METHODS FOR PRODUCI NG TELECHELI C POLYOLEFI NS FROM TERPENE | NI TI ATORS

1. FI ELD [ 0001] Provi ded herein are nethods for the preparation of telechelic
pol yol ef iwe 20i1zispabyneri zati on reaction with a terpene PaTttisation37383
BACKGROUND [0002] Tel echelic polyners are polyners that contain one or nore
functional groups at the end of the polyner. These functional groups are
reactive to other nolecules, thereby allow ng derivatization of the polyner
at its chain ends. Indeed, telechelic polynmers serve as useful
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products, 1T ncluding high performancé polynmers such as, but no Imted to,
fuel or lube oil additives, net wIKIFATORS s, star-branched pol yners, and
bl ock co-polymers. [0003]In general, the known net hods of synthesizing

tel echelijc polypeps rely on post- polynerization functionalization

t echni ques. For_exanple, a nononer is first polynerized to forman initial

pol ymer pRAyct -Pr&qdefd%f&dﬁ € nfeBloBERL e PrapAla GBS teibdHefic Fayélbﬂsvﬁw' ymer

product nust be subjected to a subsequent post-polynerization reaction to
i nstal | thbmedzaionveactionetth ofsaiengmger. Such nmet hods are inefficient and

costly. Ehus,gggégégbiFg%need for a nore direct route to telechelic

pol ynmers.”" 3. 04] Provi ded herein are nethods for producing
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resultin ol.val.efi n.product, will contain a.corre ndj Lerpenoi d noi ety

cont ai ni A AHEIEES PRREE Bom e s e QiR B8 RS o8 BRI 05 I some
enbodi memesyorlppadymdedtdréraaciedaoly nivet, hiadsodkaro-wyymidiesi zi ng a tel echelic

pol ymer ne _ initi s acid in the

i siing contacting a terp or with a Le
D oo TR o 1R BerfeBl RC kel P T RERG s N i b b R Bt e
(a) one @olymRFigatiod Mlincasnalicaioh &tEnigeR! EbndxagipR, 4 Mavemg iOfioUlymdiided o) one or
nore functional . groups, wherein the_ on r.nmore fupcti.onal r ou are
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pol yrer i zalst ®kuBREEd td OfdBsequent post-polymerization reaction to install the reactive
functional group. Such methods are inefficient and costly. Thus, there is a need for a more

direct route to telechelic polymers.

3. SUMMARY

[0004] Provided herein are methods for producing telechelic polyolefins from a
polymerization reaction that employs a terpene initiator. In some embodiments, these terpene
initiators contain a functional group that survives the polymerization process, thereby
providing — directly from the polymerization process — a polymer that contains said
functional group. For example, in some embodiments, when a terpenoid containing a
hydroxyl group is employed as an initiator, the resulting polyolefin product will contain a

corresponding terpenoid moicty containing a hydroxyl group.



[ 0006] Furt hernore, provided herein are conpounds having the follow ng
forml a: wherein: is a terpene noiety; X is a functional group attached
to a primsoyoarissaeondary carbon; P is a dival ent pol yolPeftius2gnosps3 E i s an
end-cap group; q is an integer from1l-5; and nis an integer from 1-3.

4. DETAI LED DESCRI PTION (a) DEFI NI TIONS [ 0007] Unl ess defined ot herw se, al
technical and scientific terns used herein have the sane neani ng as

comonl y [§gu&er SR AImONmIQAENGs, ﬁfodid@@ﬁéfelﬁlﬁfé rhethéustf&esy%&smﬁgﬂa M&@he@went t hat
there are a plurality of definitions for a termused herein,
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[0008] As wiigefhongihal tnercdl ¥ kerpdne iftitor@pdipni - val ent hydr ocarbon group of

about 1 to about 20 carbons. 1n sone enbodinents, the al kyl group contains
about 1 to abblt 1@ecaniensttianreatonecertiong msarisg gonp aaflkyl gr oup cont ai ns
about 1 to abguyt 1 ont ai ns
about 1 to about Qg%?%Rﬁ%@ngkﬂd}%gﬁsﬁ@ﬂﬁgﬁﬁ%?@éorﬁgﬁgﬁtﬁ%lg ou %gntalns
about 1 to about 6 car tixon@adtbapsmm & yoddane crbon dnd ercalninoldifgd oogercont ai ns
about 1 to about 3 carbons. nents, the alkyl group contains 1

On.g mterlzrr%{)% con%qk

to 2 carbons. In sone enmbod? Vil group is primary. In sone
enbodi neno@e] t h&uahdyorey pujoled Ber&ﬁ(aﬂ:mdmpysundls hagogrte éothhodigentida: t he al kyl

group is tertiary. In some enbodi nen the al kyl group is nethyl, ethyl,
n-propyl, isopropyl, isobutyl, ney reeg- butyl, tert-butyl, isopentyl,
neopentyl , tert pentyl, or isohexyl. sone enbodi nents, the al kyl group
is nethyl, ¥Eemn propyl or isopropyl. In sone enbodi nents, the al kyl
group is nethy I'n some enbodlnents the al kyl group is tert-butyl. In

sonme enbodi rre' the al kyl group is a straight hydrocarbon chain. In sone
enbodi nent s, q Y ol s a branched hydrocarbon chain. In sone
enbodi nents, the a Eehmgéoﬁ%b:s cyclic. In sone enbodi nents, the al kyl
group i s subsiit afimdtiofaD@oOe]) mcwedalmmrymrsé@hmwrbomefers to a

uni - val ent hygqgg r589p9&8%8n roug,to about
E is an end-cap group;
q is an integer from 1-5; and
n is an integer from 1-3.

4. DETAILED DESCRIPTION

(a) DEFINITIONS

[0007] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art. In the event that
there are a plurality of definitions for a term used herein, the definitions provided in this
section prevail unless stated otherwise.

[0008] As used herein, “alkyl” refers to a uni-valent hydrocarbon group of about 1 to
about 20 carbons. In some embodiments, the alkyl group contains about 1 to about 15
carbons. In some embodiments, the alkyl group contains about 1 to about 10 carbons. In
some embodiments, the alkyl group contains about 1 to about 8 carbons. In some
embodiments, the alkyl group contains about 1 to about 6 carbons. In some embodiments,
the alkyl group contains about 1 to about 3 carbons. In some embodiments, the alkyl group
contains 1 to 2 carbons. In some embodiments, the alkyl group is primary. In some
embodiments, the alkyl group is secondary. In some embodiments, the alkyl group is tertiary.

In some embodiments, the alkyl group is methyl, ethyl, n-propyl, isopropyl, isobutyl, n-butyl,



20 carbons, wherein the chain or group contains one or nore double bonds.

I n sonme enbodi nents, the al kenyl group contains 2 to about 15 carbons. In
sonme enbosDmentse10he al kenyl group contains 2 to about PCO/USa01bOABS3 | N sone
enbodi nents, the al kenyl group contains 2 to about 8 carbons. In sone
enbodi nents, the al kenyl group contains 2 to about 6 carbons. In sone
enbodi nents, the al kenyl group contains 2 to 3 carbons. In sone

embodi m%'@tcsbuttlh@nadutsﬂ*nydpeﬁypﬁ&pb&ylattnaﬂewl ogts L IR sSREBmbYIRadidraRt s, the
al kenyl group contains one or nore doub bonds that are conjugated to
anot her @hghggratsaertiyd oyl nproRdms lwmmt e ferse crabppdinagnise fig|alkyt &gpDp iss
subst | t utugghy1[ AOLALApUAREOGhEhR or oY HLou S e bnduithBhs. (Al AR

hydr ocar bon grou to a 0 carbons, wherein the chain contains one
or nore tgrqupliea tmmllshydrwaﬁwmh@ﬁbmomwmbodlmqets,ath«WIgr@mowbr@mhpél ns 2 to
about 15 t g 2to
about 10" EpaRTrcrpfl. IEUEEIREIRR, o ol eI ORI BT |0
about 8 cmﬂqugmmpmnwbnmmahbodlnents the aIkynyI group contalns 2 to about
6 carbon Y] odi mept s, n ntalns 0,.3.carbons.
I'n sone i?‘rq)d98| neﬁlglr?usse({?%em, kerrl,?)l regei,rso 0 %S%ge%r hlI%C%lI‘Q n%ro%oo tP lgltboutrre
enbodinedﬂsmbmewahkmnMﬂd@ﬁnmgnmpmbmmmSmQHEnﬁﬁemnmEtmnmpH3s®mmds that are
conjugate anot at ur at ed nmbodi nts al kynyl
aroup° s TopSrRRS e RS Te RaParnt® G S G TB ety al on
monocycl |an<e@y1 gidtiptchatyidk 2 € SboEY dagbo@s. Ol oo Bﬂhﬂd)d”im&gs ftlicOMedyk g:yo@bout 30

carbons. In so nmbodi the aryl. grou cyclic. 0
enbodi mersPRant A SN Gt BoHPaREETEES dbotlEerT LS traks A BOng
enbodi neRb®ond Ne sdhy émlgfdﬁh'@ltsc Hatafldey BoupQRoRBIYD t&@caﬁ@dﬂ@o NSsonlen SOME
enbodi nments, the aryl group is fluorenyl, phenyl, or naphthyl. In sone

embodi metdodipgats athwkﬁ%grﬁuw is aplygroup; in WI@WBB’&H“F?’E eglketmr%?w i's
subst i t utcgglainl ORIZ RS BBk BIBEEIR are @ t@ﬁﬁéh fo d’n%fh@f ﬁlsttgra@edtgmupv% S aryl
group substituted with at |east one al al kenyl, or al Kynyl group.

[ 0013] As cobedimeats dhpalkenyt giopgy jssubsgfusqds to a uni-valent alkyl, alkenyl, or
al kynyl  go@ep_Sulskid k& Wiy By18terdrE RS urlRRSe AN ELHMP 2
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t he pres@fcerbots, wherciorthagheim conleis praeree triphe bade T@r??b@d embedimenty e
substitu r nDnovaIent
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[0015]As r [ nt IS

capabl e o#%§m3%00|a éemﬁ(f%ﬁ??ﬁ% 2p8%1?§1“ﬁ§m%83ﬁ%§(%géfﬁHgm I$Sole

at t ached.cmbndigents, thmibmyﬂrgmhls corttdins 1 @Budartgngrioypme Smb@chnabﬂtg tlm‘alkjmsls oci ati ng
under th%ﬁ(gl ¥ner|zaH|on con |t|o ) use? &n @ge net ho % descri bed herein.
In sone A7 HERPE DY ERuny IOA TG RS s s @H&B‘mpc?o%al&%%e Odél}‘%}e or
tertiary tgsle beris t}&ﬂﬁiehb@ugﬂtﬁﬁﬁﬁhcﬂhdrQﬂsa@fratédlgohlﬁal‘ﬁisﬁlge ghbotimadts, evs t he
formation of a seC01$ ﬁ gr tertiary carbocation, or its reactive
equi val et AR SRNHBEf ent , the | eaving group di ssoci ates when

cont act eqoov1{ h aALBY Ferdf) dryl’ [@Qiﬁb/z\slnusaﬂau R@hEdyRlic orf thilEiéycAd @on@fi©up”

refers to a substituent that can serve as a sjte of chenical reactivity on
a mol eculEPWSEOHRPEE fFoRBo abert N rarbens- dn sepaemrediments deiagr &rovgribups i nei ude,
W t hout |n'1d?i'0&}%1hb thysomgélmbof ment&] the arﬁf grmg\loontagrs 60 %CQI} RAcarb faRAIn sole: - NCO,
-QCN, - SH, - -S(0 -S(0)2 S NC2, 0) 2RA, an al kenyl
group, oremaﬁdlatekty e ary %ratp cogl@@@ﬁ]tﬂgb% Qicatbonsi fn Soaleteﬁtbﬁ@ﬁ@ntsn‘ilt? piyt or
funct i onaky,giioHRurLRAbnES, o AR AdohBYRboRALYTRA! #5140 € ARAVE NS”
refers to a functlonal group that, ? subjected to the pol ymerfzation
condltloﬁsm@h@bmhm@ﬁuéﬁﬁﬂﬂos@@ﬁﬂ@@ﬁtthe met hods described herein, is
present d wd n ng
present QaP, oy AndR 0K ST AR HOD.Bly LR GRICARRPRI D
under st oode tlkgl glkényl tohelkgmgexp. used hereln a functlonal group may be
unnodi fi der | I Z par te in
acid/basg&ggglor ]8 %ona |%%) ?]%% onat|oﬁﬂ?gaktﬁgkgléﬁgaﬁﬁ%ﬂﬁﬁ) ourse of
t he poIymmmhmmﬂwmhm@awmmaand@mukup of the polynerization reaction, and/or
i solation of the telechelic polyolefin fromthe polynerization reaction.
For exanple, a hydroxyl functional group, when subjected to cationic
pol yneri zation conditions utilizing a tigtaniumtetrahalide, may interact
with titanium species during the course of polynerization, but still be
"unnodi fi ed under polymnerization conditions,” as |long as the hydroxyl group
is present on the sane carbon of the corresponding initiator residue of the
telechellc polyolefln product It is to be understood that the term
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WO 2011/ 156110PCT/ US2011/ 037383 [ 0018] As used herein, "polyolefin" refers
to a polyner that conprises at |least two olefin nononmer units. In sone
enbodi mrerwe,20tthiseol yol efi n has a nol ecul ar wei ght frompabaiseo1308738® i n
excess of a mllion g/nol. In sone enbodi nents, the polyolefin has a

nmol ecul ar wei ght of from about 200 to 10,000 g/nol. In some enbodi nents,
the polyolefin has a nolecul ar weight of from about 1,000 to 5,000 g/nol.

I n sone qphqgli rrmtu%ed té;l@m PABLREF R de PRIGEUS AN VIR ubinfch@M about
2,000 to 3,000 I n some enbodi ments, the polyolefin has a nol ecul ar
wei ght ofln fqnems uﬂtlenis@enmbstwntls DOBCTHOAS grodperein, Fubsoient o i frent s, t he
pol yol ef 'nlibnlaga‘i Iﬁ‘aﬁ;ﬁt &%n@@al&ﬁ 'g%f) o8b @ﬁtoﬁlpﬁﬂt %QQpagferHP k‘orm x{éhass%[ﬁ?e

enbodi nment s, % ol yol efin has a nol ecul ar wei ght greater than 400 g/ nol.
In some @ﬁbbﬂﬁhﬁﬁﬂ@ﬂﬁmhéop@ﬂ&émﬂwbﬁﬁhmswaﬁﬁﬁbécular wei ght greater than 600
g/ nol qggg Sq y i . i ght greater
t han SOOqgﬁﬁge g%%%&%nﬁﬁg?’ %%g,&%ﬁékgﬁﬁgif%?gﬁbﬁggkg&ﬁn ecul ar wei ght
greater tdlrsacmslatl,netﬁfonghcrmbm th whwbrm leav[nltg:grnm”ﬁts sttachérk Ip@d)ryc)brelquﬂmde thee

mol ecul Al %rou 9 eaattﬁr 0% cﬁssoma undgr/tFD ol erlzaﬁ gt?lo S }St the

pol yol efi'h h& PrbtBEUT &r et ?ﬁg Feat e i O 900" g/ ot nIn sone
enbodi nemieshodt heschleddyhotedf. i In sbms elabcrmhemu ltleerlcaneiggndupgis etaicberd tolhan 100, 000
g/nmol. In some e dlne .0 efl as.a nDIe Iar greater
Phan 5006500y bR D heeri AR o e otk APuriin A e e oL o

wei ght groeats@bndahﬁﬁr tdrti@QQaHCatiph N lits re{a@@xﬂe%h&@alﬁﬁtedn hefiednibodinghiny, alee Nt

pol yol efin refers to a substituent that is a divalent polyolefin. In
sone embdd r%f P disieriates Whed Coptacie ‘é{ElPt?Tgﬁ‘t”S&?lg at the ternminal ends of the

di val ent [pgilgyol of g Wed hoeif omcﬁ@ﬁwglﬂotﬁe%fers th a@umlmhﬂﬂtt cROdR) Rhistic gr oup i's
a dlvalent polylsobutylene group. 0] As herei n, "polyisobutyl ene
group" r Shepisalirepchvigh Qpgt mplec %%toytj‘tl‘é’r‘ihﬁ Sl&tStstt}fptm?he§i Rigncgipna] gepups o

i sobut yl gngdXORRIGRE liMRhdc; -JM -BQCE Eﬂbpdbmﬂ‘(ﬁ@i Rt herPaNG, 00yt Yene group
is ?., n, mhereln n, is an |nt er from ab out 0’to about 20000. I'n sone

enbodi mests SR, i YO ouS Rt SRPoNO21ESEVR . pn ke cowpadiapatyayl n i s about
10 to ab%H5 10, 000. In sone enbodi ments, n is about 10 to about 5,000. In
sone enbodlnents nis about 10 to about 2,000. In further enmbodi nents, n
i s about 0071 o aboued ller@m@teltpnneflumtat@efunetmﬁ@blgrmttlst is funmpdglsdunder0 t o about

500. 1In ];?t ngatﬁﬂJ‘gg&hﬁ@l % Roferdltol a%‘ul?cl? ?%«8 gh%ﬁ&l%&qpﬁt%ect%?rgo tgé n further

enbodi ne nis about 10 to about Inents, n is about
10 to abwb@ﬁzatmcmtidniﬂaﬂ_a@ Iﬁﬁéﬂ/twmﬁlm/t@@msﬁadsmmm]:dxherussd preemei n,

"quenchi g %w% be bo% & tﬁefsa%ef%grgg ngqge %orl%gponﬁ‘?% tte qie 1n1t1'§?1grr s%“ ca t}PO| ymer

and causes orna ion unctiona
pol yner. téler:hshmmlmiéfonbmrhm dt isttdree quilenloi Iﬂgtt ag&ntcorrta&mtesi haretith aa cat ionic

polymer to f.orma telechelic,.po lefin. In.some. .enbodi ts,. .t he. quenching
oent endmeifteefub G5 BF Rum i oo e ees i B n s oY hitighiR i g
agent reacii®awd dnbi/ot b@t@ﬁﬁlﬂi/dwrolﬁﬁiaﬁdifﬁﬂ’eadt@ni dll’rﬁigal{b Lt bNtht polNinGELa€ich pol ymer .
[ 0022] As used herein oup ﬁ@ﬁﬁiﬁ$8tl ent th i's

;
bonded t &°%! I?IéPVI‘?flﬂ'QIOfgﬁcPog’fne&Eiﬁ%Pﬂi‘??é?on F‘Wﬁ 1€ RO - cap

group mayroethy Bolgmelzatibh Radtfon! E3EEKaMi Ete}’a uﬁﬁi@ryl SuAbficHal Qoﬁ]@&fhbh Qibjeaadi ti ons,
thereby allow ng derivatizatjon of t ynmer at its term nal end.

[ 0023] As tﬁ%@nﬁépbﬁﬁma@é\ﬁp@ﬂ&w ytilizigg %ttén%l tefralplide; PAY IgsRG Wtht hat i s
capabl e Qfandfif GREkNGurthgRR doult oBHREHEDARen, but still be “unmodified under

polymerization conditions,” as long as the hydroxyl group is present on the same carbon of
the corresponding initiator residue of the telechelic polyolefin product. It is to be understood
that the term functional group is not, by itself, an alkyl group or hydrogen. In some
embodiments, the functional group, while unmodified during a polymerization reaction, may
serve as a site of chemical reactivity under other conditions in a reaction subsequent to the

polymerization reaction, thereby allowing for derivatization of the polymerization product.



[ 0024] As used herein, "nononmer"” refers to a conpound that is capable of
formng one of the two or nore divalent nolecules that are contained in a
pol ynmer. woeumséanbodi mnents, the nononer is an ol ef i n. PCH/USeoma/037383

enbodi nents, the nononer is capable of reacting with a carbocation to form
anot her carbocati on. In sone enbodi nents, the nononer is isobutene.

[ 0025] As used herein, "initiator" refers to a conpound that provi des a
car bocat ijggispr 'As%sécﬁﬁ"&&h veo@gréﬁyaﬂeee@stm a[p@%@} it é&%s&%r Rl two eieﬁﬁt ron
donor™ refers to a nolecule that is capabl € of donating air of electrons

t 0 anot hépongpre#lifseln sroeezr]br\ém@éfédh%erlmlﬁﬁn ha@@rﬁﬁmulabweghr om pup @) t o an
ionic salg é}éés bfa ﬂﬂhb@gf:h'ol ﬁn%&ﬂé’g{nﬁ&mﬂeﬂ@ LHoRRIRRHEOL ABRcURASLioht

quaS| [ivin car bocati oni ¢ po yrrerl zation conditions to EI’ event di SSOCI ation
of the pméga@arbpwgoﬁm b)e(?ﬂotgrrrwlorhneam@ whedineants ha pplapiesn h{scorgpadarused

herein, " ?%ngfrerﬁ chﬁf'flll T()0(5){0650({)6'0 11}1 1. rlﬁgogﬁ dl%dﬁl%n'tsoﬁﬁl ?oﬁlgfehnhgﬁaat s

opt i onal 'y added to a reaction Porme er quas virng carbocationic
pol yner i aatl¢cahar wergtji dfi fmrrsqbouhk@(lﬂ tn 3106e gintmir il waieten@edlmeaﬂsﬂhe pdueltfer - ani ons

that are I dent 1eclatlar welght 0? Bﬁlﬁ@ﬁ&@(ﬁ(ﬂ%a} Oaggfr;no?!.ﬂl engcise{nbvcll & I n situ

reaction wr 1 TR W S ach d used here contac “Mfers to
bringi ng theylyicfmuea mmpmlun\daglntrgtrmepIﬁ;aﬂQO(ag/annmaomemnbbmmamh thd her. In

sonme enbod t t wo, or wi t h each. ot her when

cont act adob P bbb MelsSheran g RREPURE T £55) dfsbte ERSURE feng two o
mor e comp@lyméﬁn\h/aidﬂm&aﬁharaﬁd@ﬁ greaddethen mmg/mbeaﬁtsorﬁenanlﬁtfdnﬁansj tHeWO or nore
conpounds | s m cal | tran fornmed. in djfferent co oun

2011/ 1561’?69@%‘7‘%%‘? ﬁfé’fﬁétfjtﬂ%n %%Oe%?mﬂle B ome egbqd num hal i de"
refers t (bog'oléﬂmﬁﬁﬁwﬂol@éuliﬁd@ﬁ @reaer MAXBO00 g WRE! BisBmB eﬂnﬁocﬁmetﬂts She Or 2; Ris
an al kyl gro and X i hal og and m xtures thereof [0032 As used

her ei n, PPWP@EP{@EH %m@lecwlefw@t gr?atar hanp8lhgmol Ninspme cahei@eibties, t he
i nt er medi ipdly8lekift hhOC MhGlecd1f} IR cRAIRPALITERNOGD o/hbE Th BERE BRCHd@h&d, teCat i oni c.

polyolefin has a molecular weight greater than 100,000 g/mol. In some embodiments, the
polyolefin has a molecular weight greater than 500,000 g/mol. In some embodiments, the
polyolefin has a molecular weight greater than 1,000,000 g/mol.

[0019] As used herein, “divalent polyolefin group” refers to a substituent that is a
divalent polyolefin. In some embodiments, the points of attachment are at the terminal ends
of the divalent polyolefin. In some embodiments, the divalent polyolefin group is a divalent
polyisobutylene group.

[0020] As used herein, “polyisobutylene group” refers to a divalent polyolefin group

comprising at least 2 isobutylene monomer units. In some embodiments, the polyisobutylene

D4

B

group is

wherein n is an integer from about 10 to about 20000. In some embodiments, n is about 10 to
about 15,000. In some embodiments, n is about 10 to about 10,000. In some embodiments, n
is about 10 to about 5,000. In some embodiments, n is about 10 to about 2,000. In further
embodiments, n is about 10 to about 1,000. In further embodiments, n is about 10 to about
500. In further embodiments, n is about 10 to about 250. In further embodiments, n is about

10 to about 100. In further embodiments, n is about 10 to about 50.



[ 0033] As used herein, "about"” refers to up to plus or mnus 10% of the

i ndi cat ed nunber. For exanple, "about 25 C' refers to 22.5 Cto 27.5 C. In
sonme enbosDmentse1iabout refers to up to plus or m nus 9PC8USZ011837383 4, 3,
2, or 1% of the indicated nunber. Wien only integer values are possible,
"about" refers to up to plus or mnus 10%rounded to the nearest integer
nunber. For exanple, "about 9 carbons” refers to 8-11 carbons. [0034]It is
to be ungggfoodysiat hetrbﬁ qgéﬂaeiﬁg@genwrefe&srt%fc%s&ma&mwéeglwhtﬁrael n may
contain one or nore chiral centers. Such chiral centers may be either the
(R or (SyovdeapelymerAnd sriseohe frpatien of arfimetiona cioma termTiidechcihe conpounds
provi ded pBghah ke B SRR IRl o oM rErer it FcaBbRE FOL IO b Of

di asteredmeric mxtures. For a conpound “cont ai ni ng one or hore |l e
bonds, théele@nb@miﬁblwky Lo ko8¢ cralpdirhents derqaesbingiagent eidsgaps ﬂergi;O,WIEg or z

i soner, t [ i rein, it
isto be u g?]sliﬁcjsg%g %‘B&h lgat?i ﬂg Cﬁéhstl a{%@ﬁré k {hutég rgt%%p%% tf)oeconnect ed
on a par ﬁomuilmlefbawbmnatedh@ymubstl t uent nay be bonded at any car bon atom in

the carb el eton For. exa far I 1 owi n uc isto
b uder 222 PReq fedin SR B Saro et & A haT RGO rifhal | ' 51

of the c&nbofmspcﬁmérhen e cnibedingkie] it oimd- caprgtéupdn:{)@ef\eras exm@relctwuy (b)
MVETHODS FOR SY. | NG TELECHEL| C
2011/ 156 18P l\%gi %P’b%@)“g nfc’:g{i‘fé 1% W%Gré%aﬁioﬁé)rﬁ @pob’%’{/?tdgd herein are

met hods ftamimyaidiesi zing a tel echel ic polyolefin conprising contacting a
terpene ipitiator wwth a Lewis acid_in th resence_ of. one or nore

mononer s | R%hreﬁf‘ls het“é? ﬁ%”slaﬁ’idt F%{‘frBFO ac%’ﬁﬁ’éﬁ ﬁ%“my(@ﬁ‘t i$°4P8PIE Py v car bon
cont ai ni @gce@tnllge@ dnrtg*eg&@@m, and (b) one or nore functional groups, wherein

the one or nore functional groups are bonded to a prinmary or secondary
carbon al®024t e uMrided horelr “ivaemc deiGive: § semnoyRd hahiyrineblgo! forming one

of the two or more divalent molecules that are contained in a polymer. In some
embodiments, the monomer is an olefin. In some embodiments, the monomer is capable of
reacting with a carbocation to form another carbocation. In some embodiments, the
monomer is isobutene.

[0025] As used herein, “initiator” refers to a compound that provides a carbocation or its
reactive equivalent.

[0026] As used herein, “electron donor” refers to a molecule that is capable of donating a
pair of electrons to another molecule.

[0027] 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.

[0028] As used herein, “common ion salt precursor” refers to an ionic salt that is
optionally added to a reaction performed under quasiliving carbocationic polymerization
conditions, wherein the ionic salt generates counter-anions that are identical to those of the
propagating chain ends, via in situ reaction with a Lewis acid.

[0029] As used herein, “contacting” refers to bringing two or more compounds into
physical contact with each other. In some embodiments, two or more compounds react with
each other when contacted.

[0030] As used herein, “reacting” refers to contacting two or more compounds with each
other, wherein at least one of said two or more compounds is chemically transformed into a

different compound.



[ 0037] Wt hout being bound to any theory, in sone enbodi nents, the terpene
initiator ionizes or reacts wwth the Lews acid to forman internedi ate,
whi ch i n woreligrshadi nents, subsequently reacts w th thePOmAISOe11/097383
nononers. I n sone enbodi nents, the terpene initiator ionizes or reacts with
the Lewis acid to becone a carbocation or its reactive equivalent. [0038]In
sone enbodi nents, the nmethod further conprises addi ng one or nore quenching
agents. [[G§33p] | msstgé@he%tt@omkmtamuﬁlhah@tra@g 6 ye&hﬁdun@@mtma@s addi ng one
or nore termnators, [0040]1n sonme enbodi ments, the method is perforned in
t he presdndEot Whaeingt isdpt-& &2eR iy yrldd gevus: anp@@uf]hpwgsbﬁ@l BHEBEN nents, the
met hod i gppgef ormed in the presence of one or nore common ion salts or
comon ion salt precursors. [0042]1n sone enbodi ments, the nmethod is
per f or med0033] t heAsprsedkange, “oftermediatel egiers tq DRamoene Inypme emipgdements, the
L008S) Ex Bl E1RRN T Lthd bl Birfenf Ol il lif Gl N0ds descr bed hereln
contain tertiary Carbons cont alning one or nore |eaving
gr oups, dww3lb)A$neabhﬂﬂmr ebduihictarowalb tgploupsninwhEi%eohtht relicered or nor e
functional Yps.are bonded, t.0..a car d are
unnodi fi éd gnderrexa’fnyle fmgaqpog:con f?lo%§851%%§ﬁ?gff %3?%‘“8@%ﬁp is a
subst i t uehbuttrdfark td & ophabl einf 908,575 63, 41 3, 2gorf Y6 0f ttlhmda:htetmnmbem Wittent he
| eavi ng ttached di nents, the | n ro
capabl o orbanes Rl e SiwalsBRE° o3PS Aok DR sk it PP BHEELEE®: 1% he
met hods dleaesrtmb@r ﬁllﬁfllﬁr NForleRarBEIBE aBetd O Ghrdyeint’ $efers htngteaaffbag group is

and the dissoci.ation of the

attached con or tﬁﬁ%4®ry carbg ,

| eavi ng d E altﬁﬁ% ciiopdiie Bh cypPapndsr sHbcigs Bevidet RSP ¥ ar bocat i on,
or its reagthin\tge AMbéRhBNentdd SQNRhRTREEIEARIA be biier kIRAR) BIYSYT OUP

di ssoci at es_when contacted with a Lewis acid. In sone, enbodlnents t he

| eavi ng §PYfigration. qymay bga mixure thetpg(, Thu setljtecﬂ)mnoun TRpMided pereiaypay bgher ei n  RA

i s alkyl entﬂﬁoa@ﬁal@rfstafedbm%rtte%emsfohﬁnt EAMARGe P PnikBres Cror MMGIPoi0 OF nore
| eavi ng groups are present on the initiator, nononers may react at any of

the two GPNABIE 0BSPY @grﬁéﬁehlﬁgortdértbt emypognd Banexissethechiesporstingdgat i on” may
occur at &ﬂpEp&ﬂgB?ﬁmShh%ﬁmgHEHﬁﬂmEhe course of a single polynerization
reaction. [0045] A funétional group that is unnodified under polymerization
condi ti on@03p/kf erF@r thg stquctures depicted herein, it is to be understood that when a substituent

bond is not directly connected on a particular carbon, the substituent may be bonded at any

carbon atom in the carbon skeleton. For example, for the following structure:

A1
-—X
A2

it is to be understood that, unless stated otherwise herein, X may be bonded to any of the

carbons on the depicted skeleton, including for example:

]
X Al Al A A A
X
X
X
A2
Az A2 A2 A2 o X,

(b) METHODS FOR SYNTHESIZING TELECHELIC POLYOLEFINS



functional group that, if subjected to the polynerization conditions that
are used to performthe nethods described herein, is present on and wll be
bonded t owbOhelig@saocar bon of the correspondi ng terpene PaTttisat10031383%i due of
the telechelic polyolefin product. It is to be understood that, in the
context used herein, a functional group may be unnodified under

pol ymeri zation conditions, but still participate in acid/base and/or
protonati W6jjepr19§&ﬂ@érh%1rﬁ§@scbfo‘?ﬂ§d ALEih g ﬂl&ﬁb(ﬁQWs§ﬁth&flzlﬂ§1§tefé@ﬂléh€Er i zation
reaction, workup of the polymerization reaction, and/or isolation of the

t el echel iPelyplsfiy 6pmplisnE GoBIHFETee IPPYMBIIALARID § Lewitcciddn thejprespreetod onse

under st oQd foRahoddird %n%)efn%{eip%ﬂ@inug{o%&talﬁs not, by itself, an alkyl group
or hydrogen. 1n sone enbodi nent's, the functional group, while unnodified
during a polyﬁﬁrlzaﬁﬁ@nﬂwéammpmmmﬂmayﬂggmMémasmalsite of chenica

reactivity under o e

pol yneri zati oﬁtsr ea%{téﬁ%ﬁl% é]ﬂlé%tia ngrin[bos&y l%g&?{élf %ge@iqggr? ?l;hgg%)rg?]grg?&t e

pol yneri zati on productbo@@ﬂA@}bnnBonns@mb@mynmwnnﬁndmhenmeﬂﬁ3d6n®mitiator
contains 10, 15, or 20 carbothwnﬂgincm%’lany carbon contained in the

| eavi ng group or functional P V PREE6He "&nbodi ment's, the t er pene

i nitiatonf0@3dnt al\lvishohﬂb@mgllﬁmndmmheoe%mi Mereglbadmlenarthemmammmd in the

| eavi ng roup or functional .gro 0047] 1 n odi nent s t er pene
it g onorrie® gpfeatsy B R heRt R o . s R R B G cra y a
each occuulsseqeaily &a&teazvth fig ok OﬂmoﬁrmonHmebM’l@ﬁ &inft @tbollRasts, doeerghe Al and A2
oD, ot Sz aspone sareis b odinhe SedboeS T PRS0 0) oRA,
wher ei n B@nwgmﬁlkyl alkenyl or alkynyl, and X is bonded to a primary or
secondary car bon; n is an integer fron11 3. [0048] The | eaving groups
are substlf3§knt dn ﬁq’{%ﬁ erab@lre%aﬁneén od;figithies PemaPTiFRviRAding NG REMPEat i on
condi ti oRgenchii@hBhiYs. converting the carbons to which they are attached into
a carbocation or its reactive equivalent. In sone enbodi ments, the |eaving
group | ed¥881t o In serms embodimenisathcarethnd filher permpriseyeddanguing a1 @At when
cont act eq. Witdone or nore Lewi s acids. In some enbodi ments, the |eaving
group is -d, -Br, -1, -ORA -0OCORA, -TsOH, or -0V, wherein RA is al kyl .
I'n some d0AAOHI menseme ¢rkodinents, g n@erthﬂsips pesforpd m[ﬂmﬂzrgqenw doneoemprodi nent s,
one of A%E%{8¢§ROE H. [0050]In sone enbodi nents, Xis -CH -F, -d, -Br,
=0 I n
[0041] In some emb0d1ments, the method is performed in the presence of one or more

common ion salts or common ion salt precursors.
[0042] In some embodiments, the method is performed in the presence of a diluent.

) Terpene Initiators

[0043] Exemplary terpene initiators for used in the methods described herein contain

(a) one or more tertiary carbons containing one or more leaving groups, and

(b) one or more functional groups, wherein the one or more functional groups are

bonded to a primary or secondary carbon and are unmodified under
polymerization conditions.

[0044] A leaving group is a substituent that is capable of dissociating from the atom to
which the leaving group is attached. In some embodiments, the leaving group is capable of
dissociating under the polymerization conditions used in the methods described herein. In
some embodiments, the leaving group is attached to a secondary or tertiary carbon, and the
dissociation of the leaving group allows the formation of a secondary or tertiary carbocation,

or its reactive equivalent. In some embodiment, the leaving group dissociates when



sone enbodi nents, X is -OH -Br, -OCH3, or -0C(0)CH3. In sone enbodi nents,
Xis -OH [0051]1n sone enbodi nents, X is bonded to a primary carbon.

[ 0052] | n woreeiershadi nents, RA is alkyl. In some enbodi meaTA|S2RA0B8&l kyl of
1 to 6 carbons. In sone enbodinents, RAis nethyl. [0053]1n sone

enbodi ments, n is 1. [0054]1n sone enbodi nents, the terpene initiator is
Al1A2 [0055] I n sonme enbodi nents, the terpene initiator is AL x. [0056]In

further ephedii®At 8 ews! ladid: g’ivome%hlbodlgentsotﬁe Iehwﬂ%groﬁl%s' -81,~64, .1, lor £ ur t her

enbodi ments, the terpene initiator is n some enbodi'nents,

the ter pdHdONR.tTs@kbror r@Mswlmem:B@@@%@/w@@ﬂ@b@mxeéfﬁ rihodpavingieaup br e each,
' ndepfag(rje@f 'Wher@tvdo%?\ﬂo%gleﬂfu%’%}o@s%ré&@é%n%mﬁgfnﬂﬁmrSmoﬁo'ﬂﬁ:rs' rﬁ%yﬂe&g agr oup is

-d , wherein RAis al'kyl. In sone
embodi menny of thihevd erandra gorgqsmndmggem@b' carbomyandghus, propagatisiomey eeyodi ment s,

the leavigg oPhBRRitksSduring the course of a single polymerization reaction.

[0045] A functional group that is unmodified under polymerization conditions refers to a
functional group that, if subjected to the polymerization conditions that are used to perform
the methods described herein, is present on and will be bonded to the same carbon of the
corresponding terpene initiator residue of the telechelic polyolefin product. It is to be
understood that, in the context used herein, a functional group may be unmodified under
polymerization conditions, but still participate in acid/base and/or protonation/deprotonation
reactions during the course of the polymerization reaction, workup of the polymerization
reaction, and/or isolation of the telechelic polyolefin from the polymerization reaction. It is
to be understood that the term functional group is not, by itself, an alkyl group or hydrogen.
In some embodiments, the functional group, while unmodified during a polymerization
reaction, may serve as a site of chemical reactivity under other conditions in a reaction
subsequent to the polymerization reaction, thereby allowing for derivatization of the
polymerization product.

[0046] In some embodiments, the terpene initiator contains 10, 15, or 20 carbons,
excluding any carbon contained in the leaving group or functional group. In some
embodiments, the terpene initiator contains 10 carbon atoms, excluding any carbon contained
in the leaving group or functional group.

[0047] In some embodiments, the terpene initiator is selected from:

A1
_(X)n
Al A2 Al A2
XX X
A? , (Xn , and (Xn
wherein:

A' and A? are each, individually at each occurrence, a leaving group or —H,

wherein at least one of A' and A% is a leaving group;



-Cl. [0058]In sonme enbodi nents, the concentration of the terpene initiator
is fromabout 0.005 Mto about 1.0 M based on total volune of the reaction
m xture. Wo28orms6anbodi nent, the concentration of the t@Cpalseolost3Bator is
fromabout 0.01 Mto about 0.75 M In sone enbodi nents, the concentration
of the terpene initiator is fromabout .01 Mto about .5 M In sone

enbodi nents, the concentration of the terpene initiator is fromabout 0.01

Mto about 0.1 M xkns snierenbogi, DIEQG)Squ(b%‘W@RenNCaIN@@ ofcN, berter pene
initiator |s from about 0.03 Mto about 0.1 M I'n sone enbodinents, the

concentr &% on of the terpene initiator is fromabout 0.03 Mto about 0. 06
M (ii)Synthesis ofgdPang),kni Krat %%Z’B Q)‘-'sg(])Tﬁe terpene initiators used
esi

herein are, in sonme enbodi rrents synt roma t er pene. As used
herein, a "terpene" |sleerﬁy1dRo¢§aﬂﬂb’(hrﬂll@mﬂpmﬂHd'thamd contains two or nore 5-

carbon units, thus cont%%ryog&dgggg L QB ohd M B Phgs of five (starting

at ten), e.g., 10, 15 n at ons. terpene may, for exanple,
be a nonot er pene (lifs-aoarrtbgwnfrbmrlpbne) sesqui t er pene (15 carbon terpene),

diter pen ? C b n tLerpene [ pene ¢arbon f rpene). The
5-car bon un| S arhg 0 ltnéﬁ T8t Er grbsa) tl{uems |ag%carp(§5:‘le Uit éngélrlllg are nonoval ent
or nul ti palyartizatioh ecnditess, hheteb}g:ohbmnfig)dhb oambcng tpebish eg agtattadicdimsa H3C)

CH3 H3CCH3, H3 erejn.one or nore of the hdrogen
at o ar SSPUPNARBE A SCBOMIEN. OB P R B BON At B FEepken ani
may be cdbregotdriEeti@sorats rdaedd cqaivhion wirh coitaitdd Wil fert nise Sddwacidel ow.
--tail e rrl E)oorrrlleserflt;odlml_gltcsc"[ﬁ% leIZng glr_ésu% is -Cl, -Br, -I, -OR*, ~OCOR*, -TsOH, or —OMs,

wherein R* is alkyl. In some embodiments, the leaving group is -CL.

[0049] In some embodiments, one of A' or A% is H.

[0050]  In some embodiments, X is -OH, -F, -Cl, -Br, -I, =0, -OC(O)R*, or -OR”. In

some embodiments, X is -OH, -Br, -OCH3, or -OC(O)CHj3;. In some embodiments, X is -OH.

[0051] In some embodiments, X is bonded to a primary carbon.

[0052] In some embodiments, R* is alkyl. In some embodiments, R* is alkyl of 1 to 6

carbons. In some embodiments, R* is methyl.

[0053] In some embodiments, n is 1.

[0054] In some embodiments, the terpene initiator is
1 2

N
P
(Xn
[0055] In some embodiments, the terpene initiator is
PSP N
X,
[0056] In further embodiments, X is -OH, -Br, -Cl, or - and A' is -Cl. In further

embodiments, the terpene initiator is
M
OH

[0057] In some embodiments, the terpene initiator is

-10-



[ 0060] For a given terpene, each individual isoprene unit may be linked to
an adj acent isoprene unit at any carbon. For exanpl e, adjacent isoprene
units maywbeolliskad tail to head, tail to tail, or headPCo/use@d/037383
Furthernore, at least two isoprene units of a terpene may be linked in such
a manner so as to forma cyclic nenbered ring, including for exanple, 5- or

6- nmenbered rings. Exanples include, but are not limted to, |inonene and
13- pi nene. [0061kcA;terpene may al so confain one or nore ¢ eggocenters.

[ 0062] The terp i jort i ators descritbed hepei n are synt hesi&ed, in sone
enbodi nents, by jecting a terpene reaction conditi that are
suitable to i nsta (1) one or nore teaving groups on a t @My terpene

carbon that nakeg said carbon ionizabke under polynerizatijon conditions and
that al |l ows pHepageltldi on to take pIHﬁéXbﬁhthe initiator fahd1€%) one or nore
functional groups, wherein the one or nore functional groups are bonded to

a primary or,; i.fi ed undey, yrefi zat i on
; Yer pene H@é egd herein
unsat ur af ed terpeng, I n some ‘enbodi ngnts,” the

condi ti ons.
are synthesi’zed from

*herein are synthesi’zéd via hydrohal og&hati on of an
unsaturated terpepe. For exanpl gy 13]Qﬂgronellol may be hydrochl ori nat ed

terpene initiators use
via reaction wth gaseous HCIA Y ar {-¢chl or0-3, 7-di net hyl oct an- 1- ol .
[0064] Exenpl ary terpenes fromGahiCh Yhe™t ePpertésinitiators described herein
fa:)ﬁ gzmnaqu%%er%nﬁlg}[ allljnlr,glg/islyaqee éacg,%gde%gr?degt?}, allel:a\r;}ntg%(rjoutpplr? Q eoelfln%%aim%%t\é! #9 the

leaving group is -ClI, -Br, -1, -OR® —OCOR®, -TsOH, or —OMs, wherein R* is alkyl. In some

embodiments, the leaving group is -CL., -Br, or -I. In some embodiments, the leaving group
is

-CL

[0058] In some embodiments, the concentration of the terpene initiator is from about
0.005 M to about 1.0 M based on total volume of the reaction mixture. In some embodiment,
the concentration of the terpene initiator is from about 0.01 M to about 0.75 M. In some
embodiments, the concentration of the terpene initiator is from about .01 M to about .5 M. In
some embodiments, the concentration of the terpene initiator is from about 0.01 M to about
0.1 M. In some embodiments, the concentration of the terpene initiator is from about 0.03 M
to about 0.1 M. In some embodiments, the concentration of the terpene initiator is from

about 0.03 M to about 0.06 M.

(ii) Synthesis of Terpene Initiators

[0059] The terpene initiators used herein are, in some embodiments, synthesized from a
terpene. As used herein, a “terpene” is a hydrocarbon compound that contains two or more 5-
carbon units, thus containing carbon atoms in multiples of five (starting at ten), e.g., 10, 15,
20, or 25 carbon atoms. A terpene may, for example, be a monoterpene (10-carbon terpene),
sesquiterpene (15-carbon terpene), diterpene (20-carbon terpene), or triterpene (30-carbon
terpene). The S-carbon units are often referred to as isoprene units and are monovalent or

multivalent molecules having the following possible structures:

-11-



H3C H3C-CH2 , CH3CH3 OH , H30 H3C CH2 , CH3CH3 OAc, CH3CH3 OCH3 H3CO |
CH2cs, , 1 13, )L

WO 2011/156110 PCT/US2011/037383

HsC,  CHs HeC_ CHy  HC CHy
HaC HsC or HZC;

2

wherein one or more of the hydrogen atoms are replaced with a bond. Certain carbon atoms

of an isoprene unit may be categorized as a “head carbon” or “tail carbon” as shown below.

r--iHG 1| CHalo.,
BVl
- -1HsC :
E Loo tail
: Fooe : R i carbons
head __ i iHeG |CHal
carbons i ;- oo Lo
:—‘:Hzc: :
ing oL
L4 HC

[0060] For a given terpene, each individual isoprene unit may be linked to an adjacent
isoprene unit at any carbon. For example, adjacent isoprene units may be linked tail to head,
tail to tail, or head to head. Furthermore, at least two isoprene units of a terpene may be
linked in such a manner so as to form a cyclic membered ring, including for example, 5- or 6-
membered rings. Examples include, but are not limited to, limonene and -pinene.

[0061] A terpene may also contain one or more stereocenters.

[0062] The terpene initiators described herein are synthesized, in some embodiments, by
subjecting a terpene to reaction conditions that are suitable to install (1) one or more leaving
groups on a tertiary terpene carbon that makes said carbon ionizable under polymerization
conditions and that allows propagation to take place on the initiator and (2) one or more
functional groups, wherein the one or more functional groups are bonded to a primary or
secondary carbon and are unmodified under polymerization conditions.

[0063] In some embodiments, the terpene initiators used herein are synthesized from an
unsaturated terpene. In some embodiments, the terpene initiators used herein are synthesized
via hydrohalogenation of an unsaturated terpene. For example, B-citronellol may be
hydrochlorinated via reaction with gaseous HCI to form 7-chloro-3,7-dimethyloctan-1-ol.
[0064] Exemplary terpenes from which the terpene initiators described herein are

synthesized include, but are not limited to compounds having the following structures:

-12-



H3CCH3 OH I n sonme enbodi nents, the terpene initiator is the

hydr ohal ogenati on product of a conpound above. (iii)Lewis acids [0065]In
sone enbodpDreeMtSe11bhe Lewis acid is a non-protic acid. POTASE1881388 nent s,
the Lewis acid is a netal halide or non-netal halide. In sone enbodi nents,
the Lewis acid is a netal halide. In sone enbodinents, the Lewis acid is a
titanium (1V) halide, a zinc (Il) halide, atin (1V) halide, or an al um num
(1'r1) halide. IngRMe enbodi nents, thecliewi s acid is a titapjun(lV) halide.
In sonme enbodi nepts,oihe Lewis acid isla bin (I1V) halide. JlaOsone

enbodi nents, th ws acid an al um [11) halide. In @ enbodi nent s,
the Lewis acid irs-Aitaniumtetrabrom™ee or titaniumtetrachtoride. In sone
enbodi nment s, thq;&emﬁs acid is titaniuipptetrachloride. In gonme enbodi nents,
the Lewis aci di€s ghnc chloride. |rHsSon€Henbodi ments, tH& LeWks acid is
AlBr3. In sone eﬂbodlnents the Lewis acidis et hyl aluninun1dichloride. In
sonme enbodi ments, e Lewis acid i gynmet hyl alunlnun1d|§ﬁlor|q§f In sone
s acid is a no %etal "Ral i de. s odi nents, the

enbodi nents the

Lewis acid is a ¢J_mony (VI) Ra’ II|un1(|m£: eyor a bor on
(Ir1) halide. In Jome enbodi nent s, the Lew cidis boron tri or|de In
sonme enbodi ment g Lews acid is a trialk I’alunlnun1conpoun "%n some

enbodi ments, the Lewis acid is trinethyl alumnum [0066]In sone
enbodi ments, one Lewis acid is used:Hl n séhe enbodi nent®; a nCKsure of two

or nore Lew;§§§?L2§L;§Ag;;d In sq nts, a PO Lewi s
acids is wsed. o) odi ment®s, a mxtu

of an & uninunl(lnl) hal i de
and trial kyl al um num conpound is used. In

ne enbodi nent s,

stoichionetric ratio of about 1:1 alum h) halide to trlalkyl
al um num conpoyird iscﬁ%ed | n sorfe® enbogi® a stoichionetric ratio of
2:1 al um nugc de to tyga n1conpound i sotised. I n sone

enbodi nents, a stoi chi 2trlc ratio of 1:2 alumnum (111) halide to
trialkyl aluminumis used. In sone enbodi ment§Msthe stoichionetric ratio of
alum num (111)-halide.,to trialkyl alumnumis greater than 1. In sone
enmbodi ments, te’ stoifchiometric ratio of alumnum (111) halide to trialkyl
aluninun1isH£é§§thEﬁEmH3ln some enbodi ments, a mixture of al um num
trichloride and trirgthyl alumnumis used. [0067]In some enbodi nents, the
Lewis acid is a titafilum halide, alumnum halide, boron halide, or an al kyl
al um numifadmdanbodindghef theedpdie iiidtior it HRGFlilohalsgumeti@eticn®Entcdmpbitgl Lew s
acid is ag al kyl al um num halide. In sone enbodi nents, the al kyl is methyl
or et hyl 2°%Yy sone enbodi nents, the halide is -C or -Br. [0069] In sone
enbodinents the Lewis acid may be added in one aliquot or added in two or
nor e aliquots over the course of the polynerization. [0070]1n sone

enbodi nents, the Lewis acid concentration is fromabout .10 to about 10
times the concentration of the terpene initiator. In sonme enbodi nents, the
Lewis acid concentration is fromabout 1.0 to about 8.0 tinmes the
concentration of t@® td:ednacidsnitjiator. I n sonme enbodi ments, the Lewis acid
concentration is from2. 0 to about 5.0 tines the concentration of the

ter pene #1651 at dp SOI{I%@#@%@H@S@% Leioidrie i pen-PioHe agis| Brsops sBedimgRton of

Lewi s aciygh i.&vif s0MsakRud hli®R drAoR BRI hdfle! M BetchBodMlcAk, BONGHRLEALS on of
chain ends. In sone enbodi nents, the nol ar concentration of Lewis acid is

f r om abo@tmaalhakide. Aneee ambodimenis. thy-opisiagid iz HEBNYAY) hdef zdlTh ends. | n
sone e”b%Qh&EEQEﬁ (IVt) 'ﬂ@hd‘éﬂ&aa'h aﬁfﬁ{lﬁlﬁﬂkﬁlﬁ}hhlm %Isoh&%n%oaﬁﬁeﬂts' tfﬁe LEQmghout 1.0

t o about fl nes he rm ar concentration of chain ends. I n sone
enbodi nent %tltamn@l(%ﬂlalntdecémmammorimﬁn@f thg daives agidiigla fis (IVp behdgbbutome, 0 t o

about 8 t\{ESineRE IPL&kis 8@5‘%&5‘&&%‘119@11%211 ?Qafn%oﬁggﬁb%dl{ﬁglﬁgg%euté@?dl ment s,

t he nDIar concentratron o ew S acl rom about times the
mol ar concidng titaniporctmbrankidd or teanden tetrachloride. In some embodiments, the Lewis acid

is titanium tetrachloride. In some embodiments, the Lewis acid is zinc chloride. In some
embodiments, the Lewis acid is AlBrs. In some embodiments, the Lewis acid is ethyl

aluminum dichloride. In some embodiments, the Lewis acid is methyl aluminum dichloride.
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WO 2011/ 156110PCT/ US2011/ 037383 [0072] I n sone enbodi nents, an additional

al i quot of one or nore Lewis acids is added after the addition of the
guenchi ngvagentise(iov) Mononmers [0073]1n sone enbodi menPsT/usb@1md1380er IS a
hydr ocar bon nononer, i.e. , a compound containing only hydrogen and carbon
atons, including but not limted to, olefins and diolefins, and those
having fromabout 2 to about 20 carbon atons. In sone enbodinents such

conpoundsy t@ﬂ@eltﬁogml@lmﬁt Léwik QCIatt%onﬁn&arhla% qt Qdhe eIL&wlﬂantsn m%qréem
enmbodi nents, the nethods descri bed herein can nB for the

pol yner i 2gidiios afimony AV rblisieet galivn GHybalde. q@@lbyf?@r@ @ﬁ?/%ﬁ flageant . but
uni for m npleGH-AE, Het Gt Scid s%o%&{‘fﬁctﬁﬁ?dotd'Iﬁfdlﬁéemt?oﬂﬁﬁbn'fﬁoth%@élvﬁl acifgl ght i's

from about 300 to in excess of In sone ments, such
pol ymer s tagleylabyminmh eeropaand.waisghie emb@rhmdntarth%@awsd pdtipatbylalaivimg a

nol ecul ang (W%Lghtln%mé glgggdﬂ}?é}ﬁgt a%olg WifactPis A0 %echaJte erod 4n'tsdfa\$%tom about

pl asti c, | astoneric naterr aV|ng nmo melg 0
100, 000 toHtvlq @tﬁﬁor@@@wg/amdts is used. Mo s@ne ¢rOidbhdnts, 8 oetuerdh ode hens sgidtine nmononer

s i SObUt en ' g eem entts an grre]:eoF‘ arll gloglﬁn%pne HI)ghathae ndntrel?lholraﬁn%l bSt I tuted
conpounds o ? e precedn ? t t NONEr is
|sobutylenmpmﬂﬂnemhulHﬁmbmbebemnﬁmﬂmmhyﬂnénhntemepfﬂmmﬁtmyhmﬁmpmﬁﬂyne, or

styrene. .In sone. enbodinents is is but SO .

erboa me el TR e PR S TB e s SR Eng saicRisREE it ur es of
nononer s ot g ahiphoy etdt) hRIH2 £d }rlafky$ elo@iRrD@eipaBIRg i§ usddh én soamosiodinsengpns umed
prior to addl the nde s high conversion prior to
addi ng t R %?%@' gﬁgaﬂ$%m%%a @ﬁ@ﬁﬁ’%ﬁ%gbﬁ @‘S%ﬁgu 188% about
85% aboumb3@Hen@aBeitoidh¥me@bedito & dltmiale Ul B tOfiiaRPPAEMLARA% Skatkihe
nononer is consuned prior to adding the quenchi ng agent. $0078]In sone

embodi meniad 1- dpaores crpkadamants, B stoichimesingiatio shplpmingmd Hhakigedo ided to t he

pol ymer i zakiiRn &fit&%hahne 1h Rrkd @hboARRARES nidk I aluMiRkEiiBhISAG ngndi Vi dual
al i quot of additional nmononmer is consumed or partially consuned prior to

addi ng a SugSEplEwnuElls ¢gedt of additi onal monomer or addi ng the quenching
agent . A‘C[O(E% Fd hﬁ E&h@em&ﬁfﬂiét@ th% L%Q/'Ibsa!éfﬁelg a 'El?clilﬁl%hatllge ahfﬂm?tﬁﬂ'ﬁalﬁfgb()d' ments,

about 2 5, about 10, about 15, about 20, about 25, about 30, about
35, aboutbom,hahdﬁoglta%kylabﬁmuﬂshﬁlldam@dt:ﬁlﬁghel@blout 60, about 65, about 70,

consuned 108! AR em e hfys B8 SRR i B 39885 185 T some
enbodinemnbpmzwnb1B®MEYMummmshukmaudhmmmmahhwmnaneMuﬁmhdand@Un -Bn sone
errbOd! me @ 5> ]IQ scﬁne&t"i‘b d?ments EVESO%@Om%yh dlgroge ugpor dedsﬁ he

enbodi ne aII ONONErs are’ charge ynerlza I on oge
two or more aliquots over the course of the polymer1zat10n.

[0070] In some embodiments, the Lewis acid concentration is from about .10 to about 10
times the concentration of the terpene initiator. In some embodiments, the Lewis acid
concentration is from about 1.0 to about 8.0 times the concentration of the terpene initiator.
In some embodiments, the Lewis acid concentration is from 2.0 to about 5.0 times the
concentration of the terpene initiator.

[0071] In some embodiments, the molar concentration of Lewis acid is from about 0.5 to
about 20 times the molar concentration of chain ends. In some embodiments, the molar
concentration of Lewis acid is from about 0.5 to about 15 times the molar concentration of
chain ends. In some embodiments, the molar concentration of Lewis acid is from about 1.0
to about 10 times the molar concentration of chain ends. In some embodiments, the molar
concentration of Lewis acid is from about 1.0 to about 8 times the molar concentration of
chain ends. In some embodiments, the molar concentration of Lewis acid is from about 2 to

about 5 times the molar concentration of chain ends.
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(v) Quenching agents [0080] Suitabl e quenching agents for use in the nethods
descri bed herein, in sone enbodi nents, react with and/or cap a grow ng

pol yner, wbenabyeimstal | i ng a functional group to form a&CraiSechsBi3e3

pol ymer. [0081]1n sone enbodi nents, the quenching agent is selected from

t hose disclosed in Stokes et al., U S. Patent Publication No.

2004/ 0260033A1 (U.S. Application No. 10/600,898) and Stokes et al., US.

Pat ent PL[M?'Zﬁ at 1R BorNPemifI A2 %%ﬁ%ﬁlﬁﬁl@l@uot%@ Bhd &@ﬁdr@ﬂem aciddis @8&d157)

both of which are incorporated herein by reference in their entireties.

Exenplar?ﬂQUh%%Wﬁﬁ@féﬁ@ﬁW§Kmﬁ@Wﬁﬂé but are not linited to those having the
fol 'owi ng formul a: Gy). - Zvignemers - ( CRPYIRPY2), - XPY wherein RPY1l and RPY2 are
i ndependently in each -TCRPYIRPY2)- unit selected fromthe group consisting

of hydrOQﬁW3PndIﬁk&ﬂémﬂ&m%m%% &e%ﬁﬁ@ﬁ@r@h%?&mcﬂ%&ﬁm@ﬂmbﬂb%gﬁEo&ﬁ&ﬁh1 to 20;
and X is selected fromthe group consjsting ro en, al yI aryl,

al karyl , cantRiging onlydivdrogat 31d cappop ﬁ@mSum@lp@mg but@e( o, dlefry pre 4, -

<(0) OQPY%&oleffﬁ(s Qunli NREY ﬁeﬁ%?ﬁ?(m ﬁ(dﬁ?ﬁ %) a?boufiﬂ(c%p?{%)oﬁls 1SR AhboaASARRPYLL, and
S(0)R12; wherein RPY3 is kenyl; and RPY4, RPY5, RPY/, RPYS,

RPY9, RPYmﬂnmﬂmwmmShaﬁdhﬂPﬁxwtéﬁémaw%ywﬂxm@ﬂﬁMEr exanples i ncl ude, but are
not "”‘t h’o %n@ﬁﬁ?&ﬁ&%ﬁﬁ&ﬁ @Qﬁ (% HLE h@%%f&*%ee&?%?&ﬁﬁrgﬁbOd'nents’

t hese qu ng agents prOV| ute pyrro nat'e
ponoIefmn@nwp@ﬂ®2pfmwbmnmommb@ﬁmnéut$pWUhe(ﬁdéﬁmﬁmmgtmgﬁnnnkéxsbtected

fromthose d Sto t al.,US P nt . P atlon No,

5006/ 004 30K 3t BFE AR AE Ruck bnRouta P Sinl FEMaPH YD BRI cRLlhe
her ei n bymﬂehghﬂﬁcénmmnadmbo@mmnmﬁnwhpﬁxmﬂthMywqmﬁwnhrW@gmg&mksnlnclude
but are not ted to.one re. e in fiv ered
oot | o e eSS ddr S B il BT R BERh T A SBSRAC e at
| east twavaxhydifletiardrylasethods mhteAnk adiy iblecularvgsighty ofdivén douMo®obitcder ed

secondary ary am nes cont ai ni ng only carbon, hydrogen, and nitrogen
at ons, (ﬁp§%§g%%)%ﬁ8V@%f provi ded the nitrogen containing five-nenbered

aromat i c [omg | 9n B&thé eraaoﬂnﬂén&mtﬁayﬂlmmmk obwendp ieRME, ibBE PiiRne, isoprene,
2- et hyl benz| m dazol ¢; 2- dlnEtollnldazole 2- phenyl i m dazol e; and 2, 4, 5-

t ri phenybHRiga% 6 @lbst&md BrBRquadtofitherrrseAg s sBeema amhodmertarths ary ani nes

are not: nscrn'oﬁlhhuhs@mn Ri, t2frh€t 710U udn@M-RRihy LT bi@K UaRaiRg.1 -fehichs @PCt Y1 am ne;
2-pheny|p¥r|d|ne cycl ododecenopyri di ne; di-p-tolyl am ne; qui nal di ne;

and 1- pysBEedihomE: e@&b@ﬂ%@ﬁt‘hﬁ@on@fﬁer%ﬁﬁb%om Wte@bthﬁ@n@ﬁbeor nor e
nltrogenrﬁgﬁﬁ@§@g@gmglve menbered aromatic ring conpound have the follow ng

formul a:
[0076] In some embodiments, mixtures of monomers are employed.

[0077] In some embodiments, the monomer is consumed prior to adding the quenching
agent, or undergoes high conversion prior to adding the quenching agent. In particular
embodiments, about 80%, about 85%, about 90%, about 95%, about 97%, about 99%, or
about 100% of the monomer is consumed prior to adding the quenching agent.

[0078] In some embodiments, one or more aliquots of additional monomer are added to
the polymerization after the initial monomer charge, wherein each individual aliquot of
additional monomer is consumed or partially consumed prior to adding a subsequent aliquot
of additional monomer or adding the quenching agent. As used herein, partially consumed
refers to, in some embodiments, about 2, about 5, about 10, about 15, about 20, about 25,
about 30, about 35, about 40, about 45, about 50, about 55, about 60, about 65, about 70,
about 75. about 80, about 85, about 90, about 95, or about 97 percent consumed by mole or

mass.
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wherein: (a) RL and R4 are independently an al kyl containing one carbon
atomto about 20 carbon atons, R2 and R3 are independently hydrogen or

al kyl conwei2nivigerane car bon atomto about 20 carbon at omsT/usg@lio®ai3ky| of
about 3 to about 7 carbon atons, aryl of about 6 to about 30 carbon atons,
al karyl of about 7 to about 30 carbon atons, or aral kyl of about 7 to about
30 carbon atons; or (b) RL and R2 forma fused aromatic ring of from®6
carbon atjggm®] t 0 111 QAR AIRTE t&zo ARuds bpmmogalrmmnfar arlk L@BA LE@RON at ons
to about 8 carbon atons, R is al kyl containing one carbon atomto about 20
car bon atcBgdimgpiy. KRB0 %léluﬁtyafaf@éwnélrmwowr aré@ﬁ‘? i A Fipeambodimaytsnalht om t o
about Zon‘ftﬁl"of?i%ﬁa?et& ed‘c‘o%ﬁ%)f?@l&zﬂﬁé@zaﬁ@nt%?ﬁ 3 to about 7 carbon atons, aryl
of about to about car bon” at ons aryl of about 7 to about 30 car bon
atons, or aral kyl O aluenclfingageitiput 30 carbon atons; or (¢) R2 and R3
forma fused aromatic ring of from®6 carbon atons to 10 carbon atons or an
al i phat i d0480hg cluitphlpyeaciing wsats derowe intthe ABBds EsERrbbiciatiBgTc and Rl and
R4 are i t 0 carbon
at ons; @“g et R Gl ol AR B R R TR BRE S et 'y
forma fu artdlegheliepelimeg. of from 6 carbon atoms to 10 carbon atons or an
al i phati 0 . Furt her
exanpl es(i?qlgé ude}cl {)I{I‘? tfogﬁﬁ%l?s ’ ﬁe%&%m%gg%?&é gllergrt% ﬁé‘?g&sggﬁg&efiﬁrysom
enbodi nertakes ¢t sE.SqbenuublgrageNd 20046960983 A1 AY.Bi AlgnieaticarNi. nat ed

pol yol ef i 1561 3 odj.ment s,
t he quenclﬁj%o g%g ?éf%es e(;f’é’gfgy#r%%%]% %tgoél%\% szé(?géﬁ%bﬂ/ﬁ grrbhcglha , U S.
Pat ent Pl il /g6, oyY),Noth cﬁ‘@ﬂﬂdh(hitéﬁ@@ﬁﬁﬁted bk1Sin b&p@ﬂeteﬁeetmmhmﬂ\dmuemas/ 356, 491),

whi ch is dncor or at her ei n er en ntir Exenpl ary
quench nd SgenbarEheTE Eh ReBiral! RaomEie PoRrd TBIRTa: Rzt xaz
RAZ RAZ2 fdmwiter ei n: RA zi and RAz2 are independently hydrogen, alkyl from1
to 20 carbon atons, cycloal kyl _from about 3 to about 7 carbon atons, aryl
from6 to about 20 carbon ator@Natdmr@FYzfmr—emYabout 7 to 30 carbon atons,
aral kyl fromabout 7 to 30 atomé; or RAz1 and RAz2 together forma fused

aromati c ring having fr@a®dn RO 3 _E% BeNn y‘hh(‘eb]chr@(nyb'Q{Plﬂ)Shllﬂﬁtl t ut ed
or substituted with 1 to 4 substituents selected i ndependent |y from al kyl

of one carbon atomto e?B]GQIF from dhe Bow wnyrting o Prdregamiapd 2yl ofddef 3 to about
7 carbon atons, aryl of.;aBRuionR: to about 30 carbon atons, al karyl of about
7 to about 30 carbon atoms, aral kyl of about 7 to about 30 carbon atons,

al koxy of about 1 to 6%§raﬁéﬁe%§ﬁﬁlltalmy4lldhl oet her of about 1 to 6 carbon
atons, halo, or amno I ]gﬁ% and RAz** are
|ndependently al kyl fr%in%sasglgﬁé@%&?é%l ) dar b faloal kyI’ of about 4
to about 7 carbon at onskagilydlkas, @mwﬂﬁmtro,tatid@toﬂm)@ar bdHOM Ghs, al kary!
of about 7 to about 10@(:3 rvsat ons, aral kyl of about 7 to about 10 carbon
atonms; RAz is hydrogen, from1l to 20 carbon atons, cycloal kyl from
about 3 to 7 carbon at oﬁiﬁ))l\ERP R™F'; RS 1 0 PEBRIUD)5, 26RAE HoSOR Shmpd al kar v
fromabout 7 to 30 carbg@ﬁtﬂom aral kyl fromabout 7 to 30 atons, with the
provi so that when RAz i5 hydrdgen, than RAZ2 is branched al k havi ng at

| east three carbon atons, awlbremlgféf Balkyybr, allanidaand R" QR 4Y, RF‘%yRPYgand Wi th
the further proviso that whely 1d math pytlhen 1 and RAz2 are

i ndependent |y selected fro E@zv om{ ZOar&'ﬁ bon at oms, cycl oal kyl
from abOlIﬁlrtBerteQarﬁ{bwhclﬂdd;Bﬁﬂh@é’\noﬁlﬂlﬁﬂﬁd toal- mhthifl’psiﬁ‘bl@ ahd1-&bailp@ole ambon at ons,
al karyl froma 0 t 7 to 30 car.bon atons, a}\lalk fromabout 7 to 30 atons;

and some embodiments, these quenc 1ng agents provide N-substituted pyrrole ferminated
polyolefins.
[0082] In some embodiments, the quenching agent is selected from those disclosed in
Stokes et al., U.S. Patent Publication No. 2006/0041081A1 (U.S. Application No.
11/207,264), which is incorporated herein by reference in its entirety. Exemplary quenching

agents include, but are not limited to one or more nitrogen-containing five-membered

aromatic ring compounds selected from pyrroles and imidazoles having at least two
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XAz is oxygen or sulfur. Exenplary quenching agents include, but are not
limted to 2-phenyl benzoxazol e, 2- phenyl benzot hi azol e, and

2, 5- di phewgl2oxaiseile. | n some enbodi nents, these quenchi RGTASRMIASIBDVI de

vi nyl i dene-term nated pol yol efins. [0084] I n sonme enbodi nents, the quenching
agent is selected fromthose disclosed in Stokes, U S. Patent Publication
No. 2007/0155910A1 (U.S. Application No. 11/356,490), which is incorporated

herein by Eh%fcﬁﬁﬁ@ﬁ&n{u@ntb b iRk Slode oﬁ%@%ﬁrﬁ"e%d%&ﬂ&?ﬂj’ Bﬂeﬁﬁ@mnésncl ude,
but at re'not [imted to polypyrrole, poly(2-viny W% di ne)
pye

pol yphen&erpiamgwaly qgdiop(hyyragen ang @mpgﬁﬂaaﬁgms AhEIXHEE fe H]Oéldéfbth? hi ophene) .
In sonme mgﬁf:@f%ﬁng w@ﬁlgmg&@@%hlagc ARER LSt QQQMmﬂﬁywaMé irdene-term nat ed

pol yol efins.” [ 0085]I'h some enbodi nents, the gquenc agent is selected
f r om t hopbendilisddle Semethnb@rzokidazobst 1é’rdlmethylsmdmﬂeeﬁtphﬁwbml@aolﬁmmdl%l 5-

2007/ 0155@&%&1&1%2%1& ‘aﬁlﬁﬁ%rb\%aéd tﬁ@hl%l@ere(éie/ o%%%g%@@marﬁ@ Lu% ' Lfjcor por at ed

herei n by erence | S entirety y quenc g agents i ncl ude but
are not |tiiethtlgdint;grisutpgylamut stdherytaphod; nmwcty@mbset Qt}ﬂlbl@dp}trhhr@nmphol i nes,

and substltu&ﬁwghenothla |n%%dmn?dgmﬂqd8g2§gﬁnent lﬁé_ﬁﬁfuenﬁglng>agent i's

¢l cnopyridi
a conpoun& ﬂaV|n e Fol Town
wher ei n: s&&ebhb@hghﬁﬂﬂuameornﬂepem@&nmbmaMy@ﬁﬂganmmahuyhnmmmmmg to 20

carbon at ons ryl fr 6.t 0. about 20 carbon atons, al karyl from about 7 to
30 carboﬁOQP@W@ngngﬁﬁkwyﬁfP?% ‘about 7 to 30 carbon atoms: R is hydrogen,

alkyl from1l to 20 carbon atons, argt frRém 6 to about 20 carbon atons,

al karyl fromabout 7 to 30 carbon at/ , or aralkyl fromabout 7 to 30
carbon atoms; and X is oxygen or sgiAur’~puith the proviso that when Ris
hydrogen or nethyl then Rl, R2, R2 anﬂ R8 nust be ot her than hydrogen

unl ess one of R1 or R2 and one of R2 or R8 is independently branched al kyl
of about Y8420 carbon atons, aryl, alkaryl or aral kyl. Further exanpl es

include, but ane n@tanhlﬂﬂafreeiﬂdép@n(ﬁnﬁ)rx ydiyRorbalneRae cAbRNEM kdaoptm i ne, 10-
met hyl phenot hi azi ne, and phenoxazine, 1n some enbodi nents, these quenching

agents provide vi nwl?oa@%nss B tdteaimpeneydangy fipdsogen or alkyl containing one

carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to about 7 carbon
atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30
carbon atoms, or aralkyl of about 7 to about 30 carbon atoms; or

(b) R' and R? form a fused aromatic ring of from 6 carbon atoms to 10 carbon
atoms or an aliphatic ring of from 4 carbon atoms to about § carbon atoms, R
is alkyl containing one carbon atom to about 20 carbon atoms, and R is
hydrogen or alkyl containing one carbon atom to about 20 carbon atoms,
cycloalkyl of about 3 to about 7 carbon atoms, aryl of about 6 to about 30
carbon atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about
7 to about 30 carbon atoms; or

(c) R’ and R’ form a fused aromatic ring of from 6 carbon atoms to 10 carbon
atoms or an aliphatic ring of from 4 carbon atoms to about 8 carbon atoms,
and R' and R* are independently an alkyl containing one carbon atom to about
20 carbon atoms; or

(d)  bothR'and R* and R* and R*, taken in pairs, independently form a fused
aromatic ring of from 6 carbon atoms to 10 carbon atoms or an aliphatic ring
of from 4 carbon atoms to about 8 carbon atoms.

Further examples include, but are not limited to 2,5-dimethylpyrrole. In some embodiments,

these quenching agents provide vinylidene-terminated polyolefins.

-17-



WO 2011/ 156110PCT/ US2011/ 037383 [ 0086] I n sone enbodi nents, the quenching
agent is selected fromthose disclosed in Stokes, U S. Patent Publication
No. 2009/wo4FinnGemo( U. S. Application No. 12/055,281), wnrCghuSe&l1i081383 por at ed
herein by reference in its entirety. Exenplary quenching agents incl ude,
but are not limted to conpounds having the followng formula: Rl-S R2
wherein RL and R2, are each, independently, hydrocarbyl. Exanples include,

but are negs3|i mrh @&né &nlSBdﬁﬁé?Nsl %Iqhe&ﬁmg%&ﬁ QRIS frbﬁ%hoseluisa@@aqpyl sul fide,
diallylsulfide, diisoanyls . I n sone enbodi nents, follow ng addition

of the qudtkehi/ig, HggeH%tent@H@1®F10WPé097/9b?ﬁ?pgAbe SmprisatigndNadded.  Suit abl e
am nes 0r11;%'569§19 ﬁhlbmﬁ'lffé%?por&?wh&&@bgﬂ%‘?feréﬂc&ﬂ ﬁsdenfnpe&feﬁ;!% éyq@etn papo!

i sopropanol’, di ethylam ne,” triethylam ne but yl am ne, tert- anyl am ne.
In some @gﬁwmpﬂédﬂ@mmd@ﬁﬂh@wngﬁfef@lmgm\ﬂi@hl ng agents foI | oned by the one
or nore al cohols or am nes providgasMinylidene-term nated pol yol efins.

[0087] I n sonme enbodi nents, the quen l gent is selected fromthose
disclosed in Storey et al.,US. Ap fﬂﬁtg]on No. 12/145,460, which is

i ncorporated herein by ref erence imits entirety. Exenplary quenching

agents include, but areyfdin:IR" atnad{A%araid@@@emaédtmg&mg@dalﬁym{ns1tdzo sone
enbodi ments, the quenching agent is a conpound havi ng7the follow n

fornula: R2 R1-0-i-R3 R rh%émswwlor%ylcféﬁ%wub% tagbopicipgrrbogpepnrg aryk

hydrocarbyl, and R2-R4 f@Jn%ec%eutzortqﬁ,@ﬁ%ﬁﬂtdlyarylhv&ﬁ%%mfz)rsofuﬁfoﬁcar byl .
Exenpl ary quenchl ng agents include, but are not” [i sz
meegeiiicsi | ane, and

al 'yl oxyt ri net hyl si | aneomfeiabixy/rom geauay a3 epms: Oé o>@9f1

tert-butyl ether. In sqgg, eAR Araﬁménn@awag ﬁ%H%‘fE)h'OQQrb@ﬁ’%hé wii@vi de
vi nyl i dene-term nat ed pol yole [ 0088] I n"sone enbodi nents, the quenching

agent is selected fr ommﬂfydwemenbswméedsubﬁtl@pd)li(\'éb 1t subspgypihts ecdeciadn No.
12/ 256, 441, which i [\ 4 t t
ichis i gfrfé%é fc?r]ﬁ)?\gorﬂﬁggi &oﬁé!ca(rﬁ%ne{@ﬁ;&f% 8'&;[ A Gt rety.

Exenpl ary quenchi ng ag t are no conmpounds havi ng
the followi ng fornul a: aReW, SlcsmﬂkBBowbeute& tn aRBA 7 aathoiRsBmaragy l@d elimut 6 to

i ndependently, alkyl, aa%XutBO % thofns,aallkkcl%rl%% about 7 to about 30 carbon atoms,
aralkyl of about 7 to about 30 carbon atoms, alkoxy of about 1 to 6
carbon atoms, alkylthioether of about 1 to 6 carbon atoms, halo, or
amino of the formula --NR***R*%*#* where R*** and R**** are
independently alkyl from about 4 to 10 carbon atoms, cycloalkyl of
about 4 to about 7 carbon atoms, aryl of about 6 to about 10 carbon
atoms, alkaryl of about 7 to about 10 carbon atoms, aralkyl of about 7
to about 10 carbon atoms;

R™ is hydrogen, alkyl from 1 to 20 carbon atoms, cycloalkyl from
about 3 to 7 carbon atoms, aryl from 6 to about 20 carbon atoms,
alkaryl from about 7 to 30 carbon atoms, aralkyl from about 7 to 30
atoms, with the proviso that when R** is hydrogen, than R*** is
branched alkyl having at least three carbon atoms, aryl, cycloalkyl,
alkaryl, or aralkyl, and with the further proviso that when R**

methyl then R**" and R*** are independently selected from alkyl from
1 to 20 carbon atoms, cycloalkyl from about 3 to about 7 carbon atoms,
aryl from 6 to about 20 carbon atoms, alkaryl from about 7 to 30

carbon atoms, aralkyl from about 7 to 30 atoms; and

X" is oxygen or sulfur.
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WO 2011/ 156110PCT/ US2011/ 037383 1-(C H2)1_3-XS -1-(CH2)1_3-0-RSX or Rs3
(CH2)1 3-0-SI-Rs4 Rs5 wherein Xs is halo or a pseudohalide; Rsx is alkyl

or aryl; We2oig1568nt - butyl; and Rs4 and Rs5 are each, i mdepsedenstgs al kyl ,
aryl, aralkyl, or alkaryl. In sone enbodi nents, the quenching agent is
furfuryl methyl disulfide, dinethyldisulfide, diethyldisulfide,

dii sopropyldisul fide, ditolyldisulfide, dibronoethyldisulfide,

di chl or O@X@aﬁbﬂwleﬁdh@l% agBits dllcruhs ol thcytl lfi'ﬁﬂéh%‘ﬂpﬁédy%ﬂf‘o&ﬁ'%héj bsulfide. In

sonme enbodi nent’s, "ow ng dition of guenching agent, one or nore
al cohol s ph@rmlb?feéothlwl% ARb?.3-dghenyAerdaele. E)@é%ﬁ@b?dlﬁl%t&ﬁhﬂ%%%éhlﬁ%ie but are

not lim taggl&&oﬁaginyl‘{ﬂ%ﬁé %ﬁlnaehﬁol?%ﬂ& of 1-8 carbons. Exenplary am nes

include, but are not” i mted 2, Kwherein RI- is alkyl, and R2 and
R3 are ed@l4] i ndepandenhddymenty, ylqueiching8gana ssolested frmnipisadisclpseidan s i ncl ude,

but are %‘P&keét 'tf%%niﬁub'ﬁeﬁldn]\)’q“ (ﬁf'/cps%l' %1%‘@’%8?11%& %ﬁsﬁn‘?%% Qﬁ)zno' n sone

enbodi ment s € one or nore a am nes Is ne

n- but yl am 1s ihcetphpteld dierglnetryi mferentemtits antpegymiEnempletytvanethimgalgents

n- propanethl nents, the
Rt 1 on Tt bl R MR 0 o Bt B AL BELRRIER SR T oo
am nes, (pbly(@n@l@copﬁmnb dmpdgadp&trdle-cbe]nmphmé)edn oheyahbetlinnstsathddeor

vi nyl i dene-t er mi na ns. one enbodi nents, the quenching
noont | < iR bS] FHRb B muhE B PR T ne quenchi ng agent i<
sel ect ed [6083 t I‘Iﬁ)S@néjd:rﬁlﬁ‘ddﬁﬁ@ﬁk, tha qBbieking agddt 5. seleapdl frslatth@a diNeloseli2d 355, 664,
which is corp ted herein h ef er in i iret Exenpl ary
quenchi nél g@%ﬁt ﬁcgﬁ%,Puhlﬂﬁatlg?go'r@p%}ffﬁgﬁ g‘%i {@S lﬁﬁﬂ%‘s}\khaw ng the
f ol | owi ng1£f387 88t awhiBPE3ncorporated herein by reference in its entirety. Exemplary quenching

agents include but are not limited to substituted morpholines, substituted thiomorpholines,

and substitute phenothiazines. In some embodiments, the quenching agent is a compound

having the following formula:

RS R*
Rﬁixim
R’ R2

R8 '?' R
R

wherein:
R' through R® are independently hydrogen, alkyl from 1 to 20 carbon atoms, aryl from
6 to about 20 carbon atoms, alkaryl from about 7 to 30 carbon atoms, or aralkyl from
about 7 to 30 carbon atoms;
R is hydrogen, alkyl from 1 to 20 carbon atoms, aryl from 6 to about 20 carbon atoms,
alkaryl from about 7 to 30 carbon atoms, or aralkyl from about 7 to 30 carbon atoms;
and
X is oxygen or sulfur;
with the proviso that when R is hydrogen or methyl then R', R?, R” and R® must be
other than hydrogen unless one of R' or R” and one of R’ or R® is independently
branched alkyl of about 3 to 20 carbon atoms, aryl, alkaryl or aralkyl.
Further examples include, but are not limited to 4-ethyl morpholine, 4-phenylmorpholine, 10-
methylphenothiazine, and phenoxazine. In some embodiments, these quenching agents

provide vinylidene-terminated polyolefins.
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RPH4 0 _(cRPH1 RPH2) p_xPH wherein RPHL and RPH2 are each, independently in
each - (CRPHLRPH2) unit, Hor alkyl, and p is an integer from 0-20, wherein
WO 2011/ w6200AGI1WS2011/ 037383 (1)if p is 0, then RPH3PamASRHAHA3ITBE each,
i ndependently, alkyl, and XPHis H, (2)if pis 1, then RPH3 and RPH4 are
each, independently H, alkyl, or alkoxy, and XPH is H, al kyl, alkenyl,

al kynyl, al karyl, aral kyl, aryl, heteroaryl, or RPH5 I R PH7, wherein

RPHS5- RPH%%F eerE'omé &Mﬁﬂéil%nmeh]_'e&h la, &ﬁlsasené&ed fr@ﬁa'tlﬁos@dis@los?ed it hen RPH3
and RPH4 are each, independentl é % or al koxy, and XPH is H, alkyl,

al kenyl , Sikesi$. Paéan%trb}lpatloaﬁ\hﬂl %9/02AFK/H6A1KEt%A@aWrwn %ka@@% 28D, - d,

-Br, -1 s 1n%ra%@herem refefdrdd in 1§%refy8@§lemp1919(cﬁ%§%m aggf(t ) ORPHI,
RPH5 - 1- PAHRPH6 - C(0) NRPHIORPH11, 14 PH7 whérein A i's or a single bond, RPH5

to RPH7 arcdudsalah arcingtiepuere rfft)llnyounéi; kaping th¢ fodlaying falﬂTRWyl al karyl, ar al kyl,
aryl, heteroaryl, al koxy, hydroxy, HR_Igljg{Q?PHll, F, -d, -Br, -1, or -At,

wherein R' and R?, are each, independently, hydrocarbyl. Examples include, but are not

limited to diethylsulfide, dipropylsulfide, diisopropylsulfide, diallylsulfide, diisoamylsulfide.

In some embodiments, following addition of the quenching agent, one or more alcohols or

amines are added. Suitable amines or alcohols include, but are not limited to methanol,

ethanol, isopropanol, diethylamine, triethylamine, n-butylamine, and tert-amylamine. In

some embodiments, addition of these quenching agents followed by the one or more alcohols

or amines provide vinylidene-terminated polyolefins.

[0087] In some embodiments, the quenching agent is selected from those disclosed in

Storey et al., U.S. Application No. 12/145,460, which is incorporated herein by reference in

its entirety. Exemplary quenching agents include, but are not limited to alkoxysilanes and

ethers. In some embodiments, the quenching agent is a compound having the following

formula:

wherein Y is carbon or silicon; and
Ry is hydrocarbyl, and R,-Ry4 are each, independently, hydrogen or hydrocarbyl.
Exemplary quenching agents include, but are not limited to allyloxytrimethylsilane,
methoxytrimethylsilane, ethoxytrimethylsilane, and tert-butyl ether. In some embodiments, a
the quenching agents provide vinylidene-terminated polyolefins.
[0088] In some embodiments, the quenching agent is selected from those disclosed in
Stokes, U.S. Application No. 12/256,441, which is incorporated herein by reference in its
entirety. Exemplary quenching agents include, but are not limited to compounds having the
following formula:
RSAS—-5-RSP
wherein R** and R®® are each, independently, alkyl, aryl, aralkyl,
alkaryl,
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RPH8 is al kyl, al kenyl, alkynyl, alkaryl, aryl, or heteroaryl, and RPHO to
RPH11 are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, aryl,
or het er os0ybh11/1661100- ( CRPHLRPXxH2N_ PH wheni s ortho to RPHE&/USRH@/0324RH and
RPH4, together, with the atons to which XPH and RPH4 are attached, may form
aring; and (4)if pis 3-20, then RPH3 and RPH4 are each, independently H,
al kyl, or al koxy, and X is H, alkyl, alkenyl, alkynyl, al karyl, aral kyl,
aryl, heteroaryl, al koxy, aryl oxy, heteroarytl al karél oxy, -OH -F, -d,
-Br, -1, -At, -CN, -NC-=-CNIQ—~ —(CI-H;J% c+9>¢g H8, - C(0) ORPH9,
C(O) NRPHlRPHll RPH5 sl 1-A-S 6 PH7, NRPFD(RP wherein Ais
1-CEC-1- or a single bond, RPHx and RPHY are each, |ndependently H al kyl,
al kenyl, al kynyl, cycl oal kyI aryI het er oar yl , het erocycIF\fT , - C(0) RPHz,
wherein RPHz is H, al ky% al ken al kynyl : S)gycl—éﬂl'kyls Oa$ly1RS4 het eroaryl,
het erocyclyl, - ORPH8, oF( i%zp P R0, JRPH7 are ead¥i® i:ndependent I Y,

alkyl, al kenyl » alkynyl, al l\<)v el>c/31nX 1rsnhalo or a pseudohalide;

X is alkyl or aryl;
R™ is tert-butyl; and
* and R are each, independently, alkyl, aryl, aralkyl, or

alkaryl.
In some embodiments, the quenching agent is furfurylmethyl disulfide, dimethyldisulfide,
diethyldisulfide, diisopropyldisulfide, ditolyldisulfide, dibromoethyldisulfide,
dichloroethyldisulfide, or di-tert-butyldiphenylsiloxyethyldisulfide. In some embodiments,
following addition of the quenching agent, one or more alcohols, amines, or thiols are added.
Exemplary alcohols include, but are not limited to R-OH, wherein R is alkyl of 1-8 carbons.
Exemplary amines include, but are not limited to NR'R*R?, wherein R' is alkyl, and R and
R’ are each, independently, alkyl of 1-8 carbons. Exemplary thiols include, but are not
limited to R-SH, wherein R is alkyl of 1 to 6 carbons. In some embodiments, the one or more
alcohols, amines, or thiols is methanol, n-butylamine, 2-ethylhexylamine, tert-amylamine,
ethanethiol, n-propanethiol, triethylamine, or dibutylamine. In some embodiments, the
addition of the quenching agent following by the one or more alcohols, amines, or thiols
provides sulfide-terminated polyolefins and/or vinylidene-terminated polyolefins.
[0089] In some embodiments, the quenching agent is butadiene.
[0090] In some embodiments, the quenching agent is selected from those disclosed in
Stokes, U.S. Application No. 12/355,664, which is incorporated herein by reference in its
entirety. Exemplary quenching agents include, but are not limited to compounds having the

following formula:

TPHS

o —(CRPHIRPH2Y __yPH

<|>—o (CRPHIRPH2) —x
RPH4

B
wherein R™" and R™™ are each, independently in each ~(CR™™R"™?) unit, H or alkyl, and p

is an integer from 0-20, wherein
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aral kyl, aryl, heteroaryl, al koxy, hydroxy, NRPHIR %-F, -C, -Br, -1, or
-At, RPH8 is al kyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and
RPH9 t o RWO 2enctis1iondependently, H, al kyl, al kenyl, al kyoylys2aitkarsgs , aryl ,
or heteroaryl. In sone enbodi nents, the quenching agent is anisole,

3- br onopr opoxybenzene, bchl orophenetole, ally' phenyl ether, isopropyl
phenyl ether, 2,6-di-tert-butyl phenol, 11- phenoxy-I-undecanol,

6- phenoxy- 1- h@PSanollf i, @%Q@Xyan@l ﬁymaﬁ‘@&{ch independently, alkyl, and

tert-butyl(3- phenofol ropynyl ) di phenyl si | ane, ,gl %ydrobenzofuran

chl or odi net hyl ( 3- phendXypropyl ) si | ane, or trlchloro(3 phenoxypropyl ) si | ane.
In sone enbodfjgent& lsth%heqqeﬂﬂcﬁgrw%ag@%h%@e\bbﬁa%ﬁﬂ)pﬁenpﬁyor%iﬂw shgr m nat ed
pol yol ef i ns 091 Pn sonme enbodi nent s uenchln%»a ent 1s 'selected
fromthose dlsclosed”ﬁﬁiSkﬂkdkﬂntwﬂwnﬁm@kmﬁhWBbmlNUI ¢127085%,0664, which is

i ncorporated herein by he%erence inits entirety. Exenplary quenching
agent s i ncl ude, bu% are nghmllnlted to conpounds having the follow ng

formula: ..... sCRPz1Rp9s C wherein RPz1 and RPz2 are
i ndependently in each -(CRPz1RPz2) - unit, hydrogen or alkyl fron11 to 6
carbon atons S IS an hﬂkﬁ&ﬁR”¥$ﬁWM2e&Qhaﬁd gidndPakyl §arft; -G, -Br, -1,

-At, -CN, - OGN, or - . I'n sone enbodlnents t he
quenchi ng age@ i slfm—‘s(zzﬂteﬁll%r oaé‘fii%/I )%9?"1084 igdepgudenty Hy dhdetrlloxpye ol e,

1- (3- bronopr opyl ) pyrriokealkh; ﬁll%engfy %ﬂ@ﬁ_\;lhéﬂ( 51‘5&5’? aryi—'h@t%roaryl alkoxy, -F, -

azi doet hyl )pyrrole. In sone enbodi nents, uenchi n provi des a
N-substituted pyrr@lh e érvﬁtn%d\lﬁéom e@CN; 1‘{%&)9%}11%%%(3}3 Enbodl ments, the

guenchi ng agent |s b?ebe 3- phenoxypropyl brom de, isopropoxy benzene
3,6-di-tert-buty| , n- met hyl Ryrrole WO
2011/156110PCT/U82011/037383 [0093]Hﬁ sonme enbodi nents, the quenchi ng agent
is allyltrinethylsilane. See, for &»&mﬁﬁw Wlczek et al. , Pol yner
Bulletin, 17: 37-430H087)° PI\{/hhloe:h |§$icorporated herein by reference in
its entirety. [0094] 1 n sone enb% nments, the quenching agent is

met hal |yl trimethyl sil angelin A is $C=C% or asingle bond,
RPHS to RPH7

are each, independently, alkyl, alkenyl, alkynyl, alkaryl,
aralkyl, aryl, heteroaryl, alkoxy, hydroxy, NRPHORFHIL R _Cl, -Br, -1,
or -At,

R™® is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and
R™ to R™!" are each, independently, H, alkyl, alkenyl, alkynyl,
alkaryl, aryl, or heteroaryl, or

— A—(CRPHIRPH2y yPH
O=(CR™R™ )X is ortho to R"™ then X" and R™™,

when
together, with the atoms to which X" and R™ are attached, may form
a ring; and
4) if p is 3-20, then R"™ and R™™ are each, independently H, alkyl, or alkoxy,
and
X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy,
aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -1, -At, -CN, -NC, -

NCO, -OCN, -NCS, -SCN, -OC(0O)R™™, -C(0)OR™, —C(O)NRHRPH!
RPHS

_§_A_S:i_RPH6
RPH? or

_NRPHXRPHY.
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i sobutenyltrinmethylsilane. See for exanple, N elsen et al., Polyner,

38(10): 2529-2534 (1997), which is incorporated herein by reference in its
entirety.wpQon3issriosone enbodi ments, the quenchi ng agen®Cirassan1/037383
1,1-diaryl ethylene. The 1,1- diarylethylene, in some enbodi nents, is used
toinitially quench the growi ng polymer chain to forma diaryl carbeni umion
term nated pol yner, which is subsequently reacted with a suitable

nucl eophil e or reactant to form eéaCjQ? ynmer ha |2dg

1- substi t ut ed- 1, 1- di ar yYherdiyAdn §F aipglePaed. nucl eophil e, in sone

enbodi ments, may be t heyrte i t

1,1-diarylethylene is :ELRl é@pﬁﬁ%&? yl@%lg@ldém?oglgg}g agl'feﬁ Fgﬂﬁen cl|uench| ng
met hodol ogy is descri besclowlkylf oyl botenapy b hetProglylear -6{QR S, M S. - Pure AppL
Chem, A32(3): 575-591 (199 HE [ AppL
Chem . A32(6): 1137-1153 (1%%3&;131&1 m@% ﬂﬁwlk%g’fl%kyﬂﬁp %41&‘1“8}?%5

5671-5675 (1995); Li et aI hetM@lrybﬂmtleemmlﬁls ORE?, onaa{iHTB% ;(1995) ;

Hadj i kyri acou et al. hecul e 1- 7 9 t al.

Macr onol ecul es, 29: 61 6 @5@ mg@ﬁ’anﬂl%&@}ﬁ E(P'?qunyq @Jngir\r/g?{(elggl es,

3348- 3357 (2002) ., Whi chirakyg, aryichm@omn; eldo;behﬁirmybwﬁ‘élﬁepﬂén@e GInBrhéi r
entireties. [0096] 1 n sone, enbodi nents, the quenching agent is

1, 3- but adi ene. Exenpl ary “¥et hodol ogy errpl oyi ng 1, 3-but adi ene as a quenchi ng
agent i is delscri bed in Kdblik a1, alkenyll. aﬁcyn?@hlﬁﬁl’gzl, Bey, oSh&érZ»al?/lﬂ;&lnd E’éllgﬁi aI

Macr onol ecul es, 38 :686%L;£870 (2006 De et - cr ecul es,

7527- 7533 (2006), whi cH ar @G r‘%?’ g’h{é{r@?ﬂ’ ﬁ%@h%@?f@ag@%ﬂ Phei r
entireties. In sone enhpdiwrats, 1,3-butadiene is errpl oyed as the quenching
agent to obtain an allyl-halide term nated ymer 0097] I n sone

embodi mert 80me giebodiiesithihg guenghire agat it anisplg, @h@mpm@wbﬁmvwr udi ng but not
limted taothaspiesayigas bﬂﬂeﬁ@ﬁ?r@ﬁh%h&iyl aher, o35 1 RABAApHANAL 1B, 777, 037 and

Chiba et al., European Patent cation ) 186, whi ch are

i ncor por @heRvxyd rusiderangl, @éh@ﬁéﬁé@eiﬂaﬁok Héﬁh?noéﬁtlrbuéﬁtnpbﬁeft iy 168aphsnenbbdi nent s,
the quen‘f)tﬂdp@gyl Bylbl?ang: 293 Ql@?(ﬁgb&@@furaho&%lﬂlﬁeﬁ?ﬂ?p%%r%@%&m td?e

quenchi ng agent 1s an al seudohal i de, includin but not Timted to
t hose dediehldsed nhnncsmfomelbsﬂa@ gnsqﬂ'aq aphodieents 1EG0CIBREBS amt piyvidgs

i ncor por h&%x?%{h%f RN t@ggagﬁgﬁ& inits entirety. [0099]In sone

enbodi rre gench ent is a furan or substituted furan, including
but not I[00%1{ ed Insorneh@sl@ddn@@r ihe@denchinglaghnt kyseicetedromtthat dlsclmdmom)l ecul es,
730-733 (SO0 SO CRRE ot p ot YRR o Reohof R S BREH A oy

r ef er encentiletyarfab@platynglending agerits ackde ot dre nottladtetl og c@n@hk@slhaﬁmg drs, such
as 2-met [}éﬁf f.ur{an alnd 2-tert-butyl furan. O her exanples include, but are
not |ini W B¢ uranyl ) derivatives such as
2,5-bis(2-furyl-2-propyl)furan. @@1@% % sonmerebodi ments, the quenchi ng
agent is thiophene or a substit he)ﬁe See, for exanple,
Martinez-Castro et al., Macronol ecules, 36: 6985-6994 (2003), the entirety
of which is incorporated herein by ref erence. [00101] In sone enbodinents,
the quenciiciéh RYERId R'S” @e ifdefonUbARiA Bach ATREXRIBL- QnitNEAHBES or Ml flofn NOL
limted to, triphenylam ne See, for exanple, Zhang et al., Journal of

Pol ymer SdP 658N BAME: A: Pol ymer Chenistry, 46: 936-946 (2008). [00102] In

some enbQdi fERtger A2 AMMAGR Ng agent is a vinyl al koxybenzene. Exanples
i nclude, hyt are not limfed to, those described in Japanese Patent

Publ i cat i%on NG, - @585 1A -ChiniNG -Ns -NROorMNates ¢iePENn by reference in its
entirety.q, [Q0LOModlfenfOMR qﬁ&RHﬂ@’J?éHt% /- &%Tb‘%&'@tﬁ}%)g&éol@elr frormed for about 5

m nutes to about 120 m nutes Term nat ors Term nators for use
in the nbdrdinogthyeseels.ded-themneirppyilippireldel - @Wamﬂw@nmolc Hat2-i s capabl e of
fdeact | val NGt FoRChfomERnH BRI She L nSARE, RAPAIHIRIN S ARRRTPOSE 2
Lew s aC| tro Lewm s acl d ar act a conpoun n somne
enbodi nermb'srple{td:rmnta@dmomie@im is a base and/or nucI eophi I e. I n sone

enbodi ne th term ator is ano anc s, the
t erm nat EB@DL a‘riline r]Poorclh nﬁSthe %ncso%ggennﬁ 33150162% gﬁ)enfj hd ?tr)ﬁoﬁné ‘r does
not add tismpmde)elmﬂzmm,Bhetegrhnwlpﬁ@nmpd)mmeﬂayllp‘yrrsmme enbodi nents, the
termnator is an al cohol or amne In sone enbodinents, the termnator is a
pyri di ne derivative. [00105] Exenplary term nators include, but are not
limted to, nethanol, ethanol, isopropangl, or water. In another

enbodi nent, term nators include diethylamne, triethylamne, pyridine,
2,6-1utidine, n-butylam ne, or tert-anyl am ne.



[ 00106] In the nethods described herein, one or nore term nators may be
added at a desired tine to deactivate the Lewis acid present in the

pol ymer i 280i20n/156A0t i on. One or nore term nators nay bePaddsd)11i08738D e
enbodi nents, after the addition of the quenching agent. For exanple, in
sone enbodi nents, a telechelic polynmer is synthesized by contacting a
terpene initiator with a Lewis acid in the presence of one or nore

noNoner s,jodd3en ah kaud aﬁbogﬁhéﬁmemez,%&ﬂcﬁmgfagelﬁ ﬁeallméfﬁﬂsﬂa(ﬁe psQcagd for a
desired t| nme, then a uenc |n% a%ent to functionalize the growl ng

pol ymer , ca#mple, %chahéﬁq%ggalyww%lm@d $041d48 D} whick istipeorpassipdhaein gy [ 00107]
I n ot her .gphpdiif&0tSicone or nore termnators are directly added to the
growi ng polyner to obtain halide-term nated pol ynmer products, which result
from the [ t i dnsafe ¢rabddiecnitsotis quersbimgaginn istrhes qilaltymeﬂlylzléﬁnﬁ@n reaction

W th the; sgib %ﬁgmpealyxs .aqéggo&%gﬁﬁﬁé KNielsdh QQFBPO‘?}We‘?dﬁ gﬂiiﬁw 3shal i de

term nate I's 0 y contacting at nitiator with a
Lew s aC|(t99171‘n wunm 1§)me31em@®dd1f:reblrmf rofereurm'mlllmmimﬁms then al | owi ng

p0| ynerl tl’l'l?%eel’l'rl@ 1m l’l-tS % equ%Iﬁ: II’IE a&gn?gs aal figlsali'yﬁglgllér{e”%n%? d t hen

addi ng a na?or eactiva odi nents, the
hal i de-t eluanylataylenb podoymeembpdiotuG]is usdao indtially Iqaéneﬂﬂaetmmgpblgnherp@ﬂamner
product . t.he tert-hal t er m nat ed product is

ot ot BrR SR BB R S erbRed St oy o isth TRl Bl ¥R 0B *The

t el echel isGitgdtd noRObBhikehatcaattus t rimachoBymdr Revimed h@ﬁtﬁnﬁ&aqu bied/1dign&ien, in
sone enbodi nents, have the foll ow ngforrm a: g , IS a terpene

i ni tiat oy gopey,Ehe nucleophile, in somgarpadimengs |n§aya'9e1ﬂﬂfr1tﬁrt“?”6"ﬁ%ﬂ I‘i}) bonded to a

prinmary @mbséeRMEanY 1,¢aidAbthMask ® 1I1scaﬂlehgaltaﬁg@ﬁe fr, pmaag,rlahylalel qRethfhigval ent
pol yol efin group;  E is_an end-cap t eger from 1-5.

[00109] mMftypioceisistrrifehingfor FW@IHI%EFB%@ ¢/n rftA? ér%fre A@@l. Hl@ - nd¥ @ he
struct ur g79f9t h@95)eH9<%t rihddutel At ngE'thIreW?ﬁl ends. oxm@ n3DesaRidgegd, wherein

the leaving groups of the one or nore tertiary carbons containing a |eaving
group ar Kamigiitgeed- Wc’r qgculep, Q811011 +3978 @r?@%iﬂb@dﬁl nilAergmofepdes; 89:pene
i nitiat 0r138§§3@”(‘?9 eﬁlﬁﬂ??na%ﬁ%et M%m%gzeﬁz%b%%z6?%§éﬂ?9¢l§ R £ 8 bon

cont ai ned sone e I ment's ferpene initiator Tesidue
cont ai ns M@F@mlw;‘?swoﬁtl,o @hté K1dph gndaﬁyfon, airdioMaciontodicmed 3P m3¢xpP3S7

(2002), which are incorporated herein by reference in their entireties.

[0096] In some embodiments, the quenching agent is 1,3-butadiene. Exemplary
methodology employing 1,3-butadiene as a quenching agent is described in Knoll et al., U.S.
Patent No. 5,212,248, De et al., Macromolecules, 38 :6861-6870 (2006); and De et al.,
Macromolecules, 39: 7527-7533 (2006), which are incorporated herein by reference in their
entireties. In some embodiments, 1,3-butadiene is employed as the quenching agent to obtain
an allyl-halide terminated polymer.

[0097] In some embodiments, the quenching agent is a long chain olefin, including but
not limited to those described in Yamanaka er al., U.S. Patent No. 5,777,037 and Chiba et al.,
European Patent Application No. 1,225,186, which are incorporated herein by reference in
their entireties. In some embodiments, the quenching agent is 1,9-decadiene.

[0098] In some embodiments, the quenching agent is an allylsilylpseudohalide, including,
but not limited to those described in Shaffer, U.S. Patent No. 5,580,935, which is
incorporated herein by reference in its entirety.

[0099] In some embodiments, the quenching agent is a furan or substituted furan,
including but not limited to those described in Hadjikyriacou et al., Macromolecules, 32(20):
6393-6399 (1999) and Hadjikyriacou et al, Macromolecules, 33: 730-733 (2000), the
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wherein: Bl and B2, independently at each occurrence, are H or a bond to P,
wherein at | east one of Bl and B2 is a bond to P; Xis -CH, -F, -d, -Br,
-1, -0C(OVBAMEHBRAY - NC, -NCO, -OCN, -SH, -SRA -S(0)RAPCTSSQ)12/847383 SCN,
-NO2, -0S(0)2RA, or =0, wherein RA is alkyl, alkenyl, or alkynyl, and X is
bonded to a primary or secondary carbon; and n is an integer from 1-3.
[00112] In sone enbodi nents, RA is al kyl, alkyl of 1-3 carbons, or nethyl.

[00113] Ieﬁtn'%f?ﬁeof%'mqw*%mrﬁorat&i h@rem@}'f"reféﬂ: nce ExampIBY mcl‘uhe bl QatRA or -CRA.
In sonme enbodi nents, X is -CH, - ORA, OCI() RA. I n sone enbodi nents,

X is -OHlmigd to, 2cip furgy, suglopod- @P@yl PIARIRE ot 'chexemlpl% [ 00114]

In sone q]mggl bl me
enmbodi nent s, nﬁﬁgltesmtl.)&ntid tg g&ngﬁgamﬁ ﬁg{ldvg@{ uth gﬁaﬁ g)gﬁ % fu%qlzj]?rnp)lsljgun%ﬁ)

enbodi mariQQ:IOOh ils sqmejembjodgnents, the qmncmlng[a@@ll 1LS7t]1101>1Wns Gmaﬂ@ﬂtﬁ@fdd ments, Pis (
CHSC- A- - 4 r 0949.

erbodt e ety ade MEER Mg i EH M M Fad I g BN
enbodi nenhesgntitety of veltich i aisbrpbGitedlsrei?lRy refrens@. [ 00118] I n sone enbodi nent s,

tis an i[&h%?]er III LS ezn_1b70%10n96nt52 thSquggﬂchmg %g&? is a%rlargl%n'ime An éxa Pe (X).
includes, but is not limited to, triphenylamine. See, for example, Zhang et al., Journal of
Polymer Science: Part A: Polymer Chemistry, 46: 936-946 (2008).
[00102] In some embodiments, the quenching agent is a vinylalkoxybenzene. Examples
include, but are not limited to, those described in Japanese Patent Publication No.
05186513A, which is incorporated herein by reference in its entirety.
[00103] In some embodiments, quenching is performed for about 5 minutes to about 120
minutes.

(vi)  Terminators

[00104] Terminators for use in the methods described herein include any compound that is
capable of deactivating Lewis acid. Terminators, in some embodiments, decompose a Lewis
acid or destroy the Lewis acid character of a compound. In some embodiments, the
terminator is a base and/or nucleophile. In some embodiments, the terminator is an organic
base. In some embodiments, the terminator is an electron donor. In some embodiments, the
terminator does not add to and end cap the growing polymer. In some embodiments, the
terminator is an alcohol or amine. In some embodiments, the terminator is a pyridine
derivative.

[00105] Exemplary terminators include, but are not limited to, methanol, ethanol,
isopropanol, or water. In another embodiment, terminators include diethylamine,
triethylamine, pyridine, 2,6-lutidine, n-butylamine, or tert-amylamine.

[00106] In the methods described herein, one or more terminators may be added at a
desired time to deactivate the Lewis acid present in the polymerization reaction. One or more
terminators may be added, in some embodiments, after the addition of the quenching agent.
For example, in some embodiments, a telechelic polymer is synthesized by contacting a
terpene initiator with a Lewis acid in the presence of one or more monomers, then allowing

polymerization of the monomer to proceed for a desired time, then adding a quenching agent
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[ 00119]

(X), [00121] In sonme enbodinments, (X)n [00122] In further enbodi nents,

[ 00123]

-Br,
- OCH3,

In some enbodiments,is 6 _(X)n B2 [00120] In some enbodi nents,

Iwoaoparstileul ar enbodi ments, Bl wherein: PCX/US201H/@B4383 F,
-ORA, or -0C(O)RA. In a an even further enbodinent, X is -0OH,

or-0OC(0)CH3. I n another enbodinent, X is -OH

to functionalize the growing polymer, and then adding a terminator to deactivate the Lewis
acid.

[00107] In other embodiments, one or more terminators are directly added to the growing
polymer to obtain halide-terminated polymer products, which result from the addition of
halide ions present in the polymerization reaction with the growing polymer. For example, in
some embodiments, a halide terminated-polymer is obtained by contacting a terpene initiator
with a Lewis acid in the presence of one or more monomers, then allowing polymerization of
the monomer to proceed for a desired time, and then adding a terminator to deactivate the
Lewis acid. In some embodiments, the halide-terminated polymer product is a tert-halide
terminated polymer product. In some embodiments, the tert-halide terminated polymer
product is a tert-chloride terminated polymer product.

(vii) Products

[00108] The telechelic polymers that are formed by the methods described herein, in some

embodiments, have the following formula:

(Xh—<::>—ﬂPEh
wherein:
<X>n@. o
is a terpene initiator residue;

wherein X is a functional group bonded to a primary or secondary carbon and

nis an integer from 1-3;

P is a divalent polyolefin group;

E is an end-cap group; and

q is an integer from 1-5.
[00109] In some embodiments, the terpene initiator residue has the structure of the terpene
initiator that was employed in the method, wherein the leaving groups of the one or more
tertiary carbons containing a leaving group are replaced by [P-E].
[00110] In some embodiments, the terpene initiator residue contains 10, 15, or 20 carbons,
excluding any carbon contained in (X),. In some embodiments, the terpene initiator residue

contains 10 carbon atoms, excluding any carbon contained in (X),.

D)
[00111] In some embodiments, " is selected from

06-

(X)n
-d,
-Br,



WO 2011/ 156110PCT/ US2011/ 037383 orBl CH3 B2 CH3 H3CCH3. wherein Bl and B2
are each a bond to P. [00125] In sone enbodi nents, the end-cap group may
serve as woptiglsefioreacti vity under suitabl e reaction cengiuscans373sher eby
al l owi ng derivatization of the polyner at its termnal end. [00126] In sone
enbodi nents, the end-cap group is installed by enploying any of the
quenchi ng agents described herein or known in the art. [00127] In sone
enbodi nents, E | gtan end-cap group selected fromthe group consisting of
hCH2 -1- CH2- 4K CH3; N-(ORPY1RPY2) nXPY 11'1, wherein RPYLl and RPY2
are independenflylig each - (CRPYIRPY2)- unit selected fromthe group

consi sting of ogén and al kyds from1gto 6 carbon agons; mig an integer
from1l to 20; and XPY is sel ec%&;\oﬁi@ group conmﬂ;Q\ hydr ogen,
al kyl, aryl, a yl, al koxy, Het r@g yIY nitro, ureido, T(OYR3, -C(0) R4,
- C(0) ORPY5, -C(0) NRPY6RPY2, - P(R8)3, -P(O#WQ)S, - SRPYM - 0SO3RPY11, and

-S(0)R2; wherein RPY3 is al kyl or al kenyl; andRPYLI, RPY5, RPY7,PY9 PY10 R
, RPY1l, and RPY12 are al kyl;

wherein:
B! and B?, independently at each occurrence, are H or a bond to P,
wherein at least one of B' and B? is a bond to P;
X is -OH, -F, -Cl, -Br, -I, -OC(O)R*, -OR*, -NC, -NCO, -OCN, -SH, -SR*, -S(O)R*,
-S(0),R?, -SCN, -NO,, -OS(0),R*, or =0,
wherein R” is alkyl, alkenyl, or alkynyl, and
X is bonded to a primary or secondary carbon; and
n is an integer from 1-3.
[00112] In some embodiments, R™ is alkyl, alkyl of 1-3 carbons, or methyl.
[00113] In some embodiments, X is -OH, -F, -Cl, -Br, -I, -OC(O)R®, or -OR*. In some
embodiments, X is —OH, -Br, -OR®, or —OC(O)RA. In some embodiments, X is -OH, -Br,
-OCHj3;, or —OC(O)CHj3;. In some embodiments, X is —OH.
[00114] In some embodiments, X is bonded to a primary carbon.
[00115] In some embodiments, nis 1-2. In some embodiments, nis 1.
[00116] In some embodiments, qis 1-4, 1-3, 1-2, or 1.
[00117] In some embodiments, P is
CH,
HsC CHj t

wherein t is an integer from 2-20000. In some embodiments, t is 2-10000. In some
embodiments, t is 2-5000. In some embodiments, t is at least 10, 15, 20, or 50.

[00118] In some embodiments, tis an integer from 2-7500, 2-5000, 2-2500, 2-1000, or 2-
500.

D
[00119] In some embodiments, is

27



H3C CH3 X s-RsA wherein RSA is al kyl, aryl, aralkyl, alkaryl, -1-(CH2)1-3 I
N1-(CH2)1-3 1 / Rs3 +(CH2)1_3-0-Si-RS4 1-(CH2)1_3-0-RSX, orRS5 Xs is halo
or a psewsohalvderioRsx is alkyl or aryl; Rs3 is tert-butgir/usand/o3Rs3 and
Rs5 are each, independently, alkyl, aryl, aralkyl, or alkaryl; RPH1 and
RPH2 are each, independently in each -(CRPHLRPH2) unit, Hor alkyl, and p
is an integer from0-20, wherein (a)if pis 0, then RPH3 and RPH4 are each,
i ndependently, alkyl, and XPHis H (R)gf p is 1, then RPH3 and RPH4 are
each, independently H, alkyl, or alkox and XPH is H, al kyl, alkenyl,

al kynyl, al karyl, aralkyl, aryl, hetdro W)n, or

B2

e
[00120] In some embodiments, is
2

B! B
N
(mx‘

) (X)n@ )
[00121] In some embodiments, is
2

(Xn
, m@ ,
[00122] In further embodiments, 18

%\)\/\
X,
, , m@ ,
[00123] In a particular embodiments, 18

i(/\)\/\
X
wherein:

X is -OH, -F, -Cl, -Br, -1, -OR?, or —OC(O)RA. In a an even further embodiment, X is
-OH, -Br, -OCH3, or-OC(O)CHj3. In another embodiment, X is -OH.

D
[00124] In some embodiments, is
1 CH3 CH3 H CH3

B g
©/OH B1\®/OH
= - OH
HoC” T5CH HaC ToCHg HeC g1 CHs
2o M o O oo G HC
HsC | HyC | HyC CHg
CH CH
2 2 OH

8-



RPHS5 | R PH7, wherein RPH5-RPH7 are each, independently, alkyl or aryl;
(c)if pis 2, then RPH3 and RPH4 are each, independently H, alkyl, or

al koxy, amNO 2011/156110 XPH is H, alkyl, alkenyl, alkynpCT/tskkalygt3s3

aral kyl, aryl, heteroaryl, alkoxy, -F, - d,-Br, -1, -At, -CN, -NC, -NCQ
-OCN, -NCS, -SCN, -0C(O)R '8, - C(0)ORPHI9, RPH5 -1-A4-RPH6

-C(0) NRPH1ORPH11, orRPH7 wherein Ais |I-CEC 1- or a single bond,

RPHS to RPH7 are gach, independently, calkyl, alkenyl, alkynyl, alkaryl,
aral kyl, aryl, heteroaryl, al k%W% bRPHlO?PHll F, -d, -Br, -1, or
_At, RPH8 is alkyl, al kenyl Hagi kynyI al kaPyl CHaryl, or heteroaryl, and
RPH9 to R,"each, . al kyl, al kenyl aI kynyl, al karyl, aryl,
- 0- (CRPHfﬁﬁf-e{ ]rgry % eheaf %%dt ‘or when- is ortho to RPH4, then XPH and

RPH4, t 0940126}  \ih tdmd debalirnmss, tho owhcghordRHnanchriRREM sag eflaicttianmdj,er may form

:l L;Pg andl(jﬂ(b%) v:tlglélﬁ%ldltlons therer:l)y alloR\EI)El?g der19at1§510n o?the po? mer at 1trgqgr 1na(iient ly H,

[00126] In some embodiments, the end-cap group is installed by employing any of the
quenching agents described herein or known in the art.

[00127] In some embodiments, E is an end-cap group selected from the group consisting

of
CH,

e

(1) CHs;
N CRPY1 RPY2 xPY
/ iy ( Im

2) T~ ;

wherein R"¥" and R"? are independently in each -(CR"Y'R"¥?)- unit selected from the

group consisting of hydrogen and alkyl from 1 to 6 carbon atoms;

m is an integer from 1 to 20; and

XY is selected from the group consisting of hydrogen, alkyl, aryl, alkaryl, alkoxy,

heteroaryl, nitro, ureido, -OC(O)R"*, -C(O)R", -C(0O)OR"™, -C(O)NR" YR, -

P(RPY®),, -P(ORPY?)s, -SRPY’, -0SORPY!L, and -S(O)RTY'2;

wherein RPY? is alkyl or alkenyl; and RPY4 RPYS RPY RPY® RPYO RPYIO
RPYM and RPY'? are alkyl;

H3C)<CH3
@ A SR

wherein R* is alkyl, aryl, aralkyl, alkaryl,

H
‘E‘(CH2)1-3‘“/\O> ‘%‘(CH2)1-3‘EN) ‘%‘(CH2)1-3‘“/\S>
Y , Y , J , 'E‘(CH2)1-3_XS ’
RS3
~$(CHy)15-0—SI—RS*
‘g_(CH2)1_3_O_RSX’ or RSS :

X® is halo or a pseudohalide;
¥ is alkyl or aryl;
R™ is tert-butyl; and

29



X is H alkyl, alkenyl, alkynyl, alkaryl, aral kyl, aryl, heteroaryl,

al koxy, aryl oxy, heteroaryl oxy, al karyloxy, -OH, -F, -d, -Br, -1, -At, -CN,
-NC, - NCOvO-200M5611RPHS5 5 1- A- SHRPHE6 NCS, - SCN, -0C(0) RPC8/US2@103BRPHI,

- C(0) NRPHLRPHL1, | i PH7or NRPF1xRPHY; wherein Ais 1-CEC-1- or a single
bond, RPHx and RPHY are each, independently, H, alkyl, alkenyl, alkynyl,
cycl oal kyl, aryl, heteroaryl, heterocyclyl, C(0)RPHz, wherein RPHz is H,

al kyl, al kenyR® alkyny ea&éﬁhé}ﬁh&ﬁ{l aﬂJyylaryl aralkyl, &%tk%maryl heterocyclyl,
-ORPHB, or -NRPHIORPHI1; RPH5'to 7 are “each, |ndependently, al kyl,

al kenyl , aIkynyIR aIkaryI aral kyl, aryl, heteroaryl al koxy, hydroxy,

NRPH1RPH11, % E PH1 Y orXPH RPH8 i s
al kyl, al kenyl y(?"ly( a)f’yl aryI or heteroaryl, and RPH9to R "each,
[ ndependgrst I y, PHaI kyl , aI kenyl E%/ I , alkaryl, aryl, or heteroaryl;

and 1-1-5¢ (CRPZ| RP952PZl (5), RPz1 and RPz2 are independently in

each - ( CRPz1RRZ2)nd Rt tare dayid ﬁlﬁﬁﬁdﬂld@r{tly&h kydh -{CRM ™)k, 8 ar BeN, aldyws; S i
an i nteger from2to 20; ZPzi is -F, -d, -Br, -I, -At, -CN, -NC
“N3, -NOO, - CENInteeRicom P- 205th¢rein00128] In some embodi ments, the end cap

group is CH3 (a)  ifpisO0, then R™ and R™ are each, independently, alkyl, and
X" is H;
(b) if p is 1, then R™ and R™ are each, independently H, alkyl, or alkoxy, and
X™ is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, or
RPHS
4-C=C-Si-RPH

RPH7

wherein R™-R™ are each, independently, alkyl or aryl;
() if p is 2, then R"™ and R"™ are each, independently H, alkyl, or alkoxy, and
X™ is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy, -F, -

Cl, -Br, -1, -At, -CN, -NC, -NCO, -OCN, -NCS, -SCN, -OC(O)R™™ -
C(O)OR™,
RPHS
$-A-Si-RPH6

_C(O)NRPHIORPHIT o RPH7 :

wherein A is Fesct or a single bond,

R™ to R™ are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl,
aryl, heteroaryl, alkoxy, hydroxy, NR"™RPH!! _F _CI, -Br, -1, or -At,
R™ is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and

R™ to R™!" are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, aryl,

— O—(CRPHIRPH2Y yPH
or heteroaryl, or when O=(CRTTR™)e-X™ 15 ortho to R™ then X™
and R™™, together, with the atoms to which X™ and R"™ are attached,
may form a ring; and

(d) if p is 3-20, then R"™ and R™™ are each, independently H, alkyl, or alkoxy,

and

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy,
aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -1, -At, -CN, -NC,
-NCO, -OCN,
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1X CH3, wherein X is a halide. In some enbodi nents, Xis -Cd.
[00129] In sone enbodi nents, the end-cap group is [00130] In sone

enbodi mrerwe,20tihiseand- cap group is a l-substituted-1, 1-a@camskoleobisBeEne
group. Exanples include, but are not limted to, those described in Fodor
et al., J.MS.-Pure AppL Chem, A32(3): 575-591 (1995); Hadjikyriacou et
al., J.MS. -Pure AppL Chem, A32(6): 1137-1153 (1995); Kam gaito et al.,
Macr onol ecul es, 28: 5671-5675 (1995); Li et al., Mcronol ecukes, 28:
1383-1389 (1995); Hadjilcyriacou et al., Macronol ecul es, 2Q:4526d- 5267

1996); Mayr et al rAb1 296); apay Kwon et al.
&hcro%nlecﬁles T«§g§§ﬁ§g§§%§§%02)céﬁﬁ% ch’g%é%#gig%por;tedﬁh;ref% by

reference in thelr}Hﬁ?ﬁfﬁfles [00131] In sone enbodi ments, the end-cap
group is an ally! halide, such %su_bgt not limted to, those described in
Knol| et al.,US. PatenﬂmleASS &r a bagletbodd, . , thronnlecules 38

: 6861- 6870 (2006) and De et , thronnlecules 7527-7533 (2006)
[00132] In sone enbodlﬁ%nt%mighea@ﬁﬁdbgﬁb@?ﬂﬂﬁwr @H@t%ﬁW%H %“%uenchlng
the growi ng polymer with a k &m@h% K&&%¢§hh§&§@mg§(kbgsﬁzdescrlbed in
Yamanaka et al., U S. Patent hb and Chi ba et al., European
Patent Application No. 1,225hesimRihis Péﬁl{ki}’} aikend. deynxherdodpd avlcor por at ed
herein by reference. [00133] In ﬁg&@m§ppggbagﬂgsOR@Weme@@ﬁ@agﬂgroup is
installed by quenching the gb@Mnng{chaln wi t'h "an al | ¥y5||y| seudohal i de,

i ncluding, but not linited tthBse agrceselinktsperdantshalikyleplkenyl glkypgt ent  No.
5, 580, 935, which is incorpo r PHibgPRILY
[00134] In sone enbodlnents%&£ﬁ£ fgggﬂg?%uBﬁaﬁg&sé%ﬂ%$%§ﬁ33tﬁ?uted
furan, including but not | i Af.teH Bmlthbs@ described in Hadjikyriacou et
al ., Macronol ecul es, 32(20) yr 6 u et al,

Macr onol ecul es, 33: 730- 733%23%%5(yl ﬁ%%yé% ?ggtﬁgg %@95ﬁ#M%%&ﬁ@’”%

i ncor por ®&%d herein by refemehé%anMmhph@$thmmUdhamphamanéaﬂchyﬂ|nlted to,
2-al kyl furans, such as 2- nethyIdL n él. thyI furan. O her

exanpl es |nclude but are not lifited Vb % %??ﬁranyl) derivatives such as
2,5-bis(2-fury! é X&%&a an, Jhich, in sone enbodi ments, provide coupl ed
products %p c%tbe |kyrlagggeﬁqféhmdMB@@gﬁgh@ﬁngﬁ im33: 730-733
(2000). [00135] In §%ngmenbod|nents t he end -c%ﬁﬁg@ ﬁm@s a thlophene

i ncl udi ng, fofackx & 2-upii hydrrear or eyl digmst ot phene. [00136] In
some enbodlnegk%MI&ggxgggﬁp@@Ogroup is a triarylamne Exanple includes, but
is not limtedto, t7i phenylam ne In sone enbodi nents, the end-cap group is
[00137] In so#s éwﬁo&ﬂanté-AbH%NeﬁWLd&pf@@@uﬁxﬂt HCspny$@Nkoxybenzene

pacont - PUlERE LT AR Rk WK™ B e 00, hor at ed her 6i n by ref er ence

inits e_% ifety. [00138] In sone enbodi nents, the polydispersity index of
t he telec £c pol ymer product is Iess than 1:9, | ess than 1.8, less than
1.7, less tHdn whegin Késshalidannisome embsdimentarX 4. | ess than 1.3, |ess than

1.2, or | h di nents, the nol ecul ar wei ght of
the pol yr@?ﬁf’fs g@%%’?el%%og%%‘b hte%ﬂ‘gg%gegrg‘%gt 3000, about 4000, about 5000,
about 6008~zbout 7000, about 8000, about 9000, or about 10000 g/ nol.

(viii) Electron Donors [00140] As is understood to one of ordinary skill in

the art, [QYs8l elléé‘%m%‘ﬁn%ﬁ%?nés freendaaBry e [oghvidied-hd-diardgthvianal

pO'Y”EVIéﬂ%@o@xéﬁﬁE@ﬂ@hh@B&xﬂ@ﬁﬁﬂﬁh%HHﬂﬂﬁﬁ@@%&ﬁkh%ﬁF&mP&hﬂ”ﬁRﬁ?Q%h?n
systems. 1n sonme embodi nénts, the nethods described herein are perforned in

t he preseﬁ@écbﬁnaﬁ3€3béﬂﬁéﬂ1GaﬂﬁrHﬂﬁémm%@Peﬂﬂ ddhd -Rurbdobinehars, t he
el ectron r i

enbodi rrlerllé'%k(s%t’é3 é7’§e1qgj(::) Son%?ﬂ?ét% glgg@n d%igy\bﬁusg%eggﬁ (:1995§,| n sone
enbodi net.sMatheoketdest 283r13&b|113)89 (19950 dralpkeriaghu eftsdt Maovimmlycdes, 2&M3¢Ing a

pr ot on e h esd.rom. IS, base. In sonme
enbodlnen?6§8?ﬁ@ Nﬁgé%ggg&géﬁ%rﬁaﬁ% ﬁ$6?ﬂhgﬂgﬁ%%§2ﬁ§&gﬁ%g%?%§nts t he

el ect r on MeneroléclaN, 3 334313y (2002 revimcti@re ik dp aitad hdryin g e¢femenatan their

N, N—dlethx&a etami de. In some enbodi ments, the el ectron donor is a
sul f oxi d&""'F®some enbodi nents, the el ectron donor is di met hyl sul f oxi de.
In sonme enbodi nents, the electron donor is an ester. In sone enbodi nents,
the el ectron donor is nmet hyl acetate or ethyl acetate. In sonme enbodi nents,
the el ectron donor is a phosphate conpound. In some enbodi nents, the

el ectron donor is trinethyl phosphate, tjibutyl phosphate, or triam de
hexanmet hyl phosphate. In sone enbodi nents, the electron donor is an
oxygen-cont ai ni ng netal conpound. In some enbodi nents, the el ectron donor
is tetraisopropyl titanate. [00142] In sone enbodi nents, the el ectron donor
|s pyr|d|ne or a pyr|d|ne derlvatlve I n sone enbodi nents, the electron

o ~A ™ R IFNA A




RIDWe&-.".RIB Ric wherein RA, RIB, Ric, Rif), and - |E K are each,

i ndependent |y, hydrogen or hydrocarbyl; or RA and RIB, or RRB and Ric, or
Ri ¢ and Rvp,20or15R01D and RE i ndependently form a fused alPCphestola/o87388 of
about 3 to about 7 carbon atonms or a fused aromatic ring of about 5 to
about 7 carbon atons. In sone enbodi nents, RA and RE are each

i ndependent |y, hydrocarbyl, and RL1B-R1D are hydrogen. WO

2011/ 15614036/ %3&4@4@&@%@ 0RLAGLL T SATR o MARLARILSh of B 2 ect ron donor
is 2,6-di-tert-butyl pyridine, -lutidine, 2, di ne,
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N, N- di met hyl t ol ui I n some enbodi nent's ectron onor

2, 6- IutrdﬂK@) (i x) Cbnnnn lon Salts and Conmon |on Salt Precursors [ 00144]
In sone : tionally
added to 2! eant e ARTIRROMheS Rl AbuPR shRECEMRRNTTRY sRRIRP, | 0

el ect r on pdymer with n l@grbaie wiedid] swenisthoss deteribal sy amayakae: ws &S tRatelnnND ease the
ionic stry ss,free ions and.exchange. In
some e nbogﬂ%% aid qkﬁﬁa eral. ]gurO]iaean ate?t%pé)Pcea{éﬁPsﬁl\%r E Izé‘é Esﬂs J[he%ntbrettwsl gmmm um
chlorlde\ﬂhﬂﬂﬁmmmmpmMmdMaemﬂsre&hmunonnnn ion salt precursor
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concent r @haifRvithfan bidsiBORIDhAIRNR, ﬁ&lhiﬂlﬁg,@iﬁt sallimited ectioeAesribéd inlsdatiat al

reaction ure y e ran e nrabout 0. 0005 nol.es per liter to
about 0. éggryﬁffeé‘ENggr éarglg’ér“'hﬂhls f%‘??f refergnge MBS FOEREY at i on of t he
conmmon i 0133 t Sn %m@@fhﬁodﬁﬁ&ﬁ#ﬂfé@ﬁ&cépsgrbﬁbatﬁ@anrcﬁ\@%tlfufe‘drﬂl@bQh@lu(ﬁngg005 ol es
per liter to about 0.025 nol es per. liter. In so

concent r &1 1 ligpteq fodhess dassFibs oA Pgaélﬂfyr@?o"seéﬂf %?Cé%?léﬁr]%*a r?ézq)né%%e range
from aboyg 9@(1@@91) L) hﬁ%ll@%ﬁcdu'ett gl Maram%%zep 39077son7@h %ﬁ)oﬁﬁ rhel elnﬁerles &¢X)

D luents [0014 In some enbodi nents of the nethods describ herein, the
met hods &rhéchyee mérrnerateﬁ Rergindty| reference. |Hxagiplee inchde diuhira gt hmlﬁré t@tﬂrad]@ﬂt is a
singl e cqmRAURn QL > dndllyf it Puh LHPuRT TR OHRATRAES Nk, TR fRDOMI ment s,
the diluent conpletely "di ssolves the reaction conponents or partially

di ssol vedintited tq, bitfiianyl) doivpiyre m@ as 2r§- @ﬁ%éureh%@mpm’eﬁlr@; whigh, i soment

conpl et el onponents. I n sone
enbodi mer‘rl’%{lg&ﬁ1'{“%}?@dJ %(dgegétmh@rgﬁaﬁ?g ESS %ésﬁg)(%) %/nrggad Ezgrctbalg%ﬁgon conponents. In
sone enbddiomemigulesig: aﬂlﬁ@nﬂmﬁéarly conpletely di ssol ves the reaction
conponent 014 di ment s a |Iing
ot andpusF o Rt IR MResRE B TR, Sl 55 0N o\ s PRk "0

al kane. Dmh&phmeﬁnbdﬁnnmﬂMBmpmme diluent is a nornal al kane. In sone

enmbodi ne h d|Iue an nor nal t.an nor nal
rovano st " St S Modsbull BBk S a PR s o Rr RERE B 0 T
sone enbadidtiiRiied td, Epheiyldnging. inSoMe embddifexanie: @d-cappidap ispent ane. I n some
enbodi nents, the diluent is normal hexane. In some enbodi nents, the dil uent

is a branched al Kan®. I n sone enbodi ments, the al kane i s isobutane,

i sopent ane, magopertane, isohexane, 3-nethyl pentane, 2, 2-dinethyl butane, or
2, 3-di rrete In some enbodi nents, the al kane is cyclic. In sone
enbodi nent s, heane i s nmethyl cycl ohexane. In sone enbodi nents, the
diluent is a mx&d Roiling fraction al kane. In sonme enbodi nents, the
diluent is a mxed boiling fraction of C5 al kanes, i.e., m xed pentanes or

m xed boifho13g| f NACIhOMRSdirkdnt2 ths@A@Sap drodd is aMMdﬂ%’eﬁB&é EkdmSieyTe
enbodi nents, the al kane is a nitroal kane. [00147] In _sone_enbodi nents, the

di | uent iiecluds. Bt piginoplimiterto. theseisypsibedidapanessiatent Bublieationdlet i s an al kyl

nonohal i @8 1§51 80 valikyiks 1&9}pﬁﬂﬁd'lfé?em$}nreﬁ%ﬁ%e anRediipmgnt s, the diluent is
chloroform ethylchloride, n-butyl chloride, nethylene chloride, methyl

chi ori de 001381 di semesaadiagies, the pelygispersist ipdastif dicodeshshenolymergeruct
tetrachi Ql fellhanly 416l %hqrsoegmaﬁ 7eRUORA L, G @ 98, 1ers%f9a9r10@>réss fihhori de,
1, 2-di chl oropr opane, or | or'opropane.” Tn sonme” enbodi nents, the

di I uent ils. hé%ﬁwréﬁeﬁd%Bdmndé or nethyl chloride. In sone enbodi ment's, the
diluent is nethyl chloride. In sone enbodinents, the diluent is an al kene
or hal ogenat ed al kene. In sonme enbodi nments, the diluent is vinyl chloride,
1, 1-di chl oroet hene, or 1,2- dichloroethene. [00148] In sone enbodi nents,
the diluent is a substituted benzene. |n,sone enbodi nents, the diluent is
benzene. I n sone enbodi nents, the diluent is toluene. [00149]In sone
enbodi nents, the diluent is carbon disulfide, sulfur dioxide, acetic
anhydride, acetonitrile, benzene, toluene, ethylbenzene, nethylcycl ohexane,
chlorobenzene or a nrtroalkane [00150] In sone enbodrnents the drluent
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[ 00151] In sone enbodi nents, the nethods provided herein are perforned at a
tenperature fromabout -120C to about OC. In sone enbodi nents, the

t enper at Wwe 20sl/fSsam about -110C to about -10C. In sone ecibaseemosBss3the
tenperature is fromabout -100C to about -20C. In sone enbodi nents, the
tenperature is about -75C, about -70C, about - 65C, about -60C, about -55C,
about -50C, about -45C, about -40C, about -35C, about - 30C, about -25C
about -2Q6p138 oqﬁ some&mbdaRRdHks fhle%lec‘am%lgnﬁ&m@go W 2O lrg)()?f'a!b%ut

Couasi liyi ynerization 00152] In sone enbodi ments,

pol yneri 299(? @homé@‘& plesris 4QQ0s tron b0 Hbp s GR0G ko PG rhrad Séboua?%)é)» l'i ving
pol yneri 70?5150%1(%66%%#10”5 Such pol ynerization conditions are known to

t hose of ordinary Ski in the art and proceed with mnimal irreversible
chain term nation and mninmal chain transfer. In such polynerizations,
initiation is foll d ﬂgctpornqpo agion, wherein propagating (active) species
are in equilibriumwtTon-propagating (dormant) pol ymer chains. In some
enbodi menhFE4of AL ﬁrﬁhg?s}’o%ﬁ‘%@&esdf'o}cﬁﬁrfsﬁlﬁ i @E £1¥ BHE QLA donYils AR

pol yneri zations I nc e one or nore Lews aclids, nononers, Initiators, and
el ect r on caeshlberod convisrtingriradigintad b iyearization kigstomsdetp |q0¢$llsvyrg®rhoe@wptcl ses a

comon i . . CHr odj t he
Feact | on Toy TREra R sERHE I R, SRR e o PP R TR Pt 15
Provi ded lméne@'raaeraeef@rm}gmmdsndnavi ng the follow ng fornula: wherein: is
a terpeng, t t j,an r

secondar carﬁ %n s<]1_.;ne eml%d en glﬁteﬂectr% &)q 1s cgpagfc)e oqggrgglgmg r{ﬁiéwcap gr oup;
gis an iamﬂeghrsoﬂneembdmﬁpntamhb eimomdomarmbamﬂglmrnhclmphﬂle31nsbfh6154] In sone

enbodi msnt %bdlm%r?tgttﬁe Qectron ’donor is capab%e of' a%stractmg orI r@m%\(f)mg 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-dicthylacetamide. 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 clectron 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.

[00142] In some embodiments, the electron donor is pyridine or a pyridine derivative. In
some embodiments, the electron donor is a compound of formula:

R'IE N R1A

wherein R'* R'™ R, R'P and R'F are each, independently, hydrogen or hydrocarbyl; or
R'"and R'8, or R"® and R'“, or R’ and R'", or R'" and R'* independently form a fused
aliphatic ring of about 3 to about 7 carbon atoms or a fused aromatic ring of about 5 to about
7 carbon atoms. In some embodiments, R'* and R'* are each, independently, hydrocarbyl,

and R'®-R'® are hydrogen.
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enbodi nents, contains 10 carbons. [00155]In sone enbodi nents, is
selected from wherein: Bl and B2, independently at each occurrence, are H
or a bondwobaoR/15et1erein at | east one of Bl and B2 is a lpemaSt@1@37383i s - OH,
-F, -d, -Br, -1, -0C(0O)RA, -ORA, -NC, -NCO -QOCN, -SH, -SRA -S(0)RA
-S(0)2RA, -SCN, -NO2, -0S(0)2RA, or =0, wherein RA is alkyl, alkenyl, or

al kynyl, and X is bonded to a primary or secondary carbon; and n is an

i nteger fip@asl- 3n scﬂrﬁ@éﬁ‘&ldnhé?ltss%‘%le@m@dnﬁﬁﬁtﬁ&m% b&y%hmhe zaé iﬁMthf 1-3
carbons, or nethyl. [00157] |In some enbodi nents, X i§ - - Br,

_1, - oQ( Gy Ratdise, 2REimqthyleidince sy Fidge, oxpyEdingHn somp emb@wn%r
- OC( 0) I:‘)Athe' @ecﬁ%ﬂﬁomqg Nn@lﬁltetiﬁ la?ﬁhhé orI@Fb dlngfhyltolm Ir%omeoeg(b%}lﬂ_e'ﬁts In sone

enbodi nent s, IS - I'n sone enbodiments, nis 1-2. sone
enbodi rremlneseleqtron §011pr is 2 6 1ut1d1ne

(ix) Common lIon Salts and Common Ion Salt Precursors

[00144] 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 bromide. 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.

(x) Diluents

[00145] In some embodiments of the methods described herein, the methods are performed
in a diluent. In some embodiments, the diluent is a single compound or a mixture of two or
more compounds. In some embodiments, the diluent completely dissolves the reaction
components or partially dissolves the reaction components. In some embodiments, the
diluent completely or nearly completely dissolves the reaction components. In some
embodiments, the diluent completely dissolves the reaction components. In some
embodiments, the diluent nearly completely dissolves the reaction components.

[00146] In some embodiments, the diluent has a low boiling point and/or low freezing
point. In some embodiments, the diluent is an alkane. 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 cyclic. In
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[00159] I n sone enbodi nents, q is 1-4, 1-3, 1-2, or 1. [00160] In sone
enbodi nents, Pis ( CH2 HBC CH3 t wherein t is an integer from 2-20000. In
sonme enbosDmeniSe110 i s 2- 10000. I n sonme enbodi nents, t PETASBA00373Bh sone
enbodi nents, t is at |east 10, 15, 20, or 50. [00161] In sone enbodi nents,
t is an integer from 2-7500, 2-5000, 2-2500, 2-1000, or 2- 500. (X)n
[00163] In sone enbodi nents, (X)n [00164] In sonme enbodinents, (X)n [00165]

I'n furt hebmeBReski BN, the alMAE isGhdhyidy clohe@nBOMd ohi@ eRbodithd, thO@RRRIis AN @
particul ar enbodi nment s, .
mixed boiling fraction alkane. In some embodiments, the diluent is a mixed boiling fraction

of C5 alkanes, i.e., mixed pentanes or mixed boiling fraction of C6 alkanes, i.e., mixed
hexanes. In some embodiments, the alkane is a nitroalkane.
[00147] In some embodiments, the diluent is an alkyl halide. In some embodiments, the
diluent is an alkyl monohalide or an alkyl polyhalide. In some embodiments, the diluent is
chloroform, ethylchloride, n-butyl chloride, methylene chloride, methyl chloride, 1,2-
dichloroethane, 1,1,2,2-tetrachloroethane, carbon tetrachloride, 1,1-dichloroethane, n-propyl
chloride, isopropyl 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.
[00148] In some embodiments, the diluent is a substituted benzene. In some
embodiments, the diluent is benzene. In some embodiments, the diluent is toluene.
[00149] In some embodiments, the diluent is carbon disulfide, sulfur dioxide, acetic
anhydride, acetonitrile, benzene, toluene, ethylbenzene, methylcyclohexane, chlorobenzene,
or a nitroalkane.
[00150] In some embodiments, the diluent is a mixture of two or more compounds. In
some embodiments, the diluent is a mixture of hexane and methyl chloride. In further
embodiments, such mixture is from about 10/90 to about 90/10 hexane/methyl chloride by
volume. In further embodiments, such mixture is from about 20/80 to about 80/20
hexane/methyl chloride by volume. In further embodiments, such mixture is from about
30/70 to about 70/30 hexane/methyl chloride by volume. In further embodiments, such
mixture is from about 40/60 to about 60/40 hexane/methyl chloride by volume. In further
embodiments, such mixture is about 50/50 hexane/methyl chloride by volume. In further
embodiments, such mixture is about 60/40 hexane/methyl chloride by volume. In further
embodiments, such mixture is about 40/60 hexane/methyl chloride by volume.

(xi) Temperature
[00151] In some embodiments, the methods provided herein are performed at a
temperature from about -120°C to about 0°C. In some embodiments, the temperature is from
about -110°C to about -10°C. In some embodiments, the temperature is from about -100°C to

about -20°C. In some embodiments, the temperature is about -75°C, about -70°C, about -
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Bl wherein: Xis -OH, -F, -d, -Br, -1, -ORA, or -0C(O)RA. In a an even
further enbodinents, Xis -OH -Br, -OCH3, or-0OC(0)CH3. In another
enbodi nerw9 2XVsei@H. H3C B- 2CH3 CH3CH3 B1B2 H3C | CH2 PCCTHBRIB@@037383 B1><Bz
H3CCH3 OH orBl CH3 B2 CH3

65°C, about -60°C, about -55°C, about -50°C, about -45°C, about -40°C, about -35°C, about -
30°C, about -25°C, about -20°C, about -15°C, about -10°C, about -5°C, or about 0°C.

(xii) Quasiliving Polymerization

[00152] In some embodiments, the polymerization reactions described herein are
performed under quasiliving polymerization conditions. Such polymerization conditions are
known to those of ordinary skill in the art and proceed with minimal irreversible chain
termination and minimal chain transfer. In such polymerizations, initiation is followed by
propagation, wherein propagating (active) species are in equilibrium with non-propagating
(dormant) polymer chains. In some embodiments, reaction systems suitable to carry out
quasiliving polymerizations include one or more Lewis acids, monomers, initiators, and
electron donors. In some embodiments, the reaction system comprises a common ion salt or
common ion salt precursor. In some embodiments, the reaction system comprises a diluent.

(¢©) COMPOSITIONS OF MATTER

[00153] Provided herein are compounds having the following formula:

(X)n@[P-E]q

wherein:

@ is a terpene moiety;

X is a functional group and bonded to primary or secondary carbon;
P is a divalent polyolefin group;

E is an end-cap group;

q is an integer from 1-5; and

and n is an integer from 1-3.
[00154] In some embodiments, @ contains 10, 15, or 20 carbons. In some
embodiments, @ contains 10 carbons.

)
[00155] In some embodiments, " is selected from
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H3C/ CH3. wherein Bl and B2 are each a bond to P. [00168] The end cap
group, as used herein, refers to a nonoval ent nolecule that can react at a
desi red twoeow/tshiianot her nol ecul e. I n sone enbodi ment s PCE/US301a03B83- cap
group selected fromthe group consisting of -1-CH2 CH2 (1) ~--/z/

N (CRPY1RPY2) nXPY (2) wherein RPY1 and RPY2 are independently in each

- (CRPY1RPY2) - unit selected fromthe group consisting of hydrogen and al kyl
froml to 6 carbgn atons; mis an integer from1l to 20; and XPY is sel ected
fromthe group nsi sting of hydrogen, alkyl, aryl, alkaryl, alkoxy,
heteroaryl, nifrol yyreido, -0C(0)R3, -C(0)R4, -C(0)ORPY5, -C(0)NRPY6RPY7, -

P(R8) 3, -P(ORP , - SRPY10, -Q$03RPY1l.,and - S(0)R1l25: wher ei n,:RPY3RPY7, PY9
PY10 s al kyl or Jal kenyl; and RP¥4, RZ&/R , R10, RP% an PY12 are
al kyl; H3C CH3 X s-RsA whervei \(B is al kyl, aryls a\@d) yl > al karyl,

1- (C1-12)1-3N-" 7 2)1-8/-(CH2)1_3-Xs | |/ Rs3*" "

wherein:
B! and B?, independently at each occurrence, are H or a bond to P,
wherein at least one of B' and B? is a bond to P;
X is -OH, -F, -Cl, -Br, -I, -OC(O)R*, -OR*, -NC, -NCO, -OCN, -SH, -SR*, -S(O)R*,
-S(0),R%, -SCN, -NO,, -OS(0):R*, or =0, wherein
R* is alkyl, alkenyl, or alkynyl, and
X is bonded to a primary or secondary carbon; and
n is an integer from 1-3.
[00156] In some embodiments, R™ is alkyl, alkyl of 1-3 carbons, or methyl.
[00157] In some embodiments, X is -OH, -F, -Cl, -Br, -I, -OC(O)R®, or -OR*. In some
embodiments, X is -OH, -Br, -OR?, or —OC(O)RA. In some embodiments, X is -OH, -Br,
-OCHj3;, or —OC(O)CHj3;. In some embodiments, X is -OH.
[00158] In some embodiments, nis 1-2. In some embodiments, nis 1.
[00159] In some embodiments, q is 1-4, 1-3, 1-2, or 1.

[00160] In some embodiments, P is
CH,
T HsC CHs ,
wherein t is an integer from 2-20000. In some embodiments, t is 2-10000. In some
embodiments, t is 2-5000. In some embodiments, t is at least 10, 15, 20, or 50.
[00161] In some embodiments, tis an integer from 2-7500, 2-5000, 2-2500, 2-1000, or 2-
500.

)
[00162] In some embodiments, is

B'l

7 Xn

B2
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A-(CH2)1 3-0-S1-R4 1-(CH2)1 3-0-RSX orRS5 Xs is halo or a pseudohali de;
Rsx is alkyl or aryl; Rs3 is tert-butyl; and Rs4 and Rs5 are each,

i ndependewOl2g91/abkyl , aryl, aral kyl, or al karyl RPH3 PCT/US2011/037383
k....\\-10_(cRPHLRPH2) p_xPH (4) RPH4, wherein RPH1 and RPH2 are each,

i ndependently in each -(CRPHLRPH2) unit, Hor alkyl, and p is an integer
fromO0-20, wherein (a)if pis 0, then RPH3 and RPH4 are each,

i ndependently, alkyl, and XPH is H—~b) if pis 1, then RPH3 and RPH4 are
each, |nde endent |y H al kyl, @xy, and XPH is H, alkyl, alkenyl,

al kynyl , [4103} y|n S%P‘é‘l’fk'%dlm%tsyl erdaryl, or RPH5 R PH/7 wherein

RPH5- RPH? are each, |ndependentIyB1 | kyl, @ aryl; (c) if pis 2, then RPH3

and RPH4 are each, independently y or al koxy, and XPH
is H alkyl, alkenyl, alkynyl, al’karyky[aralkyl, aryl, heteroaryl, alkoxy,
-F, - d,-Br, -1, -At, -CN, -NC, -NCO, -OCN, -NCS, -SCN, -0C(0)R "8, -

C(0) ORPHI9, RPH5 ) @
[00164] In some embodiments, " is

B! B2
I

(Xn
, m@ ,
[00165] In further embodiments, is
M
X
wherein B' is a bond to P.

)
[00166] In a particular embodiments, " is

B)1</\)\/\
X
wherein:

X is -OH, -F, -Cl, -Br, -1, -OR?, or —OC(O)RA. In a an even further embodiments, X
is

-OH, -Br, -OCH3, or-OC(O)CHj3. In another embodiment, X is -OH.

[00167] In some embodiments, @

1 CH3 H/' CH3
i OH

82 ch B2 CH3 H3C 1 CH3

CH CH CH CH HsC

3 R 3B ) TR C g2
H3Cw H4C | H3C*/\(KCH3
CH
2 OH
or B CH; B2 CH3/
HaC 0" CH,

wherein B! and B? are each a bond to P.
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C(0) NRPHIORPH11, orR PH7 wherein A isor a single bond, RPH5 to RPH7 are
each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, heteroaryl,
al koxy, hyorowxylseNRPHLORPH11, F, -C, -Br, -1, or -At, RPHYS2GI14A8193 ,

al kenyl , al kynyl, alkaryl, aryl, or heteroaryl, and RPH9 to RPHl1l are each,
i ndependently, H, alkyl, alkenyl, alkynyl, alkaryl, aryl,

-0- (CRPHLRPH2) rr xPH het eroaryl, or whenis ortho to RPH4, then XPH

toget her ,jo0tgB[ t1he eﬁ‘& 9%?@@ hisednerBH e tBEHfJona&a@eI@h{oﬁe@m@%at é’eﬁﬁ%e(c@)'f pis
3-20, then R and RPH4 are each, independently kyl, or al koxy, and
X is H &t kfssircdtigeijth amahwmkrculeaﬂlkwem@ﬂamqagﬁﬂlwnd CHREgeMDar yl |,

al koxy, %l}gétga(%rg%eeérra%r%hgg%g oal karyloxy, -OH, -F, -d, -Br, -1, AL, -CN,

-NC, -NCO -1-A4-RPH6 NCS, - SCN, -OC(O)R'8, -C(O)CRPHQ,

- C(0) NRpHi oRpHii H2 or NRPFD(RPHY; wherein Ais +CECI- or a single
bond, RPHx anJERBﬁY e each, independently, H, alkyl, alkenyl, alkynyl,
cycloalkﬂD, aryl, toaryl, heterocyclyl, C(0)RPHz,

PY1RPY2y ____yPY
//N (CRPYIRPY2) ——X
2) T~ ;

wherein R"¥" and R"? are independently in each -(CR"Y'R"¥?)- unit selected from the
group consisting of hydrogen and alkyl from 1 to 6 carbon atoms;
m is an integer from 1 to 20; and
XY is selected from the group consisting of hydrogen, alkyl, aryl, alkaryl, alkoxy,
heteroaryl, nitro, ureido, -OC(O)R", -C(O)R"™*, -C(0)OR"™, -C(O)NRYR"Y7, -
P(RPY®),, -P(ORPY?)s, -SRPY’, -0SORPY!L, and -S(O)RTY'2;

wherein RPY? is alkyl or alkenyl; and RPY4 RPYS RPY RPY® RPYO RPYIO

RPYM and RPY'? are alkyl;

Fﬁ€><FH3
_pRSA
3 SR
wherein R* is alkyl, aryl, aralkyl, alkaryl,
H
-§-(CH2)1.3‘EO} ‘%‘(CH2)1-3‘EN) ‘§‘(CH2)1-3‘©
/. 78 /) F{CHahs XS
RS3
—4(CHy); 5-O—SI—RS*
4HCH) s~ 0-RY RSS

X® is halo or a pseudohalide;
X is alkyl or aryl;
R™ is tert-butyl; and
> and R® are each, independently, alkyl, aryl, aralkyl, or alkaryl

RPH3

k‘-)Zé_\\::>7()_(CRF’H1 RPH2)p_xPH

(4) RPH4 , wherein
R"™ and R"™ are each, independently in each (CR"™'R""?) unit, H or alkyl, and p is
an integer from 0-20, wherein

(a) if p is 0, then R"™™ and R™™ are each, independently, alkyl, and
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wherein RPHz is H, alkyl, alkenyl, alkynyl, cycloal kyl, aryl,

het eroaryl, heterocyclyl, -ORPH8, or -NRPHLRPHl11l; RPH5 to RPH7 are each,

i ndependewol2g11/1abkyl , al kenyl, al kynyl, al karyl, aral kylPCTArSgé11/06/88%r oaryl ,
al koxy, hydroxy, NRPHLRPH11, -F, -C, -Br, -1, or -At,

RPH8 is al kyl, al kenyl, alkynyl, alkaryl, aryl, or heteroaryl, and RPHOtO
R "each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, aryl, or
heteroaryl; and - Ix®N; GQCRPZ1 RPZ2LZPZ1 (5), wherein RPz1 and RPz2 are

i ndependently in each -(CRP4hJez§%$4unit ,hgdrqgen or alkyl from1l to 6
carbon atons; (8 i sifams |.drcader” #ddm 2re eachgndependently/Pyalkylgorafkoxy.and - gy - |
-At, -CN, -NC, - PH-: S r %é?g enbodi nent s,
the end cap groug3§slgﬁgmkﬁgém&“m%ﬁé%§8§k éfgi29%§?%mgﬂﬁgﬁgﬁe. In sone
enbodi ments, X is -C. [00178]®In sonme enbodi nents, the end-cap group is
[00171] In sone enbodi meREE;SitRE® end-cap group is a 1-substituted-1,

1-di aryl ethylene group. Exarpfes include, but are not limted to, those
described in Fodor et al., J MS,zPure Appl. Chem , A32(3): 575-591 (1995);
Hadj i kyriacou et al., J¥I§rERpute Aﬁﬂji)ﬁac@%gﬁlﬁﬁp?n%é%%éﬁﬁyg%fwi1153 (1995) ;

Kam gaito et a)., ¥BGs DARhalH £3.R"28irc 8LK Lin&PéRichiPBDAIkylLdr aloxRland
Macronol ecul es, 28; ,1383-1389 (1995); Hadjikyriacou et al., Mcronol ecul es,
29: 5261- 5267 (1996)is Hnvallyl, dlkenyl, alkyne el @relyearyl, hoterogmylalkox1.3F(-1996) ;
and Knon gt al ., Macr ompleguleson 38, 3%48; 3 4@G0BLN Wb @Rar e
incorporated herein by reference in their entireties. [00172] In some
embodi ned(9)ORhe end-cap group is an ally' halide, such as, but not linited
to, those described in Knoll et al.,dsS. Patent No. 5,212,248, De et al.,
Macr onol ecul es, 38 :6861-6870 (2%0_%%+@md De et al., Macronol ecul es, 39:
7527- 7533 (2006),H%2§ io.ell es ‘o &yhﬁch are incorporated by reference.
[00173] In sone e Nent , tRE end-cap’group is derived froma |long chain
ol ef i n quenchi ng agent, such as_itdx described in Yamanaka et al., U S.
Patent No. 5,777,037 aﬁﬂwéﬁ?ﬁdséfﬁg%?PrEﬁP@ﬁ 9% Pat ent Appl i cation No.
1,225, 186, the entpietd e’ gt N mdeRhentlp CAGRARhEdaRYny efieR8Neakyl[ 00174]

I n some enbodi nents, the end-cap grou§F5§Iggrived rom an

al | yl si | #Pseudohabstdearylgtiboranhyiioagdit, § ncl dedigBrobtorndt limted to
Fhose descri bed i F‘R@h?sfafllsfl,’alléényql; alfﬁ{yfgtkam-arﬁ; é%gve%gnl, aW@' ch i S
incorporated herein by reference in‘its entirety. In’some enbodinents, the
end-cap group a fuRantof  suisstach.undegerdantiih H, pIgl ellenyd abonylndkaryh avt.ed to
those described in Hadjikyriacou et _ah. gMa m@pg&@gules, 32(20) : 6£393-6399
(1999) afd Hadji kyri acdteEarndior whser ool ecul es” 33is ortyg RS ((p@0¥), the
entiretiggqft“whi ch are i ncarpeEALRH diek&hkoVhidHet B8N REH JFxaRRlaS 1 ncl ude,
but are not linited to, 2-alkyl furans, such as 2-methyl furan and

2-t ert - bumay|fomyg gRg; Ot her exanpl @8l i ncl ude, but are not limted to,

bi s(furanyl) d cap;of. P24 B- i s(: priepyl.) n. Also
provi ded here? ar%Bé%%%§8%ﬁ§93ﬂ%?g}n %e%#ﬁﬁ%gﬁﬁﬁ%%?%ﬁéﬂgﬁ)&éﬁg&ghp group
is bondedndo two P noieties, which are obtainable through a coupling

reaction descri bedi. jii i t ool I :730-733
(5000) " ather ¢ nes YRl CaRt by, MREIOIH REHLES: athy,

aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -1, -At, -CN, -NC,
-NCO, -OCN,
RPHS
_§- A_S:i_RPHG
-NCS, -SCN, -OC(O)R™, -C(0O)OR™™, —C(O)NRPHIORPHI, RPT or
_NRPHXRPHY.

wherein A is _E-CEC'E_

PHX
R

or a single bond,

RPHY

and are each, independently, H, alkyl, alkenyl, alkynyl,

cycloalkyl, aryl, heteroaryl, heterocyclyl, C(O)R™,
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[00175] In sone enbodi nents, the end-cap group is thiophene, including, for
exanpl e, 2- thiophene, or substituted thiophene. [00176] In sone

enbodi mrerwe,20tihiseand- cap group is a triaryl am ne Exanpl eCrnsbadesi3sbut i s
not limted to, triphenylamne In sonme enbodi nents, the end-cap group is
[00177] In sone enbodi nents, the end-cap group is a vinylal koxybenzene.
Exanpl es include, but are not limted to, those described in Japanese

Pat ent Publication No. 0518pi34 RMWAIGD ST 2GRV edvhsnigiln reference
inits entirety. [00178] In some enbodfng%fs, ?ﬁggﬁg?jdysgéﬁghﬁeyindex of
the conpound is less than 1.9, |kxgoarghctarogyclyleOR thamNR/ Rl'ess than 1.6
| ess than 1.5, less than 1. 4pusl.eqsr ; ss than
1.1. [00179] In some enbodiﬁéngg?’t%&ﬂﬁg%ggﬁPéﬁ§ﬁgégﬁﬂ’%%é?hg%ggﬁ’ound is
about 1000, about 2000, aboslkazdEGkyhad: hetragoyl, dbowt hBoEo, NREOR  6000.
about 7000, about 8000, abogg_gp%%,_a Qg% 10000, about 20000, about 30000,
about 40000, about 50000, abgut” Odb, about 70000, about 80000, about
90000, or about 100000 g/ moR™ iWDkPOdIR¢nYE 6IkYORCTKAIS20Y1 LOBTIEByISaEXAMPLES
(a) EXAMRlE» 1 [ 00180] Exanpl e,stnmas car.ried out i ry N2 at phere
gloveboxfgquipped with an e%f%rnéF?$“@HP‘P%leﬁ%&%ﬁ%ﬁﬁgﬁ%gﬁiaﬁagﬁf A 4-neck
500nL round-bottom fl ask was pl adkdatyl, aryt, behdbavdrybbnd 45C and equi pped with
an overhead stircrer, therm)coupleZ and a React| R probe.

7-chl oro- 3, 7-&5@%(03&231?21-—01—4Pﬁitiatpr £2.171g, 0.0385M, 2,6-Lutidine
(1. 46nL, . 0435M~ 1 al i quot of iseobhegindhe and R50ree indeppadsmyly nd 2901 of
prechilled 4004 (7 hexanglimBiiftkn 6NN G BRIVE@MonHoklure was added to
the flask and allowed to therral 'y equilibrate for -1 hour. The

pol yneri zat i ohiswadntegar fiomt%tld 2pon addi ti on of Ti Cl4 (4.50m, 0.142M). The
pol ymeri zati ope MR hor ed, py~Qb: Wy N (o o HA LS tyl ene nononer
concentrationQJ?%§EéaétF&.Edﬁgémﬁb§$£g$bgﬂgéiSOEGS§FER£ ad been consuned,
a second [801i68LotIn edmmoniedenenis4 tlEEnd caplzrd§5h) was added until approxi mately
the same nopgprer conversion |evel was reached. This was repeated 9 tines
for a tot gononmer charge of 36.4nmL (1.5M). After the final aliquot of
nononer hadch .th I b L op. was quenched wi th anisole
(1.81g, 0_058?,%%%’1{‘)33%‘?@%{113%.61 Scﬁiﬁiéggg%l@%%%?ifm@: 06nL, 0.096M was then
added t o [0HGPEkade serheemlatdenaits, Gleeod-caphrpid isc aromati ¢ substituti on by
anisole.l{pg%guenching was allowed to proceed for approximately 90m n, then
the reaction was termnated with 15.5nL of prechilled nethanol. The flask
was rendygs 7i afiahelnbdaRmd he Rakd %}B&b Rhl10WBdittt- Vgl IR ent

t enperature overni ght, at which point the nethyl chloride solvent had

boi | ed ofgfouph&xpaplet inelidanbyitate rotated ke thoppddiergbediin Fodar g0y 1.6MS.Pure

et hanol /gt 4,7 Xsags7E8b] gg?ﬁ;yﬁaécgggh%oﬁ <HELy 9atABLes endi um

bi car bona ol'ution, and al | ni zed water. rgani c’ | ayer was
dried ove¥32gSA7-111§3 ¢18PpBuKamizdite ¢/ s¥hgremplewdss, R&EHOVEAO (19U Alriyer

evapor ati on T > OVRYN ! ﬁ&g- a i . and
size-excfﬁéy%%g%é%%b?%gg&%§§3$§g€%gﬁg%% a]ﬂﬁgiaﬁ?’%¥&?ﬂg%8%?%g%PE§%s -2700
g/ nol  wi tSR6A(1986)y Miagpe b i Mycromdexulof 2% 628)-6 110G 188); Bhé Kwon ef al.,

7-chl oro-3, 7- di,;met hyl.0 rol= arting .material. enplo as. .lnitiator
sbove wad i RE VRS HaraLRiog?) Ahlehak BRSIE) bR AT Beboaue e,
(b) EXAMehfireRes] 00183] A pol yneri zati on was conduct ed under conditions

iml t d i bed in Ex le 1 t 3. ph I
br o de JOU7EE5dn SR iR s e Sy SR HERR R R B L ofY ve
cappi ng Qimiteh &, pRky dREribe(l ¢) KEXMNVRLEU 3. PUOQNMAF 22, ¥, paer dizat i on was
conduct ed under c?ndit

ions sinilar to those described ove_i_n Exanple 1,
except ié@ﬁWBﬂBQVéﬁéﬁ%@%ﬁ’ﬂggg%@gﬁa D?ﬁ%ﬂa&@ﬁﬁﬁwﬁﬁu%bggiﬁSIﬁSKMR confirmed
quant i t atpo08), ¢RRtiREcOSr e 201 brated by reference.

[00173] In some embodiments, the end-cap group is derived from a long chain olefin

quenching agent, such as those described in Yamanaka et al., U.S. Patent No. 5,777,037 and
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(d) EXAVPLE 4 [00185] A polynerization was conducted under conditions
simlar to those described above in Exanple 1, except

2, 6-di -t ewO-2butysbpabenol was used as the quenchi ng agent PCTRIShINER08™383 i r med
guantitative capping of the polyner. (e) EXAMPLE 5 [00186] A polynerization
was conducted under conditions simlar to those described above in Exanple
1, except N-methyl pyrrole was used as the quenching agent. 1H NWR

conf i r meq LI t]':’%ltrdp‘éﬁl p@&%@ghéahoﬁ R, PBIsYI%8! the éﬁtbretﬁm\%al Bre[ 00187]

Exanple 6 was carried out in a dry N2 at nosphere gl ovebox equi pped with an
ext er nal l§cogtorat¢dy eEexeape/ hept ane bath. A 4-neck 500mL round-bottom fl ask
was pl achqm { 6 AL InihaimdrCuRdle AN BRFS ol iR averhead stirrer,

t her nocoupl e,” and a React| R probe.

7-chl or oalllylﬁléstllbﬁ@u@ﬂhghdh aicneltingdgst; ahbldmngn kit aotdimifed t@Rep, doscrivgd s |

2, 6-Luti (9.3 1 r . Q.165M and
290nL OfQ%%@gﬁﬁﬁfg%&289%35§@9&%3§%hgﬁﬂ&nﬁﬁwhéﬁ$§%¥ ggggﬁéégggﬁFﬁt re was
added t o It kend ¢ratmidinaamth, thiclcodvead grourt drrameir Isn}bsetqwdlfinbn atdudigg but hothour . The

pol ymer i %atl{eg cfescnlh (? d,bllgon glggtlaE | DD omolecu es, 3£(§0 %63 39 145M The
polynerlzg% tor opservi'hg ‘decrease’in |so utyl’ene nmononer
concentr dt 99@mand| }aadﬁiemblli’et W«ﬂ:rdmﬂtecmn‘s 1he30- Ema(at)(yﬂ)ethe ciaeticheEwhichnsumed,

a second al

. t ti,l tel
e same “AOROHB BOATERBF GHoFEol as BARHE AU e et R putfERrGY, e
for a totsadh AONasRy fela g2 -eht- &@14]ﬁfhn Gtho\xamplek Bll’cluﬁﬂ&)uf arﬂabt lmhitequ@t oOf

nmononer had. been c nsumed, t r|z |on nched th.ani sol e
(1. 81g, Sg@éaiwl)e CaREHRUPS S5 |alS 53%@ P@E&IX}%?E‘M Opr‘b“%?y e“b\%{% t hen
added t0cbﬂﬁ&ﬁ@§&h&%ﬁa&ﬁ@ﬁﬂﬁ&ﬁﬁé %h@@ﬁiébﬁg@b@ﬂﬁﬂhﬁm@qb§bkﬁ@tWE@hby

ani sol e. The quenchln was al | owe proceed for apprOX|nater 45m n, then
the reactotPaiedla BionEhacQRIing l‘tePF“PB ssf%bdfm&aé iIniriep Qe #e MEsHIOlecTise £ ask
vas rerrv\é@%ioﬂﬁ@(éz(ﬁioflryth&&%o%@ nklﬁét?a@ﬂ%m@édl to warmto anbient

t enper at ure overni whi ch point the methyl chloride sol vent had

boi | ed ofl#017Ak rleaem Rbagimanty hewad-camaAumma dHetheny. i ludingofor gxapmne, 2

nethanol&mg&eh Q&§&k&ﬁwdhﬂ@h@%§d by dilute HCl, saturated sodi um

bi car bonat e sol’ution, and ally deionized water. The organic |ayer was

dried ovdfOINBISOAn sdm¢ erehadimengntherehécarodroenis awéesylraimsy Edarhyic mgtudesy but

evapor at i 8 via 1H NWR and
i@t llnllt % ﬁlPHJManglﬁg OIYlSB FIBBJ)C?{HEI{'E%I gﬁ?t%g# X%ﬁlg

si ze-excl usion e ‘neasure ecu pol ymer was -2300
g/ mol with a pol perS|ty i ndex of 1.56. [00189] The

7-chl oro- 1- net ho , 7-di met hyl octane starting material was obtained by
reacting _EJ‘_[ gnel I ol with nethyl iodide and potassi um hydroxi de under
anhydr ous “candi t s. The nethyl ated product was then hydrochl ori nated
usi ng gaseous HC?::EQ) EXAMPLE 7 [00190] Exanple 7 was carried out in a dry
N2 at nosphere gl ox equi pped with an externally chilled hexane/ heptane
bath. A 0o [0 ur d- bot | ask was n the bath at -45C and
eqU|pped10aﬁ9raﬁn8$%$ "n?lrggfnéfﬂ)louc%ﬁ Pg%ﬁ“mdem?&aE%?ﬁﬂprobe Then
7- chIorOﬂﬁﬂﬁRdMnemhmthmn&y%‘ﬁdekhkﬁbmhmum@memIﬁ&n@&#@cmmn®n29hﬁ

2,6-Luti 0.0529M,, 1.aliquot of .iso | ene (4.00nL, O0.165M
and 290mtS B0 ST AT sdA g Rl SRS S eI H I fde sof vent i X ure
Wﬁs adfler(IlOSI hén kérasknisudthaltd, ﬂmdlytiispérkdle_/r1ﬁadxqut}f&wambblhﬁda§ Rsd t@sin .9, hou'r\/’
The pol yneri zati o itiate on_addition of TiCl 50nL, 0.173

The pol y[@? fhaad;d ['H@%“ h@d?*g}a@g-éxg ¥ %@éf\% ety thanel Yt é’é§23 k5 @¥but yi ene
mononmer qoneeRrtsddd on via Reactl R Once nost of the isobutylene had been
consuned, a _second aliquot of nononer (4.00nL, 0.165M was added unti |

appr oxi maPU7Yl + He semmembadipimsy thesrplesnler waigherfdhe caawoprdis Akt 1990 s was

repeat ed afo x| '26(ﬁ§ ab&M 3600t Rt 40BBNMIRI 500 3&'591% 6@60 %@mﬂ mbod, dbouReoorideRl the
final allguot of nmononer had been consuned éénerlzatlon was quenched

wi th ani $80@ apaut 3990, FooeAI0P0, ahputa8010% leaﬂ()()@ﬂ,aabget POOF kg4 6QRH0 ot

0. 094M Wabod: S GHA8 ob dobsd. SRRt Rob@Lmop! el ectrophili ¢ ar ot i c
substitution by anisole. The quenching wa3 allowed to proceed for
approximately 65mn, then the reaction was termnated with 18. 8nlL of
prechill ed nethanol. The flask was renoved i nmedi ately fromthe bath and
allowed to warmto anbi ent tenperature overnight, at which point the nethyl
chloride solvent had boiled off The reaction m xture was then washed with a
90: 10 v:v nethanol/water m xture, followsd by dilute HCl, saturated sodi um
bi carbonate solution, and finally deionized water. The organic | ayer was
dried over MgSH4, filtered, and the solvent was renoved by rotary
evaporation. [00191] The recovered polymer was analyzed via 1H NWR and
S|ze exclu5|on GPC The neasured nDIecuIar wei ght of the pol ymer was -3900
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VHAT IS CLAI MED: 1. A nethod for producing a telechelic polyolefin,
conprising contacting a terpene initiator wwth a Lews acid in the presence
of one orwouopa/iserioner s, wherein the terpene initiator ©OmMUS2II/06E$3 one or
nore tertiary carbons containing a | eaving group, and (b) one or nore
functional groups, wherein the one or nore functional groups are bonded to
a primary or secondary carbon and are unnodified under polynerization
condi tions. 2pkhevipeikfod of claim1l, wherein the terpene initiator is
selected from wherein: Al and A2 are each, individually at each
occurrence, acdeavixgamrioelp or -H, wherein at |east one of Al and A2 is a
| eaving group; Xis -OH -F, -d, -Br, -1, =0, -0C(0)RA, -ORA -NC, -NCO
- OCN, - SKp0180B RExamPleQ) A, carriS OxtARA dry- 1S ClinospNER gl deboxQG[uppaRMth mher ei n RA
is al kyl, alkenyl. r alﬁén |, and X ]s bopded to a primary or
secondar ™ ERMILREeRE el DGR bt e droorh ML unda b sk ngapretial m 1,
wher ei n tiebafeithesiChaod Buigbell 8littah el drbcaaatiye] @binibcodpld, Atd 4 Rbdcawri pagbef or mul a:

7-chloro-3,7-dimethyloctan-1-ol initiator (2.171g, 0.0385M), 2,6-Lutidine (1.46mL,

0.0435M), 1 aliquot of isobutylene (4.00mL, 0.165M) and 290mL of prechilled 40:60 v:v

hexane/methyl chloride solvent mixture was added to the flask and allowed to thermally

equilibrate for ~1 hour. The polymerization was initiated upon addition of TiCl, (4.50mL,

0.142M). The polymerization was monitored by observing decrease in isobutylene monomer

concentration via ReactIR. Once most of the isobutylene had been consumed, a second

aliquot of monomer (4.00mL, 0.165M) was added until approximately the same monomer

conversion level was reached. This was repeated 9 times for a total monomer charge of

36.4mL (1.5M). After the final aliquot of monomer had been consumed, the polymerization

was quenched with anisole (1.81g, 0.058M). An additional charge of TiCl, (3.06mL,

0.096M) was then added to increase the rate of electrophillic aromatic substitution by anisole.

The quenching was allowed to proceed for approximately 90min, then the reaction was

terminated with 15.5mL of prechilled methanol. The flask was removed immediately from

the bath and allowed to warm to ambient temperature overnight, at which point the methyl

chloride solvent had boiled off. The reaction mixture was then washed with a 90:10 v:v

methanol/water mixture, followed by dilute HCI, saturated sodium bicarbonate solution, and

finally deionized water. The organic layer was dried over MgSQy, filtered, and the solvent

was removed by rotary evaporation.

[00181] The recovered polymer was analyzed via 1H NMR and size-exclusion GPC. The

measured molecular weight of the polymer was ~2700 g/mol with a polydispersity index of

1.26.

[00182] The 7-chloro-3,7-dimethyloctan-1-ol starting material employed as initiator above

was obtained via hydrochlorination of B-citronellol with gaseous HCL

() EXAMPLE 2

[00183] A polymerization was conducted under conditions similar to those described
above in Example 1, except 3 phenoxypropyl bromide was used as the quenching agent. 1H
NMR confirmed quantitative capping of the polymer.

(©) EXAMPLE 3
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wherein: Bl and B2, independently at each occurrence, are H or a bond to P,
wherein at | east one of Bl and B2 is a bond to P; Xis -OH, -F, -d, -Br

-1, =0, -WOE0IIRAG1100RA, -NC, -NCO -OCN, -SH, -SRA, - S(@rRAS201500)38RA,
-SCN, -NO2, or -0S(0)2RA, wherein RA is alkyl, alkenyl, or alkynyl, and X
I's bonded to a primary or secondary carbon; n is an integer from1-3; Pis
a divalent polyolefin group Eis an end-cap group; and g is an integer from

1-2. [00184} Wsolpﬁ&mqor%agoﬁaﬁ&e%,unmecbﬁdlﬂor% sirﬁllarg'{hose%nbe(pc( O)RA, -F,

-d, or , Wherein RA is, independently at each occurrence, ﬁ/ of 1-3
car bons. above in Exgnplq hecxpeit OBropexycdiearant 2/as wied petha ayeriching epgnt. 1N R6. The

met hod of Oﬁﬁ@e%gantlmgégdpaln%t&?t C?)@M,ln{gg group is, independently at each

occurrence, RN, wherein RN is alkyl having 1 to 6
car bons. (d) 7. EXAMME fod of cl ai m 2, wher e| nnis 1 8. The
met hod of claim 2, wherein one of Al or A2 S . The net hod of
clai m 2, [0H8Pk] H\p@lwe%ﬁ%wa&@néucgﬁdlwﬁwf%%%ﬁlmﬂar to thOSGﬁGSC“PPFb nmet hod of

claim2, amrlﬁ' EQaﬂ:qgl@ 1 }&Eéb@ Q,%—dl—@ér{—blﬁ%%ﬁenoﬁwas used as the quenching agent. 1H

NMR confirmed quantitative capping of the polymer.
(e) EXAMPLE 5

[00186] A polymerization was conducted under conditions similar to those described
above in Example 1, except N-methyl pyrrole was used as the quenching agent. 1H NMR
confirmed quantitative capping of the polymer.

() EXAMPLE 6

[00187] Example 6 was carried out in a dry N, atmosphere glovebox equipped with an
externally chilled hexane/heptane bath. A 4-neck 500mL round-bottom flask was placed in
the bath at -45°C and equipped with an overhead stirrer, thermocouple, and a ReactIR probe.
Then, 7-chloro-1-methoxy-3,7-dimethyloctane initiator (2.303g, 0.0385M), 2,6-Lutidine
(0.34mL, 0.01M), 1 aliquot of isobutylene (4.00mL, 0.165M) and 290mL of prechilled 40:60
v:v hexane/methyl chloride solvent mixture was added to the flask and allowed to thermally
equilibrate for ~1 hour. The polymerization was initiated upon addition of TiCly (4.62mL,
0.145M). The polymerization was monitored by observing decrease in isobutylene monomer
concentration via ReactIR. Once most of the isobutylene had been consumed, a second
aliquot of monomer (4.00mL, 0.165M) was added until approximately the same monomer
conversion level was reached. This was repeated 9 times for a total monomer charge of
36.4mL (1.5M). After the final aliquot of monomer had been consumed, the polymerization
was quenched with anisole (1.81g, 0.058M). An additional charge of TiCl, (1.49mL,
0.047M) was then added to increase the rate of electrophilic aromatic substitution by anisole.
The quenching was allowed to proceed for approximately 45min, then the reaction was
terminated with 13.5mL of prechilled methanol. The flask was removed immediately from
the bath and allowed to warm to ambient temperature overnight, at which point the methyl
chloride solvent had boiled off. The reaction mixture was then washed with a 90:10 v:v
methanol/water mixture, followed by dilute HCI, saturated sodium bicarbonate solution, and
finally deionized water. The organic layer was dried over MgSQOy, filtered, and the solvent

was removed by rotary evaporation.
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11. The nethod of claim 10, wherein the terpene initiator is Al 12. The

nmet hod of claim 10, the terpene initiator is C / H3COCH3 wherein Al and A2
are each,wondapesdent|y, -Br, -C, or -1. 14. Thecwatshad/0af38] ai m 1,
wherein the terpene initiator contains 10 carbon atons, excluding any
carbon atons that are a part of the one or nore | eaving groups or one or
nore functional groups. 15. The nmethod of claim1l, further

conpri si ngo1@gfi r’[@le@&%v&éd BerdHR AR RE VM@PNMR and size-exdifision @pcmehhod of
claim 15, wherein the quenching agent is é‘lﬂf allyltrinmethylsilane; (b)

met hal | yIngesured mylleegz,qlaraweght offir Py 56 1R G5igh 3 polgHamasifydpder of
di phenyl qt%yl ene; (d) furan or substituted furan; (e) thiophene or

substi t ut t hi ophene; (Otri phenyl am ne;
[00189] The 7- chloro—l—methoxy—3,7—dimethyloctane starting material was obtained by

reacting B-citronellol with methyl iodide and potassium hydroxide under anhydrous

conditions. The methylated product was then hydrochlorinated using gaseous HCI.
(9 EXAMPLE7

[00190] Example 7 was carried out in a dry N, atmosphere glovebox equipped with an
externally chilled hexane/heptane bath. A 4-neck 500mL round-bottom flask was placed in
the bath at -45°C and equipped with an overhead stirrer, thermocouple, and a ReactIR probe.
Then, 7-chloro-3,7-dimethyl-octyl acetate initiator (3.314g, 0.0429M), 2,6-Lutidine (1.77mL,
0.0529M), 1 aliquot of isobutylene (4.00mL, 0.165M) and 290mL of prechilled 40:60 v:v
hexane/methyl chloride solvent mixture was added to the flask and allowed to thermally
equilibrate for ~1 hour. The polymerization was initiated upon addition of TiCl, (5.50mL,
0.173M). The polymerization was monitored by observing the decrease in isobutylene
monomer concentration via ReactIR. Once most of the isobutylene had been consumed, a
second aliquot of monomer (4.00mL, 0.165M) was added until approximately the same
monomer conversion level was reached. This was repeated 9 times for a total monomer
charge of 36.4mL (1.5M). After the final aliquot of monomer had been consumed, the
polymerization was quenched with anisole (2.02g, 0.064M). An additional charge of TiCly
(3.00mL, 0.094M) was then added to increase the rate of electrophilic aromatic substitution
by anisole. The quenching was allowed to proceed for approximately 65min, then the
reaction was terminated with 18.8mL of prechilled methanol. The flask was removed
immediately from the bath and allowed to warm to ambient temperature overnight, at which
point the methyl chloride solvent had boiled off. The reaction mixture was then washed with
a 90:10 v:v methanol/water mixture, followed by dilute HCI, saturated sodium bicarbonate
solution, and finally deionized water. The organic layer was dried over MgSOy, filtered, and
the solvent was removed by rotary evaporation.

[00191] The recovered polymer was analyzed via 1H NMR and size-exclusion GPC. The
measured molecular weight of the polymer was ~3900 g/mol with a polydispersity index of
1.42.

[00192] The 7-chloro-3,7-dimethyl-octyl acetate starting material was synthesized by

reacting B-citronellol with acetic anhydride and pyridine, followed by hydrochlorination.
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(g)a conpound having the follow ng fornula: N (CRPYLRPY2), - XPY wherei n RPY1
and RPY2 are independently in each -(CRPY1LRPY2)- unit selected fromthe
group comspaimgendh hydrogen and al kyl of 1 to 6 carbonPararsg)11/087383 an
integer from1l to 20; and X is selected fromthe group consisting of

hydr ogen, al kyl, aryl, alkaryl, al koxy, heteroaryl, nitro, ureido,
-0C(0)R 3, -C(0)R 4, - C(0)ORPY5, C(0 )NRPY6RPY2, -P(R8)3, -P(ORPY9) 3,

- SRPY10, -O0SO0ERPY1lxadelLE (0) R12; wherein RPY3 is al kyl or al kenyl;
andRand PY4, Y5, RPY7, RPY8, RPY9, RPY10, RPYl1l1l, RPY12 are alkyl; (h) a

conpound [drmspg Exaﬁpfecsl wRWhREd beriidlda; N%Béﬁﬁéﬁ,g&v%oxl%au RRitlkéh | RL
wher ei n: ﬁh R8 are |ndependently rog lkﬁ roml to 20
car bon aﬁ6W§MH&?W e hegpediep@nabdiut A 2oreelar @hEMI akyies Plgifh iBbout 7 to

30 car bonh A% -4 PC a8l aidfpﬂed Mtﬁ%@b&%adalﬁ& ﬁ@nﬁ%wﬁ@ aRd PRBactIR préhehydr ogen,
alkyl from1 to 20 carbon atons, aryl from6 to about 20 carbon atons,

al karyl flhemldyeue-7xhiago-33- Cb%!?‘lhblrpcé?% itiates (3 QPR OH T, Bfr asiRe 7 to 30
carbon at(@.%nL,m M), 1 aliquot of isobutylene (4.00mL, 0.165M) and 290mL of prechilled 60:40

v:v hexane/methyl chloride solvent mixture was added to the flask and allowed to thermally
equilibrate for ~1 hour. The polymerization was initiated upon addition of TiCly (6.15mL,
0.193M). The polymerization was monitored by observing the decrease in isobutylene
monomer concentration via ReactIR. Once most of the isobutylene had been consumed, a
second aliquot of monomer (4.00mL, 0.165M) was added until approximately the same
monomer conversion level was reached. This was repeated 9 times for a total monomer
charge of 36.4mL (1.5M). After the final aliquot of monomer had been consumed, the
polymerization was quenched with anisole (1.96g, 0.063M). An additional charge of TiCly
(1.00mL, 0.031M) was then added to increase the rate of electrophilic aromatic substitution
by anisole. The quenching was allowed to proceed for approximately 60min, then the
reaction was terminated with 14.7mL of prechilled methanol. The flask was removed
immediately from the bath and allowed to warm to ambient temperature overnight, at which
point the methyl chloride solvent had boiled off. The reaction mixture was then washed with
a 90:10 v:v methanol/water mixture, followed by dilute HCI, saturated sodium bicarbonate
solution, and finally deionized water. The organic layer was dried over MgSQy,, filtered, and
the solvent was removed by rotary evaporation.

[00194] The recovered polymer was analyzed via 1H NMR and size-exclusion GPC. The
measured molecular weight of the polymer was ~4200 g/mol with a polydispersity index of
1.32.

[00195] The 1-bromo-7-chloro-3,7-dimethyl octane starting material was obtained via
hydrochlorination of citronellyl bromide.

[00196] It is understood that the detailed description and accompanying examples are
merely illustrative and are not to be taken as limitations upon the scope of the subject matter.
Various changes and modifications to the disclosed embodiments will be apparent to those
skilled in the art. Such changes and modifications, including without limitation those relating
to the chemical structures, substituents, derivatives, intermediates, synthesis, starting

materials, products, and/or reaction conditions may be made without departing from the spirit
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X is oxygen or sulfur; with the proviso that when R is hydrogen or nethyl
then R, R2, R2 and R8 nust be other than hydrogen unless one of Rl or R2
and one oVORR110IS6R8 i s i ndependently branched al kyl of &lb®atS2@1087380 car bon
atons, aryl, alkaryl or aralkyl; (i) a conpound having the follow ng
formula: R1-S-R2 wherein Rl and R2, are each, independently, hydrocarbyl;
(j)a conpound having the following formula: RSA S-S-RsB wherein RSA and RsB
are eachgpj Mﬁ@@M@r@@ﬂ chhﬁieHthanEé’ icoli@éfefhekéﬁlb iccBhd@ Méscribed HERH are all

Z- (G 1-(CH2) 1- 3- 0- S1- S 3-XSI-12)13 0_RSX , orRs5 wherein Xs
is hal o ¢Pm 1n§,t$(§\§@6}1§1§_|e]n§@d' ments escrlbed herein. All U.S. patents, patent apphcatlons and

patent publications referenced herein are incorporated herein by reference in their entireties.
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Rsx is alkyl or aryl; Rs3 is tert-butyl; and Rs4 and Rs5 are each,

i ndependently, alkyl, aryl, aralkyl, or alkaryl; or (k)a conpound havi ng

t he fol | omDregiidsol a: RPH3 RPH4 O_( cRPHLIRPH2) p_xPH wheceius2RRiei73ahd RPH2
are each, independently in each -(CRPHLRPH2) unit, Hor alkyl, and p is an
i nteger from 0-20, wherein (1) if pis 0, then RPH3 and RPH4 are
each, independently, alkyl, and XPH is H, (2) if pis 1, then RPH3
and RPH4 wwiaegchLAivigependently H, al kyl, or al koxy, and XPH is H, alkyl,
al kenyl, al kynyl, alkaryl, aralkyl, aryl, het eroaryl or RPH5 +CEC— Si -Rrnu

RPH7 wher ei n RPH5 H7 gre each, dent | al k or aryl; is 2,
then RPH3 and!RPH4 GO gaf%rI‘P,rO(fur‘iH‘g %Ecgiﬁg‘f E’Pq lgf% “SB‘rg QPR and XPH i s
H, al kyl terpdreemyhtor &ty D¥kis aﬁhkraﬂlybres@i’c@-bkdﬂe,or aqroyé moﬂlﬂ{e@i %éﬁéin,theal koxy, -F,
a, -Br, -1, -At, -CN, -NC, -NCO -OCN, -NCS, -SCN, -0C(0)RPH8, -
C( 0) mpngrpene 'initiator contains
(a) one or more tertiary carbons containing a leaving group, and

(b) one or more functional groups, wherein the one or more functional groups are
bonded to a primary or secondary carbon and are unmodified under

polymerization conditions.

2. The method of claim 1, wherein the terpene initiator is selected from:

A1

T (X

A? (Xn , and (Xn

wherein:
A" and A” are each, individually at each occurrence, a leaving group or —H,
wherein at least one of A' and A% is a leaving group;
X is -OH, -F, -Cl, -Br, -1, =0, -OC(O)R?, -OR*, -NC, -NCO, -OCN, -SH, -
SR*,

-S(O)R*, -S(0),R*, -SCN, -NO», or -OS(O),R*,
wherein R* is alkyl, alkenyl, or alkynyl, and
X is bonded to a primary or secondary carbon; and

n is an integer from 1-3.

3. The method of claim 1, wherein the method forms a telechelic polyolefin of

m@[P-Elq

the following formula:

wherein:

m@ ,
is selected from
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RPH5 -1- A4- RPH6 - C(0) NRPHTRPH11, or14 PH7 wherein Ais 1-CEC1- or a

singl e bond,

RPHS5 to RPH7 are each, independently, alkyl, alkenyl,

al kynyl ,

al karyl , woabkyisetiaryl , heteroaryl, al koxy, hydroxy, NRPHILAS201/@B7383Br, -1,
is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and

or -At, RPH8

RPH9 to R "each, independently, H, alkyl, alkenyl, alkynyl, alkaryl,
or -0 -(CRPHLRPF12) p- XPH whenis ortho to RPH4, then XPH and
B! with the atons to which XPH and RPH4 are attached,

or heteroaryl,

RPH4, togethe
may forma ri
i ndependent |y
al karyl, ara
al karyl oxy,
- 0C(0) RPHS,
- NRPFD( RPHY;

- OH,

r,
na:

and (4)if pis 3-20, then RPH3 and RPH4 are each,
k

wherein:
B! and B?, independently at each occurrence, are H or a bond to P,
wherein at least one of B' and B? is a bond to P;
X is -OH, -F, -Cl, -Br, -1, =0, -OC(O)R*, -OR?, -NC, -NCO, -OCN, -SH, -SR*,
-S(O)R?, -S(0),R*, -SCN, -NO», or -OS(0),R*,
wherein R” is alkyl, alkenyl, or alkynyl, and
X is bonded to a primary or secondary carbon;
n is an integer from 1-3;
P is a divalent polyolefin group
E is an end-cap group; and

q is an integer from 1-2.

4, The method of claim 2, wherein X is —OH, -OR*, —OC(O)RA, -F, -Cl, or -Br,

wherein R is, independently at each occurrence, alkyl of 1-3 carbons.

5. The method of claim 2, wherein X is —OH.

6. The method of claim 2, wherein the leaving group is, independently at each

occurrence, -Cl, -Br, -1, or —OC(O)RN, wherein RY is alkyl having 1 to 6 carbons.

7. The method of claim 2, whereinn is 1.
8. The method of claim 2, wherein one of A' or A% is H.
9. The method of claim 2, wherein X is bonded to a primary carbon.

10. The method of claim 2, wherein the terpene initiator is:
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oyl , or alkoxy, and X is H alkyl, alkenyl, alkynyl,

aryl, heteroqul aI gxy aryloxy eteroar%#oxy
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- SCN,
or



wherein Ais CEC or a single bond, RPFD( and RPHY are each, independently,
H al kyl, al kenyl, al kynyl, cycloal kyl, aryl, heteroaryl, heterocyclyl, or
- C(0) RPHawvowherssmoRPHz is H, al kyl, al kenyl, al kynyl, egtiusaéiypBi3saryl ,
het eroaryl, heterocyclyl, -ORPH8, or -NRPHL RPH5 to RPH7 are each,

i ndependent |y, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl,

al koxy, hydroxy, NRPH1-F, -d, -Br, -I, or -At, RPH8 is al kyl, alkenyl,

al kynyl, al karyl, aryl, or hetergar gl RPHO to RPHL1 are each

i ndependently, H, alkyl, alkenylr>égx | karyl, aryl, or heteroaryl; or
(1) but adi ene. 17. The nethod of clai mx3, mherein the end-cap group is: CH2

(a) CH3 -1-EX (b) CH3, wherein Xis a halide; (c) (d) a
1-substituted-1, 1-diaryl ethylene group; (e) furan or substituted furan;

thi ophene or substifuh&rhd fHicRRAGDSvhdrih %Q&Tééﬁérﬂnﬂﬁor it---=\_(cRpy1RPY2) r nXpPY
"t-t- wherein RPY1 and RPY2 are independently in each - (CRPYIRPY2)- unit

sel ected fromthe group consistf of hlydrogen and al kyl from1 to 6 carbon
at ons; X

12. The method of claim 10, the terpene initiator is

CI)</\)\A
OH

13. The method of claim 1, wherein the terpene initiator is
Al CH; CH, H,’ CHs
OoH ALI:EJ/OH
Y - OH
H3CfKQCH3 HscfZQCHs HyC”) 7CHy
CH CH CH CH CH H3C
H3C;J\\//\\“/l<ﬁ HaC | H3C>i\‘//\\[jk<CFb
CH CH
2 2 OH
or A CHj Al CHj

wherein A' and A? are each, independently, -Br, -Cl, or -I.

14. The method of claim 1, wherein the terpene initiator contains 10 carbon atoms,
excluding any carbon atoms that are a part of the one or more leaving groups or one or more

functional groups.

15. The method of claim 1, further comprising adding one or more quenching

agents.

16. The method of claim 15, wherein the quenching agent is
(a) allyltrimethylsilane;
(b) methallyltrimethylsilane;
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mis an integer from1l to 20; and XPY is selected fromthe group consisting
of hydrogen, alkyl, aryl, alkaryl, alkoxy, heteroaryl, nitro, ureido,

- 0C( 0) R3,woCp0yiRd110- C( 0) ORPY5, - C(0) NRPY6RPY7, - P(R8) 3PCTRSORRPNI)383 -
SRPYM - 0SO3RPY11, and -S(0)R12; wherein RPY3 is al kyl or al kenyl; and RPY4,
RPY5, RPY7, RPY8, RPY9, RPY10, RPY1l, and RPY12 are al kyl; H3C CH3 S-RsA

wher ei n RSA Is alkyl, aryl, aralkyl, alkaryl, 1 (cH2)1 3-1 N1-(CH2)1-3---
-(CH2) 1_ :@C)XS 1@%;391161:13,1&@13])61 3-0-S1-RS4 -1- (CHZ) 1Rs5 , or _3-0_Rsx Xs is

hal o or pseudohal id
( ) furan or substltuted furan;

(e) thiophene or substituted thiophene;
() triphenylamine;

(2) a compound having the following formula:

—
QN_(CRPY1 RPYZ)m__XPY

PY1 PY2 PYIPY2
R R R™'R

wherein and are independently in each -(C )- unit
selected from the group consisting of hydrogen and alkyl of 1 to 6
carbon atoms;
m is an integer from 1 to 20; and
X is selected from the group consisting of hydrogen, alkyl, aryl,
alkaryl, alkoxy, heteroaryl, nitro, ureido, -OC(O)R"*?, -C(O)R"™, -
C(O)OR™,
_C(O)NRPYRPY?, _p(RPY®), _P(ORPY")s, -SRPYL’, -0SOsRY!!, and
_S(O)RPY12;
wherein R™*? is alkyl or alkenyl; and RPY RPYS RPYT RPYE RPY? RFYIO RPYM and
R™" are alkyl;
(h) a compound having the following formula:
RﬁRﬁixim
7 2
R ) 2 R1R
wherein:
R' through R® are independently hydrogen, alkyl from 1 to 20 carbon atoms, aryl from
6 to about 20 carbon atoms, alkaryl from about 7 to 30 carbon atoms, or aralkyl from
about 7 to 30 carbon atoms;
R is hydrogen, alkyl from 1 to 20 carbon atoms, aryl from 6 to about 20 carbon atoms,
alkaryl from about 7 to 30 carbon atoms, or aralkyl from about 7 to 30 carbon atoms;
and
X is oxygen or sulfur;
with the proviso that when R is hydrogen or methyl then R', R?, R” and R® must be
other than hydrogen unless one of R' or R” and one of R’ or R® is independently

branched alkyl of about 3 to 20 carbon atoms, aryl, alkaryl or aralky];

(1) a compound having the following formula:
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Rsx is alkyl or aryl; Rs3 is tert-butyl; and Rs4 and Rs5 are each,

i ndependently, alkyl, aryl, aralkyl, or alkaryl; or RPH3

"410_( cRAMORPH2sp1IRPH (1) RPH4, wherein RPHL and RPH2 ar @C&armsh011/037383

i ndependently in each -(CRPHLRPH2) unit, Hor alkyl, and p is an integer
from0-20, wherein (1)if pis O, then RPH3 and RPH4 are each,

i ndependently, alkyl, and XPHis H (2)if pis 1, then RPH3 and RPH4 are
each, independently H, alkyl, or alkoxygzand XPH is H, alkyl, alkenyl,

al kynyl, al karyl, aralkyl, aryl, heteroargl, or RPH5 | R PH7, wherein
RPH5- RPH7 ar e wagieh R jand penciessl.|iydepenidrytly, sydragaghyl; (3)if p is 2, then RPH3

and RPHA (gre gaghy unBSRENMIE Rl ild fofhiliy! . or al koxy, and XPH
is H alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy,
-F, - d,-Br, -1, -At, -CN, -NC, -Rm¢S-S=REN, -NCS, -SCN, -0C(0)R 'S8, -
C(0) ORPHI,  RPHS wherein R® and R®® are each, independently, alkyl, aryl, aralkyl,

alkaryl,

H
‘%‘(CH2)1-3‘E(> ‘§‘(CH2)1-3‘E'> -E-(CH2)1.3‘©
RS3
~$-CHp)1.5-0—S[—RS*
$HCH) XS $H{CH)5~O-R™ RSS

2

wherein X® is halo or a pseudohalide;

R is alkyl or aryl;

R% is tert-butyl; and

R and R are each, independently, alkyl, aryl, aralkyl, or
alkaryl; or

(k) a compound having the following formula:
RPH3

{:}O_(CRPH1 RPH2)p__xPH

RPH4

B

wherein R™" and R™™ are each, independently in each ~(CR™™R"™) unit, H or alkyl,
and p is an integer from 0-20, wherein

1 if p is 0, then R™™ and R*™ are each, independently, alkyl, and
( p p y, alky

X" is H;

2 if pis 1, then R”™ and R™™ are each, independently H, alkyl, or alkoxy, and

( p p y y

X™ is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, or
RPHS

4-c=C-§i-RPHS
RPH7

B

wherein RPP-RP7 are cach, independently, alkyl or aryl;

3 if pis 2, then R and RP™ are each, independently H, alkyl, or alkoxy, and

( p p y y
X™ is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy, -F, -
Cl, -Br, -, -At, -CN, -NC, -NCO, -OCN, -NCS, -SCN, -OC(O)R™, -
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-1- A4- RPH6 - C(0) NRPHLORPH11, orRPH7 wherein Ais or a single bond, RPH5 to
RPH7 are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl,

het er oar yWoQ 2al tkissmp hydr oxy, NRPHLORPH11l, F, -C, -Br, PCI/USROHABE738RPHS i s
al kyl, al kenyl, al kynyl, alkaryl, aryl, or heteroaryl, and RPHO to R "each,
I ndependently, H, alkyl, alkenyl, alkynyl, alkaryl, aryl, -0-(CRPHLRPH2N
heteroaryl, or when)P Ais ortho to RPH4, then XPH together, with the atons
to whi ch” XPH and Retd#oare attached, and (4)if p is 3-20, then RPH3 and RPH4

are each, independently H alkyl, or alkoxy, and X is H alkyl,
al kenyl , al kynyl, al karyl, aralkyl Fﬁr het er oaryl, al koxy,
aryloxy,heteroaryloxy, alka | ox -F, -d, -Br, -1, -At, -CN, -NC,

-NCO, -QOCN, RPH5 S5IC(OMNISIHI’RE™! NES I@@’N, ;-0C(0)R '8, -C(0)ORPHI,
- C(0) NRPHLRPH11, | i PH7 , or NR131- 1xRPHY; wherein Ais 1-CEC-1- or a single
bond, wherein A is +C=CE or a single bond,

R™ to R™ are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl,
aryl, heteroaryl, alkoxy, hydroxy, NR'™R™!! _F _Cl, -Br, -1, or -At,

R™ is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and

R™ to R™!" are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, aryl,
or heteroaryl, or

_O_(CRPH'l RPH2)p_xPH

when is ortho to R™ then X™ and R™™, together,

with the atoms to which X and R™™ are attached, may form a ring; and
4) if p is 3-20, then R™ and R™ are each, independently H, alkyl, or alkoxy,
and
X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy,
aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -1, -At, -CN, -NC, -
NCO, -OCN, -NCS, -SCN, -OC(O)R™®, -C(0)OR™, —C(O)NR"HR™!!
RPHS

_g_A_S:i_RPHG

PH7
R , or

_NRPHXRPHY.
wherein A is _E-CECE_
RPHX

or a single bond,

PHY
R

and are each, independently, H, alkyl, alkenyl, alkynyl, cycloalkyl,

aryl, heteroaryl, heterocyclyl, or -C(O)R™,

wherein R™
heterocyclyl, -OR™™, or -NRPHORH!!,
R™ to R™ are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl,

aryl, heteroaryl, alkoxy, hydroxy, NRPHIORFHIL R _C1, -Br, -1, or -At,
RPHS

is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,

is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and R"™ to R"™!
are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl;
or

q)) butadiene.

17. The method of claim 3, wherein the end-cap group is:
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RPHx and RPHY are each, independently, H, alkyl, alkenyl, alkynyl,
cycl oal kyl, aryl, heteroaryl, heterocyclyl, C(0)RPHz, wherein RPHz is H,

al kyl , alwernyii/15eiitkynyl , cycl oal kyl, aryl, het er oacyluS2mear3szycl yl ,
-ORPH8, or -NRPHLORPH11l; RPH5 to RPH7 are each, independently, alkyl,

al kenyl , al kynyl, al karyl, aralkyl, aryl, heteroaryl, al koxy, hydroxy,
NRPH1RPH11, -F, -d, -Br, -1, or -At, RPH8 i s

al kyl, al kenyl, al kyow,, alkaryl, aryl, or heteroaryl, and RPHOto R "each,
independently;§+¢H@#%yl, al kenyl, al kynyl, alkaryl, aryl, or heteroaryl; or
(k)an allyy halide. CHs. 18. The nethod of claim3, wherein Pis ( CH2 H3C
CH3 whereint is_an integer from 2-20,000. 19. The nmethod of claim1l,
wherein the OQ§<_3 nore nononers is isobutene. 20. The met hod of claim 1,

wherein the on (|} more nononer s is styrene. 21. The method of claim
1, wherei® the Levi &hgigindX ise halids:t ani um hal i de, al umi num hal i de, boron

hal i de, QL an=ghld. al um num hal i de. 22. The method of claim]l,
wherein tﬁ% Lewi s dcid is TiCl4. 23. The nmethod of claim 1, wherein

t he met had) i sapeaobsbenedl,idiadyiethpicaseag, of one or nore el ectron donors. WO
2011/ 156 OPCF/USZOl&Lg%%ﬁ§3 ' 24. The nmethod of claim 23, wherein the
one or nofe elBEFGH™ s

() thiophene or substituted thiophene;
(2) triphenylamine;

——
\/:/N_(CRP\M RPYZ)m_XPY

(h) T :
wherein R"™" and R"*? are independently in each -(CR"'R"*?)- unit selected from the

group consisting of hydrogen and alkyl from 1 to 6 carbon atoms;

m is an integer from 1 to 20; and

XY is selected from the group consisting of hydrogen, alkyl, aryl, alkaryl, alkoxy,
heteroaryl, nitro, ureido, -OC(O)R"¥*, -C(O)R"*, -C(O)OR"™’, -C(O)NR" YR, -
P(RPY®),, -P(ORPY?)s, -SRPY’, -0SORPY!L, and -S(O)RTY'2;

wherein R"™ is alkyl or alkenyl; and R"™* R, R"Y7 RS RP™ R R™M and

R™" are alkyl;
HsC_ CHj

g s
wherein R> is alkyl, aryl, aralkyl, alkaryl,
H

‘E‘(CH2)1-3‘EO> -§—(CH2)1.3‘EN) ‘%‘(CH2)1-3‘© .
/. 78 /) A(CHa—xS

RS3

_é'(CH2)1-3‘O_Si_RS4
$-(CH)1 5~0-R RS5

or ;

X® is halo or a pseudohalide;

R¥ is alkyl or aryl;

R™ is tert-butyl; and

R and R® are each, independently, alkyl, aryl, aralkyl, or alkaryl; or
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RENRARL D" ".y..... "Rl BRc wherein RA, RIB, RIC, R p, and RE
are each, independently, hydrogen or hydrocarbyl; or 'ZIA and RIB, or R1B
and Ric, wo2Riic15end RI D, or Rl1l) and RE i ndependently f®@CHUs2610981583

al i phatic ring of about 3 to about 7 carbon atons or a fused aromatic ring
of about 5 to about 7 carbon atons. 25. The nethod of claim 24,
wherein the one or nore electron donors is 2,6- dinethylpyridine,
2,6-di-tert-butykpyridine, 2,4-dinmethylpyridine, 2,4,6-trinethylpyridine,

2- met hyl pyri di or pyridine. 26. The nethod of claim1, wherein
the nethod is perforore@riMRtRe—px¥Esence of a comon ion salt or common ion
sal t precursoF‘i\—| 27. The nmethod of claim 26, wherein the comon ion

salt precgprsor iB™fetra-nbutyl anmonisiereihl ori de, tetra-n-butyl ammoni um

brom de, or tepna-n-hytyl a nj um, odi.de. Pl S, T od of. claim1,
wherein gr eatgr taﬂgﬁ gggoeg?m p%%ﬁ’é?e‘i‘%“é%%su%e%“ﬁft?[grog%gaﬂﬁipdé t he
quenchi ng ageat integer from 029, wildtéinmet hod of claim 1, wherein one or nore

al i quots of additignal nobna r dded to the poly i zation after the
initial rmnorrg]r) ch‘gpése(?’ gy o1 HOdae T ??&P«}P%F@smdeaﬁwﬂ%{aa addi t i onal
mononer is consunegftggppartially consunmed prior to adding a subsequent

al i quot of additional m)nomg,F§3 or addi ng the quenching ggent. 30. The
met hod of cl al%h 1,ifwnkehdish & herndd straeach indepawdsety Veatlkd: atieliexprig@dor nore
termnators. x"Gly, Jikg, MRENPA1QhyIChRI A3y MRS Bb@rdhRE kW s acid is
deactivated with one or nore term nators affer adding the one or nore
quenchi ng agents. WO 22&;@/ 15811 0PCT/ US2011/ 037383 32. The nethod of
claim 3, wherein the LegwcsCa®iRi®s deactivated with one or nore termnators
and E is a tert-halide. R 33. The nethod of claimi1, wherein the

tel echelic polyolefin has a palydispersjty. index of |ess than 1.9.

34. The met hod of cl ai M er'én #ﬁ‘éachﬂﬁ%‘?%‘?d% gy’ﬁgp’ﬁ?@ﬂl'zed under

quasi | i ving ped)yneifpaad, iden REBNGHAR Be each, indepefntlyTHealkfL dtatkof, agliai m 1,
wherein the terpeng,gnitiator is derived by hydrohal ogenati on of a

t d
unsat urat ed terpend. 18 H alkyl, alienykglicyps ¢ty lppratkylppy, peteigael.éikoxy nE: 1 er pene
initiat orCLi s derived fr-ggn-g _A;Qr@quml;’ q@@p@@qh’f_mgg}_s(m’ -OC(O)R™™®, -

C(O)OR™,
RPHS
_E_A_S:i_RPHG
_C(O)NRPHIORPHIL RPH7 .
wherein A is Fo=ct or a single bond,
R™ to R™ are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl,
aryl, heteroaryl, alkoxy, hydroxy, NRPHORPHIL E (1, -Br, -1, or -At,
R™ is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and
R"™ to R"™!! are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, aryl,
— O—(CRPHIRPH2) _yPH
or heteroaryl, or when O=(CRTTR™ )X 15 ortho to R™ then X™
and R"™, together, with the atoms to which X" and R"™ are attached,
may form a ring; and

4) if p is 3-20, then R"™ and R™™ are each, independently H, alkyl, or alkoxy,

and

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy,
aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -1, -At, -CN, -NC,
-NCO, -OCN,
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CH3CH2 u r,"Lr.su 1 13LJLA 13 \OH 37. The nethod of claim 36, wherein the
terpene initiator is derived from -58- WD 2011/156110PCT/US2011/ 037383 CH
3CH3 u , .wo.20l1B3¢@M . 38. A conmpound having the foll ow ngcCrarseulia37383 i s
selected from , and

RPH5
$-A-i-RPHO
_NCS’ _SCN’ 'OC(O)RPHg, 'C(O)ORPHg, —C(O)NRPHlORPH“, RPH7 ,or
-NRPHXRPHY'

wherein A is -esct or a single bond,

RPHX RPHY

and are each, independently, H, alkyl, alkenyl, alkynyl,

cycloalkyl, aryl, heteroaryl, heterocyclyl, C(O)R™,

wherein R™ is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl, -OR™® or -NRPHIORPHIL

R™ to R™7 are each, independently, alkyl, alkenyl, alkynyl,

alkaryl, aralkyl, aryl, heteroaryl, alkoxy, hydroxy, NR"HORPH!

-F, -Cl, -Br, -1, or —At,

R is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and

R to R™" are each, independently, H, alkyl, alkenyl, alkynyl,

alkaryl, aryl, or heteroaryl; or
(k) an allyl halide.

18. The method of claim 3, wherein P is
CH,
HsC CHs ,
wherein t is an integer from 2-20,000.
19. The method of claim 1, wherein the one or more monomers is isobutene.

20. The method of claim 1, wherein the one or more monomers is styrene.

21. The method of claim 1, wherein the Lewis acid is a titanium halide, aluminum

halide, boron halide, or an alkyl aluminum halide.
22. The method of claim 1, wherein the Lewis acid is TiCl,.

23. The method of claim 1, wherein the method is performed in the presence of

one or more electron donors.
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wherein: Bl and B2, independently at each occurrence, are H or a bond to P,
wherein at | east one of Bl and B2 is a bond to P; Xis -OH, -F, -d, -Br

-1, -NC, whC@1/$56GN, -SH, -SRA, -S(0)RA, -S(0)2RA, SCNPCTORA)114BIGR3

-0S(0) 2RA, =0, or OC(O)RA, wherein RA is alkyl, alkenyl, or alkynyl, and X
I's bonded to a primary or secondary carbon; n is an integer from1-3; Pis
a divalent polyolefin group Eis an end-cap group; and g is an integer from

1-2. 394, Then GARQUEE19h 26 il dRis the o‘ﬁ@@fﬁbﬂé eXcirdn dddbks is ORA, - 0C( 0) RA,

-F, -d, or - Br, wherein RAis, |r11Edepen qAnt y at each occurrence, al kyl of
1- 3 carbons. 40. The conpo 0 aim 38, wherein nis 1.
41. The conpound of claim 38, wherei h} I's bonded to a prinmary or secondary
car bon. R'P R'8

R1C

wherein R', R'®, R'“, R'®, and R'F are each, independently, hydrogen or
hydrocarbyl; or R'* and R'®, or R'"® and R'“, or R'“ and R'®, or R'® and R'® independently
form a fused aliphatic ring of about 3 to about 7 carbon atoms or a fused aromatic ring of

about 5 to about 7 carbon atoms.

25. The method of claim 24, wherein the one or more electron donors is 2,6-
dimethylpyridine, 2,6-di-tert-butylpyridine, 2,4-dimethylpyridine, 2,4,6-trimethylpyridine, 2-
methylpyridine, or pyridine.

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

common ion salt or common ion salt precursor.

27. The method of claim 26, wherein the common ion salt precursor is tetra-n-
butylammonium chloride, tetra-n-butylammonium bromide, or tetra-n-butylammonium

iodide.

28. The method of claim 1, wherein greater than 90% of the monomer is

consumed prior to adding the quenching agent.

29. The method of claim 1, wherein one or more aliquots of additional monomer
are added to the polymerization after the initial monomer charge, wherein each individual
aliquot of additional monomer is consumed or partially consumed prior to adding a

subsequent aliquot of additional monomer or adding the quenching agent.

30. The method of claim 1, wherein the Lewis acid is deactivated with one or

more terminators.

31. The method of claim 15, wherein the Lewis acid is deactivated with one or

more terminators after adding the one or more quenching agents.
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(X),

38, whereinis

43. The conpound of claim 38, wherein Bl

(X),

44. The conpound of claim

orBl CH3 B2 CH3 H3C/ CH3. wherein Bl and B2 are each a bond

to P. 45.wWheoniarspoond of claim 38, wherein the end-cap @COMJ$2013/03B8R - 1- CH2

(a)

CH3 +(X (b) CH3, wherein X is a halide;

32. The method of claim 3, wherein the Lewis acid is deactivated with one or

more terminators and E is a tert-halide.

33. The method of claim 1, wherein the telechelic polyolefin has a polydispersity

index of less than 1.9.

34. The method of claim 1, wherein the monomer is polymerized under

quasiliving polymerization conditions.

35. The method of claim 1, wherein the terpene initiator is derived by

hydrohalogenation of a unsaturated terpene.

36. The method of claim 1, wherein the terpene initiator is derived from a

compound selected from:

CH, CHj3 CHj;
©/OH (o) 0
N z N
HyC” SCH, HsC” SCH, H,C” SCH,
H CH,
- CH3 CH3 CH3 CH3
HaC” X HiC X
| O
OAc
ch CH3 ? B
CH CH CH CH
CHs  CH, Y OH 4 OAC
’ , CH, CH,
A~
CH3 CH2 CH3 CH3 0] CH3
I~
H3CM HsC o and
CHe, CHs
CH; CH,
H3C/L§°/“\Ijﬂ\CH3
OH
37. The method of claim 36, wherein the terpene initiator is derived from:
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(c) X\% (d) a 1-substituted-1,1-diaryl ethylene group; (e) furan or
substituted furan; wherein RPY1l and RPY2 are independently in each

- (CRPY1RPYOR011umsbt10sel ect ed from the group consi sting ofPCmyseagmsrand al kyl
froml to 6 carbon atonms; mis an integer from1l to 20; and XPY is sel ected
fromthe group consisting of hydrogen, alkyl, aryl, alkaryl, alkoxy,
heteroaryl, nitro, ureido, -0C(0O)R3, -C(0O)R4, -C(0)ORPY5, -C(0)NRPY6GRPY2, -
P(R8)3, -P(ORPY9)3, - wherein RPY3 ts; al kydH,or al kenyl; and RPY4, RPY5,
RPY7, RPY8, RPY9, RPY10, RPY1ll, and\RPX12 lare.al kyl; H3C CH3 , wherein RSA
is alkyl, aryl, aralkyl, alkaryl f'SqqlJ\hé-l%/lL_%/eI%HG-lZ) 1311 /I

/-(CH2)1 3-Xs , Rs3 -1-(CH2)1 _3-0-SI-RS4 orRS5

38. A compound having the following formula:

(X)n@[P-E]q

wherein:
m@ ,
is selected from
B1
_(X)n
B1 BZ B‘l BZ
POy X
B2 , (Xn , and Xn
wherein:

B' and B?, independently at each occurrence, are H or a bond to P,
wherein at least one of B' and B? is a bond to P;
X is -OH, -F, -Cl, -Br, -I, -NC, -NCO, -OCN, -SH, -SR*, -S(O)R*, -S(0),R*,
-SCN, -OR*, -NO,, -OS(0O),R", =0, or
-OC(O)R*,
wherein R* is alkyl, alkenyl, or alkynyl,
and X is bonded to a primary or secondary carbon;
n is an integer from 1-3;
P is a divalent polyolefin group
E is an end-cap group; and

q is an integer from 1-2.

39. The compound of claim 38, wherein X is -OH, -OR?, —OC(O)RA, -F, -Cl, or -

Br, wherein R” is, independently at each occurrence, alkyl of 1-3 carbons.
40. The compound of claim 38, wherein n is 1.

41.  The compound of claim 38, wherein X is bonded to a primary or secondary

carbon.
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, Xs is halo or a pseudohalide; Rsx is alkyl or aryl; Rs3 is tert-butyl;
and Rs4 and Rs5 are each, independently, alkyl, aryl, aralkyl, or alkaryl;
or RPHYOand/IRPHR ar e each, independently in each -( CRPHIRRHZ)3R3t, H or
alkyl, and p is an integer fromO0-20, wherein (1) if pis 0, then RPH3 and
RPH4 are each, independently, alkyl, and XPHis H (2) if pis 1, then RPH3
and RPH4 are each, independently H, alkyl, or al koxy, and XPH is H,
al kyl, al kenyl, al kynyl, al karyl, aralkyl, aj@ het eroaryl, or RPH5 |

1

+CEC-Si -R-"u PH7, (Xn
42.

The compound of claim 38, wherein is:

B! B2
\/\\v/><\v//
Xn
, , <X)n-@ ,
43. The compound of claim 38, wherein is:

M
X.

)
44, The compound of claim 38, wherein " is

B CHs CH, H/- CH,
©/OH BKij/OH
- - OH
H3C/é;CH3 H3C/E';CH3 HyC” 5 CHy
51 CHs CH3B2 o1 5t CH3BZ Ot HC
HsC | HﬁM H3CWCH3
CH CH
2 2 OH

wherein B! and B? are each a bond to P.

3 .

45. The compound of claim 38, wherein the end-cap group is:
CH,

ey

(2) CHs
CH;

-+x
(b) CHs | wherein X is a halide;
(0 HF

(d) a 1-substituted-1,1-diaryl ethylene group;

(e) furan or substituted furan;
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wherein RPH5- RPH7 are each, independently, alkyl or aryl; (3)if pis 2,
then RPH3 and RPH4 are each, independently H, al kyl, or al koxy, and
XPH i s Hwalkyiserabkenyl , al kynyl, al karyl, aral kyl, arpCI/Uset1e/0os8Y| ,

al koxy, -F, - d,-Br, -1, -At, -CN, -NC, -NCO -OCN, -NCS, -SCN,
-0C(0)R "8, - C(0)ORPHI9, RPH5 C(0)NRPH1ORPHL11, 14PH7 wherein A is +0E4 or a
singl e bond, RPHS5 to RPH/7 are each, independently, alkyl,

al kenyl , ¢ |kym{dphel?é&%ﬁ%'ntute%rtﬁib{ﬂyane aryl, heteroaryl al koxy, hydroxy,
NRPHlO?PH 1, -d, , -At, RPH8 is al kyl, alkenyl, alkynyl,

al karyl , (@ryl trlﬁhﬁnﬂmlé? oaryI and RPHO to RPHL1 are each, independently, H,
al kyl , aI kenyl=al kyn aI kar¥l aryl, -0-(CRPHLRPH2N _NI PH or het eroaryl,
or when/ID " i B‘rfor'?o Yhen XPH and RPH4, t ogether, with the atons
t o whi ch pPH d RPH4 are attached may forma r|ng and (4)|f pis 3-20,
then RPH3 and RPHA F eagh, in ependently H, alfg1 or al kogg and

a

PY2

X is H alkyl Whereldhy| andy kyary independently|in cagh (GRy['R” ap-ynit Sﬁ‘é‘ft etpyie,
al koxy, aryl %&uﬁ'@&ﬁﬁﬁ%&ﬂ lﬂlﬁbﬁ’gel@aﬂﬁa&ﬁ%l A 1 to Gdarbolr atomg -1, -At, -GN,
-NC, -NCO, - N, H5 - 1-A4- RPH

m is an integer from 1 to 20; and

XY is selected from the group consisting of hydrogen, alkyl, aryl, alkaryl, alkoxy,
heteroaryl, nitro, ureido, -OC(O)R"¥*, -C(O)R"*, -C(O)OR"™’, -C(O)NR" YR, -
P(RPY®);, -P(ORPY?)s, -SRPY’, -0SORPY!L, and -S(O)RTY'2;

wherein R"™ is alkyl or alkenyl; and R"™* R, R"Y7 RS RP™ R R™M and

B B B B B
R™" are alkyl;

H3C)<CH3
_RSA
@ ST

wherein R> is alkyl, aryl, aralkyl, alkaryl,

H
‘E‘(CH2)1-3‘I|/\O> ‘%‘(CH2)1-3‘EN) ‘%‘(CH2)1-3‘©
Y , / ’ / "g_(CH2)1-3_X
RS3
—${CHa)r.5-0—S|—R%*
$+CHp)1.5~0-R™ RSS

, O ;
X® is halo or a pseudohalide;

X is alkyl or aryl;
R™ is tert-butyl; and

R and R® are each, independently, alkyl, aryl, aralkyl, or alkaryl; or
RPH3

E&\::}O_(CRPH’I RPHZ)p__xPH

) RPH4 , wherein
R™! and R™™ are each, independently in each —(CR"™R"™?) unit, H or alkyl, and p is
an integer from 0-20, wherein
(1) if p is 0, then R"™™ and R™™ are each, independently, alkyl, and
X" is H;
(2) if p is 1, then R™ and R™ are each, independently H, alkyl, or alkoxy, and
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NCS, -SCN, -0C(0)R '8, -C(0)ORPHI, -C(0)NRPHLRPH11, RPH7 , or NR131- 1xRPHY;
wherein Ais / CEC/ or a single bond, RPHx and RPHY are each,

i ndependew0l2911/#5611al kyl , al kenyl, al kynyl, cycl oal kyl, @&cyhys2¢watersaryl ,
heterocyclyl, C(0)RPHz, wherein RPHz is H, alkyl, alkenyl, alkynyl,
cycl oal kyl, aryl, heteroaryl, heterocyclyl, -ORPH3, or -NRPHL RPH5 to RPH7
are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl,

heteroaryl, al koxyx*™hygr 911% alk@?“%ﬁghgllalkarﬂ aral@_yl aryBrheterohryl Qo - AL,

RPH8 is aIkyI al kenyl , aryl, aryl, heteroaryl , and RPH9t o
R "each, |ndependently, H a?kyl al kenyl , aIkynyI al karyl, aryI, or
heteroaryl; or (k)an aIE?ECh%TR e, 46. The conpound of cl ai m 38,

wherein Pis ( CH2 H3C CH3)tRWherein t is an integer from 2-20000.

ﬁzaelhgf Cl()gIS)SUPga(r)]f lcg%hrgre?’r?RP%Qﬁﬁare eacﬂem(?eprrlpd%gtﬁ]g aﬁ%?or%rﬁ?l ydi spersity

3) if p is 2, then R"™ and R"™ are each, independently H, alkyl, or alkoxy, and
X" is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy, -F, -

Cl, -Br, -I, -At, -CN, -NC, -NCO, -OCN, -NCS, -SCN, -OC(O)R"™ -
C(O)OR™,
RPH5
_E_A_S:i_RPHG

_C(O)NRPHIORPHIL RPH7 .
wherein A is -esc-
R™ to R™ are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl,

aryl, heteroaryl, alkoxy, hydroxy, NRFHIORPHIL R _C1, -Br, -1, or -At,
RPHS

or a single bond,

is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and

R"™ to R"™!! are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, aryl,

—O—(CRPHIRPH2) _xPH

or heteroaryl, or when is ortho to R, then X™
and R"™, together, with the atoms to which X" and R"™ are attached,
may form a ring; and

4) if p is 3-20, then R™ and R™ are each, independently H, alkyl, or alkoxy,

and
X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy,
aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -1, -At, -CN, -NC,
-NCO, -OCN,
RPHS
_g_A_S:i_RPHG
-NCS, -SCN, -OC(O)R™, -C(0)OR™, —C(O)NRHRPH!, RPHT or
_NRPHXRPHY.
wherein A is Fo=ct or a single bond,
R™ and R™ are each, independently, H, alkyl, alkenyl, alkynyl,

cycloalkyl, aryl, heteroaryl, heterocyclyl, C(O)R™,

wherein R is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl, -ORP™ o -NRPHIORPHIL,
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R™ to R™™ are each, independently, alkyl, alkenyl, alkynyl,
alkaryl, aralkyl, aryl, heteroaryl, alkoxy, hydroxy, NR"HORPH!
-F, -Cl, -Br, -1, or —At,

R™® is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and

R to R™" are each, independently, H, alkyl, alkenyl, alkynyl,
alkaryl, aryl, or heteroaryl; or
(k) an allyl halide.

46. The compound of claim 38, wherein P is
CH,
HsC CHsy (
wherein t is an integer from 2-20000.

47.  The compound of claim 38, wherein the compound has a polydispersity index

of less than 1.9.

-63-



