¥ ah@@gtaré)éh%h AhidpcHIQHI; hicﬁQge?ﬂ orAs used

herein, ""aryl” refers to a nonocycli'c or nul tlcycllc arofmatic group

cont ai rﬂlk‘bg fr m@embochm@mus tBo amynsl i @ priarapawine| ﬂnsmemh@bmen'@nths the aryl
is m)nog%/{cl iC. 1}]dsa me _enbodi nent s cont.ai ns..about fo about 15

.h |
el 6 Al ottt SRk bodifRab it atERt 8 MR in® s s ™Rbnu: 20

cycli c @@daanénts, lihc Same iesmedhiaents, the aryl is fluorenyl, phenyl or
naphtyl . In some enbodi ments, the aryl is phenyl. In sone enmbodi ments, the

aryl i J0B18Jybs s usedlepreipy faralipa r@fawsr@ iR gk aéhewl pralkyeylgseun wbeHuiEt h a
hydroc%ltaygt lggstg?]@%leé%%om c group, including, but not limted thios,
-y Eerotip. . Do

t hi oet her's, "and [ 0020] As used herein, "binifer" refers to an
inifer [l)hlsﬂ] I s Asapabheeiaf “dryil’ rifatsiton neomdcpslcpagatltionliatrdmmicyepgr at e sites
of an inifer. In sonme_enbodinments, the initiatiqon and propagati on occur

si mul t £QBBINNg frgm Gogboyt ) ewetie SH0BTS | ip sgmeembogdinpenss, thesaryiggPrpeysicused

herein,y, SS%Q%ancatst fife 3&;‘3&1&%}699 @fo’qboﬁtefseé Ik Qal%gi?so'l}ﬁ%ﬁlfem contai ni ng

at | east one car tr on group. Exanples in ut are not limted
to, co rqmmnxdﬁsemi thayf mnmmsaabout (Mrea‘tmun 1 Rcycﬂlca:aﬁm)hy olrefomegmmubaulim§@22] As
used he ein hai n- end oncenhé,ﬁt refers to t nol ar

f th
concentt %ﬁ%w eyl phenyl oieR ng%ﬂ&tfp%ﬂ%ﬂﬁ&nm %@Wﬁﬁ@%a%u Soifhen a

nono- f uedddRR&ts, it zir?zﬂfs%rsubé‘tlth'téggrylt 8e GhRlAt&NAYICOAGER AL RithiaS
approxi mately equal fo the initiator concentration. For a multi-functional

i ni ti athydrocariyhot hbetegatoniio gmupt lleblﬂlﬂghbutl noi timated thiey (giab@the(rs anddwnlidése chai n
end Coqﬁﬁfﬁ]r at IA% QlSé(P hGB Br Qt)lnl er fgrs%] iy %nlfter tHat }sl cggaﬁ)lé QF 1nl1t{]a|t1to{1 %%1(? r

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:
CH,

@
R)\CH3.

2

wherein R is a polyolefin group.

[0022] As used herein, “chain-end concentration” refers to the sum of the molar
concentration of carbocationic end groups and dormant end groups. When a mono-functional
initiator is used, the chain-end concentration is approximately equal to the initiator
concentration. For a multi-functional initiator, when the functionality of the initiator equals
X, then the chain end concentration is approximately equal to x times the initiator
concentration.

[0023] As used herein, “common ion salt” refers to an ionic salt that is optionally added
to a reaction performed under quasiliving carbocationic polymerization conditions to prevent

dissociation of the propagating carbenium ion and counter-ion pairs.



concentration. [0023] As used herein, "common ion salt" refers to an ionic

salt that is optionally added to a reaction perforned under quasiliving

car bocat iw0i2010paB02aeri zati on conditions to prevent di ss®@CITAS2@/06§792 he

propagating car beni umion and counter-ion pairs.[0024] As used herein,

"comon_ | sal t cursor” refers to an ionic.salt that Ilonally
H1gb&d] aPis

added reaétsl lbeé?lfl %aﬁwaﬁalaaﬁgvﬁsm.rﬁ%rsctaraﬁdﬁlae #%Jmhe

pol ymerdzighdiRa e el 4 FaPSon YRRIRLD uhDe queiiing BhiboSR1IET §PMRbET - ani ons
that are identical to those of the propagatlng chain en viain situ

r eact i cenditiohs, avhicesan theaeonid salf @ORBjtesuntednions diahare' 1dl¢11t119e1rtt) thasepéths to a

l'iquid dilut agent, or. Diluents.nay, be a single or a m xture of
two or HBFEE? {c}%%f)lba%‘h%dso‘flaélbgﬁfrseag[ﬂnlméthf@ idOrrpI etely dissolve or

par tial[pp23ji ssakviSed higeihSatilubN réRAROACILE di[dBZakeDr UsaPolRAr @illients
"disulfide" refers to a conPound of the followng fornmula: RL-S-S-R 2 ;

wher ei MA1bGHHNER 0F B ANIEHENOT TWE TEeTd SAMPYUNS O BEoTHS- |1911@@1§%mw gerapletely
hydrocac{lgx Veboﬁggl%fghﬁona §gglqu_gc%ﬂ,co %ﬁ? Gy on donor" refers to a nol ecul e

that is capa apar o rons to anot her nol ecule. [0028]
As useo[om]el NAs'ubad loéirelma“fcﬁslﬁﬁdeb’ rb&lrsntgamonimuﬁ@ﬁﬁtherﬁmdmngmmulmal ois F,
cd, Br, or I . In sone enbodi nents haI0£s F. In sone enbodi nents, halo is
Cd. In sone enbodi rrents halo is B? SrR~Bome enbodi nents, halo is |

00291 %4596 IR R FARRALU AR P s FTRRGENGHAGegD ™ L1 oVl i

aromatic rlngs S emcon al nimn r|n gtOITB wherei n at

| east qoe27]i ngAstuesd heseia, I‘beéoﬁroﬁalbﬁm rd:farsst@ra&mﬁadmathﬁeﬁtcspatﬂél@fdmh&ﬁ@aryI
contains 5 to about 10 ri ng atom; In sonme enbodi nents, the heteroaryl
cont ai d@l@ fglecons egnatheh@olechlesome embodi ments, the heteroaryl is

rmnoc_y nt , ! ?ﬁ% %ﬁ?dt I?é?gﬁd‘* tgferd ﬂaqla %ﬂr AR érﬁbd}l’ninglts Qfalos F. 1 S§re

enbodi eroary ont alns orme heteroatom [ n sonme enbodi nénts,
t he heteedodu ;dm@anb@dlmsnt:k liado 3 F\ Iatsoms. enﬂmdﬁmﬁmts @énfoasl Cireht smet he heteroaryl
ontalnsonor FO nd one, of. two N at I n sone enbodi nents, the

het er odPSoGECTHL YIS IS B LSRG rmbe R iR S | ¢ et razol yl thienyl, pyridyl,
pyrr ol yheadhi aaghydd héraa,t i@ @ Y hofer9 X4 Rlokbey diis Ox A mlosbiic LibhazOk Ml

system containing about 5 to about 15 ring atoms wherein at least one ring atom is a
heteroatom. In some embodiments, the heteroaryl contains 5 to about 10 ring atoms. In
some embodiments, the heteroaryl contains 5 or 6 ring atoms. In some embodiments, the
heteroaryl is monocyclic. In some embodiments, the heteroatom is N, O, or S. In some
embodiments, the heteroaryl contains one heteroatom. In some embodiments, the heteroaryl
contains 1 to 3 N atoms. In some embodiments, the heteroaryl contains one O or S atom and
one or two N atoms. In some embodiments, the heteroaryl is furyl, imidazolyl, pyrimidinyl,
tetrazolyl, thienyl, pyridyl, pyrrolyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, thiazolyl,
quinolinyl, or isoquinolinyl. In some embodiments, the heteroaryl is furyl. In some
embodiments, the heteroaryl is substituted.

[0030] As used herein, “hydrocarbyl” refers to a monovalent, linear, branched, or cyclic
group which contains carbon and hydrogen atoms, and in certain embodiments, is substituted.
In some embodiments, the hydrocarbyl is alkyl, alkenyl, alkynyl, aryl, alkaryl, or aralkyl,
cach optionally substituted. In some embodiments, the hydrocarbyl is substituted. In some
embodiments, the hydrocarbyl is not substituted.

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

chain transfer agent.



qui nolinyl, or isoquinolinyl. In sonme enbodi nents, the heteroaryl is furyl.
In sone enbodi nents, the heteroaryl is substituted. [0030] As used herein,
"hydr ocarw9l2010vi@8@ss to a nonoval ent, |inear, branched, POI/USg@Ni0607g? oup

whi ch contai ns carbon and hydrogen atons, and in certain errbodi ments, is
substit sone, enbodi nents, .the h dr ocar b is.alk al kenyl ,

al kynyl[%gﬂyl Ré %f relnorlmélﬁ%rkgﬂfersgh% OIBEJW“G%? |ng/0‘§§ ‘iaidfﬂcéﬁonl n sone
embodi mgedR.  t A8 URAKLGAT QMllnzédSpoﬂg&éﬁh’t &0 4 ﬁol?@l'%ﬁn %Gfﬁ@ﬁﬁ tl&ast dfee

hydrocarbyl is not substituted used hérein, "inifer" refers to a
conpoursdrbicham aet dn agm omhwmenm thﬁa@mzemdef&mgl antettfhahéff ‘@rrnmgmdt [ 0032]

As used en st b ALREca gl el il R PR 08 jopizgd

car boc A GHe %‘6’3‘?? A" POKG H?e?é‘lcﬁ OnfBPJIYQ W%Pee?ri“ HPER &y Qeﬂ%l%?

pol yol gfdlyblmtsal qUbgl8viak ch@dsdtioANEpdHPsIBRmi ulrﬁomrbmﬂdauﬁ@me tehfdadiaent s, the
ionize olefmis a tert-halide termnated pol yol ef m that has been

i oni zed9 Yﬂl%ﬁlhm@a’tllil}dﬁﬁ@e promynstesinodyoletin Sehkasdiep winirstiRfo aphRnizashi zed
pol yol ﬁ;oybééf%lo(ﬁ‘ cg:lldﬁ?b ng‘ﬂoﬂ%l&ﬁlr qﬁ%%ﬁw UG ROl flbfﬁFe(H;'ol? Itlﬁfrﬁ)()dl ment s,

the io in-i's vin ermnat’e has been
I oni zedolyulefirbconitaining ad otﬁﬂn)tbdtt&fas beemrloquamdt@ vqﬁ@ﬂmhgadr%aanonﬂcn sone
enbodi nents, _the ionized polyolefin is_a polyolefin contalnlng an ol efin
that ha®l¥sdein @r&n@ailealcm%@l iy Ja$PIF ¢mbgd detiPRRFEPYIBPIEN EYdHved a

cati onlfgorgg#}ylgfe?fl n. In some enbodi ments, the ionized polyolefin is derived
froman 1ni [ 0034] As used herein, " Lewi s acid” refers to a chenical
entity [ﬂ(ﬁ%t] i sAsalpablh@elof“Imuemld h@fas paa chapfiicdleattyrtbass cf@dBS]f As used

her ei n, m%I al | oi d" ers to elenents that have properties of both netals
and norfREiRES pajrp § O%Srrbodl ments, the netalloid is boron or silicon.

[ 0036] [6635]5€dA|§%1§é‘d Hbrei; ”ﬂh@talll’cﬁﬂ@?é?érs td SbAESts it hBR ROPRAES d)fodl)tﬁ’fne’éaﬁse
nunmber of noles of a partlcul ar product of a reaction to the nunber of

nmol es afhdaloh- rmt@id uht songsf ernbrsliments.ttho metallotd isbpeea dsyilsar. hundred. [0037] As
o7 ovi ddu03lh o ASELl S Ehnandt gkt e o B BT B BF e MalhBl RS o
rel ati vepdr@culdt ﬁrbdﬁc@bf a WAetibrato the number of moles of all products of the reaction
multiplied by one hundred.
[0037] As used herein, “mono-functional initiator” refers to an initiator that provides
approximately one stoichiometric equivalent of carbocation relative to initiator. When a
mono-functional initiator is used, the chain-end concentration is approximately equal to the
Initiator concentration.
[0038] As used herein, “monomer” refers to an olefin that is capable of combining with a
carbocation to form another carbocation.
[0039] 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 is 2, and the initiator is a bifunctional
initiator.
[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-



nmono-functional initiator is used, the chain-end concentration is
approximately equal to the initiator concentration. [0038] As used herein,
"nmononer "WPehay@s20 an ol efin that is capabl e of conbi niPag/GsRAM/060799
carbocation to form anot her carbocati on. [0039] As used her ei n

"mul ti-func initiator" refers to |n| |ator

appr ox: i &pgpte00 e b Eiiats b e ribesfinenSsh i Btk fomE PBlIve 1«0

initi at\%l htWTeFoh Bootit 16POEF RN, 606(‘56?) é/ﬁﬁ@tln%ﬁle' etrﬁ{bo@ﬁmérﬁ? thé‘bél&él%ﬁﬁ haWen a
rrultl-functlonal initiator is used, when the functionality of the initiator

equal s axolehdar whightcgraitar ad 200 et ihamrm\erebmhﬂnsntx, the pelsvotelﬁa hiagit i at or
concentrati X is 2 and |n|t| 0]

oo ekt wiiBh SRR RS TR g e Frn et ipe BodRES bt o5 1o YO
, wher %&e&laﬁwﬁgﬁrgi@ﬁélﬁhbn 600"g/sRIEIEHARUmMBHiSentR the palKitin hhOP41] As used

her ei n poI yol efi refers to a polyner that conprises at |least two olefin
nononerBoleyarsweishtegrpaen theth8Q) o/med  Bolopirst @nbadimerss.dhepelzelgfinhanei ght from

about he

ot yol dfstfla eenfonba 100 4l B Sle ol BaRBTES HPRHGER Basd ™ | some
enbodi masibsylat eigialryatehm HEX) @mobl Ielcmh&reanghéntgfthé poimlaﬁ@hﬁs 3100 000 to

1, 000, 000 g/ nol I n sone. enbodi nents, the poI%/oI ef m has a npl ecul ar wei ght

gr ea’:] ermg ﬁ%armg@t/wter than $GA0 wmebdimeamescmpadimerss. bt Belypicha has #pl ecul ar
t
vei g rgé;l%ahafwélgﬁtfgré&@r tgéﬂo,%%%g/g@g n%p%%gﬁ@ﬁg%%gge nﬁ(ﬁl(%l?hﬁhgg flas a

nmol ecul ar wel ght “greater t e pol yol efm
has a nobleclbrawecigkt ggtdterghaad@r,0@thamo80h phrrodmbddmeusehepdipalicfehiss t he

pol yol ef m has | ec i reater than 1000 g/nol. In sone
enbodi H%g]lf%ua}art‘ﬁ%‘"% T’rgt;‘?ﬁmﬁgg&hownéiul ar wei ght g?eat er than 5000 g/ nol .
I'n 50”9[0&@]00“ K“s‘%é‘d hdr&i8, RRIpOU R g’ﬂoﬁﬁsre?erm& ﬁGﬁ%@[enY"ﬁbl?Bfeﬁgrsﬁﬁ’sttlﬁlenﬁ han

10, 000 g/ nmol . I n sone enbodiments e pol yol efm has” a”nol ecul ar wei ght
gr eat er[004Hn 1066 ueabhay¢iny fpseudohelided refetsodiarmhstisyent et pastpbles the taagsivity
enbodinent s, the

ool yol i HEAE Ao Baf, R BPsm o Rk P BigBRuEOM SR Foisaz) s
used hgoe44], " pehy&l mrﬁng‘rc@luﬁhvﬁlgfc@mcattﬁmmsmycabﬁmtrep@é W0l @frbacatibsiti t uent .
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

_é_SH . In some embodiments, the substituent is -§-S—R, wherein R is alkyl, aryl, aralkyl, or
alkaryl. In some embodiments, the substituent is furyl. In some embodiments, the

substituent is

-10-



[ 0043] As used herein, "pseudohalide" refers to a substituent that
resenbles the reactivity of a halide substituent, for exanple, cyano,

azi do, cywparw/o4s@Bocyanate, or isothiocyanate. [0044] RETASe@IN6I709 N,
"quasiliving carbocationic polyolefm refers to a carbocationic pol yol efm
t hat has been forned under quasili vi ng .carbocationi c polymerization

condi tions. [0045] As used herein, ' SI | i ving carbocationic

pol ymeri zation conditions" refers fédj(ﬁbn%f“ tions that allow for quasiliving
pol ymeri zations, which are polyneri zatR%ns that proceed with ninimal

irreversible n term nation and mnimal chain ans Quasi | i vi ng

pol ynerwlmlfl&gfd BESq! nﬁqunﬁr:% yappwarllansvw;él&e%f}ﬁ E&aﬂv &M wher ei n
propagating (living) speci es in equilibriumw th non-propagating

(non-| |6mbwg)m1m§$ yiesubstiaenigs 8(6%461} soxge @i@b@ﬂlm@n‘@l the sulstibsent TcSug1 %g‘, refers to
t he presence ne or e, subst i  uent on y one
subst cugnrCs sPaE et SRS LINERERO i s LPo B SaRe P BRRER %0 Ky
some erpegiolendes, the substl tuent is aI kenyl. In some enbodi nents, the

substituent is al kynyl. In sonme enbodi nents, the substituent is aryl In
sone enB84ilmentis uS@dﬂ]@f@Hbﬁlﬁ?lﬁ‘é‘tﬁtPOlY@leéinl’(é@fﬁTS to prpobeiafindifyt arent s,  t he

substit r I n sone enbodi nents, the substituent is haI 0. In
some enfg&g%orlr%ﬁ%e{aeﬁ?g%hgubsti tuent is heteroaryl. In some enbodi nents, the

subst i t[0e48] |sAtsatsﬁflmélhyfterﬂhali&aﬂ&”ﬁnmaimqbbmmmﬁ’ rtfloss to ulpstyiolafentat s - SH .

In some enbodi rrents the substi t ein Ris alkyl,
aryl, dPaiapat legst Oé’lelz%ﬁ‘lﬁli'y aﬁ)lﬁe s Oéﬁbitﬂﬁ%%?r&boﬁlﬁ‘éméﬁégﬁq is fur yl.

In Some&ﬁﬁé}g&ﬁﬁgB%ﬁn%Q?m%%ﬁ&h yeBimiipuherein R R3 are each,

i ndependent |y, tionally substituted hydrocarbyl. In sone ~?2 OH | _| p
enmbodi ments, the substituent is . In%bne enbodinents, the substituent is ,
wherein R is al kyl, aryl, aralkyl,igﬁ< karyl. I n sone enbodi nents, the
substituent is a pseudohalide. [0047] Sused herein, "telechelic

pol yol ef i1, §f £ %oﬁ%l&‘@&oﬁﬁhﬁ&ﬁ‘lpﬁéﬁb”g a functionalized endgroup.

[0049] As used herein, “thiol” refers to a compound of the following formula:

R-SH
wherein R is optionally substituted hydrocarbyl.
[0050] As used herein, “trinifer” refers to an inifer that is capable of initiation and
propagation at three separate sites of an inifer. In some embodiments, the initiation and
propagation occur simultanecously or nearly simultancously 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:

CH,
R "RZ.

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-



[0048] As used herein, "tert-halide term nated polyolefni refers to a

pol yolefmthat contains at | east one tertiary halide end group. In sone
enbodi mernwe,20t0a8@28rt - hal i de t erm nat ed pol yol ef m has t RETfUSRo0OKW0TY9
formula: . wherein Ris a polyolefmgroup and X is halo. [0049] As used
herein, "thiol" refers to a conpoun f the following fornula: R SH ;
wherein Ris optionally substituted/k depcar byl . [0050] As used hereln
"trinifer" refers to an inifer thatTw2capdbl e of initiation and
propagation at three separate sites of an inifer. In some enbodi nents, the
initiation and propagati on occur sinuL/age Qusky or nearly simltaneously at
the three sites. [0051] As used herei vinylidene -term nated pol yol ef nt
refers to a polyolefmthat contains at |east one V|nyI|dene end group. In
sonme enbodi nents, the V|nylhdéh@ygernlnated R V fm has the follow ng
formula: wherein RL is aH§g< gjqj group ﬁﬁgigé optlonally substituted
hydr ocar byl or hydrogen ﬁ% Bf hydr ocar byl . 4.2
MVETHODS 4. 2.1 CNERVIEM/ﬂ%OSZF In sone enbodl nént s, provi ded here are

met hods for preparing teleghelic polyplefnms. [0 53] W thout being limted
to any theory, in aoha@ epbodi nentgoehd,ne nmet hods scri bed herein proceed by
t he pat hway shown ifrt fol | ow rgiechene: | VUl cYb -F&-SHR B I, , OR

vi nyl i dene- sul fi @™ Ul fi deg er mi palt e OR
S—R S—R S—R
R1” “R2 R1)<R2 and/or R1)<R2 )<
vinylidene- sulfide- sulflde-
terminated terminated terminated
polyolefin polyolefin polyolefin
derived from derived from
disulfide thiol
addition addition

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

intermediates in the methods disclosed herein at low temperature:

© ©
A B
HaG R} o MaTp Ha RS MY
)<S $—R® andjor )<S S—RA

In some embodiments, such intermediates are observable by spectroscopy.

-12-



term nated term nated pol yol efin polyolefin polyolefin derived fromderived
fromdisulfide thiol addition addition wherein RL is a polyolefin group; R2
i s hydr ocaiolzgio/@so2Bydr ogen; RA, RB, and Rc are each, i n@#€parsd@atoboro9
hydrocar byl or substituted hydrocarbyl; Mis a netal, transition netal, or
metallaoid. Y is independently halo .or alkyl; and a.and b are each,

i ndepe?{&lgﬁh y. TngTiant GRRad P g PEOY oG BETemGBS IEThOHS L5 RechdrBBaM ﬁ@el}e MaYb is
der i vededhiQil@pbi§¥ictind&nthrfi@ser i bed herein. In some enbodi ments, MaYb is
derived froma titanium halide. In some enbodi nents, MaYbis Ti 2C 9. [0055]
W t hout bei rig | i npriedigtacpodypfefithischy presénse odk ILewisasiconpourd of bewissacals| e
internediates in the gpthods di%plgfigwherein at |l ow tenperature: In sone
embodi mBnts, such i nt ePHBE! &SP 0B er vabl e by spectroscopy.[0056] In
certain enbadi mentsctinpteyviodRdd pelSichindrdn B (WdsitH eifc @reRadisafidsyd nyl i dene
term nated polyolefm conprising: a . ionizing a polyolefmin the presence
of a LR acid or nixa@upereedizteidns aci ds to form an ionized pol yol efm b.
reacting the ioni : fro i e jsul fides to
forman intef rredi%%cgl;n Qgﬂﬁeydﬁct:e%gzrhfg{&dtﬂsné?ﬁ%%ﬁl R ezr)prr%lgf%aatlée)ghggo Js}rteg1 Ie][gh%b) W th
one or [00FF al botwlagn @nb@tiimeets, prpOded hertin eetictiods Grpoeianagtsompoond cfed

herein are nmethods for preparing a conpound of the fornula: or
the formula:

H5;C
R1

CHa

><S—RA

or

H5;C
R1

CH;
X g
S—RB,
or a mixture thereof;
wherein R' is a polyolefin group;

R™ and R® are cach, independently, alkyl, aryl, aralkyl, alkaryl,

H
HHCHI %y FHCHI Ny HHCH S
ror. Y ro Y ron "L toranx
R3
: ) ~${(CHy),~O—SI—R*
- _(CHz)n_O_R , or R5

wherein mis 1-3; nis 1-3; p is 1-3;
X 1s halo or a pseudohalide;
R* is alkyl or aryl;
R? is tert-butyl; and
R* and R’ are cach, 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 polyolefin from step (a) with one or more compounds of
the formula:

-13-



HBC CH3 RL S- R, or a mxture thereof; wherein RL is a polyol efm group; RA
and RB are each, independently, alkyl, aryl, aral kyl, alkaryl, wherein mis
1-3; n isw0-2810/@8028 1-3; X is halo or a pseudohalide; ReCraisatpbo7ey aryl ;
R3 is tert-butyl; and R4 and R5 are each, independently, alkyl, aryl,

aral kyl, or alkaryl; conprising: a . ionizing a polyolefmin the presence
of a Lewis acid or mxture of Lewis acids to forman ionized polyolefm b.
reacting the ionized polyolefmfromstepgea) with one or nore conpounds of
the fornmula: RA-S-S-RB to forman internediate; and ¢ . reacting the
internediate of step (b) with one or nore al cohols, am nes, or thiols.
[0058] In certai nbodi nents,.. provided herein are nethods for preparing a
conmpound of the 1118??%3}%{}%{@9@?%’ ﬁidi s a polyolefmgroup; and R is alkyl,
aryl, aral ky., alkafinb thStbsiblidicad stpKY) witRonsbPebid déd@]sabMlnes GRNPr i Si ng:
a . ionizing a polyolefmin the presence of a Lewis acid or m xture of

Lewi s dBiods to form an ionized polyolefm b. reacting the ionized pol yol ef m

W th ONBos) mft?ce%@&ﬂ@&ﬁm%ts}ﬁ%viﬁ% ALY arEfivetions RR preparing a compound of

the formula:

wherein R' is a polyolefin group; and

RY 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-S—S-RP
to form an intermediate;
wherein R* and R® are each, independently, alkyl, aryl, or substituted aryl;
and
C. reacting the intermediate from step (b) with one or more compounds of the

formula:
RE-SH .

4.2.2 1ONIZED POLYOLEFINS
[0059] Ionized polyolefins may be made by any method known to those of skill in the art.
Examples include, but are not limited to, ionizing a tert-halide with a Lewis acid; ionizing a
preformed polyolefin with a Lewis acid in the presence of a proton source; polymerizing an
olefin monomer under quasiliving carbocationic polymerization conditions; or performing the
“inifer” method.
[0060] In some embodiments, the ionized polyolefin is a carbocation terminated

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



to forman internedi ate; wherein RA and RB are each, independently, alkyl,
aryl, or substituted aryl; and ¢ . reacting the internediate fromstep (b)
wi t h one WO 20w@s@enpounds of the forrmula: RC-SH . 4. 2. PCTOSREED60799
POLYOLEFI NS [0059] Ionized polyol ef ns nay be made by any method known to

t hose of Skl|| in t he anpl es .i but are not limted to,

i oni zi YL s T A B s .p&?yq?f‘cf A= EF SR P yol ef m
With a d:eW Sinaehtd chibolilen®, %?eeiﬂﬁr%ed)faol?fo]@ﬁﬁfcgﬁ'taﬁl‘@%é‘r RarbBOIHARNY s an

ol efi n ‘onomer under quasi I'i ving carbocationi c pol ynerization conditions;
or per flosainpgmbhdintdnty, fherivniged P@MOleﬁEOQG]HHB threoerebenatiod embgiosps. t Ineoingni zed
pol yol s a_.carbocation t nbodi

Pon s ec et T BERE PRy O SR i0F bR ReS e L RuRE TSP TS T e
enbodi n@idodiméMe thohzed ppRbiahnes i Bo ?(mn@' dTshORBoRaldReatlaon end group. In
some enmbodi ments, the ionized pol yol efin contains two carbocation end
groups. In sone enbodlnents the ionized pol yolefin contains three
carbocation end groups. In sone enbodlnen&ﬁ Hhe ioni zed polyolefinis a
pol yi sobutyl ene with a cationic end dh@ gsone enbodi nents, the ionized
pol yolefin is a conpound ofPa¥ebpigep h (a) lonized polyol efins
fromtert-halides [0061] In sone enbodi ments, th& ionized polyolefinis
derived froma tert-halide term nated ponoIefln. In some enbodi nents, the
ioni zed polyolefin is derived forma tertchloride term nated pol yol efin,
tert-bromde term nated pol yolefin, or tert-iodide term nated polyol efin.

In some enbodi ment s he ionjzed polyqglefin is derived froma tert-chloride
t erm nat ed dﬁ}yoﬂ@ﬂLﬁé3ﬁlﬁgﬁi—gﬂ&ﬁdﬁgaéhkﬁnated pol yol efin. In some

enbodi PR, t BEsInRUBGAHIROhY, %@fdn‘i‘zeh%o%‘léfﬂﬁg d&ﬁ%@ ﬁd’tﬁ b1&hherdde

t erm nat ed pol yi sobutyl ene of the 'ow ng fornmula: [0062] Tert-halide

ternlnam@mngodeWekﬁnshmayn®enhmﬂewbw‘@nymmmmpNWdhﬁmmcmnVMhbgeadﬁt

chloride terminated polyolefin, tert-bromide terminated polyolefin, or tert-iodide terminated

polyolefin. In some embodiments, the ionized polyolefin is derived from a tert-chloride
terminated polyolefin or tert-bromide terminated polyolefin. In some embodiments, the
ionized polyolefin is derived from tert-chloride terminated polyisobutylene of the following
formula:
HsC CHs CHs
Cl
PIB

CHj ‘
[0062] Tert-halide terminated polyolefins may be made by any method known to those of
skill in the art.
[0063] In some embodiments, the ionized polyolefin is generated by contacting a tert-
halide terminated polyolefin with a Lewis acid. In some embodiments, the ionized polyolefin
is generated by contacting a tert-chloride terminated polyolefin, tert-bromide terminated
polyolefin, or tert-iodide terminated polyolefin with a Lewis acid. In some embodiments, the
ionized polyolefin is generated by contacting a tert-chloride terminated polyolefin with a
Lewis acid.
[0064] In some embodiments, the tert-halide is derived from an inifer.

(b) Ionized polvolefins from preformed polyolefins

[0065] In some embodiments, the ionized polyolefin is derived from a preformed
polyolefin. In some embodiments, such preformed polyolefin contains one or more double
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skill in the art. [0063] In some enbodi nents, the ionized polyolefinis
generated by contacting a terthalide term nated polyolefin with a Lew s
acid. | n worzeiogk@di ments, the ionized pol yol efin i s geRerAtSe@Itoy799
contacting a tert-chloride term nated polyolefin, tert-brom de term nated

olyolefin, or tert-iadide term nated polyplefin with IS acjd. In sone
Crbbai ey, PrpE i heREBeTb Yol R e POLH B acaatany 0B Ao it Phg ol some
Ler - IRl €I RATROLYRLREN, Wbbh SolHe datidhc] APRMC | 1 some

enbodi ments, the tert-halide i's derived froman ini - | oni zed
pol yol ehibedirhergmspeleproformdd polypbsifiafdongifs@ne 8] more gulowlelimsodi nent's, t he

i oni ze yolefin is derived from a preforined polyolefin., |n sone

enboat 1HE S HLiohst Sr bR oS SR Mo BsR T R B P heie’ Bdbre8nds. 11
SOme ergapft REMH Sprefdtmidd POELRIFMESA tHRO¥@hed 6Ma CONALIAS IRREmEembb@nkand. | n
sone enbodi ments, such preformed polyolefmis a polyisobutyl ene derivative.
In soneheimizer rehwlsfingsepngmied by serfagivizydireiormedpeliplsEn srtapingRIc@rendo

0l €f 1 NS0k AAGHL thR4SQTE 2 SIRGHLITRL! find A LODLE AL X0 Sfiiyles generated by
contacting a proton source W a preformed polyol'efmin the presence of a
Lew s amitbdirhénts oeioairbd golyentia,is trerdtanby eshtaing alpeédformédspdesiefiat ed by
cont acti n%éa- pref orned pol yol ef m contai ni ng one or pore doubl e bonds with a

g
pr ot on @8RS PRF ¢bIghandetitiea Broten 10uics™ ARG RICSINAC QbbCWIrFGH: TBAPRS ¢ he
I onl ze I : : el : vl.ef .t
cont ai %ﬂﬁ%ldggée&%éﬂt}‘biogmgg Eg&\?\}eﬁ% ﬂ lgg%@g#%ﬁ%%d&?%%n %%IO é@gt«g@%ﬁc%hg%ﬁ\}a% Lew s
aci d. Iwitlsa ptenivodicme thcspresdnec pbmLzed apal. Violsefi embsdigemneés; gicadnibgd

cont act i ol yi sob | ene derivative with proton source in the

br esendB G DAL bY cOF e ElBar APl TmERGLTUR RO TBYT NS i n i s
gener atfgehiiyigPn bRk Mr@ iRTRS fedmde B ¥OWRfy contai ning one or nore endo
olefins with a proton source in the presence of a Lewis acid. (c) lonized

pol yol ef i ns (€Y om yotviedefins i AL, sbme enbodi ments, the ionized
pol yol efhp.is derived froman jnifer usin t hods own to.those of skill
o ¥ he T R i Tt g h Sl Fea dR bR A B A i s, °L, 2
Nos. 4,mMdthedIAhoamdo4hdz68f 138 in BRGH. Mlonahimitthg &ampEY P SlichtBEthEYs are

described in U.S. Pat Nos. 4,276,394 and 4,568,732, ecach of which is incorporated by

reference herein. In some embodiments, a monomer is reacted with an inifer carrying at least
two tertiary halogens under cationic polymerization conditions. In some embodiments, the
inifer is a binifer or a trinifer. In some embodiments, the inifer is tricumyl chloride,
paradicumyl chloride, or tricumyl bromide.

(d) Ionized polvolefins from olefinic monomers under quasi-
living carbocationic polymerization conditions

[0068] In some embodiments, the ionized polyolefin is derived from olefinic monomers
under quasi-living carbocationic conditions. Under such conditions, a quasi-living
carbocationic polyolefin is generated. Such conditions may be achieved by any quasiliving
method known to those of skill in the art. In some embodiments, a monomer, an initiator,

and a Lewis acid are used. In some embodiments, an ¢lectron donor, common ion salt, and/or
common ion salt precursor is/are used. Non-limiting examples of such methods are described
in EP 206756 B1 and WO 2006/110647 A1, both of which are incorporated by reference
herein.

[0069] In some embodiments, the ionized polyolefin is a quasi-living carbocationic

polyisobutylene of the following formula:
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reference herein. In sone enbodinents, a nononer is reacted with an inifer
carrying at least two tertiary hal ogens under cationic polynerization

condi ti ors0 2brp/8028 enbodi ments, the inifer is a binifePCoUS20006070¢ er. |n
sone enbodi ments, the inifer is tricunyl chloride, paradicunyl chloride, or

tricunyl bromde. (d) lonized polyolefins fr ol efini c nononers under
quasi | i vi ng carbocationi c pol ymeri zatH:6q £9n ions [0068] In sone
enbodi nents, the ionized poPahadobftylang [ Eron1o|efinic nonomer s under
quasi-living carbocati oni ¢ conditions. Under sfEh. conditions, a

quasi - g r bocationj.c Ief n is, genera ondltlons may be
T e 0 - S ORGP i O e eseR PG ER B B S PO {he et
SOme erfPEhdRAtisns FolRI Rlasi-Bink Polyo D wilBE désckiéW Belgkl d are used. In
sone enbodi nents, ‘an el ectron donor, conmmon ion salt, and/or comon ion

salt precursor |§Dare1m§§ﬁ0H%bn I|n1t|ng exanpl es of such nethods are

descri gﬁg‘( fén Ep) 5200 66765n§b0%1m Irl]td tmn%tﬁaggrglé]a]cggl%gun or epb@rgg%ogefo il wvmlonf: G miore

i ncor por d by teference Rerern ‘he “ioni zed

pol yol ehamoncs cidd Greap icapabld s¥dnitiatinog aitiodid 6lcfio bylyaRbiditidne @ ekarhfie, thel | ow ng
formul a: [ 0070] Sonme non-limtin exqagles of reagents and conditjons

sui t abliBitiREy C%Pﬁ‘y?fﬁ‘?mﬁ%ﬁd&f@%‘? (T uds Mhere RgansoRyde dfdegendently be
descri gﬁg%%g%kylé%r}, p&emaévﬁﬁk 10g17017 deh@ha‘i%{%ﬁﬁfmg{fﬁe@} gisildf 1 nitiator

isac or nore than one group capabl e of
i ni ti athydgpganratdiRirtias achkhtaofglaydaris Zaintayer ofare toxailiesn sdeentd, Riltcrat,or can

be a c npoun of for CRaRb wherei n_Ra d re independently
hydr og E% TOUP=MA al%ﬂeééaﬂ%lﬁom%?‘z‘g‘ﬁmﬁg}ﬁs %P@@ngd a‘i%ﬁk\’ r%@rhoéa%é‘?upéne of

Ra or %nia%nﬂ@&n@é’ﬂﬁ&gﬁﬂm t@ﬁgolﬁCZOQ@?ooﬁ YFhENGRoRE cthbodittknts, IRa I@b”addrﬁceger of
one to 4. s an acetate, etherate, hydroxyl group, or a hal ogen. In sone

enbod|ﬁmﬁh$¢0@abmﬂbmamdxm@nmmgohvdmbmebUmD@bomﬁ%anbmtaom@n@l@m@:carbon
atomto

nyar ocaTBERBFBuEE ORISR 16 BE CTaPBEN G Srir Akt b oM aeShe,
Sone erﬂ?@ﬁﬁ‘d@tﬁ% f RS Ry ahdR, hﬁ‘ﬂnﬁ@seﬂﬁe gtdWiei R B cRRP dioiBHeE , ISonles chl oride. In
sone enbodi ments,
embodiments, such structure is a 1-halo, 1-phenylethane initiator for polystyrene or a 2.,4,4-
trimethyl pentyl halide initiator 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.
[0072] Some exemplary initiators include 2-chloro-2-phenylpropane, i.e., cumyl chloride;
1,3-di-(2-chloro-2-propyl)benzene or 1,4-di-(2-chloro-2-propyl)benzene, 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).
[0073] In some embodiments, the initiator can be mono-functional, bi-functional, or
multi-functional. Some examples of mono-functional initators include 2-chloro-2-
phenylpropane, 2-acetoxy-2-phenylpropane, 2-propionyl-2-phenylpropane, 2-methoxy-2-
phenylpropane, 2-ethoxy-2-phenylpropane, 2-chloro-2,4,4-trimethylpentane, 2-acetoxy-
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the structure of Ra, Rb and Rc mmcs the growi ng species or nononer. In
sone enbodi nents, such structure is a |-halo,|-phenylethane initiator for
pol yst yr eme 2010/@8®34, 4- trinethyl pentyl halide initiat®CTfuse009/060799

pol yi sobutyl ene. I n some enbodi nents, Ra, Rb and Rc are each hydrocarbon

groups cont ai ni ng one carbon a 0 .abou carbon_ato or the
initiat¥ ‘gg "B IPSNHI $IPEROH %y%ﬁ“?ﬁ Vt?ﬁnta’ﬂ% %@ﬁ‘é‘oéwgs“a‘I'nent s, the
initi attﬁﬁleﬂﬁrl&nﬁh‘ﬁg}’i-ethgkﬁgmﬂ trﬁﬁethﬂ?p&%]ﬂ/é aﬂ@tlcﬁforo-bg@y ?rlm§ el%@éml ary
|n|t|atorS|ncu 2- chlor o- 2- ropane, i.e orid

, 3-di S(olznet:fmampdﬁsmf btﬁpg@hpm mmemtersonclndﬂlérdl@cldéﬁO& pmbybb@}zym? Bg&adlé%re
EZZ:: R b EP R Tt Rroaimigr Wbt bisdheaneRotpat ) enzene

2- acet Qtyp ﬁ)‘t}l@h@dﬂﬂé' aﬁfd@@ﬂﬁbutyl—%;-d UMbroa,@-@hgiy(P) , bedzerR! @@h@rbthgte@ aenyl
propane, 1. e. unyl propionate rret oxy- 2- phenyl propane, i

cunyl rréﬁwwfué@twl injtiagorg ilr(cizudeelt,316%5}@2(1%%@&1)%@%@%@% gndel,3 Sdn(2curry| met hy|
ther): t thyl eth
S ol oA R AR e ol ARG S il 2m’h%f‘rf§°m%?§py% penvens!

and 1, rindihyPentinoy n3zi(prahmtbp—-lﬁopﬁbis-tbmbyatﬁmlzama of HioGGy1 cHI®WIE3]Inl N sone
enbodl ments, the initiator can_be nono-functjonal, bi-functional, or

mul ti - FORSETedIments he 1834RS 183 CBPT‘H@A@“ Hr{AethYIBRANS - ni t at or s i ncl ude

2-chl oro-2- phenyl propane, 2-acetoxy-2-phenyl propane,

2- propi onyl - 2- phemyl PrMBadRers2- et hoxy 2- phenyl pr opane,
2- et hoxy- 2- phenyl propane, 2-chloro-2,4,4-trinmethyl pent ane,

2- acet QR 4yr LB RSN ARE R oM PROMMicGn oI Y PSRN A0S

2-meth pent ahe ’yI p’e and

2-chl ord@nﬁmﬂngloﬁuylhlyatdgyﬂl p@m&a&b\@l atameﬁnemaﬂigIba'o‘nafhnlmedftumbﬁ@@rtaid initiators
i nclude |, 3-di (2-chl oroq-2-propy %benzene 3-di (

met hoxyligdefps ag%li shosnbierieg fremabgp{ Stocghont %:fb%ﬁg?my etz Bp@, about 4 to
1, 4-di
“but y: (21% §P§ %.Q?é? gtmngr @B%le)gggrgéﬁﬁﬁggﬁé{g%rg .1ncr %dﬁésoébx glelfe styrefne beta pinene,

rrul ti- flmpmd:neohahduem t2|-meuhy]s1ibnmlnel,dbnieﬂﬁl-?o-‘ttulten(eZamiM-med}yQ—lpp“enmnb) benzene and
, 3, 5-tri t hox ro .ben ene. I n sone rrbodlmantds the initiator
| S 2. chHP 6:115) 1rg{ent¥ Flilenlgﬂl& anisq %ty ene or styrene. In some embodifents, the
» 3- di (RorfdM@T Q8o RYRRY. ! D sorte®intboRith Mt D ERZSBRom & is Syedsay! chloride. In sone
enbodl ments, the initiator is 2-chloro-2,4, 4- tri met hyl pent ane.
[0075] 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.
[0076] 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.
(iii) Lewis acids
[0077] 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.
[0078] Some examples of metal halide Lewis acids include a titanium (IV) halide, a zinc

(IT) halide, a tin (IV) halide, and an aluminum (III) halide, e.g., titanium tetrabromide,
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(i1) Mononers [0074] In some enbodi nents, the nononer is a hydrocarbon
nononer, i.e., a conpound containing onIy hydr ogen and car bon at ons,
incIudinnguﬂummmnBlnlted to, olefins and diolefins, anmcﬁhﬁsmmhamvhg from
about 2 to about 20 carbon atons, e.g., fromabout 4 to about 8 carbon

atons. Sonme exe ry i.ncl ude, i sobutyl ene e, a pi nene,
S opr e Ba A Bl o R ARk AR b Lreh o St

4- et hydlgthmBBIdieMN8ridd ShSAbBy ﬁﬂ%ﬁiuﬁ’&?ﬁ'ﬁo%udé hﬁ‘orﬁ@&&!ﬁﬂeh‘? dofGhsthlae or
styrene. In sone enbodi rrents t he nononer is isobutylene. In sone

enmbodi rEawis ACtdSencrimimmntlnsms't(W)dmélde [0@H15)m (D dehide, onb bdiomg(htl shalideni xt ur e
of m)norrers S d..In so odinents, a m x nore nononers
’s usod By orbd rtitifiids fr AR REo P ARARYTE Ratine P Sush af Bireend RS "o
enbodi AQIY, aMIkukdslof t@f) oF rREY8 MY t§ 0l BewB@dids kin ﬂ@@ﬁse@”ﬂ@dh@@ﬁr@le%

m xture of 4 nonomers is used. [0076] In sonme enbodi nents, the nononers are

pol ymerhixéye phapalgaipen ﬂél))hﬁbd%a@fa wiafkyb plaprnump gempeushia peqdalin yomm form

ol €Ul Al She 01 RRIRETRRGLIENbnyh U TRLEcH ALIELER L Lthe B0l yrer

is fro o in excess of

such pahyrgrshikria oklewenbbéieidnas th&&tcgcfﬁlorhbmluirdlwdif alimﬁmus(ln@hylrmrts haV| ng a
nmol ecul ar_wei ght of  from about 200 to 10,000 g/ nol,. or solid waxy

pl ast i drialsyl @Plalg%uah’ér P thaty brioficzamale ﬁ@torﬁér%q}naratmf@h@@ Iof aLPF%‘h"F%bout

100, 001 Phetia@ 00 RAR 1 gfu%hum%nr}ge@éo ldidtioh e SaPd 21 LRRLLImI(MInt he

met hods provi ded ein, 1n so Iments, the Lew s aci nonprotic
aci d, eafde toatruaﬂctyhhluhnﬂlumleompommimon‘e‘staichtwmaxieraumﬁlsq alSmmeme Kanphlede of

met al aI| W S aC|d a.titanium (1V) halide, a zinc I

el 1 de 10414 Ry o RN G WOt d O U P AT pgimgn G0t
t et r abrigfcHs hiuhAMidH N ﬁsggr achloride, zinc chloride, A Br , and al kyl

al um num hal’i des such as ethyl alum num dichloride and nethyl al um num

br om dd008Hme &xsompd @sbasfimaein-thelawistald de beevied i wistablaguoder @n ant i nony
(VI) halide a hal i de, e.g., boron

s, &0 98 arictiB (s ok il Cne Qlia & OCE OB d dilclubys™ .
tri chl of AHES GF 2 mq 1° %’fou?n RIROE SHPSas s TEh58OBy i net hyl  al umi num
[0079] M xtures of two, or nore than two, Lewi s acids can al so used. In one
example, a (iv)  Electron Donors

[0081] 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 herein 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

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

compound. In some embodiments, the electron donor is trimethyl phosphate, tributyl

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

oxygen-containing metal compound. In some embodiments, the electron donor is

tetraisopropyl titanate.
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m xture of an alumnum (111) halide and a trial kyl al um num conpound is
used. I n sone enbodi nents, the stoichionetric ratio of alumnum (I11)
hal i de t owoOrzbeldgd23al umi numis greater than 1, whil e i nPoThSeoOBWE Nent s,

t he stoichionetric ratio of alumnum (I11) halide to trialkyl alumnumis

| ess t For exa a st |ch|one ric.ratio of about 1 al.um num
(1) 1Pl ¢ B sk E’Hd“%%FIE}ﬁat TFRCEBHRRNOG s Y TS QU T, R TR 1B 2 1
al um n%hfe'e'rﬂt)odﬂﬁ‘éﬂtéj%é&eétfdn%iohbﬂ 1saa|déﬁlp6{iﬂa gofpAHAd; or a stoichiometric
ratio of 1:2 alumnum (111) halide to trial kyl alum numcan be used. In
anot her exanple, a mxture of alum numtribromde and trinmethyl alumnumis
used. [0080] In some enbodinents, qthe |ewgks acid can be added in a suitable
nunber of aliquots, e.g., in one aFl u o? nore than one aliquot, e.g.,
two aliquots. (iv) Electron Donors 081] As is understood to one of
ordinary skill in the art, some eRectron Benors are capabl e of converting
traditional polynerization systens intRy quasiliving polynerization systens.
In sonme enbodi ments, the methods described herein are performed in the

presenc f Iectron donor. [0082] In some enbodi nts, the el ectron
donor il @Hpabw crsn Rt Bseifiganid Rt &¢ihs indepensiently, cRAbRAEERE; t he
el ectrqp %HQ'RZ,' or 18 a{?ﬂfl% &nﬂ{ Md I@.U%% R?Qﬁ'ﬂ R?de Qﬁﬁér ﬁy??ﬁ%%ﬁ@irﬁlﬁjhaﬁé“e

el ectron donor ‘is capabl’@ of abstracting or ving a proton. I'n sone

enbodi memg of,abolie3 tol aboutr bearbamapmis or alfused gmmatlcbagmf aboutsﬁotnmbemtbbchrbmnt S,
the electro onor i.s .an amde. In sone e nts ctron_donor is
NN i R | POPRG PRI TRE R ¢ Y oG B GPen oty Rep @Ry SR B, 1 n
some enpaeigwnts, the electron donor is a sul foxide. In some enbodi nent s,

the el ectron donor is dinmethyl sulfoxide. In some enbodinents, the el ectron
donor i[808 esiresomq embeshmcrintbelthetrersdonones 26-detarohutgbyodines?., frdutidine,

acet at ?ﬁl np%ﬁﬁﬁ%n?qg£64ﬂnwﬁ%éamﬁﬁgo [Ny @?@Yr he eleg&ron donor is a

phosph e CO nent’s, oRY'donGr s trimet hyl
phosphate, tributyl phosphate, or trlanlde hexanethylphosphate In sone
enbodi nents, the el ect(¢pn dosramondoarsalix ngdes Sakt@reeugorset al conpound. In
sone enbodi nents, the electron donor is

[0086] In some embodiments, common ion salts or salt precursors may be optionally
added to the reaction mixture in addition to or in replacement of the electron donor. In some
embodiments, such salts may be used to increase the ionic strength, suppress free ions, and
interact with ligand exchange. In some embodiments, the common ion salt precursor is 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
[0087] In some embodiments, provided herein are methods for preparing a vinylidene
terminated polyolefin comprising:

a. ionizing a polyolefin in the presence of a Lewis acid or mixture of Lewis acids

to form an ionized polyolefin;
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tetrai sopropyl titanate.[0083] In sonme enbodi nents, the electron donor is
pyridine or a pyridine derivative. In sone enbodi nents, the el ectron donor
IS a conpuordioaisder nul a: [ 0084] wherein RL, R, R3, RAPCIAB2RIB6EPE each
i ndependently, hydrogen or hydrocarbyl; or R and R, or R2 and R3, or R3

and R4, or R4 and R 5 independently faorma fused aliphatic ri of about 3
£ about 7 dar bodes BRNGRTEoF Gbbleandi ve F Ry o st el e v
carbon gfpnms. I n sone gnhedhémntsangR and R 5 are each, independently,
hydrocarbyl, and R2-R are hydrogen. [0085] In some enbodi nents, the

el ectron doror i ge&tipgdie intsrmediateydlstepi(bll wah ofs 6 inate aléahe]s or amines.

2, 4-di I i di 2 6-tr] hyl idi. 2- . i di.ne,
2o TR, P VLB RPN PR BoBRY LS Bty e
enbodiqamﬁﬁMG@pmggabmgﬁngalts or salt precursors may be optionally added to

the reaction mxture In addition to or in replacenment of the electron
donor. In sdAt erBisulfidesit s, such salts may be used to increase the ionic

st rengt upp i: i Nt : i i somne
crbod oS PERER T o iR PRR hll -G e SRS SR enkd
chl ori dee disulfsden® ussdbodi ments, the conmon ion salt precursor is

t et ra- nbut yl ammoni um i odj.de I n sone enbodi nents, the concentration of the
conmon [PB?{ﬁsm {rssogpe embadimerts, fhe disulfidg 13 weompruad of dhgformmlanm xt ure may be in
the range from about 0.0005 noles peis_Ild ter to about 0.05 noles per liter.
In sone enbodi nents, the concentration of the common ion salts or salt
precur salregeinR’ andtmgearc ande irfdependabtby tally 1 COPSamtkyesikaeyl, | i t er to about 0. 025
nol es per liter. In sone enbodinenﬁs, the concentration of the comuon ion

salt or salt_ ursois s in.the mangefrom ut 0.001 noles per liter to
about 0. 007 r%@?m@i))i T PIED R%E‘X&‘R’r@_ | YL LDENE- TERM NATED
POLYOLEFI NS [ 0087] | n“sene enbodi ménts, provided h_?ei are net hods for
preparing a vinylidene term nated pglsyol efmconprising: a . ionizing a
pol yolefmin the presence gf Lew s agid or mxture of Lewis acids to form
3¢5t TheTo
5

an ionized polyolefaihy re ni zed polyolefin fromstep (a) wth
one oOr nore gﬁ?ﬁ@?igég,ﬂﬁ form an iﬁ%erﬁediate; and

wherein mis 1-3; nis 1-3; p is 1-3;

X 1s halo or a pseudohalide;

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

R? is tert-butyl; and

R* and R’ are each, independently, alkyl, aryl, aralkyl, or alkaryl.
[0091] In some embodiments, the disulfide is a compound of the formula:

RA-S—S—RE.

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

R3
~$~(CHy),~O—~SI—R*
“HHCH—O-R* 4-(CH =X RS

wherein n is 1-3; p is 1-3;
X 1s halo;
R’ is tert-butyl;
R* and R’ are cach, 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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c . reacting the internediate of step (b) with one or nore al cohols or
am nes. [0088] In sone enbodi nents, the vinylidene term nated polyolefinis
a vinyl i o¥peotoasizaat ed pol yi sobutyl ene. (a) D sul fi desPLC00B2)09105079D e
enbodi nents, nore than one disulfide is used. In sone enbodi nents, one

di sul fi |.s used 0090 odi s, the disulfide is a conpound
of the ﬁ@? |an%@ﬂlﬁl§f%b “@e Igg ng are each, independently,

al kyl, [@wé] afpddiyd emBIdRAEMS, Rﬂar(d k@areﬁﬂ(y\nfeﬁl%ébom@cérbéns nis 1-3; pis
1-3; X|s hal o or a pseudohalide; Rx is alkyl, aryl, aralkyl, or alkaryl;

R3is t[@ﬂ%]but msonam@nlwduanmm&ardeReaI@hnetthd@tbelndml yort-hittellisopeapyl.,
ar al kyl 1 aukﬁ [0091] In sone enbodinents, the disulfide is a
corrpour’Pé1 ?}¥ Phe florrml a:. RA-S-S-R B : wherein RA and RB are each,

i ndeperdest! y, Iiaddiyd emeddiments! iKasind R® akGhbtRY Nty Rert-BR 13 propyRior tolwher ei n
nis 1- 36%5 is 1-3; Xis halo R3 |s tert- b%tiﬁ? R4 and RSPQ?g eachWh

i ndeperl@898]1 y, T;yapne grbagingnts, Ringnd & prs G&flﬁlﬁl’t&m}éﬂwpmﬂ?ﬁdmlﬂ n sone
enmbodi %@93 Reh ?0%'6 @ﬁo@cﬁ&eﬁtﬁ'ﬁ{“ étgdaﬂ{B are isopropyl or tert-butyl.

[00100] In some embodiments, R* and R are isopropyl.

[00101] In some embodiments, R” and R® are tert-butyl.

[00102] In some embodiments, R” and R® are

_E_(CHZ)“_O_RX. In further embodiments, n is 1-2. In further embodiments, nis 1. In

further embodiments, R* is alkyl. In further embodiments, R™ is aryl.

[00103] In some embodiments, R* and R® are

$CH )X

[00104] In further embodiments, n is 1. In further embodiments, n is 2. In further
embodiments, n is 3.

[00105] In further embodiments, X is F, Cl, or Br. In further embodiments, X is CI or Br.
In further embodiments, X is Cl. In further embodiments, X is Br.

[00106] In some embodiments, R* and R® are

R3

|
~$-(CH,),—O—S—R*

R5

[00107] In further embodiments, p is 1. In further embodiments, p is 2. In further
embodiments, p is 3.
[00108] In further embodiments, R* and R’ are identical.
[00109] 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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[0093] In sone enbodi nents, RA and RB are al kyl, aryl or alkaryl.[0094] In
sone enbodi nents, RA and RB are al kyl. [0095] In sonme enbodi nents, RA and
RB ar e alW9l20mf04802860 about 10 carbons. [0096] In sone emrb@diSa@ans)79RA and
RB are nethyl, ethyl, propyl, tert-butyl, isopropyl, phenyl, or tolyl.

[ 0097] | me_enbodi nent.s, and .are nethyl, ethyl, tert-butyl,

 sopr oL it er{ﬂefw@r@fntmhgglﬁe@ma?%%@,of@ﬁ e ar e ot hyl
tert-butyl, isopropyl, or tolyl. [0099] In sone enbodi nents, RA and RB are
i sopropyl or tert-butyl. [00100] In _ogﬁ‘errbodi ments, RA and RB are

i sopropyl. [00101] In some enbodi nents, RA and RB are tert-butyl. [00102]

I n som%g@%mﬁof%&%n@ are | 2 In further enbodinents, nis 1-2. In
further enbodinment's, nis 1. In further enbodinents, Rx is alkyl. In

f ur t herlnenino dimedinsentsRhei dkydnyd strfigild hy8iochpos ehanenbodi ments, RA and RB are
[ 00104] further enbodj.nments is.l. Inp further enbodinents, nis 2. In
Furt nerlObhibar b HRERmE e fsafotihmefhubelor SSRGS X i o . G, or
Br. In dimhd@holesbdivieibs, X is O or Br. In further enbodiments, Xis d.
In further enbodinents, X is Br. [00106] In sone enbodi nents, RA and RB are
[ 00107109 HL4 ur Irmsamaerbatiimenis.ghe plcpkolis cthpnalusemepanehiBodhytbeagol, pres-2. |1 n
furtherb %ql% dinments, pis 3. [00108] In further enbodinents, R4 and R5 are
i denti cal ‘00109] In further enmbodinents, R4 and R5 are aryl. In further

enbodi MBOL1S] Rin gunt EBbatiReRk kit alcbRolGefmbthafolF@Pprdpansls, R4 and RS are
terti ari‘ al kyl. [00110] I n some enbodinments, R4 and R5 are phenyl or

net hy| . [09hl6d onin womisorm gnts.ghe algahatds metapplenyl . (b) Al cohol s [00111] In
some enbodi Wts’Aﬁlﬂfési nternedi ate of step (b) is reacted with one or nore

[00117] In some embodiments, the intermediate of step (b) is reacted with one or more
amines. In some embodiments, more than one amine is used. In some embodiments, one
amine is used.

[00118] In some embodiments, the amine is n-butylamine, 2-ethylhexylamine, tert-
amylamine, triecthylamine, or dibutylamine.

(d) 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.
[00120] 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 least 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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al cohols. In sone enbodi nents, nore than one al cohol is used. In sone
enbodi nents, one al cohol is used.[00112] In sone enbodi nents, the al cohol
is a conpyonrdioaisiBe formula: R-OH ; wherein R is al kyl POT/UB2@90607BDNS. | n
some enbodi ments, the alkyl is a straight hydrocarbon chain. [00113] In

sone e s, the al hoI | S netf.hanaol , .et hanol r opanol

et hyl hQBQ%TE bt sasuscspbpdiRens houy jfeneredypgc Al AP nal B e ol i s
et hano'molb%)@ﬁ"ef?mfh‘ﬂl 1roe1?uc§:'sI ¥ ls58% 8RBbdinRntsS B AMRhe teh’ﬁ%@po'l%l@fﬁﬂe
enbodi nents, the al coho i s methanol or isopropanol [00116] |n some
embodi rfermeg] isthmoat Wohole piegceneeftrdimubducts ) InAninaesbod@icn®, thavisdiene

enbodi nt.s er.nedi at e of s cte th one or nore

o oos TeitiRaced B hBEE G & SouDiBolt Bhistd drRl Hr&letha sPRE s ore

enbodi MNeitodim&ne tMIHﬁlld@ematéMMﬁﬁ forERH®s ﬁﬁﬁ&@60ﬁfﬂl§pe&é’iﬁ o@@ilne is
n- butyl am ne, 2-ethyl hexylam ne, tertanylamne, tri e:m%/I am ne, or

di but yInapdusés. Ipdympﬁa@eélﬁn@it%thelwhd@ne feonmaoy nolycdefirelosmpdsi %ﬁmssm t he
met hod e

ol yol aFE PEfekhEd TGy ARl LEinaRIGL, R hihech RRRhRATo IR

pol yol ebimal saninastriongolenpdacol (ﬁfdllrlﬁrodlicﬁsr tinlamic &mbpdiny@lltgﬂr&vmydmpé ed

pol yol ef ns, and su]f determ nated polyolefns are reaction products. In sone
enbodi r%étﬁmgated/pﬁlypkeééﬁme@rlﬁﬁwa%&wl?@?@ﬁ%o fat@rodietsmaj or products, and
pol yol . Wt coupl ed
ponoI§$%§ an ?giﬁ?%%?g TEFB&FQ?%EBgrQEtheiﬁigﬁﬁ products.
[00120] In Haye elmep ratmnttﬂ‘ sulfivke- t‘ermuiatetgp_elvbkeﬁns mattecmpoitivalrefetidnor mred i s
at | eastitiO nol e per ceiléohols @i dmiwepducts. I n sone enbodi ments, the
vinylidene termnated polyolefn formed is at |least 20 nole percent of al
product[§e122]) S BrRQREIIRBLS, prBﬂ@ed’héMn' a@'@ﬂl‘%ﬂfo@é mr%ﬁﬁng‘a'sﬁﬁid@f n formed

is at Ieast 40 nol e percent of all products.
terminated polyolefin of the formula:

H;C_ ,CHj
S—-RA

or

HsC_ CHs
g e
R'” > S-R®,
or a mixture thereof;
wherein R' is a polyolefin group;

R™ and R® are cach, independently, alkyl, aryl, aralkyl, alkaryl,

H
FHCH )7 ) FHCHI— Ny HCH >
ror. Y Fot Y For. T tomanx
R3
: ) ~${(CHy),~O—SI—R*
- _(CHz)n_O_R , or R5 .

wherein mis 1-3; nis 1-3; p is 1-3;
X 1s halo or a pseudohalide;
R* is alkyl or aryl;
R’ is tert-butyl; and
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enbodi nents, the vinylidene term nated polyolefn forned is at |east 60 nole
percent of all products. In sonme enbodi nents, the vinylidene term nated

pol yol ef wbaproadsi2s at | east 70 nol e percent of all pro®dTiEs2000M0660ME

enbodi ments, the vinylidene term nated polyolefn fornmed is at | east 80 nole
percent of all products. In sone senbodinents, .the vjnylidene. termnated
polyolefn formed is at |ea r%e%%T@@WWmSPnEPﬁkﬁﬁﬁ dF@kFg8321] I n
sone e jiment s, cobhigisiighy! i dene term nated polyolefin formed is at nost 10
nol e percent of all products. In some enbodinments, the vinylidene

term nat ed pol yoliehizmgfagqromedefinsinghe mesenc2 0f adlewipmidenmixgire aff Lewrsagitst s. |1 n
sone eqbodinents, thejyinélidenﬁ4t@;n%nated polyolefin fornmed is at nost 40
nol e pePcent of all pr885 PR B ﬁ@aghbodinents, t he vinylidene
terninated pol yoleddting iy WRE el poBbleiBTiond epl)avileseHmt camboRid@acts. 1 n
sone enbodi nents, the vinylidene term nated polyolefin fornmed is at nost 70
nol e pdheent of all prieeaees. I n sone enbodi nents, the vinylidene

term nated polyolefin formed is at nost 80 nole percent of all products. In
sone enbodi nents, the vinylidene term nated polyolefin forned is at nost 85
nol e percent of all products. 4.2.4ARRIEPARATI ON OF SULFI DE- TERM NATED
POLYOLEFINS (a) Preparation of sulfide-term nated polyolefins via

term nation reaction with al cohols or am nes. [00122] In sone enbodi nents,
provi ded herein .01 aring a sulfideterm nated pol yol efin of
t he fornmul a: HSC%%ﬁgﬁg%h%S%Ff&gﬁgﬁ%g CH3 R1 %R B, or a mxture thereof;
wherein Rl ics a pohogingelid integmodipte dRAtepr(t)) RiBh aneoemotr, al¢ahdbpendaentsl y, al kyl ,

aryl, 3[581{3\! X Inaéoi%‘er é/r{l‘t’)od-irgllgl_‘g, provided herein are methods for preparing a sulfide-

terminated polyolefin of the formula:

H5;C
R1

CH,
S—-RA

or

H,;C
R'l

CH
><S:;B;
or a mixture thereof;
wherein R' is a polyolefin group;
R™ and R” are each, independently, alkyl, aryl, alkaryl,

R3
~$~(CHy),~O—SI—R*
“HHCH—O-R* 4-(CH X RS

wherein n is 1-3; p is 1-3;
X 1s halo or a pseudohalide;
R’ is tert-butyl;
R* and R’ are cach, 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 ionized polyolefin;

b. reacting the ionized polyolefin from step (a) with one or more compounds of
the formula:
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wherein mis 1-3; nis 1-3; pis 1-3; Xis halo or a pseudohalide; Rx is
al kyl or aryl; R3 is tert-butyl; andR4 and R5 are each, independently,

al kyl, arwbD,20sv@B®ygl , or al karyl, conprising a . ionizi RETASP@OPEI784i N in
the presence of a Lewis acid or m xture of Lewis acids to forman ionized
pol yolefin; b. reacting the ionized polyolefin fromstep (a) wth one or
nore conpounds of the formula: RA-S-S-R B to forman internediate; and c .
reacting the internediate of step ghé_\g_hh one or nore al cohols or anm nes.
[00123] In sone enbodi nents, provided herein are nethods for preparing a
sulf determ nated polyolefin of the formula: or or a m xture thereof;

wherein Rl is a pol.yol efin _group.; and RB are each, independently, alkyl,
aryl, al karyl, Pl[ 9@“%{%9ﬁ16%2)a5§f\x O whereinnis 1-3; pis 1-3; Xis

hal o or a psgudohaldilg:thd3dtdrdeligfclofRithYb) with 088 6r fdreadl ©hoRCdt amines.
i ndependently, aryl or alkyl; and Rx is alkyl or aryl, conprising: a .
i oni zi M80E24bo| Yosasng embadimpeis. gk ds epebyiwbutylgnewireupaci d or m xture of Lew s
acids to forman ionized polyolefin; b. reacting the ionized polyolefin
fromstep (a) with one or nore conpounds of

(i)  Disulfides

[00125] 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*-S—S-R® i used.

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

[00127] In some embodiments, R” and R® are alkyl or alkaryl. In some embodiments, RA
and R® are alkyl. In some embodiments, R* an R® are alkyl of 1 to about 10 carbons.
[00128] 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] Insome embodiments, R” and R® are tolyl.

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

_g_(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.

[00135] In some embodiments, R* and R® are

_g_(CHZ)"_X . In further embodiments, n is 1. In further embodiments, n is 2. In further
embodiments, n is 3.

[00136] In further embodiments, X is F, Cl, or Br. In further embodiments, X is CI or Br.
In further embodiments, X is Cl. In further embodiments, X is Br.

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

R3

|
~$-(CH,),~O—Si—R*

R5

[00138] In further embodiments, p is 1. In further embodiments, p is 2. In further

embodiments, p is 3.
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the formula:RA-S-S-R Bto forman internediate; and ¢ . reacting the
internmedi ate of step (b) with one or nore al cohols or am nes. [00124] In
somre enbodDreeWE82RL i s a pol yi sobutyl ene group. (i) D farfisdes/op@od25] In
sone enbodi nents, nore than one corrpound of the formula RA-S-S-R B i s used.

In so di ts, one conpo t he la RL-S-S-R B i s used.
[0012%06%3 ng‘eﬁ‘f‘r‘%@a?'ﬁ%‘ﬁf@m@%&d S %}J&nﬁl ntical. [00127] In some
embodi Napi4y] Rbh ARERBnRSEmMBMKYR* 814 I@I 5. Inl fﬁrtﬁ@r%tf’oﬂhﬁéﬂtmtaﬁd RRArand RB

are alkyl. I'n sone enbodi nents, RA an RB are al kyl of 1 to about 10
car bonglk}[lommalnmbﬁdmeetﬁtibdanddhtagetemaraﬁﬂiyRB are nethyl, ethyl, propyl,

ot byt 0115 TY o Sopbitibpes T G s BT pEREBL b b enSaking e
are |sq@aqﬁ3alrepﬁelj,plyl [00131] In sone enbodi nents, RA and RB are

i sopropyl. [00132] In some enbodi ments, RA and RB are tolyl. [00133] In
sone enbodi nent s,(iRA NgolEsare | 2 In further enbodinents, nis 1 2. In
I

Sone oS s crtod imdnes D e i BT ERRIRRE un B bomftet) o ")
( 2)n .aldohofsulh bene embo@lmm Sne dicol®l Is.uskd Fnobrivarmisxdirach tsrandrs tham gng 2. In

further enbodinents, nis 3. [00136] In further enbodi nents, Xis F, d, or
Br. In ‘Eﬂhph’érus%odlnents Xis d or Br. In further enbodinments, Xis d.

In furt[?:lg_{ z&sg”bﬂgﬁdﬁ?e“érﬁbo&ﬁnbﬁts%e alc9Pk34] 1 n sone enbodi nents, RA and RB are

R—OH;
wherein R is alkyl of 1-8 carbons.
[00144] In some embodiments, the alcohol is methanol or isopropanol. In some
embodiments, the alcohol is methanol.
(iii) Amines

[00145] In some embodiments, the intermediate of step (b) is reacted with one or more
amines. In some embodiments, one amine is used. In some embodiments, more than one
amine is used.
[00146] In some embodiments, the amine is

RS-N-R®

RT"

wherein R® is alkyl; and R” and R® are each, independently, hydrogen or alkyl of 1-8 carbons.
[00147] In some embodiments, R is alkyl of 1-8 carbons. In some embodiments, R is

butyl, \/\)i}‘f \k& , or ethyl.

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

[00149] In some embodiments, R” and R® are hydrogen. In some embodiments, R is
hydrogen.

[00150] In some embodiments, R7 and R® are each, independently, alkyl of 1-8 carbons.
[00151] In some embodiments, R® R’, and R® are identical. In some embodiments, R’ and
R® are identical.

[00152] In some embodiments, R is methyl, ethyl, or butyl. In some embodiments, R is
methyl. In some embodiments, R’ is ethyl. In some embodiments, R is butyl.
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R5 [00138] In further enbodinments, pis 1. In further enbodinents, pis 2.
In further enbodinents, pis 3.[00139] In further enbodinents, R4 and R5
are i dentwoab10/48@2340] In further enbodi ments, R4 and RBCRUS2@0H60799 N
further enbodinments, R4 and R5 are alkyl. In certai n enbodi ments, R4 and R5

are ter k 00141 Ssone enbodi nment R4 and re h nyl or
R T n@vé%%v s S TR S Sy T poins cppedienl RoB1ad] 1 n
sone erm&ﬁj(mﬁ%@me %&%oalmeﬁfsnﬁﬁisaéﬂ?yloﬁn %&@erﬁmdlhémrse@%%ym t h one or mDr e
al cohol s n some enbodi menfs, one€ alcohol is used. In sore enbodi nents,

mor e t Hﬁﬂliﬁdle Hl soohotmbadimeets, th¢ @0ine33 nibutydommeelrotidihempliaming, kest-al cohol s
R- OH rel carhons. [00144 sone_enbodi nents, the
o cono iR, Selib it osdbubufnf®! 1R Mns bl tle e S e R ol conol ) s

et hanatiethflahdine. Am nes [ 00145] I n sorre enbodi ments, the internediate of
step (b) is reacted with one or nore anmines. In some embodi nents, one am ne
is used. In some @bodiiedneiDiskbwiaman one anmine is used. [00146] In sone

enbodi t nd R8
oo cadhtt s aelEil foddipblls. i thefhous BREHBA B QBN rBBE AT, core
enmbodi rtamﬁiﬁatecﬂ?ﬁollysleﬁhkyfthefforhnﬁa carbons. In sonme enbodinents, R6 is butyl,
, or ethyl. [00148] In sone enbodi|_r|r%nt a1 R6 is butyl.

3

3
R1><S—RA

or

H3C_ CHj

X

R “S-R®,
or a mixture thereof.
[00156] 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, sulfide-terminated polyolefins are the major
products, and polyolefins containing endo olefins, tert-halide polyolefins, coupled
polyolefins, and vinylidene-terminated polyolefins are the minor products.
[00157] In further embodiments, the sulfide terminated polyolefins formed are at least 10
mole percent of all products. In some embodiments, the sulfide terminated polyolefins
formed are at least 20 mole percent of all products. In some embodiments, the sulfide
terminated polyolefins formed are at least 40 mole percent of all products. In some
embodiments, the sulfide terminated polyolefins formed are at least 60 mole percent of all
products. In some embodiments, the sulfide terminated polyolefins formed are at least 70
mole percent of all products. In some embodiments, the sulfide terminated polyolefins
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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[00149] In sone enbodi nents, R7 and R8 are hydrogen. In sonme enbodi nents,
R7 is hydrogen. [00150] In sone enbodi nents, R7 and R8 are each,

i ndependemol2910/8Bigl of 1-8 carbons. [00151] In sone enipodiuseemwsdc07R6, R7,
and R8 are identical. In sone enbodi nents, R7 and R8 are identical. [ 00152]
I n sone. enbpdi nent s, nmet h et hyl, or but In so di nrents, R7
S ot 9o e SERBS A0 RereR Ot rediitsn R somf ¢ e, R7 i s

but yl . [{0QdiRakd holysRARs &IFRRE LA st BB ok PREAY bf al@falk@d{lcts Ofn eyl . In sone
enbodi nent s, is nmethyl. In sone enbodinents, R8 is ethyl. In sone

embodi resrtodim s, ithse snllﬁ@d teﬂ{lmatﬁs@plﬂdﬁfm@ fermedtioditmeest 60 mdepexemeofad

n- but yl am n 2-eth t.a

i buty MRS T3S ug ks D! e @R Py kbl AR R 19 pr oducr
Di stri Bhéle @BrcbRBEH]produckO M semb efibbBiddchts, HRauTRIchassnstes polybrednder ei n

sel ectively provide sulf determ nated polyolefns of the fornula; H3C CH3 R1

S- RA dermp@arerBmpgt 8§-m@e pergentpfrilbarodusts: Hasene enpodinssys, the sabias
enbodi I S alnlng endo
oleflngg 1ﬁm?3h@%ﬁ%ﬂﬁ?ﬁr§%ﬁgkﬂﬁﬁﬁggg9F%HJ%O yopggné&dﬁ& hlﬁgﬁde t erm nat ed
pol yol efnitdahents, elaciul fide erotiuet polyoleli®e If(ﬁnmﬁbmlatnﬁm 90 nsol¢ perdentto€ulii nat ed
pol yol ef ns are t he maj or. products,_ and pol yol ef ns contai ni ng endo_ol efi ns,
tert- haqrp%}ectsp&wemléﬁﬂ@od@&?@& it salﬁ%fs@flﬂ%ted Belyolefipgy farensd ats & mashdt ed
pol yol roducts. [00157] In further enbodinents, the

|f|d§£?§ %#ﬁg%ggng%ﬁﬂ%Fgfns formed are at | east 10 nole percent of al
pr oduct s. | nbyonePrepbodiomsnftsalfiderternin atedipolyelefing sitactdrpin ayiohakaction

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_ CH,
R' ~s-RA

or

H3C_ CHj
LB
R"”~S-RB,
or a mixture thereof;
wherein R' is a polyolefin group;

R™ and R® are cach, independently, alkyl, aryl, aralkyl, alkaryl,

H
FHCH)—7 ) FHCH Ny H(CHI >
HOWT) T ) TN o
R3
§  HCH)0-SI R
$H{CH2)—O-R* . RS

wherein mis 1-3; nis 1-3; p is 1-3;
X 1s halo or a pseudohalide;
R* is alkyl or aryl;
R? is tert-butyl; and
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formed are at | east 20 nole percent of all products. In some enbodi nents,
the sulfide term nnated polyolefns fornmed are at | east 40 nol e percent of

al | prodwo20100038@0me enbodi ments, the sul fide term nat @dTAsk§sloedf70% f or med
are at least 60 nole percent of all products. In some enbodi nents, the

sul fide term nated pol yol ef fqrsmed are. gt | east 7 I ercent of al
products. In sone enbodineﬂ?@?mﬁaéngﬁF%iH@qggﬁﬁmhh?@ﬁﬂgsﬁy%F%Vﬁgrforned are
at | easfix B0 mol e pafrRMe of all products. In sone enbodiments, the sulfide
term nat ed pol yol efns formed are at | east 85 nole percent of all products.

I n some enbaodi nenpsizinglagodydl¢finde theprebenst of a poysodcad orsmixtunaefl Lawes agids| east
90 nnl% percent of all §£oducts. I? §§ne enbodi nents, the sulfide

term nafed pol yol ef ns %) %%a”Eﬁﬁgﬂqu dst 95 nole percent of all products.
[00158] In furt hatasinlokt wRLS poﬁPrb@ﬁﬁlﬁ&ﬁ Step (OGRS Rt Yompbislsioer med
are at nost 10 nole percent of all products. In sone enbodi nents, the

sul fi déh¢ er mi nat ed polfpBNéfnsformed are at nost 20 nol e percent of al
products. In some enbodi nents, the sulfide term nated polyolefns forned are
at nost 40 nole percent of all products. In sone enbodi nents, the sulfide
term nated pol yol efns fornmed are agAuwStREB0 nol e percent of all products.
In sone enbodi nents, the sulfide term nated pol yolefins forned are at nost
70 nol e percent of all products. In sone enbodi nents, the sulfide

term nat ed pol yol re. nost 80 nol e percent of all products.
In some enbodi rrentgfsf&%% %Ig{ng%ﬁfelalgg t%té(} m nat ed pol yolefns forned are at nost
85 nol e percent afacing thy intwotdiatelaf sepr(e) eithooé oembw:, thiole sul fi de

termn ol yol ef s foy.nmed are gt st 90 I ercent. of products.
| sonddfia: i Cebrah Bt itvifis Rt bhegs R e inge siia e ar oot
95 nol acRahsedbogbledhlorico@Hata: (b) Preparation of sulfide-term nated

pol yolefins via fermnation reaction with thiols (i) Sulfide-term nated
pol yol efins via disulfide addition [00159] In some enbodi nents, provided

herein are nethods for preparing | fi,det er m nat ed pol yol ef m of the
formul a: H3C CH3 L bhg

R'" ~s-RA
or
H3C_ CHs
R1><S—RB

or a mixture thereof;
wherein R' is a polyolefin group;
R™ and R” are each, independently, alkyl, aryl, alkaryl,
R3

~$HCHy)—° ~$~(CHy),~O—SI—R*
T tomx g T

wherein mis 1-3; nis 1-3; p is 1-3;
X 18 halo;
R? is tert-butyl; and
R* and R’ are each, independently, aryl or alkyl;

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
the formula:
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RLS RAor HBCCH3 RL S- R, or a mxture thereof; wherein RLis a

pol yol ef m group; RA and RB are each, independently, alkyl, aryl, aralkyl,

al karyl , wbhepwoasmsis 1-3; nis 1-3; p is 1-3; X is hal @conusacpserrdohal i de;
Rx is alkyl or aryl; R3 is tert-butyl; andR4 and R5 are each,

I ndependent |y, alkyl, aryl, aralkyl, or alkaryl, conprising a . ionizing a
polyolefmin the presence of a Lewis acid or mxture of Lewis acids to form
an ionized polyolefm b. reacting ghe_icomszed polyolefmfromstep (a) with
one or nore compounds of the fornmula: RA-S-S-RB to forman internediate;
and ¢ . reacting the internediate of step (b) with one or nore thiols.

[00160] In sone grorgodi meg#s 1Jraf)\/ilcltl d herein are nethods for preparing a
sul f determ nate %Ilnil%l} S HRE Y or mul a2 or or a mixture t her eof ;

e o1 7 £, 18 JORSBLASKAS UM, b S ooty pgneTcer . 111
" [00161] ' Insome embodiments, R' is a polyisobutylene group. ’
1. Disulfides
[00162] In some embodiments, one compound of the formula R*-S—S—R® js used. In
some embodiments, more than one compound of the formula R*-$—$-R® is used.
[00163] In some embodiments, R* and R® are identical.
[00164] In some embodiments, R” and R® are alkyl or alkaryl. In some embodiments, RA
and R® are alkyl. In some embodiments, R* and R® are alkyl of 1 to about 10 carbons.
[00165] In some embodiments, R* and R® are methyl, ethyl, propyl, isopropyl, phenyl, or
tolyl.
[00166] In some embodiments, R* and R® are methyl, ethyl, isopropyl, or tolyl.
[00167] In some embodiments, R* and R® are isopropyl or tolyl.
[00168] In some embodiments, R* and R® are isopropyl.
[00169] In some embodiments, R* and R® are tolyl.

[00170] In some embodiments, R* and R® are

_E_(CHZ)”_O_RX. In further embodiments, n is 1-2. In further embodiments, n is 1

[00171] In some embodiments, R* is alkyl. In some embodiments, R is aryl.

[00172] In some embodiments, R” and R® are

$-{CH—X_

[00173] In further embodiments, n is 1. In further embodiments, n is 2. In further
embodiments, n is 3.

[00174] In further embodiments, X is F, Cl, or Br. In further embodiments, X is CI or Br.
In further embodiments, X is Cl. In further embodiments, X is Br.

[00175] In some embodiments, R* and R® are

R3

|
~$-(CH,),~O—Si—R*

R5

[00176] In further embodiments, p is 1. In further embodiments, p is 2. In further

embodiments, p is 3.
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R3 is tert-butyl; and R4 and RS are each, independently, aryl or alkyl;
conprising: a . ionizing a polyolefmin the presence of a Lewis acid or
m xt ure oVoLew/es®si ds to form an ionized pol yol ef m b. PCeASRIMGH6GTHE
ioni zed polyolefmfromstep (a) with one or nore conpounds of the

formul 3 RA-S-S-R.B.to forman infer iate; .and ¢ . reacting the
inter mjgmﬁ o?nRg‘Fé‘ﬁr ?%?O%Fwsweang%dr%? piigadi s. [ 00161] | I g some
embodi et Rin fusther ARbHISERYIY eﬁﬂ%%"r@% ﬂ§ ﬁé@iﬁ&@n{ﬂogﬁﬁetg@,@{iﬂ@%h RPBreSONE

enbodi nents, one conpound of 4the fsor nmul a B is used. In sone

embodi redintls In ewteén ethbedimaets o npululdirofertigng atkgk.nul a RA S-S-R B i's used.

eroor AP R S PSR AR TR B! PR BRI TRR ano e

are al Igylld.RSIa@eg l.enmbodi nents, RA and RB are alkyl of 1 to about 10
carbons. [00165] In some enbodi ments, RA and RB are nethyl, ethyl, propyl,
i sopropyl, phenyl, or %ol yIThips0166] I n sone enmbodi ments, RA and RB are

t hyl, I, i - t ol yi. 7 [ d RB
ety B! - o) SORY ORMp Bl ool KO3 T | ST RHRCIROl i 8 o1
i sopropiol is[36d.69] I n some enbodi nents, RA and RB are tolyl. [00170] In

some enbodi ments, RA and RB are ( 2)n . In further enbodi‘rreg\t:éss, nis 1-2.
I n fur tIAB81 b busamenensbodimirts,ith¢ Goalhep theforawnte Rnbdivhsraiz R R allerlal kyl . In

2o ST 50, LT i D agy, crooct o, P and B are,
further[00182] Insome embodiments, the R is alkyl of 1-6 carbon atoms. In some

embodiments, the R“" is alkyl of 1-3 carbon atoms.

[00183] In some embodiments, the thiol is ethanethiol or n-propanethiol.

[00184] In some embodiments, the disulfide is diisopropyldisulfide and the thiol is

cthanethiol. In some embodiments, the disulfide is ditolyldisulfide and the thiol is n-

propanecthiol.

3. Product Distribution

[00185] In some embodiments, the methods described herein selectively provide sulfide-

terminated polyolefins of the formula:
H3C_ CHj

R1><S—RA

or

HaC_ CH
3R1><S—3RB ,

or a mixture thereof.
[00186] In some embodiments, vinylidene-terminated polyolefins, polyolefins containing
endo olefins, tert-halide polyolefins, coupled polyolefins, sulfide-terminated polyolefins
derived from disulfide addition, and sulfide-terminated polyolefins derived from thiol
addition are reaction products. In some embodiments, sulfide-terminated polyolefins,
wherein the sulfide moiety is derived from the disulfide reagent, are the major products.
Polyolefins containing endo olefins, tert-halide polyolefins, coupled polyolefins, vinylidene-
terminated polyolefins, and sulfide-terminated polyolefins, wherein the sulfide moiety is

derived from the thiol addition, are the minor products.
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enbodi nents, n is 3. [00174] In further enbodinents, Xis F, d, or Br. In
further enbodinents, Xis C or Br. In further enbodinents, Xis C. In
further ewbadivmesizs, X is Br. [00175] In sone enbodi nenP€T/UR2002/0607RB are R3
-N-(CH2)p-Os|-R4 RS [00176] In further enbodinents, pis 1. In further

enbodi urther e di nent s, i .[0017 In.f her
Srooct MEREn Pan Sonts sbochibiiahe FARRCS I opaa TN e diskar < hamdimite. ry
and RS AbRiodfY¥imed i af BhtNOM& %éﬂf%ﬁ'taﬁ ré:&%ct%n(in Bmat/badikthts, he sGgigkai n
enbodi nents, R4 and R5 are ter |arf\;;tgi al kyI [00179] In some enbodi nents, R4

and R5 tammnyhépglmbﬁnﬂé@mseki franm disokfislc aditidi memted is ®dczsh a0 RE)lfap@cqm Qﬁyl 2.

Thi ol s [,001 I.n some odi nent s t hi ol i ments,
oo ¢ i PraRE RSP AR B edRs e S e A elhed R RS e P ARERRG TS ¢ he
f or mul adREbn bEm e aelchst Ef@lndlé alckmlo,f aBipydducB! ah Kdthe cbé@hiehis, Sdlslfideut ed
al kyl, or substituted ary 182 I n some enbodi nents, the Ris al kyl of

1-6 cartbohingedpel yolleﬁn%éefeveé F1¥$’é ids adgifien frmadgs afl lRgsr 6@ mole pereent 9bn

at ons I I

n- pr Opaal[l’l e(?é I[ﬂéé%%fn%%ﬁﬂ@éggﬁ{ee 1§ e[ellr{ﬁhgteii hglygfe?iﬁ]p?éme(ai ﬁéo% disulfide

dii sopradﬁyiodlfelum‘d 1det rad 70eolé bembntloef aﬁtpkm;imetshllm kom¢ embodimeerspidisokidts, t he
disulfide is ditolyldisulfide and the thiol is npropanethiol. 3. Prqduct

Di st ri Benigse] pplygifing dAerévsddtasmdsaifids additiop frrmediihaidsasi 8L Mol pRACHE PEI n
sel ecti a\ﬂeﬂr)fd&“[sq Vin 48 ms Whfbodfh STk &5k RelYiRhEd BSIyBe fihh Bed WA distide O3

addition formed is at least 85 mole percent of all products.
[00188] In some embodiments, the sulfide terminated polyolefins derived from disulfide
addition formed is at most 10 mole percent of all products. In some embodiments, the sulfide
terminated polyolefins derived from disulfide addition formed is at most 20 mole percent of
all products. In some 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.

(ii) Sulfide-terminated polyolefins via thiol addition
[00189] In certain embodiments, provided herein are methods for preparing a sulfide-

terminated polyolefin of the formula:

HsC,_ CHs;
R1><S—R02-

wherein R' is a polyolefin group; and
2 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;
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RLSS RAor HHCCH3 R1 S- R, or a mxture thereof. [00186] In sone
enbodi nents, vinylidene-term nated pol yol ef ns, pol yol efns contai ni ng endo
ol ef i ns, wenrotwmbi2de pol yol ef ns, coupl ed pol yol ef ns, sulPCTAS2000/06070At ed
pol yol ef s derived fromdisulfide addition, and sulf de-term nated

pol yol efns derived fromthiol addifi.on .are reaction products. In sone
enbodi ment s,b-sul FEENERHORLZEE O Bfe;f;iawx@?h@}e QA SIS § fsheoggnﬂlbl?éty is
derived fromthe disulfide reagent, are the major products. Polyol ef ns
contai ning endo olefins, tert-halide polyol efns, coupled polyol ef ns,

vi nyl i denet er mi nat ed pol yol ef ns, and Reu$fSeRR t er mi nat ed pol yol efns, wherein
the sul fide nnie%¥ is derived,fromthe thiol addition, are the m nor
products. [ 00187] ﬁngbﬁgmgﬁﬁﬁﬁ?/ nts, the sulfide term nated pol yol efins

derived from di sulfidrele redgidtR "Oftc bhrBfichendehtly,easl, ok, ialiglReLIGRAT; &id al |
products. In sonme enbodi nents, the sulfide term nated polyolefins derived
from di sul fide adeaiatingmhd igiarmgdipts fram pisp ) with aei & peiccentropndsgfithgr oduct s.
In some enbodi nents, %he %uhgbgﬁlterninated pol yol ef i ns derived from

di sul fide addition forflBd"fs at lI'east 40 nole percent of all products. In

sone enpemiorentssorid@nsodimiats, 1 'k Aipdfi @BuRMr@fj. ns derived from disul fide

addition fornmed is at |east 60 nole percent of all products. In sone
enmbodi ments, the sul filde t dPisiMigleed pol yol efi ns derived from disul fide

crmbocti AN o cu bRk WaCR PO ot LF THE R VEE P ORI | de
addi t i Q@ f.Qu Rt ,;mdé@ﬁﬁh o8 ¢ g&rﬁﬁcfﬁﬁﬁo fy]o2RA-SPISORAGL gl N SOMTE
enbodi ment's, the sul'fide termnated polyolefins derived fromdisulfide

addi t i dA0FYR meth sena¢mbekmtnt8 R hmdR Derceecit, indepandenfy cdiid! sryl, p0G88] | n
sone enbodi nents, the sulfide teranated pol yol efins derived fromdisul fide

addition forn i S at_@Dst nol er of | products. In sone
enbodi nent s, n?ﬂ%sz’”uT% Egﬁﬁ?)ﬁa@pofﬁ%‘ri s el i_(&g% from disul fide
addi ti otkapk ned is at™~fost 20 nol e%percent of I,Erod 8ts. In sone

enbodi ments, the sulfide term nated pol yolefins derived fromdisulfide

!
_ —H(CHy),~0—Si—R!
$CH)—O-R* RS

wherein mis 1-3; nis 1-3; p is 1-3;
X 1s 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.
[00193] In some embodiments, R* and R® are each, independently, alkyl, aryl, alkaryl,

R3
|
~§~(CH,),—0—Si—R*
$(CH)—O-R* §(CH2—X RS

wherein n is 1-3; p is 1-3;
X 1s halo;
R’ is tert-butyl;
R* and R’ are cach, 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, RA

and R” are alkyl.
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addition forned is at nost 40 nole percent of all products. In sone
enbodi nents, the sulfide term nated pol yol efins derived fromdisulfide
addi ti on woremd4B®3at nost 60 nol e percent of all produ®CI/USRIVIHENTEI
enbodi ments, the sulfide term nated pol yol efins deri ved fromdisul fide

o B o B e b o b LRSSt B B

addi ti qimch@r sedljis at nost 80 nole percent of all products. In some
enbodi ments, the sulfide term nat ed ]pol yol efins derived fromdisulfide
addi t i dA0TSH neth $0§nea¢mlrmsmelas, Ribhral lbem@emthyif ethyl, topi-butyl isoprapyl, r tolyl.

Sul f de- na 0 s yia thsol .addition 0189] In certain

enbodi n[@ﬁ Jﬁ] ﬁ ngﬁamﬁe 1&6]{)}[ ag T}ﬁts 8rc?slsqp6?py6% ql ng a sul fideterm nated
pol yol q‘immgcpf Im@rﬁ@émﬁneﬁﬁﬁwaﬁa%@p@pwher ein Rl is a polyolefin
group; and Ris alkyl, aryl, aralkyl, al karyl substituted al kyl, or

subst i t100209] ar {1 sonecoerpbadimers, % and Rnpegitplyl.a pol yolefin in the presence of
a Levv! %i Ofnm&éé{ﬁﬁ &&Fllng };%ndgreto forman ionized polyol efin;b.
in W

reactl i oni zed one or nore corrpounds of the forml a:

RA- S-S i r ermedi ate; where n are each
i ndepen %ﬁ Qaﬁxksf ﬁl&ﬁ‘@q em]?frdéfpf(rw nig }a%ﬁgﬁer e&}wdenent%éla}%ih By the

inter Wefs;{hﬁ&eerﬁtfogmlé&@w(lmlk tlh FORr QbR n&ORPQURYs of the fornula RC2- SH
[00190] In some enbodi nen Rl is a pol yi sobutyl ene group. 1. Disulfides

[ 00191](00202 ormin mmnmm@ntsdheamb&pwnd of the formila RAS S-RB is

used. I sonme enbodi nents, nore than one conpound of the formula RA-S-S-R B
i s used: _(FU%Q%] I'n sone enbodi ments, RA and RB are each, independently,

al kyl , ar al kyl

y [002/03] In furt er embodiments, n is 1. In further embodiments, n is 2. In further

embodiments, n is 3.

[00204] In further embodiments, X is F, Cl, or Br. In further embodiments, X is CI or Br.

In further embodiments, X is Cl. In further embodiments, X is Br.

[00205] In some embodiments, R* and R® are

R3
~$-(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.
[00209] 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.
[00211] In some embodiments, the thiol has the formula R%%-SH ; wherein R*? is alkyl,
aryl, aralkyl, alkaryl, substituted alkyl or substituted aryl.
[00212] In some embodiments, R s alkyl of 1-6 carbons.
[00213] In some embodiments, R is alkyl of 1-3 carbons.
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al karyl, -hcH 2)n- x wherein mis 1-3; nis 1-3; pis 1-3; Xis halo or a
pseudohalide; Rx is alkyl or aryl; R3 is tert-butyl; and R4 and RS are
each, inoEpentendsl2g, al kyl, aryl, aral kyl, or al karyl. [PO0AS3)09i05079D e
enbodi nents, RA and RB are each, i ndependently, al kyl, aryl, alkaryl,

Lorte %ﬁi‘@&(@ g mimetite Rl elautii)of %Pﬂﬂpa%?thlarkl P and R i S

al kyl qoozfsy! - Id&%@é’rhbdd"m%&gﬁh@fﬂ?&%ﬂ%% nefdfyiand RB are i dent i cal .
[00195] In sone enbodi nents, RA and RB are al kyl or alkaryl. In sone

enmbodi n@H2kH] R someb matahmems,ktm: disoldide 69 dilsepxpislisiidetindghe thiolRAnand RB are
t hyl th but t 0019771 |
sore. erBEEIE ¥ Bk uBreimipl e g AReE o R B b iotpyi . or

tolyl. 4Ri8&J1. I n sonme enbodi nents, RA and RB are isopropyl or tolyl.
[00199] In sone enbodi nents, RA and RB are isopropyl. [00200] In sone
embodi ments, RA and RB-are Bredpet Dispibtiqn | n some enbodi nents, RA and RB

are i f[ﬁﬁm t hitpsonhgbérgﬁgdl ?H?Cl[bgﬁ{&h%’dfa cﬁb%d ﬂe%relh’lﬁfe‘dﬁx’%{fg@%ﬁﬁ%osﬁlﬂﬁ%“t S: sn

s 1. er e urt
aryl . [to0d02Fd polyskefies efihodommitd:s, RA and RB are [00203] In further
enbodi nents, nis 1. In further erﬁbgdiéwnts, nis 2. In further

3

enbodi nents, n is 3. ;1><

S—R%?,

[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 derived 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] In some embodiments, the sulfide terminated polyolefin derived from thiol
addition formed is at least 10 mole percent of all products. In some embodiments, the sulfide
terminated polyolefin derived from thiol addition formed is at least 20 mole percent of all
products. In some embodiments, the sulfide terminated polyolefin derived from thiol
addition formed is at least 40 mole percent of all products. In some embodiments, the sulfide
terminated polyolefin derived from thiol addition formed is at least 60 mole percent of all
products. In some embodiments, the sulfide terminated polyolefin derived from thiol
addition formed is at least 70 mole percent of all products. In some embodiments, the sulfide
terminated polyolefin derived from thiol addition formed is at least 80 mole percent of all
products. In some embodiments, the sulfide terminated polyolefin derived from thiol
addition formed is at least 85 mole percent of all products.

[00220] In some embodiments, the sulfide terminated polyolefin derived from thiol
addition formed is at most 10 mole percent of all products. In some embodiments, the sulfide
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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[00204] In further enbodinents, Xis F, d, or Br. In further enbodi nents,

Xis O or Br. In further enbodinents, Xis . In further enbodi nents, X

is Br. [080QBjo/is02sone enbodi nents, RA and RB are [ 0020@LTius2609/064709

enbodi nents, pis 1. In further enbodinents, pis 2. In further

enbodi nent.s s 3.. [00207 f e | ments

i dent i éaﬁmmfts@mlgyf%ﬁﬁ RUr e bem b ?éﬂlsaﬁﬁal%%ﬂgmgﬁeanﬁwm it urt her

enbodi MRBdts. it seRE cRPodintend, ¢l sulfld t&%lﬁﬁbdp i\ Qﬁh@%ﬁ@&i frb¥ tiipd RS are

tertiary al kyl. [00209] In sone embodi ments, R and R5 are phenyl or

rret hyl .adtlition deremashit etiinast 0o Rpe et qﬁallazredqﬂtﬁe rly lsom@ em‘ﬁhdmlesltS[ de2zubidel n
one enbodi nent s e thio nore. t one

it ol - 1ERgA baB R e ahd ARER I EERE R RO e RS SPAL o

RC2- SH prodey. hRoMe2mbsdiddays, thefide tadhahi¥d polgbkeain krivaldshithigt ed al kyl ,

or substltut ed aryl. [00212] In sonme enbodi ments, Ris alkyl of 1-6

car bongiddjtmodempe 1ﬁa§@ﬁﬁtSérm@laipﬁ@ﬁmsofaﬂinr@d%wyl of 1-3 carbons.[00214] In

sone e e thiol is ethanethiol or n-propanethiol. [00215] In

sone e%ﬁgi rreﬁfﬁl?Ntrﬁe thiol is n-propanethiol. [00216] In some enbodi nents,

t he di 400221de iBsomhd Golprdipyntd o thefmetRodarddsdrited hbieid, thesmethodpan eetfordhed | N

sone enbodj nents, the disulfide is. diisoprop | di sul fi de and the t hi ol

et hanetiRigdiiluen. Tosesag embedimenispifie idnenton singleicampgred eridiitwiedf §Vo Phe

et hOd 91%%8@9&%“%5 e SRbEGHHR! ¥ Slﬁﬁlﬁé’ﬂt%nﬂ&ély ﬁ% QL& tﬂétrcea@tl&?' yol ef ms

of the fornu I n sone enbodi nents, Vviny ene-term nat ed
pol yol e:’omponq:mi; yopafiatty diesol ais thagagivtacooipehents, It sente-dualidddecrpsityol ef ms,

I ol ef | f d t | yol ef d d di sul fid
o ARSI A o TS g =

ernbodlrnents, the diluent completely dissolves the reaction components. In some

embodiments, the diluent nearly completely dissolves the reaction components.

[00222] In some embodiments, the diluent has a low boiling point and/or low freezing
point. In some embodiments, the diluent is a normal alkane. In some embodiments, the
diluent is propane, normal butane, normal pentane, 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, isohexane, 3-methylpentane, 2,2-dimethylbutane, or 2,3-
dimethylbutane. In some embodiments, the alkane is a nitroalkane.

[00223] In some embodiments, the diluent is an alkyl halide. In some embodiments, the
diluent is an alkyl monohalide or an alkyl polyhalide. In some embodiments, the diluent is
chloroform, ethylchloride, n-butyl chloride, methylene chloride, methyl chloride, 1,2-
dichloroethane, 1,1,2,2-tetrachlorocthane, carbon tetrachloride, 1,1-dichloroethane, n-propyl
chloride, iso-propyl chloride, 1,2-dichloropropane, or 1,3-dichloropropane. In some
embodiments, the diluent is methylene chloride or methyl chloride. In some embodiments,
the diluent is methyl chloride. In some embodiments, the diluent is an alkene or halogenated
alkene. In some embodiments, the diluent is vinyl chloride, 1,1-dichloroethene, or 1,2-
dichloroethene.

[00224] In some embodiments, the diluent is a substituted benzene. In some

embodiments, the diluent is benzene. In some embodiments, the diluent is toluene.
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addition are reaction products. In sonme enbodi nents, sulf de-term nated

pol yol ef ms, wherein the sulfide noiety is derived fromthiol addition, are

t he maj orwpnodves®3 Pol yol ef ms cont ai ni ng endo ol ef i ns, PCE&US2608/06189

pol yol ef s, coupl ed pol yol ef ns, vinylidene-term nated pol yol efns, and sul f
olefms wher the.sulfid sderlvedfromthe

O surt TaBH S Bione Subim iseiBs Qtes ictieon Guymhes YR NaOLAETi momt 5t he

sul fi dednh%ﬁfﬂen@ée@&n@ﬁé Yeh£h8) ERichy @ehyiB AR AD hRthyRAdidht Qe élﬂ@f%geﬂz%n@t | east
10 nol e percent of all products. I'n some enbodi rrents, the sulfide

term nactr@dll‘rpfaﬂﬂgmieefmderlved fromthiol addition forrred is at Ieast 20 nol e
per cent he sulfide term,n

|| d b d
D e apfiagd | yRieh B G TR N R o Bp B bl RIS e cent of

al | pr %@Hﬁt&nbohﬂnéiﬁmdi‘d[h@ﬁt WRthituré bﬁhédalhé aftemb@f Mtmai®d Rhywdref m deri ved
fromthiol addition fornmed is at |east 60 nole percent of all products. In

some erfddiaents suehaixdieris fem abpii haﬁ@@lb%deéﬂmﬁ ety edoridedy t hi ol
ddi
o RE P8R QPR BENCBO Bbyel b IS AOIR) |

f or med dhoraile Hy&@&tm@mnrfﬁhber[m{lmdﬁhemi sa¢H mpteducirem dbousshing teabadilnent s,

the sulfide termnated polyolefmderived fromthiol additiqgn fqornmed is at
| east SWXpECiyRr cofdedty ‘éﬂlFmﬁr Buiyether embashments, sychk BREUESHH HIMMENLE, t he

sulfi del f 8B § - Pf?c%%% &Ejﬂﬁgﬁﬂo}’lﬂgb{z K OftNIT fj?lfuﬂ%‘ij'eﬁl'bB n{e‘ﬂ{s”ﬁftg' s at nost

10 nol e percent of ‘a I'n sone enbodi nent s
t er m natethrpod abobef: mhdmnemdhylertdelb(ylvoadmu on fornmed is at nobst 20 nole

per cent, of _In some enbodi nents, the sulfide term nated

pol yol éﬁ#dﬁ%@ﬁ%ﬁﬁiﬂ% ol addition formed is at nost 40 nole percent of
all progogis. INscEnssdRadhTaAs ﬁletﬁoﬁﬁfdé%hﬁécﬁﬁér&h@ré‘?érﬁﬁnﬁ@'aﬁ' efn derived
fromthiol addition forned is at nost 60 nole percent of all products. In

sone erfbodéem omtabeusuPide qb@uh@%fatbdm@l@mbbéfmm@e thevieethpdsodaseribed)

addi tiqn _f.ornme I duc In sonme

Shout Harig arisognr e ehafar RS et HeRC O R Sl ER T I sat o aeai 1 on

f or med dnshodimems &heﬁﬁeﬂi@ﬂ@d@eﬁﬁ@mer@ﬁ afd perfi@ddi et Stenlparati@Eroandie ment s, the
sulfide term natedog oI efn derived fromthiol addition forned is at nost

85 nol el 09eF tepoubf205(C) Tppeyae embodimeptssthpmatmpgescribed 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, -60°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 0.010
M. In some embodiments, the chain end concentration is less than 0.050 M. In some
embodiments, the chain end concentration is less than 0.10 M. In some embodiments, the

chain end concentration is less than 0.5 M. In some embodiments, the chain end
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[00221] In sone enbodi nents of the nethods described herein, the nethods
are perfornmed in a diluent. In sone enbodi nents, the diluent is a single
conmpound WP 2810M4%62ar e of two or nore conpounds. | n sonePERRSAIONGTSY t he
di luent conpl etely dissolves the reaction conponents or partially dissolves

the reaction co nen me enbodi fent s di | pent conpletely or
near | y QBT "WB%S&@%} Vadis e %%@W%ﬁﬁ%gmen TPISERHE OB i ment s,
the di lg4ent: cahet 1.y di ssolves the reaction conponents. In sone

enbodi ments, the diluent nearly conpletely dissolves the reaction
corrpone[ﬂﬁ%29] [ 0&2@21}6 ¢mbaglomrentetho tiokaseprcentragomiof disfidhsdran bloout Bdo | i ng

poi nt a [0 Iom/ in oL n odi nent t he d luent is a

ot et BC0 4R hEFEEL B Al e Lo RTER PR HhiBoqinlifs Wil ' 2 e
nor mal déﬁ&inf&laﬁon BPARRKIdE XRRE abHQINEo dbeht @iifies HRMAFhr @htaitfition OF BRdin Nonane
or nornmal decane. |In sone enbodi nents, the diluent is normal hexane or

nor mal 9pént Hreme ambagiracrintikrimetan cenceptiation ofibmwiidosis fwmeliounéldnabouty some
embodi EAL S, %JZ& ar%hééﬁ{}&uéé EepRl-Angied, {%eraé}ﬁbod‘l oS e &gﬁ?%ﬁ&ﬁ& 4 he

al kane 1s71s0 ane, 1sop ent ane, neopentane, 1sohexane, ane
2, 2- di roftdiwplfiddetiafiem airouﬂl 340 dbdmmhyhéwhamelar Icﬁn@ﬁfmtuenéﬁfoﬂhamﬂs It doencal kane
is a nltroalkane [ 00223] I n sonme enbodi nents, the diluent is an al kyl

hal i de.cntaodeBeRss. dhiomalarepncsntratin ofidiswdiide is &roghabouk 4! torabR3K Al tirees te  an al kyl
| yhal I hl d
oD RS TRAL iy RS LD, AR e GhY 07210

n- but yl or| ene , ori I chl or oet hane,
1, 1, 2, 2hsudfideus Hionr aimmnarletp abaut@ommésethe avidreoncmfratio eféhahl @rdset hane,

T8 P it SHRLERUA R SRt S SERE RS th or e

or ”Et hpbu it Bhbd@e rﬂd?aﬁ(f%ﬁ@en%ﬁﬁ@ﬁbﬁ&ﬁhﬁendfsh% sirhdi&RbodimcABI Y oty oride. In
some enbodi ments, the diluent is an al kene or hal ogenated al kene. In sone

embodi reeneantratipie 0Bl ¢wis mtldl i fmnrra,houtflhﬁm plfwit 13 fimeditlhyinolap eetivenfeationrof1, 2-

di chl or get hene 0224 uent .1 s a substituted
Do one RIS 1o e b SR AR LORI Radpli it 0 14 B8 BRI ronc e,
the di |tU@B(t>utl1$ ttr@ésuﬁmlo[a@%ﬁ&htrhtﬁbmmmaﬂl Ehs, enidiRliédtsiend mbgrcar bon
di sul fide, sulfur dioxide, acetic anhydride, acetonitrile, benzene

t 0l ueneoneAfipR AL beNss aﬁ@tlhﬁpay%hoahb%%bw Ritnaspehmelss concentration of

chain ends. In some embodiments, the molar concentration of Lewis acid is from about 2 to
about 5 times the molar concentration of chain ends.

[00231] In some embodiments, the electron donor concentration is less than half the
concentration of Lewis acid. In some embodiments, the electron donor concentration is less
than 0.4 times the Lewis acid concentration. In some embodiments, the electron donor
concentration is less than 0.3 times the Lewis acid concentration. In some embodiments, the
electron donor concentration is less than 0.2 times the Lewis acid concentration. In some
embodiments, the electron donor concentration is less than 0.1 times the Lewis acid
concentration.

43 COMPOUNDS

[00232] Provided herein are compounds of the formula:

HsC_ CHs;

X

RI” "S-RP

wherein R' is a polyolefin group; and
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or a nitroal kane. [00226] In some enbodi ments, the diluent is a m xture of
two or nore conpounds. In sone enbodinents, the diluent is a mxture of
hexane arwloreto#Bo2ehl ori de. I n further enbodi ments, suclRrCEIUS2NO6G789 f r om
about 1:9 to about 9:1 hexane:nmethyl chloride by volunme. In further

enbodi nents, suc ure about 1:2 to abou t hyl
chl ori de by vol un?e lslaﬁrkyflﬂf I( ﬁ@ﬂf”éed %lgiilhu “i?ftlﬂ"@d ]gW bout
1:1.6 to about 1.6:1 hexane rret hyI chl ori de by vol urreRs In furt her

enbodi nents, such m'xtgLL( about 1:1.: ﬁ)a_b QUi lz#4: 1 hexane: met hyl
chl ori de E vol une. In fur ﬁ'er ogigfw,r;r uc antg% is about 1:1
hexane 4@ g‘/r‘y chl oride by vol une rLI'EI\/PEF\’ATURE [ 00227]°TI n sone

enbodi rrg_[ﬁ:ﬁ) g yret hods descri bed herein are performed at a tenperature
from ab 2h580% to about 00C. In some enbodi ments, the nethods descri bed

herein are perfornmed afhdeih QIREr# A8 jrlplrgrlaj)out - 1100C to about -100C. In
some enbodi ments, the methods described herei'n are perforned at a

t enperature from about - 100 al@oabpisudel2DAE. | n sone enbodi nents, the
net hods descri bed herein arlﬁeigg‘rgggr rrgd at a tenperature from about -900C to
about -300C. In sone enbodi § ‘ftﬁ net hods descri bed herein are

performed at a temper at ure {YaRAEchSHAGdAcAROUE ohARE: ahd SOTTE
enbodi ments, the methods described herein are per formed at a t enperature

from about -700C to about -Mostydmgarsge enbodi ments, the methods descri bed

herein er ab 60 out. -400C. In
e e, TR M SR A7 RO, 0B Byt 000
t enper ainmbodiménts, 400Calky#6C to BOABonsONMn s&HO &nbbmnﬁe@meRE ni)zqﬁylrm“rlt &rbdnhe
met hods descri bed, her ei n.are perforned at a tenperature pof -400C_In sone

enbodi HBAPES cibadimantiols italkrl ofrechrbriseilhsapecy chleremédRats aékxleﬁéer ature of
-45C. 1 naRage @{Hg%déé%a%ﬁemk *’f@ﬁ%‘i@ﬁ’%ﬂé&%‘&ﬁ br‘ﬁ%o Gle grb%gﬂﬁ&tsog\") 9%1&9?9 at a

t enperat ure O sone enb ment s escri eln are
per f or n€d @atbomst Eneneatmbelintnts FOOG. alldyl Bf @ cﬁ@kﬁENﬁRAiﬁle@slﬂ‘soﬁiﬁﬂsﬁﬁﬂ]R ke chain
end Con?ky rf?tclal%rolnso f Intsg?neneentlb%?iynslen(%se i@j’ls sg‘t()jstl‘pu%f alﬂylarlg Sgl’?lg em gndltrneegltsbﬁ])

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] In some embodiments, R is alkaryl. In some embodiments, RPis 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] In some embodiments, R” is methyl, ethyl, tert-butyl, isopropyl, or tolyl. In some

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

[00237] In some embodiments, R” is _g_(CHZ)”_X. In some embodiments, nis 1-2. In
some embodiments, n is 1. In some embodiments, n is 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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t he di scl osed exanples. In sone enbodi nents, the chain end concentration is
| ess than 0.010 M In sone enbodi nents, the chain end concentration is | ess
t han 0. 05®0Kb100aIsE@dne enbodi nents, the chain end concenPCatliseeNioso7vess t han
0.10 M In sone enbodi nents, the chain end concentration is less than 0.5
M I n sone enbodi npnts, the chain endconcentration is less than 1.0 M In
sone en%odinents,?thg chain end concentration is greater than 0.001 M

[ 00229] ¢T(RHgoT@—€iddi nents, the nolar concentration of disulfide is from
about 1 to about RV tinmes the nolar concentration of chain ends. In sone
enmbodi the nmol ar, concentration of disulfide is fromabout 1.1 to
about gﬁ@#‘ﬁ%s SR TBPO RS s o ORI IBES P if o SoNE S rbodi ment s,

the ol (b, RARGRNLNieD! e s@he hBodificAg, p & From about 1.1 to about 5 times the
mol ar concentration of chain ends. In sone enbodi nents, the nolar

concent[082420n bf sccserhbaddments, R randh Ripoaidettidalt & fibtheat crabadinrests,t Beandd ar

concentration o hai nds. gy s e inments.. the nol a enceptration
of "t o PG B egtinSits 1 B Rt At et R ETHRRE Ao he B Fafifon of
chai n apgisry d1RylS OeyrEEP Oshbo®RIchts, Rhend R &k phemnd @R hicatyl O @fmdi sul fide is
fromabout 1.1 to about 2 tinmes the nolar concentration of chain ends.

[ 00230]cmbedgnents, dsodiRren henyhe nol ar concentration of Lewis acid is from
about 0.5 to about 20 times the nokar concengration of chain ends. In sonme
embodi r90243] t hesomd anbatimeststR Aisi &ACHTBWRS Aciuethérseniiodimatgutis 0. Bnt o

about 15 tines the nol ar _.congcentratjon of chain ends. In sone enbodi nents,
t he nnl&Fﬁ%' HP?%F%@ﬂsaf%Léﬂﬁ@r L%HV@H$T%H¥%bout 1.0 to about 10 times

the molighaLQncaPidnat LRk et at s 8GS -ar;hnargiﬂzgﬁ of IRQAI MENotne drSodiRbAS,

concentration of Lems acid i's from about to about 8 tines the nol ar
concentRas alkyl of arghdnsompdsbodlimentayR™ éndyality hdntsemetehdodmhents, ROmcakaryht i on

of Lew jd is fromabput 2 to ut 5 tine he ar c entration of
Chai - dROERI T hDs BB § B SuRah i Yooy, BB dibr By RGPS R ARy o o
i's | esqntsh@B chdblintdnss, R@%Pﬁﬂﬁtﬁtaieh(aﬂ(y%f L%’\&b%u@% Barbbmk, SIﬁ@EmQFTbOd! ments, the
el ectron donor concentration is less than 0.4 tines the Lewis acid

concentanztoidiments, R*do subsenrsidilkod iof 4 to bt 6| cethonsnlndionrerendaents. &t iion i s
725, {0 TR b 50 LT DR R O
concentsoaicl c@ibodlmerBQRE is unsubstituted alkyl of 1 to about 10 carbons. In some
embodiments, R* is unsubstituted alkyl of 1 to about 6 carbons. In some embodiments, R is
unsubstituted alkyl of 1 to about 3 carbons.
[00246] In some embodiments, R* is aryl. In some embodiments, R™ is substituted aryl. In
some embodiments, R is substituted aryl of 6 to about 12 carbons. In some embodiments, R*
is substituted aryl of 6 to about 8 carbons. In some embodiments, R* is unsubstituted aryl. In
some embodiments, R* is unsubstituted aryl of 6 to about 12 carbons. In some embodiments,
R* is unsubstituted aryl of 6 to about 8 carbons.
[00247] In some embodiments, mis 1. In some embodiments, m is 2. In some
embodiments, m is 3.
[00248] In some embodiments, the polyolefin group has a molecular weight greater than
100 g/mol. In some embodiments, the polyolefin group has a molecular weight greater than
200 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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enbodi nents, the electron donor concentration is less than 0.1 tinmes the
Lew s acid concentration. 4.3 COMPOUNDS [ 00232] Provided herein are
conmpoundswof20tomgs@er mul a: H3CV CH3 R S-R wherein Rl is &Cpalsgaaberoyr oup;
andRD is al kyl of 1 to 7 carbons, substituted al kyl, unsubstituted aryl,
al karyl 4 aral kyl, or wherein mi -3;, nis 1-3; pis 1-3; Xis halo or
a pseud%?ﬂglg{ra%l; Ipgomg epngpgingstsy fhe eyl s e ae%‘Bl’?F“%ﬁS‘ﬁgh%Féﬁﬂ Panary|
or al kyflo,00N8mB¥ InSsoR¥ deaidts tﬂe%k@ﬁﬁ&fl‘lﬂ Prospes £RALIB Mefuht RRates al kyl

of 1 to 7 carbons or substituted al'kyl. In some enbodinents,” RDis alkyl of
1 to 7 thar H¥HE0 ¢/mok olmssometratiodemerss, tiRDpalgolafik groupthad a cel¢ratar wenghs ome

5 car bonech CalE0@) it ol P e R b BBy GERREIRES p iyl !

enbodi neabs, gr&¥er tharl k90,006 gdtar bons. I'n sone enbodi ments, RD is al kyl of
6 carbons. In sone enbodinents, RD is alkyl of 7 carbons. In sone

enbodi nents, RD is substituted alkyl. In sone enbodinents, RDis

substi tut ed 1 to 7 carbons. [00234] In sone enbodinents, RDis
substitéJtJt ed @('Kﬁpﬁsat | east 3 carbons. In sone enbodinents, RDis

subst i t[00BtY] al Kyttaiafendodineatdmosided hersinae didsodicd®Ritiss foRDwirg: smblhitingt ed

al kyl of 3 carbons. In sone enbodi nents, RD is substituted al kyl of 4

car bonssxamples o M8l sppgurstbntiaed rohe sontiasyalk igmperagirgs AnddemBeralirHHESS | n some
ebod EREf, R BSOS IR -saby SR ALIRRS. okl BBB EANRGTENT S, FD
S subst]%%t ut ed aei“ﬁ%| 0$3;57 ca\?gons. Or é%lST ﬁsongeee?ﬁoogll rr%nts, RDi s

al kar yldegtess Solsmisenbodi nents, RDi s al karyl of at

5.1 EXAMPLES 1-4

[00250] A four-neck 250 milliliter round-bottom flask was equipped with an overhead
mechanical stirrer and platinum resistance thermometer. This assembly was immersed into a
heptane bath at -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,

[00252] 72 mL methylchloride equilibrated at -60°C,

[00253] 0.43 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature,
[00254] 0.23 mL 2,6-dimethylpyridine equilibrated at room temperature, and

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

[00256] Then, the contents of the round-bottom flask were mixed and equilibrated at -
60°C.

[00257] With continued stirring, next 3.1 mL titanium tetrachloride was charged to the
flask. The reaction was allowed to proceed 12 minutes and then 20 mL of the polymerization
solution was charged to 60 mL test tubes, equipped with threaded caps, immersed in the
heptane bath maintained at -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 furfurylmethyldisulfide
was added to one of the tubes containing a reactive polymerization, while other sulfide
quenching agents were added to 3 of the remaining test tubes. The furfurylmethyldisulfide

quenching reaction (and other quenching reactions) was allowed to proceed 15 minutes at
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| east 8 carbons. In sonme enbodi ments, RDi s al karyl of 8 to about 12

carbons. I n sone enbodi nents, RDis al karyl of at |east 14 carbons. [00236]
In sonme ewbadivesi2s, RD is nethyl, ethyl, tert-butyl, | ®OpruSpyNo/06aye9tol yl .
In sonme enbodi nents, RD is isopropyl or tolyl. In sonme enbodinents, RDis

i soprop 3 I.n some, enb ment s, is 2l 0 | n sone. enbodi nents, n

| 308" 00 L9033 k0 0me) SIDGUL Tt 3 B0 5020 LS eTOdl Tent o,
embodi BNLRN. A ﬁ&l%olyh&@&%n oft t§%h§ﬁ%@ﬁhiﬁ%&h§ u%%dhér @aﬂ%&&'%ﬁla&éﬁe I'n
sone enbodi nents, [00239] In sone € nmbodi ments, X is halo. In
sone enbddd gerdinthaxol © Eovide 2 fml @nparmlvs@mpwﬁdntmdn%)s chl fleencheror Br .

[ 00240] sone enbodi nent ” | 0241 In sone
rbod SRR ER e ERRRSYAHF A Gsp sron i o SR ik o Yo e hiistiioBhc o p
is 2. lads®pRveiierdRel for sRudtdraBand @OREGAhr xlvslgﬁpaﬁr@fémdnmttﬁe aldn@nd RS
are identical. In further enbodinents, R4 and R5 are aryl. In further
enbodi rﬁffr@tcﬂlenmn%@ﬁ?nRS are alkyl. In certain enbodinents, R4 and R5 are

Some orlBOBo LTt Pt ARRREPEP LRRRDIR 1?36&%%%11@?%%2%%35‘9”% lehts. R i 5

H C H2)ResGifars shoxfmlurthHlelv @phodi ments, nis 1. In further enbodiments, n
is 2. In further enbodi nents, nis 3. [00244] In sone enbodi nents, RX is
al kyl, aryl, aralkyl, or al karyl . I'n some enbodi nents, Rx is al kyl or aryl.

In sone enbodi nents, Rx is aral kyl . v]{?@,esprre enbodi nents, Rx is al karyl.
[00245] In sone_enbodinents Rx is al . In sonme enbodi nents, Rx is

substituted al Kyl . Eramphe enbodi rre]msalﬁd'ﬁx i s subdisdlfilede)al klyl of 1 to
about 10 car bons—tn—sere—enbod tbs ”0“65‘5 akkyl of 1 to

about 6 carbons. In sohe enbojméﬁf@i’tmglﬁ%lﬁde

2 dimethyldisulfide 0.053

3 diethyldisulfide 0.068

4 di-tert-butyldisulfide 0.100
Control A None 0

5.2 EXAMPLES 5-11

[00260] A four-neck 250 milliliter round-bottom flask was equipped with an overhead
mechanical stirrer and platinum resistance thermometer. This assembly was immersed into a
heptane bath at -60°C under dry nitrogen gas in a substantially inert atmosphere glovebox.
The flask was then charged with the following reactants:

[00261] 110 mL hexane equilibrated at -60°C,

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

[00263] 0.62 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature,
[00264] 0.23 mL 2,6-dimethylpyridine equilibrated at room temperature, and

[00265] 13.3 mL of isobutylene equilibrated at -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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9 n-butylamine 1.823
10 2-ethylhexylamine 1.91
11 tert-amylamine 2.172

5.3

EXAMPLES 12-16

[00270]

A four-neck 250 milliliter round-bottom flask was equipped with an overhead

mechanical stirrer and platinum resistance thermometer. This assembly was immersed into a

heptane bath at -60°C under dry nitrogen gas in a substantially inert atmosphere glovebox.

The flask was then charged with the following reactants:
72.6 mL hexane equilibrated at -60°C,
48.4 mL methylchloride equilibrated at -60°C,

[00271]
[00272]
[00273]
[00274]
[00275]
[00276]
60°C.

[00277]

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

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

73.6 mL of isobutylene

equilibrated at -60°C.

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

With continued stirring, next 1.27 mL titanium tetrachloride was charged to the

flask. The reaction was allowed to proceed 27 minutes and then 4.05 mL
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5.1 EXAMPLES 1-4 [00250] A four-neck 250 milliliter round-bottom fl ask was
equi pped with an overhead nechanical stirrer and platinumresistance

t her nonetwo.20li4802assenbl y was i nmersed into a heptane Ba&TRUS20094069C under
dry nitrogen gas in a substantially inert atnosphere glovebox. The flask

was t hep. char th the follo reactants: [00251] 110 hexane

equi | | ﬁ?@&pﬂfhw%@@as[cge@s% %p YMFEZRYATR 18%85 1]1'%"3@@&@% -600C,
[ 00253]4 DA 3i@hiam t%frséﬂl&i&- Ztfe srukibh WR Mhﬁ@ﬁ%e%ﬂﬁo&% iﬂtd) 8o aIeds@tibdsoom
tenperature, [00254] 2, 6-di met hyl pyridine equilibrated at room

t enper aquippsed antd t{u@@@&]apmmmr@ﬁ 1 gethepiane hethenﬂmﬂambdat #9°@t - 600C.

[ 00256] e con ents t he oun bot on1f|a ver i xed .and

cqui 1 PR TS oGORhFsBhn SR IRV RERRRIERE o 508, Bl BB

titani wnwhedy Zlﬁﬁﬂfﬂ moﬂgeetﬁ@@lm@rcgﬁged ® R fihA@bes (Ba@nlsleagj i oiriovds al | owed
to proceed 12 mnutes and then 20 nL of the polynerization solution was
char gedetgngorspvere eBargeditodhe resepinipp debogis sereratedrdar!esdps;16).rmer sed in the
heptan |l owed to
continﬁéﬁ?ﬁheg? Ees@ﬁﬂa%%ﬂ?%9%§EX%ﬁ@§??%Agﬁﬁﬁﬁﬁﬂ Hﬁﬁ%ggﬁ ota ?é%ctlon

m nut eshoah imialelb Vp@ikMd). one of the tubes was terminated with 5 niL net hanol
to provide a conparative exanple prior to addition of a disulfide quencher.
| medi ately after conpleting the conparative exanple, 0.090 g of

furfuryl nmethyl disulf de was added tp,gp¢rof the tubes containing a reactive
pol ymeri zation, while other sulfide quenching agents were added to 3 of the
remai ni ng test tubes. The furfurylnethyldlsulf de quenchlng reaction (and
ot her quenchirg—+eaction was—al--owe o—proceed—I5—1rnut atywhich tine 5
m_ of met hangl was EﬂﬁPEed t he Tﬂﬁ@@aFW order t rFBP%Pﬁ&@e t he quenchi ng
reaction. A fimat hgnerlzatlon ek, LgPe Wi ch contgkped mo guencher was
then termnated wth g of nethanol to providée a final conparative exanple
(Control A). |Non-quemgher cont ai ni ngecrigasiol ons ywere usédiéo provide a

conparative baseLLne_LgL_Lhe_quencthgquamu44;u;_and_Lo_ngyLde.references
for structural and mbffecul ar wei ghtsopRamdt eri zati on $A%t he absence
15 cthanethiol 3.785

14

16 n-propancthiol 4.640

54 EXAMPLES 17-21

[00280] A four-neck 250 milliliter round-bottom flask was equipped with an overhead
mechanical stirrer and platinum resistance thermometer. This assembly was immersed into a
heptane bath at -60°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 -60°C,

[00282] 73.4 mL methylchloride equilibrated at -60°C,

[00283] 0.62 gram 2-chloro-2,4,4-trimethylpentane equilibrated at room temperature,
[00284] 0.23 mL 2,6-dimethylpyridine equilibrated at room temperature, and

[00285] 13.3 mL of isobutylene equilibrated at -60°C.

[00286] Then, the contents of the round-bottom flask were mixed and equilibrated at -
60°C.

[00287] 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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of a quenching agent. [00259] The reactant quantities for Exanples 1-4 and
Control A are listed in Table I . Results are shown in Table V {infra).
Tabl e | 5V 2BEMANMRRES 5- 11 [ 00260] A four-neck 250 m || i PCTAIS20000699D0t t oM
fl ask was equi pped with an overhead nechanical stirrer and plati num

resi stance ther ter, This_assenbly was inmrersed into hept ane bat h at
[800C aeed e DRG0 UHORE AT Sy iPRRT o H0aPh B F by ebox.
The fl agkip %@wﬁmﬂreﬁdwcggsi iMindcscliBg e ch ok B&hr&ﬁﬁﬁaﬁl@aat -06@261] 110 nL
hexane equil i brated at 00C, [00262] 73.4 nL nethylchloride equilibrated
at -600d0028§8)0288% q@en@hlngrramtlgnmls @H@wad 0, wntmmem@telayh seirtubn fordquminiiss at ed at
roomte ture, 026 0. 23 e brated at room
tenper b a7t BT bR engt G2 Faghata SOFL MENDEL LR YL o/ 262 S00C

[ 00266]tcrhiigatorsticre CRAY &Dio&h@ferﬁahﬁn £ b0 abQIph e Edadfiesi@B 2 1M Xgthafind
equilibrated at - 600 00267% Wth continued stirring, next 2.28 nL
titani iplxreerization st whe whichceataiped nogluepcher wagr@enm@m?é@ftmtbﬁ gRfs al | owed

to pro 3 arged to
t e poracirel sl bt A8 ebriE ity aa bl ClCoRBLRE G-t el Rl 201
tubes rewmloppe/drevusbdiltd poeridacoappstive Bﬁmhﬁeﬁarmﬁb jurachieptandomatnd tomi nt ai ned
at -600C [ 00268] The quenchi ng reaction was. allowed to continue iin each

t est tLPé%Vlfi%FefﬂfGn?ﬁSer&Sé@c%‘fa mgewlif&i%tweegfé@ hafactapization on thiedseartad to one
of the %R&ﬁné%%ﬁ@' e 5). Various termnators were charged to the renaining
tubes as separate exanples (6-1 1). [00269] The reactant quantities for
Exanpl 6[902891 1Thc e:abiaat @ohntinesTabEgarhples Réglilahd CanpashiowB dra liftathireTAble

{infr a) esu S are shown 1nEi"<AIYPHE(S ﬁ:fl'a% 16

Table IV
Example Terminator Terminator (g)

17 methanol 1.40
18 isopropanol 2.62
19 n-butylamine 3.19
20 tricthylamine 4.41
21 n-propanethiol 3.32
B methanol 5.0

5.5 EXAMPLE 22
[00290] A four-neck 1000 milliliter round-bottom flask was equipped with an overhead

mechanical stirrer and platinum resistance thermometer. This assembly was immersed into a
heptane bath at -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,

[00292] 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

[00295] 135 mL of isobutylene equilibrated at -60°C.
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[00270] A four-neck 250 mlliliter round-bottomflask was equi pped with an
over head nechanical stirrer and platinumresistance thernoneter. This
assenbl y we0imm@sr2sed i nto a heptane bath at -600C undePCuHUGS20006@7gEN gas
in a substantially inert atnosphere gl ovebox. The flask was then charged

W th t | o reactants 0027 hexan uilibrated at -600C,
00075100458 i hiRE chs ety b aarone s Bal B Bo06 s obs BT H3 - gr am

2-chl orgpe@, 4, 4-trinet hyl pentane equilibrated at roomtenperature, [00274]

0.23 nL 2,6-dinethyl pyridine equilibrated at roomtenperature, and [00275]
73.6 nﬂ0@297]soﬁ\aﬂy¢oelﬁeu@h$jlrtlng)mati‘eb0émlr1®@@1@rn roadia] cMiercharded tethet ent s of
the ro ottom 00277] Wth
cont | Bk SEmEITh e bR SR AR I P%W%ﬁ%%gp.% ORI o ¢ he

fl ask. 9‘(')hﬁmm@@ha een\V¥asl 3ad dn@ml@betﬂiylmma@ebaa éhdibdttoake palgimeAgnion. 05
mLdi i sopro é disulf de was charged to the pol yneri zat| on foll owed by

i m"reg| dancspielyjabigr G qneryhﬁtaddlmcahﬁﬁ%m& Fl@@m%tqtra@hlormiﬁewgmhme@iﬁom
ey s dtibn AR L e i b b dhSe PAERRRRE, TN BLRAEIER D,

react i aermviastedby @whdom of mammm&thyrtareme leqiiitibtatddirecd°qr The solutivh @msat whi ch
poi nt 2.807 g et hanol was c a[%gmd to one of the tubes (exanple 12). Various

t er mi natigicd feleminniss gad they 13 Péﬁﬁhﬁ}%ﬁqlilbb‘@?da?é -Efay e @R es

gl';gl éG?rleaI@tlQ)%élz 3{1%1 lﬁrgﬁ é&s 5@&}55; 1%%@%11 F' %ov@ﬁam%ﬁ%l%gl’ejc@nﬁﬁﬁeﬂté §Jtel%d in

17-21 [e@@ﬂ&@ﬂedAnﬂﬂwmmﬁrtlcoﬂcﬁﬁomn ITheIheKme/podmsrdmlmdenmlayérlvwkwshsd wqtnapped
vvitha verh nic stirrer resi st her ponet er .
Thi o acvBHBunRTRANERL Rl 12h oiaied PEaRm L e Yab Beiahd el it r ogen
gas in g aﬂpﬁmewa@hwd bPGNIg SO [TOHRARAI shdilRLERAed Jhdemfté 8vdpo¥Rsr. t hen

char ged vmth the followi ng reactants: [00281] 110 hexane equili brated at
- 600C, 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,

[00300] 156 mL methylchloride 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.

[00304] 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 tricthylamine 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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[00282] 73.4 nL nethylchloride equilibrated at -600C, [00283] 0.62 gram
2-chloro-2,4,4-trimethyl pentane equilibrated at roomtenperature, [00284]
0. 23 nL 2¥6-2diomasizgl pyri di ne equilibrated at room t enpePaTirse0ani9y 00285]
13.3 nmL of isobutylene equilibrated at -600C. [00286] Then, the contents of

t he round-bottom fl ask were m xed and equilibrated at - 600C 0287] Wth
cont i nUFEPLEIH U, s CQI}%O%SLdl{h@%ﬁ?%%ﬁ?%ﬁ?@%ﬁé A a&g %o the
flask. sTheqieacH@onASn Bhd Mudeiofi-bl PEOSH L B icRUL &S naftfl! iR8wE: 89

ditolyldisulf de wascharged to the pol ynerization. The sol ution was
i mredi atrgdnjc plaase eds dnedosd MeS@e dilteradbarsl congerityspasidonai tato-tvapesded caps,

i nrer s i n the, hept b i ntai ned at -600C. [00288] The quenchi ng
reacti3%”&@%“5??%%@89f§ﬂ%%ﬁ?Vﬂﬂe in each test tube for 16 m nutes at which
poi nt 1540 gEXRMPDRIR4was charged to one of the tubes (exanple 17). Various
termnators were charged to the remaining tubes as separate exanpl es

(18- 21)[003061 | nA fopongakerS02aidlileer fouad-betiera flaph whs eonpradiadh sooisseher was
then t I Na WM . rLovi [ i xanpl e
(Cont r o RSk il FRIRARC I BaRERL. 8615 Bl P RRALEN o £

conpar dicpaac babel i60eClundert dig nifteRa ganth & @dstniddlls iaad atntosphi@v igltecb@f. er ences

for structural and nol ecul ar megght-characterization in the absence of a
quenchi T Tagkmees thenshawrd 1 the flloyee Kasattt i es for Exanpl es 17-21 and

Conpar ahi B i@ 18LE5k &dhil YoeResults are shown in Table V {infra).
Tabl e ﬁgngﬁg EXA%PL%E%Z %@%é% egaégﬁrﬁ%eck 1000 mlliliter round-bottom

flask Vi@8308jui pped. methiylchioroeenhdibchtetearh6lfiCcal stirrer and pl ati num

i st h ter. Thi bl i mer.sed into a heptane bath at
eo0c dGEN or b RS geshojae £ SEMEb A RS BN ISRl RS BRE W eyl ovobox.
The f1ga3Mas b8 b,%'l&lﬁfétﬂglﬂﬁidﬁﬁbeeq]ﬁlﬁlﬁr&@& RobRAGhpNhRie, AG291] 189 nl

hexane equili brated at -600C, [00292] 216 nL nethylchloride equilibrated at
-600C, [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 tert-butyldiphenylsiloxyethyldisulfide was charged to the
polymerization 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 MgSOy, filtered, and concentrated on a roto-
evaporator. Results are shown in Table V (infra).

58 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 CDCl;. 'H NMR
spectra were used for analysis of the end groups. Fractions of exo-olefin, endo-olefin, tert-
chloride, coupled olefin, and sulfide (PIBthiocther) chain ends were obtained using 'H NMR

integration as described in the following section.
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[00293] 6.25 gram 2-chloro-2,4,4-trimethyl pentane equilibrated at room
tenperature, [00294] 0.48 nlL 2,6-di nethyl pyridine equilibrated at room

t enper at We,20evd8(200295] 135 nlL of isobutyl ene equili br C&dS2009/060799
-600C. [ 00296] Then, the contents of the round-bottom flask were m xed and

'? ?;J :aln: g ﬁeﬁ?@éﬂ%ﬁ?ﬁg ]f/étgo ﬁé&%ﬁ@@@ﬁ%éﬁtéwﬁq?ﬁﬁéﬁhﬁ Biobutyl ene
pol ymer i zat iGHA IN@B@IW}F% ISRBUL Y JNE tRp]Bp feed 90 minutes and

then 14. 13 g di bronoet hyl di sul f.i de was char %ed to ymerization.

| mredi d08345] af T8¢ fragtiong 9é prarelefigaendordefin, 3olinlg (B@tlﬂlpﬁtﬁﬁﬁ)dﬁﬁtcéquéj@r‘?h@ﬂl de

h t
55" e nlfSoblf pRAGL R EBh HoBuBTithe biRRELALE A% BROITSIR T eac
tri et hythagtanen e fusdnmdinsthexcts @bupl 6D PG dudib Wesa)dlaetned no basbﬁhi hsy @chlitaoive 10

m nutes and.then 7 met hanol ui | L br.at - 60 char

react i JRSRSFINA ﬁherﬁé%@gkép%ww Piig lﬁgﬁmaﬁﬁ@ca |0g %f&ﬁ&g%[jﬂ Mati | e
Conponeéﬁt%nvmﬁn@ylap ef ﬁifeer‘ﬁ‘alﬁ' ngfne kfiﬁtthecGE'lcbéan%n (Tll&%mato raphy

hexane/ pol yi sobutyl ene | ayer shed wth a 5% aqueous H soI ution and
t hen dehomategral20 until extracts were neutral. The wet organi ¢ phase was

dried over MySO, filtered, and concentrated on a roto-evaporator. Results
are shown in Table V {i nfra) 5.6 EXAMPLE 23 [00298] A four-neck 1000

millili ound-hotto sk was th an, over,head, mechani cal
T r oDt o1 e Bt PEL e PR bt PR E ! il S e S A5 Ao oo
into a éaﬁm&%atz%bﬁs Rtthe 64RGH @%h beloYy foir HERERR Pake Fctfrathaban bif akd-y

i nert atnosphere gl ovebox. The flask was then charged with the foll ow ng
r eact arlefin,[ 00299] 169 nl hexane equilibrated at -GOOC [ 00300] 156 nl

met hyl chl ori ui L,i b -6 301] . am
2-chl oro- 2, 4%"[? r%eAt‘”ﬁi/)a(;éfft ang eg%eFFlbras‘éﬁe At“B‘B t enper at ur e, [(()%))302]
0.35 nL 2,6-dinethyl pyridine equilibrated at roomtenperature, and [00303]

65. 4 rrhxxl&fre Aspbisttyd @Beofisinighr defitc adson£ie06t 5.1 SN, Jivels artdef hovkent s of

the round-bhottom fl ask were m xed and 6C1UI |ibrated at -
olefinic resonance 4.63ppm, and A1 Was calculated as follows:

Atert Cl — (Al 65 -1 72/6) Aendo (2)

or
Agerc1 = (A195/2)

where Aj¢s_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, o5 is the integrated
arca 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-CI 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.0-475— Asas.4.75)/2 (3)
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600C. [00305] Wth continued stirring, 1.44 nL titaniumtetrachl oride was
charged to the flask to initiate the isobutylene polynerization. The

pol yrer i 280i20m0/048@3al | owed to proceed 60 m nutes and t h@aTRIS3eDIH60799

di chl oroet hyl di sul fi de mas charged to the polynerization. Imrediately after

t he quencher addi.tj on, nL titaniumtetrachl ori.de was charged to the
Fncti GG be at 6 I8 PR AR T oG RV R SRS 5V SiEd Wi oRF AGTEEX0The

reaCt'Qﬂdﬂ@ﬁb&ﬂ@@n&ﬁkﬁk@qaﬁﬂwQMxéﬁﬂkBf@@cgumé@pﬁmﬁh idd Rha¥ 18T, NG the
equi librated at -600C. The solution was stirred f 10 minutes and then 8 1
L met hategtataslcpred ofishapedk asoci@oDEIthdly etherrqgeclefm prgamt ion slowy. The
sol ution was removed fromthe glove box and vol atile conponents
wer eev ed | |t| o] y ayer
nas Rt RSP AR u e 2R L aw a8 s PHERF R DRI BB
ext r actdh awoeudaptdifit baslNIeTyRtal 9] garilgepihasigcwrsssdéined waiethe MB6M(s) of
filtered, and concentrated on a roto-evaporator. Results are shown in Table
V {i nf rth§ nomspolyseawpn rest qeoﬁgb%thqstheéﬁhalﬁée%Wzseltﬁéﬁrﬂqeii| Fereaxamplfadn bot t om

r t:
%1'9 Bpﬁ%’é)%sgﬂt Sk ﬁ@%&:a%@&%ft‘édcﬂth ‘?hte Hg% tpr@tgﬁi OPJ[h% 1&6@?@% h at

fl ask W@&nﬁ
resi stance 't her no |s assenbly was |nnerse a heptan

- 600C wroar (naeltiplet 4tr20fepprgeatacicdtosulist @nthie FB yhainend was misgrhted én gildowvebox.

The flask was. then char th.the follown rea ta 07] 110 ni
hexane '8quK g apeust of @%@ cliagpd]n 1§ G IHS‘/ %ﬁ%ﬁr%@%@ librated at
-600C, [00309] 0.62 gram 2- chlor %54 4-t gl t hyl pentane equilibrated at
roomtenperature, [00310] 0.23 nlLj276 dlnqt | pyridine equilibrated at room
t enperature, and [00311HﬂB343HgE—©#—+sﬁhuCy%eH equilibrated at -600C
[00312] Then, the contents of thel ound bg%bon1flask were m xed and
equi l i brated at - 600C. [00313] W? R cont ed stirring, 2.28 nlL titanium
tetrachl oride was charged to the flask to initiate the isobutyl ene

pol ymargléat |M pol ymeri zati on was allowed to proceed 17 m nutes and
then 3 di phenyl si | oxyet hyl di sul fi de was charged to the

[00318] The results for all examples described, supra, are summarized in Table V.
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pol yneri zation and allowed to react 15 m nutes. The reaction was then
termnated by addition of 18.4 nL di butyl am ne. The sol ution was renoved
from t he Wbavw/@soe3and vol atil e conponents were evapor aP€d/usp@e6adi ent
conditions. The hexane/PIB | ayer was washed with a 5% aqueous HC sol ution
and then deionized H O until extrac% e neutral. The wet organic phase
was dried over WySO, filtered, and Ehmcentrated on a rotoevaporator.

Resul ts are shownjiar E@Bkfsifichl gt 1fin End8 aR nE R Rablid-ECTING 1 NWR
DATA [00314] 1H SPECira Were collTected using a varrian 00MHz)
spectraophot oneter ysing sanples concentrations of 3 percent to 5 percent
(meight/mpight) in|cDC3. 1H NMVR spectga were usdd for ahaPy&¥s of the| end
gr oups. ﬁ% qf exo ol ef Yipyligane 0- 8|an;1b@£tchbmmkde temmphed(%Lefin
and SU|F ]%ﬁ t hilo ?ﬁ%?? c la@m( Vet | ahtead)nehold9ing PollodMR e
integratlon as desqdribed in ﬁf | | 6vle® sectior].5.8.1 5ﬁgggg§L FOR
CAL CULATL NG _THE _ERACTLONAL_AMAUINTE O CHALIN_ENDS |ON_THE WUTYLENE
PRCE&KH}[(OS@?FﬂThe f yactdons of, exo-ol,ef h ,,endo-ohef p , gul fijlde
(PIBthioethem%mﬂtert chloride chain|ends, fand coypl ed prpducts in the
pol yi JoQufyr ene_sarpl es quantified usjng IH[NVR i nt egrajiion| In some
instancg co Bf@’ r odEere weregdeenedlto be ébsent By anIi{ati\e 0

i nspegtion of _the 1H NVRspectTun and by confirring_the[absence [of _a
shoul deP o¢n Pﬁ@ﬂlovveVﬂ??%n vol tfhe si de of| thé mdin pol y(rer %eak inotge Ge

Per neat+on—Chromatqgraphy chronatogram {06316 —he—fractonal—myptar—anount
of eagh 4t ypé-oftuehgi nMere was obt ai ned 'usi pg &n gquat’i on| anaPogoys fo [t he
equat i er—given—belgwfoer—determning—thefractioral—amupnt—ef—exgoleft—n

F(eX q) A=|( AeNwo) /| (Mehsgd H Aertdo + Alterf-Q4 +|A sul flde +02A ¢oup |ed)
(1) wherelAendQ islthe arealof the single blefinilc resonanceat 3-15ppm

Aexo ils the area of the exool efinic resonance 4.63ppm and Atert-ci was
calcullated as follows: Atert-CG = (Ai. 65 1J1J ) - A en da (2) orn
5 Diisopropyl Methanol 78.6 4.4 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 35 11.5 0.6 0.0 0.1
8 Diisopropyl 2-ethylhexanol 86.5 5.8 7.6 0.1 0.0 0.0
9 Diisopropyl n-butylamine 103 0.0 0.0 0.8 88.9 0
2
10 Diisopropyl ethylhexylami 10.0 0.9 0.9 0.5 87.7 0
ne
Tert-
11 Diisopropyl ) 10.3 0.0 0.0 0.8 88.9 0
amylamine
12 Diisopropyl Ethanol 80.5 52 14.0 0.4 0.0 0
13 Diisopropyl sec-butanol 82.5 5.1 11.8 0.6 0.0 0
14 Diisopropyl Isopropanol 82.8 6.1 10.3 0.7 0.0 0.1
15 Diisopropyl ethanethiol 3.6 22 224 0.0 71.8 0
16 Diisopropyl n-propanethiol 35 03 13.0 0.0 83.2 0
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Atert-ci = (Al. 9 5/2) where Al. 65 -1.72 is the integrated area of the
convol ut ed peaks associated with the gendi net hyl protons of the endo-olefin
and the twoewnl4sn28de chain ends and Ai. 95 is the inte@catusdooanedvf the
peak associated with nmethylene protons on the end of the polyisobutene

Chal n. L n o a1 A tnarm naf nrl DI D vial AdAoad nana kS i + h Ay NN
HSeRe—€a58S—SthtHae—termia U yr ot o—pea llli" el. mTg—arty

betwegn 1.65 and 1.72, which made it wedy difficylt to agcurately neasure

t he arleg, 4 13519&5113; eqg %rgng}lagpl yvieyigent er ¢ b cH&R! gn&8urlef hererired |ig,d-hose

cases,| we|utilized |the peak at’ermln.a% f or quattolef4)gatnioBre)of RobpitfinCl| chain
¢ i

(mole © .
ends. [It Wwill be ndted that |augmoef i e€Mt| of 2 dppears | nueruation (1) for
coupl gd—proeduct—tg—account—fFor—therfact—that—craaton—of—theseproduet s
consuned’ 2 pdligilsohut Vtened chailhd. Acoubpi ed Wabs dal clfl at ed a%5 fol|l d¥ws:| A
COUpl gd—=H-A5—0-4-—A45——~A4-54-75 2 3)whefFe-A50-475+sthethtregratied

area qf 1§ he doeiviol Lt@prqa@aks associ at etowi | h ©ne |of dthe pxoosefin protijons
and the two identigqal protons of the couplied product and where M 5 4 75
i s thg integmatiad erealwhlint he peak assaci at edrw tlh tdre of hewi.exoqolsaf m
proto [00317] The integratled arealand friactionadl amount of sulflide
t erm nated PliB.ywer ¢ ebhamned onsa produet -| speaci fli c dasi 5. Fypically, fa
wel | -rlesol{ved peak |associated with the proton(s) |of the pon-pol yijsobutlenyl

resi due,off thgalihi qethshachai N @nd wasohntlegrat ed. Ry examgbe, ijn Exanple
9 of tlhe present invention, [the area assocjated with the|singe prnoton fof

the i sogropylygroun (pultdipliet a8 2{93,ppm atfaghedygo sul fyy on the PIB

chain lend|was inteqrated in lorder to quantjfy thg anmount|of sulfilde chiain

ends i|n the conposi|tion (seq figure|below)| 5.9 RESULTS [00318] The results
for al|l exanpl es descri bed, |supra, are sunparized in Table V. Tablle V. |Mdl ar
ConpogiTion_of ifn_Ends af{ter Quenchin eactii gn[ 00319] I'n_exanple 1,
the 71. 8% chbfoﬁoetgﬂl &P i nated pol )?olgefn Brocu%:toi S A n‘i%Zturerpo? 7B
nol e gercent Tsoprgpytsutt e termmated product fand 27 1ot € _pergert
et hyl suf¥ d)éOEﬂélio' Aat ’élt%z}“t&ﬁ . 3[ 003207° In exfnplle 18, the sUlf 0
de- t ermnateg potygtefn—rproduct—1s 166 nole percentnpropytsut-f
de-terim nated prodyct [00321] In e arrpl e 21,0the suI}f da-te8r6m' nat e(()tl

pol yol|eth | pPBHEERT i|sTBE™HBI [e plr cenmt

siloxyethyl

[00319] Inexample 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.

[00320] 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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tolylsulf de-term nated product. [00322] The enbodi nents and exanpl es
descri bed above are intended to be nerely exenplary, and such exanples and
enbodi merwe 2ar0e48@a- | i mting. One of ordinary skill in POE/ESR0XI7TRI
recogni ze, or will be able to ascertain using no nore than routine

experi fications of the enbodi nents and exanpl es descri bed
here|nmﬁgggﬁfﬁgﬁﬁﬁﬁgg{lons are considered to be wthin the scope of the

cl ai med subject nmatter and are enconpassed by the appended clai ns. WHAT | S

CLAIMED: 1. A wetmwtﬁdarfopp@paﬁngwc@nmwmu for Mioa mixtueds thdréofor

m xtures thereof: H3C CH3 R1 S- RA | pi ; wherein RL is a polyol efm

group; RA and RB are each, |ndependently al kyl, aryl, aral kyl, al karyl,

-HCH2)n - QO +Dﬂﬂ1%-”-MHDp®ﬁCR4 MHZM-X MHZM]Oer R5
wherein mis 1-3; nis 1-3; pis 1>X,_ X,is halo or a pseudohalide; Rx is

élkyl or aryl; R3is tert-butyl; aHﬁ Risﬁhd R5 are each, independently,
al kyl, aryl, aral kyl, or alkaryl comprising: (a) ionizing a polyolefn in
the presence of a Lewis acid or m xture of Lew s acids

HsC. CH,

R1><S—RB

111,
wherein R' is a polyolefin group;

R™ and R® are each, independently, alkyl, aryl, aralkyl, alkaryl,
H

_ o _ N _ S
%%CH»mU %‘(CHz)m‘U E—(CHz)m‘E/)
RS

|
—${CH,),—0—SI—R*
“H{CHh—X | H(CH)—O-R* Her, RS

2

wherein mis 1-3; nis 1-3; p is 1-3;
X 1s halo or a pseudohalide;
R* is alkyl or aryl;
R’ is tert-butyl; and
R* and R’ are cach, 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 polyolefin from step (a) with one or more compounds of
formula I'V:
RA-S—-S—-R®
v

to form an intermediate; and

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

thiols.
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to forman ionized polyolefn; (b) reacting the ionized polyolefmfromstep
(a) with one or nore conpounds of fornula IV: RA-S-SSR B IV to forman

i nt er mediwOep104038026c) reacting the intermedi ate of stepPCHUSAHOICETAE OF
nore al cohols, amnes, or thiols.2 . The nethod o f claim1l1l, wherein R1is
a pol yi sobutyl en roup.  3... .The nethoqg,o f claiml1l wherein RA and RB are
each, indepé%dent }HQF%$Pfd§PyﬁﬁW%F%a 11 2 gplyfRbytylenc erqhRer ein n is 1-3: p
is 1-3; Xis halo or a pseudohalide; R>3 is tert-butyl; and R4 aanndd R 5

aarree eeat ch, indepepdently, aryl or alkyl:zand Rx is alkyl. 4 . The
method o f cl-ai mHhe RHBPGP eI Drithareinds el €8 ach. indopduisthb eflod o 1
claim 4,y yhereikRA and RB are methyl, ethyl, isopropyl, or tolyl. 6 . The
method o f claim4 ~, wherein RA and RB are 7 . The nethod o f claim4 ,
wherein RA and RB are 8 . The nethod o fﬁ%ny of clains 6 or 7, whereinn
is 2 'ng . The methqd o f cl ai B{CH,),woerseiR* X is C or Br. 10. The method o
f cl ai mEACH wheret miRAHamdXRRB. arell. Ther®rethod of claim 10, wherein p is
2. 12. The nethod ’of claim 10, wherein R4 and R5 are phenyl or nethyl. 13.
The met hod ofhertiainns 1;3;phetdin the internediate of step (b) is reacted with

one or nore alco I.sH wher ei n th? one or nore al cohols have the follow ng
fornul a: is Halo or a pseudohalide;
R? is tert-butyl; and
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-R*

7. The method of claim 4, wherein R” and R® are
“HH(CH) X
8. The method of any of claims 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 R” and R® are
R3
~$-(CH,),~O—SI—R*
R5

54



R-OH wherein Ris alkyl of 1-8 carbons. 14. The nethod of claim 13, wherein
the one or nore al cohols are one or nore of nethanol or isopropanol. 15.
The net hosloabioal4sizan 1, where the internedi ate of step (IBYTiUS20004607¢d Wit h
one or nore amnes, wherein the one or nore amnes are of the formla:
R6-N-R8 R7 ; wheregin nd .R7 .apd R8 are each, independently,
hydr ogen orlélkyl gfgiﬁgﬁﬁgﬁg)“i I RdS fret hod of cl ai m 15, wherein the
one or nore amnes are one or nore of n- butylanine 2- et hyl hexyl am ne,
tert-anylamne, trieth |but ,amne. 17. The nmethod of claim1,
wherein t he it erhsdn g‘éfg%aé%ﬁo ("g)erfflg éﬁ‘égearevﬁhFﬁyld)r‘ién%]PY more thiols,
wherein the one or nore thiols are of the formula RCL-SH ; wherein RCl is
al kyl of 1-6 carbons. 18. The nethod of claim 17, wherein the one or nore

thiols are ofe orlheonehed okelpanbemieinghe migsmediatsatistep () bgeactadevidet hod of
claim ]Une‘é\fgﬁ{o‘? Qlc&lt&ﬁs %{QPQH% CQ{ ofr%d?y%)l%olll(}ls Hﬁve thé f&fovﬂh%ﬁi%%ﬁ thereof is

at | east e percent or east e percent of product s
formed. 20. A nethod for preparing a conmpound of forrmula V: H3C CH3 R1L S- R
2 V, wherein Rl is a polyolefn grougz—gnd R is alkyl, aryl, aralkyl,
al karyl, substituted al kyl, or substitutéd aryl; conprising: (a) ionizing a
polyolefn in the presence of a Lews acid or mxture of Lew s acids

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 or 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:

RG‘N_RS
R

wherein R° is alkyl; and
R’ and R® 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

n-butylamine, 2-cthylhexylamine, tert-amylamine, tricthylamine, or dibutylamine.

17.  The method of claim 1, wherein the intermediate of step (b) is reacted with

one or more thiols, wherein the one or more thiols are of the formula

RE-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 or n-propanethiol.
19.  The method of claim 1, wherein the compound of formula II or Il or mixtures

thereof is at least 20 mole percent or at least 40 mole percent of all products formed.
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to forman ionized polyolefn; (b) reacting the ionized polyolefn with one
or nore conpounds of fornmula VI: RA-S-S-RB VI to form an internediate;
wher ei n Reox2nt)/RB)2ar e each, independently, alkyl, aryl, PaTAISR09/06a709

al karyl; and (c) reacting the internediate fromstep (b) with one or nore
conpounds of_ formula VII. RC2-SH VI|. 21. e thod of claim 20, wherein
Rl is a pol y%osobﬁmeg}?éi fQFBliﬁ’B‘im%Zé? Cem%ouﬁ’étoggﬁ”g‘?a faim20, wherein RC2 is
al kyl and RA and RB are each, independently, alkyl, aryl, or alkaryl. 23.
The met hod of claim 20, wherein RA and RB are the sane. 24. The nethod of
claim 23, wherein RA and RB are i§bﬁggﬁﬁd or tolyl. 25. The method of claim
20, wherein the one or nore conpoumds “gkrfOrnula VII are one or nore of

et hanet hi ol or n-propanethiol.26. A . hod for preparing a vinylidene

term nated pol yolefm conprising: (a) ‘pPonizing a polyolefmin the presence
of a Lewis acid or mxture of Lewis acids to forman ionized polyolefm (b)
reacting the ionized polyolefmfromstep (a) with one or nore disulfides to
form an i nt evimecind'ds a aolyoletin gramewichg the internediate of step (b) with
one or nore al cohahs m nes... 27... Th thod, o | ai 6, wherein the
vinyl i dene terni téﬁgk8€§%ﬁé¥ﬂkysdgmyﬁﬁgﬁﬁﬂgﬁ%a@ﬁﬁﬁfﬂg#éﬂﬁ?%W¥ksobutyIene.
28. TheompiiRRg: of claim 26, wherein the intermediate of step (b) is reacted

with one or nore al cohols, wherein the one or nore al cohols are of the
formul a: R-CGe 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 formula VI:

RA-s—-S-RP
V1
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 VII:

R°2-SH
VIIL.
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, alkyl, 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 or n-propanethiol.
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wherein Ris alkyl of 1-8 carbons. 29. The nmethod of claim 28, wherein the

one or nore al cohols are one or nore of nethanol, ethanol, isopropanol,
2- et hyl hewearro10/048023sec- but anol . 30. The net hod of cl ai mPR&/USMIE/06G709 t he one
or nore disulfides are a conpound of fornmula | : RA-S-S-RBi ; wherein RA

and RB are ch, jndependently, alkyl . aryl, .aralkyl, alkaryl, H- -(CH2)
S horzyn - 0 e aytanar g b ia i Hori R ph e Sihsing it o
pseudohal i dgg) Rx jhgizalskWolWle Ml the FRsdre bEh LR aid 0Bt 3RdRR RIR each,
i ndependent |y, al kyl, "aryl’, aral kyl, or alkaryl. 31. The nmethod of claim
30, whdpein RA and RB farme apeanizdd, podstohefin, tert-butyl, isopropyl, or tolyl.
32. The net of any of clains 1 0,..or 26, wherein the i.onjzed, pol yol ef m
s formed by Shaairig e iioa sl Parbpistia el o ER 1 MIE Flriae SBOHERS T of i o
addi ng farrhewi s aci d ang igtcph&di®®; surce to a preforned polyolefm 33. The
met hod of aqy of claims claim1, 20, or 26, wherein the ionized pol yolefm

i s a quasi | i) ng rezativedha intmedigisiof steef( Wil onper mercdephiols Gaptiagsmed under
qguasi | iving carbocationic polynerization conditions. 34. The nethod of
claim 33, wherein the quasiliving carbocationic polyolefmis prepared by
addi ng a Lew’s acih$ raﬁbochOﬁ@wan%f?, wherein thowinylideoe tarminates podedeiics aof (a) an

el ectr QAR terminated polyisobutylene.

28.  The method of claim 26, wherein the intermediate of step (b) is reacted with

one or more alcohols, wherein the one or more alcohols are of the formula:
R—OH;
wherein R is alkyl of 1-8 carbons.

29. The method of claim 28, wherein the one or more alcohols are one or more of

methanol, ethanol, isopropanol, 2-ethylhexanol, or sec-butanol.

30.  The method of claim 26, wherein the one or more disulfides are a compound
of formula I:
RA-S—S-R®
I;
wherein R* and R® are each, independently, alkyl, aryl, aralkyl, alkaryl,
—%ﬁCH2>m~EO/) ‘%‘(CHz)m‘EH/) ‘E‘(CHz)m‘ES/) :
, , T —(CH,),—X ’
R3
~$-(CHp),—0—Si—R*
$(CH)—OR* RS

wherein mis 1-3; nis 1-3; p is 1-3;
X 1s halo or a pseudohalide;
R* is alkyl or aryl;
R? is tert-butyl; and
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(b) a comon ion salt; (c) a conmmon ion salt precursor; (d) an electron
donor and a common ion salt; or (e) an el ectron donor and a common ion salt
pr ecur sorw0o2b10/0ke@3 et hod of claim 34, wherein the initiPaTars2009/060799

2-chl oro-2, 4, 4- trinethyl pent ane,

|, 3-di (2-chl oro-2-propyl)-5-gert-butyl benzene, aor djc I cq%o i de. 36. The
net hod of clai m 34, wherei t%@ﬁﬁﬁﬁ% 3 e?%@ﬁ@b&?%ﬁgg%ﬂ’g? VLHE. 37. The
met hod @f.¢l @ai m 34, wherein the electron donor is 2,6-dinethyl pyridine,

2, 4-di met hyl pyridine, or 2,6-di-tert-butylpyridine. 38. The method of claim
34, wherein the common ion salt precursor is tetrabutylamoni um chloride or

tetrabutyl angoni uffd RGhG€of d8im J(ﬁ%vﬂ@%iﬂ@d A R WYe ert%ﬁ%t% tll’t-b%%ll or 26

wherein the Lewis acid Is a titaniumtetrahalide, ti tetrachl oride, a
bor on tisapmepyilde tolgl.umi num tri halide, tin tetrahalide, zincchloride, or

et hyl alum num dichloride, or mxtures thereof; or a mxture of an al um num
(1) halide and trial kyl al um num conpound. 40. The nethod of any of
clainms 1, 2@2.or Te,mathed ef myafdidimeni 20, or A6 adheredeneioniZt @olyoleti@nt i s an

al kane or al kyl halide or mixtures thereof. 41. The nmethod of any aof clains
1, 20, fgm@ﬁe?sy st ho et ﬁ&ﬂ“‘?}%ﬁ%ﬁeﬁﬁnﬁ@ palyogﬁ“tnéwgﬁlgg&rlewﬂ%ﬂ@about

- 1200C 4, 23R618h s0@%5c & a plcWBPRAQHIyotefROC t 0 about -400C. 42. The nethod of
any of clainms 1, 20, or 26, wheréin the Lewis acid or m xture of Lew s

acids are present at a nolar concentration of fromabout 0.5 to about 20

times chai nepd Moy GAOEEALE,AIH Blims 4BimA, 6P 2MNGhAEin{RE HAiR4 ¥blyolefin BC
CH3 RL SSROVIII; wherein RLis a polyolefm’group; RDis alkyl "of 1 to 7
car bonss aguisslivithgtetioaitioyic potyoktfin @dshe Sietmdbopaformed under quasiliving

carbocationic polymerization conditions.

34.  The method of claim 33, wherein the quasiliving carbocationic polyolefin is
prepared by adding a Lewis acid and a monomer to an initiator in the presence of

(a) an electron donor;

(b) a common ion salt;

(©) a common ion salt precursor;

(d) an electron donor and a common ion salt; or

() 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, or 26 wherein the Lewis acid is a titanium

tetrahalide, titanium tetrachloride, a boron trihalide, aluminum trihalide, tin tetrahalide, zinc
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unsubstituted aryl, alkaryl, aralkyl, wherein mis 1-3; nis 1-3; pis 1-3;
X is halo or a pseudohalide; R3 is tert-butyl; R4 and R5 are each,

i ndependemol2g10/08028 or al kyl; and Rx is hydrocarbyl. 44PCTRS2@9ipyond of
claim43, wherein RDis alkyl of 1 to 7 carbons, substituted aIkyI of at

| east 3, carbons, qr al kary 5..The ¢ 0 f claim 43,  wh

et hyl Ch 14@» o gl pipy 41?@%%69mlxtg¥ %iﬂ% oGNS OF BB BimataDl ai m
43, mhqbﬁhgaﬁg}ﬂdkyrmughﬁgigo%mgmgin i s 2 47. The conpound of claim 43,
wherein RD is - ( H2)P-OSI-R4A RS, pis 2, and R3is tert-butyl. 48.

The conpound of claim43, wherein the polyolefn1group has a nol ecul ar

vei ght greatgy thaR R0R.86fRly of4Bimd 1826 QTPEUNRErOh aGlife i# dsedMifbRIN RL 1S

a pol yi sobutyl ene group.
the diluent is an alkane or alkyl halide or mixtures thereof.

41. The method of any of claims 1, 20, or 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, or 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:

HsC_ ,CHj

R'><S—RD

VIIL,

wherein R' is a polyolefin group;
R" is alkyl of 1 to 7 carbons, substituted alkyl of at least 3 carbons,
unsubstituted aryl, alkaryl, aralkyl,
R3

~$~CHp)m— $~(CH,),~0—Si—R*
Her ) $HCHX o, H{CHa=0=SIR!

-§{CH),—O-R"
wherein mis 1-3; nis 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 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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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 +H(CH)—X and n is 2.
47.  The compound of claim 43, wherein R is
R3
$~(CH,),~O—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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