WO 2006/023742 PCT/US2005/029582 1 METHOD FOR

PREPARATION OF POLYOLEFINS 2 CONTAINING EXO-OLEFIN

CHAIN ENDS 3 This application claims the benefit of U.S. Prqyisi E
WREIHEE SR No. 4 60/603,423, filed August 20,-2004. 5 PR DR A asss2

INVENTION 6 The present invention is directed to a method for

preparation of polvolefing .7.c ini -qlefi [ Jhe method
T involves quenﬁmvgﬁé%@aEgﬁcgggﬁjﬁﬂmd%ﬁgo%}%ggpy%&gystem
2 with one or more nTOHEAING EXD-DIiFEFINGEbAE EMBMatic ring
compounds having at least two hydrocarbyl 10 substituents attached to

3 thewing 11 BAGKERAUNDIR:FitE: INYENZIRNADR Anarapelyalgfins

made using a mono-functional initiator containing a single 13 "exo-olefin”,
4 1 5G0S bRk lited Aeigust 29 ~8%thyivinylidene,” end group are 14 useful
precursors for the preparation of polymers containing specific functional
15 end groups. Polymers figdéeusing tultif(inisficaal initiators would have
16 multiple exo-olefinic end groups. Polymers containing specific end
6 greupsArec A idaaiubasdundeatineqll mdditven: QR aramplelelotyoiefins

functionalized polymer 18 containing hetero atoms is . e
7 poRBHERSIER SHIEE: FURATBNa LAY RS tRching aieaea’
g degiratileiegrpakisgohshensvalisteaterittablos turthere 20 negetionstAding

Conventional ionic polymerizations can be anioni iQnic,. An ?b%?
9 poliEPSTRshe ?5%@% CHRSDIEsance B g%%%f‘%%%%% E‘M%cm
10 ansu28ifagotsmatiacnedriolheing®lectron withdrawing groups. Cationic 24
polymerizations proceed, in the presence of an acid, through a

11 carbocation, 25 also egled @rRabrm ur R EaNd/RMmonomers that
have electron releasing 26 groups. 27 Similarly to the conventional

po%merizat'o stems, livi I izati Wﬁﬁ&%@ﬁ%'ﬁﬁ ghﬁﬁ o
2 o SR R SRRSO, 48 RIS DR 4
13 "exo-olefin”, "1,1-di-substituted" olefin, or "methyivinylidene,"” end group are

(8

14  useful precursors for the preharation of polymers containing specific functional
15 end groups. Polymers made using multi-functional initiators would have

16  multipie exo-olefinic end groups. Polymers containing specific end groups are
17  useful as lubricating oil additives. One example of a functionalized polymer
18  containing hetero atoms is polyisobutenylsuccinic anhydride. Functional end
19  groups may also be desirable for making polymers with potential for further

20 reactions.

24 Conventional ionic polymerizations can'be anionic or cationic. Anionic

22  polymerizations proceed, in the presence of a base, through carbanions and
23  favor monomers having electron withdrawing groups. Cationic

24  polymerizations proceed, in the presence of an acid, through a carbocation,
25  also calied a carbenium ion, and favor monomers that have electron releasing

268  groups.

27  Similarly to the conventional poiymerization systems, living polymerization

28 systems may be either anionic or cationic. The difference between
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WO 2006/023742 PCT/US2005/029582 1 conventional polymerizations
and living polymerizations is that an ideal living 2 polymerization

“Proceeds in the absence of chain transfer and chain 3 terminatioTn. Livin
&W@%ﬁon systems are of great commercial 4 importangg%EE%‘wg@:" w82
the degree of polymerization may be controlled by 5 controlling the feed
ratio of monomer to initiator and sequential additior%of G two Prarrxn

ore . .. .
1 GiFORIRIRTRARRERRICTRAREHS BobATCEAtiCRS ARl omiee fiving
2 Polypatization consimes imthhebsmnenécisextranstedabdtcidaihe
polymers retain their ability to add additional mon ime.in the 9
iy SRl e S R e e
4 deietoptaec: isstiessationidaguesicivinly pesjradnpation bygf@m@lt@;i ing
5 COBXﬁ{?BﬁsH%'tgjbofb%@%%o%vﬂ%ﬂwm&wg'msf&%&%‘ dequliesFaaifod &f
restrictive conditions, for example anhydrous reagents. ationic

6 qUENSHIVINEPre S SERARCIPRRGHE BB 6 M e @ ilVifR) HIBRHTE R 266ns in

7 thal,aliflaugh thekddaanichaimiansipnion oashesaeroerhaitted, but
terminafion is present but 15,r,eversi8(|jel%?£e important example of a . th
& catfhROGIBREINITRR HEIFIBAY AN OCRLGHREYURET-fiwg™e in the
g polyraesizatinorebdseluydanssishypicallyi cattonidrgtiesiliving

polymerizations of isobutylene yield narrow 18 molecular weight

10 gisH LRH‘H%? BBC-NSTIHN PRVBES REILE GRANEIBEIGHS zEon systems

-chloro-2-methylpropyl end group, also referred to as the "tent-chloride”

11 endsirg grVENERTR MeePRFED N BRHB RN PABE TS B FEEIS SRR
12 Maygisei2ldadmieddces 2 mndhmplaes hanshdbere ataivmidnajesi-living
olefinic isomers produced during 23 conventional pol meg’éz%éi%[ihof h the

13 < Bl RARE I B A e QR AFHNIARG PRI ER Ve oo DR

14 isoragy énshthie reledieelyppnoeabtiver@rmetiyin tquropetiph 2briszraet balso
referred tp,as the "tri-substituted” i -endo olefin’ i : i

15 TRBNEIE, RO hoe g s P S R R zaton i

16 witthe2Zaticoud guekidiviag welghmedizatbutonscbupdaisispersity indices. 28
Exclusive production of the exo-olefin isomer has not been previously 29

17 achig¥RA N datispRQIEIRNR REpuNeiatnpaerdiikalttylene yield narrow
18  molecular weight distribution and one major polymer product containing the
19 2-chioro-2-methyipropyl end group, also referred to as the "tert-chioride” end
20 group. Under certain conditions minor amounts of clefinic isomers may also
21 be produced.

22 On the other hand, there are two major olefinic isomers produced during

23 conventional polymerization of iscbutylene with BF 3, for exampie, the highly
24  reactive exo-olefin isomer and the relatively unreactive 2-methyi-1-propenyl
25  isomer, also referred to as the "tri-substituted” isomer or "endo olefin” isomer.
26  Furthermore, conventional polymerizations of isobutylene yield polymers with
27  broad molecular weight distributions or polydispersity indices.

28  Exclusive production of the exo-olefin isomer has not been previously

29  achieved under conventional polymerization conditions.
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-2 WO 2006/023742 PCT/US2005/029582 1 There are two established

methods for producing polyisobutylene containing 2 only the exo-olefin

groug) One method involves chemical 3 dehydrohaloge%atlon OJSI 0582
Wf%?f’%ﬁ‘r‘&? ¢ >

& terminated polyisobutylene using 4 potassium S htiokide
in a post polymerization reaction 5 (U.S. Patent No. 4 342 849) The other
method involves in situ nching,of. 6 quasi Ijvm with
R AR SELARHEN S A B S S MR L antaining

tOdhb}f ex@ wlefifiafindeg ogrmui. Cathaettidd. iM@}'vessmgaholecules 29,
61 9 Palyisob [S.¢

i e T R ST
theatsesiim tedHbdtmaitenakimtstoo!ymeTihstinepeastion of ponoIeflns
'”‘%&"%“B RENTRDAIIBRONTRE ol FHSARINPIANBLIE GEL AUBHENR of

atents have discussed processes for making 13 polyisobutylene
polmsirivithisntiktyers-wigrimelelrbipetbyerair Wik LNYER&Ring
a cRiioBiGiaHaSd e RAHes ZRESYSEM ¥ith@BemMmoRttband H. Mayr,
nitrogen- contalmng f|ve me P i%? aromatic ring compounds. 16
EESEmPSEas s 10 diétloses a method for producing polymers
with 17 narrow molecular weight distribution, where the ratio of the weight

9 avemgeomwyiemmavme@mmwmmnemm@ne%@@W?up may
10 W%b%qzs MG LS ARPINAERES LR (RAIRILND oft sl BRiHAskiselasasitiator.
uty

iSO lene polymers havmg a mean 21 degree of polymerlzatlon from 10
tol00 and where the p on of heore ca S|ble t rm I
11 bonds RSP PTG 25 B e B B e
12 Thenpaisnid Wsdambbemﬁpﬂtedtah%rdmu@smenmﬂm@r making
13 poéyg TR Q% bor %é‘&oé %ﬁﬁlﬁ@ e%t' o%’f ??%n eﬁ'ﬁﬂfbne using

clos s e synthesis of polyis e carrylng 26 either
14 unqa&naiumg erdﬁ@a@&;ﬂ%dﬁ@ﬁt%ﬂﬁ*@ﬁé@ﬂﬁﬂtﬁﬁ&@m ppre
15 Polymer. ATl Al SRSV e SRR arstRERONEIomBeLREod involves
the 28 steps of refluxing a solution of telechelic di-halogen

16 p0|[¥{fr%%%t ate ??\!893%1012 discloses a method for producing polymers w:th

03'\!030‘!4!500!\)—-‘

17  narrow molecular weight distribution, where the ratio of the weight average
18  molecular weight, M{y), to the numbsr average molecular weight, M),
19  approaches 1.

20  U.S. Patent No. 4,152,499 discloses isobutylene polymers having a mean

21  degree of polymerization from 10 to100 and where the proportion of

22 theoretically possible termina!l double bonds is greater than in products

23 prepared using aluminum trichloride. The patent also discloses the method of
24  making the isobutylene polymers using boron trifluoride as the initiator,

25 .S, Patent No. 4,342,849 discloses the synthesis of polyisobutylene carrying
26 either unsaturation or hydroxyl groups at both ends, in the case of a linear

27 pa‘lymer, or at all ends in the case of a star polymer. The method involves the
28  steps of refluxing a solution of telechelic di-halogen polyisobutylene, adding a



-3 WO 2006/023742 PCT/US2005/029582 1 solution strong base such as
potassium t-butoxide and stirring to form the 2 telechelic di-olefin
poI |sobut lene. 3 U.S. Patent No. 4,393,199 discloses a method. fo

¥ ﬁj 3u"t cationic 4 polymerization with molecular Welghtpggﬁlf%fmsmmz
WhICh a pre-initiator and a 5 catalyst effective for cationic polymerization

are mixed with a monomer. The 6 resultin |IVII‘I§ ‘?ﬁ rls t? trea{?\
1 asaRLiREBopoPassErERGS ROFBESEET HRHRY SHOE'S %

2 alidrsersirated dipebigebbiyéneeby allylation with allyltrimethylsilane of
tertiary chloro-capped 9 polyisobutylene by electrophilic substitution. The

3 Sypteesis el W'%@?Qég o brichlridscriaheRin %ﬂ@té’!’ ionic

oligo-tertiary chloride "inifer" initiated 11 polymerization of isobut ene

4 folRswEerinzaion b F@@@ﬁél@%@%@ﬂbﬁﬁ@‘ﬂé Wil hRSeripitiaiy and a
5 ally gg!@%ﬂ@&@o@ @ﬂ%é@@ﬂ!@@?oﬂ?ﬁ@ﬁ&'@trtﬁea&@ ‘hBcRatant Mesomer. The

4,910,321 and 5,122,572 dj talyst composed of a 14 complex

of%‘ﬁ?@%ﬂf*%lawmgfé&@e %&Eﬁﬁ% fg%?df rgr‘eferably boron 15

trichloride that can add olefin monomers to increase the molecular weight
7 of L6 tReieomBlex{iéh 68| sipceseerto Rt 65§ sraingisliy taaninated

W?s&éﬁﬂ Al 'é%ﬁﬁa%elym&saﬂmﬁ%ﬁmm@ﬂﬁc@ﬁémwm&@vmped
use end group s 8 such as haqg?ens and s%ecmcally chloride, allyl,

S achA Wﬁﬁﬁé’l‘l&éﬁﬁ?l%@éﬁ’é@é‘h"@ RiEoD 1SS PUIGHRRI A 0WE 6

10 angdRPBidae Hisciasasatalyss congead ek 2llcatapiexar amtsated
organlc ether and a Lewis aC|d efer %g‘; ron tnchlor?e that 2
of

11 adBUYERR FRHBH? R§QBL1%EFQSS FaF TGS the Wkt

e comple
12 fro&d&&d@m@ﬁa&@ﬁéoaﬂy&mﬁsmmmlb’m {Eheipattaitaciikoidsclose 24
~ polymers of different molecular weights having useful end groups such as

13 25\hajopens and spegifigally chiarises liytoagnd esdnethashd: aselsed of 2
formate. 26 U.S. Patent No. 5,219,948 discloses a method for preparlpo%

14 ol EABHIRTOS PHORARRIRAS S IS5 B ARCACHRY B ACsh ARG DO

15 alkgiaBRgdIheatanieRBsiMesHetiersibiieRese teeablianiamyeight of
6 tetraghég&c{i) exr}go%naesl?cgoag 885 to in excess of a million. The patents also

17  disclose polymers of different molecular weights having useful end groups

18  such as halogens and specifically chioride, allyl, acryl or methacryl, acetate or

10 formate.

20 U.S. Patent Nos. 4,929,683 and 5,066,730 disclose a catalyst composed of a
21 complex of an organic ether and a Lewis acid, preferably boron trichioride that
22  can add olefin monomers fo increase the molecular weight of the complex

23 from as low as 200 to in excess of a million. The patents also discicse

24  polymers of different molecuiar weights having useful end groups such as

25 halogens and specifically chloride, allyl, acryl or methacryl, acetate or formate.

26 U.S. Patent No. 5,219,948 discloses a method for preparing elastomeric
27  polymers comprising alpha-olefins or conjugated alkadienes by cationic
28  polymerization in the presence of titanium fetrachloride and an electron pair



-4 WO 2006/023742 PCT/US2005/029582 | donor selected from pyridine

or a non-hindered alkylpyridine. The polymers 2 have very narrow,

mono-modal molecular weight distribution. 3 U.S. Patent N?)C57§T§26’07'ﬁ;§9%82
W64 E method for the direct synthesis of 4 polymeric materiats 2
functionalized with desirable nitrogen-containing 5 functional groups such

as terminal azido, cyano, carbonylamino or 6 th|ocarbor§yﬂl}aﬁgl oe %r{%%sérs

1 penresseeRRhiaTUPRIING RafioRbaMmmshes aigling

- 2 SiRjane’usaReRN fioSolhiddBRteNtAtacwAIghL Histlibeitises a process
for the living polymerization of 9 aromatic, preferably styrenic monomers

infjatee o RAvEIaRoMAIEt 0B uiRlY RaliROBbdeRAvRB3I0 N

3 formaking block copolymers having 11 polyolefin mid-blocks and styrenic
4 emblywers. materis|sHurstioraizsd Wi ndeuisbleSHE 2B6A=PBERNE0d of
5
6

Preppsing sulfanics 13.ackd-terminatagifolvisahstyuene Misulfenation with
acetyl sulfate of a living 14 polyisobutylene in a single step,. The method
R DFEATIRAER 08 G UERERERIC BN HREARBR WA bl to

7 foundbe palynarfollamedibyrdttre sulfonation. 17 U.S. Patent Nos.
5,637,647 and 5,677,386 disclose the capping of a living 18 polymer with

g ONg & E"ﬁ%ﬁ'zf%ﬁ grfé’,rmop!:f@g%§8§§§%@%§%‘P@s‘¥%ﬁé%@n¥&izaﬁon of

maoriomer selected from a group consisting of substituted or unsubstituted
S 20edpsheliyl piRiAERlY RhEtRDcyRgREme F dHtiatamhiRe, @ living polyolefin,

10 1-ISQPIQRSA 'B@?Wﬁ@ﬁ@n@ﬁcﬁ% 2dddinaiayliaisrRe. 2bslmdratenling
Application No. 10/433,439, Publication No. 2004/0015029 Al, 23
11 digabsdenn mistbiecks ane PREBAREBA 8IS isobutyfenes in which at

least 24 60 percent of the polymer chains have at least one olefinically
12 unsefurdtenSaefdihdOgb disclopeatorne sty methastiehrie rabigsiianic

13 O ROGUIYRIE20 CONRIING, R08pel BRI sRTdeRaRrdaRang
andin the presence of 27 an initiator system. -5 o

14 polyisobutylene in a single step. The method involves "inifer" initiated

15  carbocationic polymerization with Lewis acid to form the polymer followed by

16  the suifonation.

17  U.S. Patent Nos. 5,637,647 and 5,677,386 disclose the capping of a living

18  polymer with one or moré;}capping compounds comprising non-polymerizable
19  monomer selected from a group consisting of substituted or unsubstituted

20 diphenyl alkylene, methoxystyrene, trans-stilbene, 1-isopropenyinaphthalene
21 and 2,4-dimethyl styrene,

22 U.S. Patent Application No. 10/433,439, Publication No. 2004/0015028 A1,
23 discioses a process for the preparation of polyisobutylenes in which at ieast
24 . 60 percent of the polymer chains have at least one olefinically unsaturated
25  terminal group, by cationic polymerization of isobutylene or isobutylene-

26  containing monomer mixtures in the condensed phase and in the presence of

27  an initiator system,



WO 2006/023742 PCT/US2005/029582 1 U.S. Patent Application No.

10/600,898, Publication No. 2004/0260033 Al, 2 discloses the method for

manufacturing and producing monodisperse 3 telechelic pop/@e_(gzégrplzjggz
Wgﬁ?é;ﬂ%ﬂéfymerization of suitable monomer 4 under living pglyriﬁerlz:é(t]lon
conditions and quenching the polymerization with 5 an
N-substituted-pyrrole. The functionalized polymers containi
Ut ETATUGAIRE U AR NGy B EH I AP RRRSRAY
oiljidcpsititivas. BT fotermatidackAngisatiprolociPE FIERIOBHZ%e
International Publicatjpn 9 No. W099/09074, disclo f
ol BRI PR T B G 4y B RIE ot St Sidater,
a livider tisithy patianisrigetionedraiismd drsy sreanidiegsiecdaiymenaadpn with
more, aromatic fing 605 1R RHRS MR Bhing -
unasnu&%%%é%%ggﬁﬁﬁ%gjagﬁ\ﬁﬁaﬁpmc;ﬁé in lubricatin 0|EI; 13 or fuel
cosrpeéititssranthidditgs ko AoEHERE S TSr eheriidessa i sty of
defgrgents or antioxidant additives or VI improvers. 15 a-Proton
elimination by Free Bases in the Living cationic Polymerization of 16

IsQb ,byY heol B
o ORI TS B Toer 9 B TR e el isead
9 elininaUOROLEGHTA qma@aaa@wsamﬂmpaﬁ@w@éﬂvmgm prepared
10 eX?'%SIfQJ@ﬁEﬁ\Z%H&&E n WhBIERENRGIR] iderbRIdMPYHEASMSRBP)
of gw purity. y ascribed 20 eliminatiori to the presence of a sterically
11 hiryeten &y casiatheasersseste 2RI DBR/ T CoROSREHSS & 6

12 X QI8 M0Iss Peniteh Ty siastainiihisudR BrrarihbHsiags in lubricating oil
2-tert-butylpyridine (TBP) and discovered that th? latter, when 23 added

13 10 BidURFABIPSSIHR SR PHAE B FAISADLRERS (18T THARP 5 88 IR0l

14 MeRasigshtesitedibxighatbéStperconiliminations after 3 hours of

~ B U W N e

16 clde@mﬁﬁfétﬁﬂe Q@Hﬁ@@ﬁ%&%ﬁﬁ@%@@ﬁ%ch
17 f‘SJ&En%%%%%ﬁ%U?Q{Q rshohonld beRg-avidsd diae iprpRrReRRRAbn

he paper was summarized as k)r1'ollows: ‘ ' o
18  from gquasi-living polyisobutylene, after observing exo-olefin formation in the

19 presence of 2,6-di-fert-butylpyridine (DTBP) of low purity. They ascribed

20 elimination to the presence of a sterically hindered cyclic imine base present
21 inthe DTBP in a concentration of 6 x 10° moles per liter. They simulated this
22 impurity using 2-tert-butylpyridine {TBP) and discovered that the latter, when
23  added to the reactor at the start of the polymerization (i.e., in the presence of
24  monomer) resulted in about 65 percent elimination after 3 hours of reaction
25  time to produce exclusively exo-olefin. When the extent of elimination had

26 reached 20 percent or higher, significant coupling was cbserved from both H
27 NMR and GPC analyses. Bae and Faust clearly considered that elimination
28 by sterically hindered bases such as TBP was undesirable and shouid be

29  avoided. The first paragraph of the paper was summarized as follows:

30 "Finally, strong bases may also eliminate p-protons, which should be
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30 "Finally, strong bases may also eliminate R-protons, which should be
WoaMED22B06/023742 PCT/US20051029552 1 avoided." LaRER/IIH0FEMRIA82
to the cyclic imine base impurity in DTBP as "the 2 culprit'. Finally, they

summarized the entire paper by saying that the 3 elimination process

shargiddie" awtid ethégrrpizly todne raycdicitioin g inges Espdriaytro UGB Aghne

facilitate the meagsurement of kinetic r 0 - "Whi t{’s -pyoton

e o e SN e Sy PSSy P S

mealinuinatiere preseddifusiorbesnpisiaf toisnaromeessrapaiatisHoRPRI ARy

7 B (L of SiRBUShing dhe GoRreRlralieohasive “while
ce%f?'e\ég&?fﬁﬁﬁvkvﬁgﬁﬁgbsolute propagation rate constants could be

5 callepratedl SiNBEMMARYID PETRIRINSIEN HEsVIthasis Phwe!-defined

5 embodiment theredsipravided amethad:fas the.preparation-glpolyaiafins
12 containing exo-olefin chain ends. The method may involve guenching a

7 callBMig eV ITOIREATS| pteRHSHETER? SEteRI VAP DGR Friorenters,

g NiYRAEWReAanLTvese ke thid/-araralic fnagCcopaunRsdaaving
at least two hydrocarbyl substituents attached to the ring. The method

o may also involve use oféﬁ I Eﬁl\d %a%elﬁ&;%nﬁgﬂpr, or a common

15 ion salt or its precur -fiving polyolefin

polymer to which is 16 added the quenching agent to form the polymer
10 product. 17 18 19 In one aspect, there is provided a method for

14 PrRpakiag:mRalyateintaentainingdhedor 2ethotefexdhslafararniayrdups!yolefins
40 on })pxﬁaip ?A&@?&(&T@m'&qm%ﬁmgfﬁé'%hmrﬁa@aﬂﬂﬂi%?qllﬁi&&iféiﬁimgtionic quasi-
2 polyoletin polymer system with one or more n|trogr%rt1fggoe%t_acg1r%p§8§w{gﬁ%gnmembere 4
13 mEMBERAIBRaBE Wﬁ@rc%’ﬁti%u‘ﬁ]&g 8&feted Hrom pyrroles and - -

Mimw@mﬂesm@vm@mmsmw@mgvm@mw@mﬂ%ml ARBHEES fiygehed to the

a”?l'ﬁlgt’ﬁé! BeaRievdeditieibieses: 4Blcantairing i enmerberachor, or a common
1oar(i)£qsg(1:t E}I?%slsppe%%rsor 1o form the cationic quasi-iiving polyolefin potymer to which 1%
18 added the quenching agent to form the polymer product.

17

I I

18
i i hod for ing ¢ volefin containing one oOr
40 In one aspect, there is provided a method for preparing a polvo . g one ¢
pQ more exo-olefinic end groups on the polymer chain, comprising quenching a cauonic
" quasi-living polyolefin polymer sysiem with one or more nitrogen-containing Ive-
2 por} I

membered aromatic ring compounds selected from pyrroles and imidazoles having &

9 - . . - .
= Jeast two hvdrocarbyl substituents attached to the aromatic ring. provided the nitrogen
'} i L r -
= containing five-membered aromatic rmg s not:
24
25 (a) 2 4-dimethyipyrrole,
28 by  1.2.5<nmethyipyrrole;
27 {c Z-phenviindote;
28 (dy  2-methylbenzimidazoie;
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24 25 (a) 2-dimethyipyrroie; 26 (b) 1,2,5trimethylpyrrole; 27 (c)
w@-pbemamrole; 28 (d) 2-methylbenzirnidazole; -7 WO 20060287401 5229582

/US2005/029592 1 (e) 1,2-dimethylimidazole; 2 (f) 2-phenylimidazole;

and 3 (g) 2,4,5-triphenylimidazole. 4 Preferably the quenching is carried

1 outata Eg}npeqq@%ﬁﬂ@mwmg@m‘;from 5 about -130C to about 10C.
More preferably the quenching is carried out at o0 a temperature from

about -8QC to abgut. o re preferably from 7 about -72C to

2 about -10C. Mog‘?o%?g%gr;"ﬁ%' }(?’(;%J%&r?ching is carried out ata 8
temperature in the range of from about -60C to about -20C. 9 Preferably

3 the poiyd®@fin i$ foryiEBPERNEMECERRIR a preferred embodiment the
polyolefin is prepared 11 in situ. 12 The nitrogen-containing

4 fiveraferabigren anematingng Empdyed &t arfetPerabdindnhe strge of from

~ present inventian i fut [Loi T ELE ' t

R il e AT i T e

6 ~/ REMRetstRY fiT61abalerdiCit @PRE e, RUGRISRIBPEN BEHETRRIK/TO™

7 FOGE%BF‘—Q?%&%@&H a{eRplopdabaul 20 Ao AEnH 2 8adietoara =
independently hydrogen or 20 alkyl containing one carbon atom to about

8 20 EaBBIREIGTS IR rapaB AV aB6HE T abb@PPLarbdiratoms, aryl of

about 6 to
8  Preferably the polyolefin is polyisobutyiens.

10 In apreferred embodiment the potyolefin is prepared
1 in situ.
12 The nitrogen-coniaining five-membered aromatic ring employed in an
13 embodiment of the present invention is a substituted pyrrole.
14

The substituted pyyrole employed in the method disclosed herein has the general

15 formula:

17 wherain

18 ) R+ and Ry are indepengently alkyl containing one carbon atom 1
19 zbout 20 carbon aioms, R, and R; are independently hydrogen or
20 alkyl containing one carbon atom io about 20 carbon atoms,

21

2 cyeioaikyl of about 3 to about 7 carbon atoms, aryl of about 8§ o



-8 WO 2006/023742 PCT/11S2005/029582 1 about 30 carbon atoms,
alkaryl of about 7 to about 30 carbon 2 atoms, or aralkyl of about 7 to
about 30 carbon atoms; or 3 (b) R, and R2 form a fused aromatic‘rin(g of
WY ArHon atoms to 10 4 carbon atoms or an aliphatic ranCgT’bq’szr%rﬁﬂigssz
carbon atoms to about 5 8 carbon atoms, R4 is alkyl containing one
carbon atom to aboyi 6 20 carbon atoms, and R3 i drogen, ar.alkyl
T containing on@bf“é%\]%o(f‘? 8%%@%0&%18?%?5?%%%%0 (t)%. yFi gk?on
about 3 to 8 aleut /ocartzikybod msoalr Yl iof athmeit 3 weabou s8Itz bon
atoms, 9 alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about

710 EB)abOU@%%ﬁ@@%ﬁﬁ’@%%dlérm&% #Rg B3t 244666 atoms to 10

aromatic ring of from 6 carbon atoms to, 12 10 carbon atoms or an
aliphatic ring GPFRSIA 8e81HBh ARG AL H L 4rBBIPaRb ARG APout

and R4 are indepgpgieatyradcr, 14 rptaiingine eshentaiomtorabaiout
20 carbon atoms; or 15% both R, and %2 and R%@n 34’0&%‘5%4“ ggﬂi%rs,
6 independentl HATRES deé'}% atic r‘i’%%ﬁ?orh arbon Atoms 1o 10
7 carbon atomscarbon atoatiphaticutrity) afefriom 4icarbotyalonisy/tobbbutis to
g Garon 18 a0 % CEIA R LT N ME BB A0SR0 REAEN atoms,
5 ydrog

methyl and Rf an are n. 21 In another preferred

9 embodiment of!kaeyhpbebawetherRaVS REbsHERIN GO Brailgf adgut 7
10 In another prefergd prabedimsntRiang:R2 are methyl and R3 and

R4form a 24 fused benzo ring. 25 In a preferred embodiment the
1 substi g@zted-pyégzpﬁéqzle Q%t %(%og \t/,lvslgg faorgr%%l n:: ﬂ%g%?ﬂ%%%@%?gcﬁﬂz atoms {0

r

g W

PCT/U%2005/
12 10 carbon atoms or an aliphatic ring of from 4 carbon atoms to
13 about 8 carbon atoms, and Ry and Ry are independently alkyl
14 containing one carbon atom to about 20 carbon atoms; or
15 (d} both Rs and Ry, and R; and Ry, taken in pairs, independently form
16 a fused aromatic ring of from 6 carbon atoms to 10 carbon atoms
17 or an aliphatic ring of from 4 carbon atoms fo about 8 carbon
18 atoms.

18 Preferably in the above method Ry and R, are methyl and R, and R; are
20 hydrogen.

21 In another preferred embodiment of the above method R4, Re, R3 and R4 are
22 methyl.

23 In another preferred embodiment R, and Rz are methyl and Rs and Rsform a
24 fused benzo ring.

25  In a preferred embodiment the substituted-pyrrole has the following formula:



E i E x 2 The nitrogen-containing five-membered aromatic ring employed
WWW@%’ 3 embodiment of the present invention is a subBfiftflegtts29582

imidazoie. 4 The substituted imidazole in the method disclosed herein has

the 5 general formula: R-4 R, NR 6 H 7 wherein R3 is branched alkyl

containing from about 4 carbon at@ns to d@bout }§ 20 carbon atoms. and

wherein 9 (a) R, and R2 ardiinde éndentlyi hydrogen, alkyl of one carbon
atom 10 to about 20 carbon

igetikyhof about 3 to about 7 11
carbon atoms, aryl of about ms, alkarvl 12 of
about ? to about 3D carboh atos; f about 13 7 to about 30

carbon atoms; or 14 (b) R, and:R2 form a fuseg aromatic ring of from 6
. carbon atoms to 15 10 carbon atoms &r an aliphatic ring of from 4 carbon
' atomsto 6 16 carbon atoms. 17 -10 WO 2006/023742

PC.TIUS 005/02955 i
2 | Ipe pifoash g %ar{%@ls 2 %}ﬁBQFSE% Hnsmhg?c(sfaﬁmiagéewgme

§'eth rogen an R3 Is tert-butyl. 3 Preferably
2 thexaﬂhqhgmeupaﬁrﬁrm@rﬁm@wabmmrﬁr@wmw%%anc 4 ring
in the method of the present invention has from about one carbon atom to

49 aﬂ%&&@tl@é@%m Meteprgiarablyithesalkydigroupien the 6

alkyl-substituted nitrogen-containing five-membered aromatic ring has
5 frof PR RITYHE carbon atom to about 12 carbon atoms. Most preferably
the alkyl 8 group on the alkyl- substltuted nltrogen containing

five-membered aromatic
/Z \ //\

H

[#3]

wherain R, is branched alkyl containing from about 4 carbon atoms o about

8 20 carbon atoms, and wharein

9 () R;and R, are independently nydrogen, alkyl of one carbon atom
0 to about 20 carbon atoms, cycioalkyl of about 3 tc about 7
11 carbon atoms, aryl of about 6 1o about 30 carpon atoms, alkaryl

-

! of about 7 to about 30 carbon atoms, or aralkyl of about

13 7 to about 30 carbon atoms; or

14 {b Ry and R, form a fused aromatic ring of from 6 carpon atoms 1o
15 10 carbon atoms or an aliphatic ring of from 4 carbon atoms to €
18 carbon atoms.

17

-10 -



9 ring has from about one carbon atom to about 4 carbon atoms. 10 in the
WaBte¥EEhod the polyolefin is prepared by 11 quenching Eet&SHI Y582
polyoiefin polymer product containing tent-chloride 12 chain ends or a
mixture comprising terminal olefinic chain ends and terminal 13
1 tentaitridediamee misboiimest oftthgerbouatriathgdife-inaiRvelz is
aromatic 14 ring ir. nce of a Lewis acid. 15 In yet another
e 0 r%-gﬁ%grﬁqﬁgﬁ%%?te%??sﬁprepared 16 by quenching a quasi-living
polyoiefin polymer product containing a terminal 17 tent-chloride chain ..
erftisiareBhCt AR BEHRARITS AESAEMBRRRINPGHX G B AR M =t
Presgicenelmdisyiontid. sradarefaiaimidhekewisnaeitkhstaohalmeon atom to
titanium _or boron. More preferably the . 20 Lewigvzf\cig i&oao{,i\t ium halide.

MBEPHrefe CRORPIETP s ARG RITitEfthn OT Bfadioiue. Preferred
cosegnitatininsied thedganivontatachiordmexcesdd 22coihesnaaas from
combined concentrati 0 iC 4 it tr : (oMM
ioF 22 &P F’fs‘:SF%%h %Q(%%Z%é %%’e quenc |r§§ Saaégelﬁg b?ﬂﬁr&%{ﬁﬁ4 i ‘W
& agermsD 26 Treeabolyolsmtitpiod g emRiman s tHycnTRaoRPARSCRISELRC
9 heﬁ%gﬂ&%éf?o%%e&%ﬂe%mqgm hesange ofeae pessant to 100
percent based on the 27 total chain ends. Preferably the polyoiefin
product has at least 3 percent exc- 28 olefin chain ends, more preferably
10 at 1Bade 2O PErEEHEKGIEHP CRGi é’ﬁ%%afegQg éven more preferably at
11 leaghdRnpicenas-idletinochairindsistitnorest] AWMDR006/6237AarIde
.~PCTIUS2005/024582. 1 ‘ ent.exo-olefi Tal.
2 o G Db 2L S ch e Ao e o
13 prefetatiidhidepuhpiiefitopratit b h A8 RN East 80 PerdenTeSiBsTENHh FRENLC
, 4en%g%§%%éggn@éaé@g%g§ﬁ4 In the method disclosed herein the
quaslisliving polyolefm polymer is 5 formed by contacting at least one
_cationicafy polymerizabie monomer with ar 6 initigtor, in the presence of a
15 ewd8 BRANGHS F%‘é&iﬁﬁ@é%ﬁfﬁﬁ@%%ﬁ’é%@ quasi-living
1¢polypetizatiamaRi efezabiyitheraiyerstopelpagomicaiyct contaming a terminal

17  ter-chioride chain end with the nitrogen-containing five-membered aromatic

3]

o bW

~) D

1&  ring in the presence of a Lewis acid.

10 Preferably the Lewis acid is a halige of titanium or boron, Mare preferabiy the
20 Lewis acid is a titanium halide. Most preferably the Lewis acid is fitanium

24 tetrachloride. Preferred concentrations of the fitanium tetrachioride exceed
22 2 fimes the combined concentrations of profic impurities, electron donor,

=3 common ion salt or its precursor, and the guenching agent or guenching

24 agems, '

The polyolefin product obtained using the method disclosed herein has

26  exo-olefin chain ends in the range of one percent {o 100 percent based on tne
27  iotal chain ends. Preferably the polyolefin product hias at ieast 3 percent exo-
28  olafin chatn ends, more preferably at isast 20 percent exo-olefin chain ends,

26 even more preferably at least 50 percent exo-olefin chain ends, stili more

L]
RET I



8 poiymerizabie monomer comprises at least one of isobutyiene,
WR2A0etII42 9 butene, 3-methyl-I-butene, 4-methyl-l-pentendCigF2005/026582

beta-pinene. More 10 preferably the at least one cationically

poiymerizable monomer is isobutyiene. 11 In the method disclosed herein
1 twosierabiead e McaemsitayI et piveiz SRS n#5IKoRHE BerRpISEerably
2 CBpIgYRLll 20 Bierinethad ciacloRfakhaielR ey HIRISEI BRA Product nas

mono-functional or 14 multi-functional. Preferabiy the initiator is
mahisashBE aIRIFBR URfarRiE B AhallsanE rDGRaE @b P SNSRI GaRIP &nes.

mono-functional. 16 In the method disclosed herein the mono-functional

i2”iﬂzﬁﬁ%&Qmwiﬁﬁs%izézi%%@@iﬁtt@@Gﬁgﬁrﬁﬁﬁrgb@y%ﬁmﬂ@fﬁﬁ@ﬁﬁ; 2-acetoxy

-phenyipropane; 2- ropi y-2-phenyipropane........ or with an

R e o i

2-ghitero:2 4, theripneshplpentanes Wisaastoxyder, ks 20er metljipastawieable for

2-propionoxy-(Ad- g}ﬁ&y eBIaNe A Ys3<# dhdationically

tri%@%&ﬁpﬁﬁa@é?é& 2-ét¢%xy-24,4§rfl}m%;1%)l[(pentgne, 22 ‘Ilr?r?hea r%wethogl )

8 digppbperizatin M arRiRIBREF HitRiresherkie’ {3ppaviene, 2-metny-1-

o di(BRBIY O3 2rREeRY  -Biieime  RUIISUZ NG rhethrel GhEigIR-BiRéhe . More
propyl)benzene,|,4-di(2-acetox -2¢Propyl)benze_nebl.3-di$}2-acetgx¥-%25im .

mprdH?FF??@hﬁ'ﬁuﬁﬂl%’}%QH@Fa onicatly polvrnerizabie mohomer s isobutyiens.
1,3-di(2-methoxy-2-propyl}-5-tert-'outylbenzene 26 and

11 1,416 2 methexyid-REPYBRENECH8: &0t dhganathadodiselnsed herein an
ex W, UAIRIVed

121.%§&r§§%%§$6%§&%%yl -gg%%fgne. -182{0\%0 2006/023742

. PCT/U52005/029582 1 In the method disclosed herein the molecular

| Swelghbdiseibodidisc il Mtiofiivemolyotefinypoiynepi8ipetigatitin the

1 4rangpiefianetbd=0 Hedebaiy BSifkiBrefesablyribémulenslar weighttiona!,

distribution, J\/I%%gl of the polyolefin 4 polymer is present in the range of
75@%?&?1‘3{8‘% Y?&.lw%af%zp}r/se%?gwq ‘e“')4 i%nr%iOIecular weight
distribution, M,/M,,, of the polyolefin polymer is less than 1.5. 6 Ina

1%urthe tiennibobih et thed ddsjpravidesha-foethoafomn prapanem i s
17PoQlRfin CONAIRING QBR.OF- PHIRyRIIRENIE. SRstarpTPSHRMRdRRINEET-
18  propionoxy-2-phenyipropane, 2-methoxy-2-phenvipropane, Z-ethoxy-2-
18  phenvipropane, 2-chioro-2 4 A—trimemyipentahe, 2-aceioxy-2.4 4 -

[#£3)

o

-

20 trimethyipentane, 2-propionoxy-2.4 4-trimethvipentane, 2-methoxy-2.4 4-

21  irimetnyipentane, and 2-ethoxy-2 4 4-tnmethyipentane.

22 Inthe method disclosed herein the di-functional initiators include 1.3

23 di{2-chioro-2-propyl)-S-tert-butylberizene, 1 4-diZ-chioro-2-

24 propylbenzene, 1 4-di{2-acetoxy-Z-propylpenzene, 1.3-di{Z-acetoxy-2-

25 propyl:-S-ter-butylbenzene. 1,3-di{2-mathoxy-2-propyt-S-teri-butyibenzens
28  and 1.4-di{2-methoxy-2-propylpenzens.

In the method disclosed herein an example of a multi-functional
28  initiator s 1.3,5-tri{2-chloro-2-propyli-benzene.

LN



8 chain, comprising quenching a cationic quasi-living polyolefin polymer
wepsten39Vith one or more nitrogen-containing five-membBrEFareHEIRss2
ring 10 compounds selected from pyrroles and imidazoles having at least

Two 11 hydrocarbyi substituents attached to the aromatic ring, wherein

the nitragens k2 cenainingfive-mestheredagamasicbingrcompounds are

-react ith a 13 .1 ewi . ; , L _
ﬁ&@éﬁmﬁ%@?&ﬁ%ﬁimﬁ%ﬁiﬂfg?%%ﬁ%e%%%%%?ﬁe@%%?mi%g@%"’”t
1,2,5-tFmetttaipy theienolecigronsigiydistinatios, (/M. of the polyolefin

2-r imidazoie: Ainethyiiyidageie; 20MB ferably the

2- %@%ﬁﬁ%é@%?%%é éz%%éqt“}%rﬁeﬁﬁn%%izole. 22 inr?,;l%rree?feg?reg -

emietmenweiahe st inbibedthe TeRAsRRNPRIN CRIYERS IRRRARED 1>

preferred embodiment of the above method nitrogen-containing 24

& fivermamberes syamalic feg coppagatlasn2ibedifoethyipymgle. -13 WO
2006/023742 PCT/US2005/0 2.1 her.pr nhodi f

g e o e e s R Al

8 commurmbia;zgm_mgammel@@.@MW@EM@E@Q‘RW@NWW@W

o INVENTIQN. BBelions. SasdisRd Recinheddiouiomismmbave the

following meanings unless 7 expressSly stated to the contrary; 8 The term
10 "alkptnasursidssta iR ERITSRY I G REIA BARES BRCRE FEIRRRIGWC
11 Sa%{@?@éa@ﬂ?@&ﬂf@é&ﬁ’é ipieAby BoROHOM-a08i6a hATEASIMHO BboyEn-
20 10 carbons atoms. Some exam,gle_s of straight chain and bﬁaréfhge\%ﬁh -
12 ch&AMAINAR TNRTEMARIRE SIETIR /N FEPHASE BrRMT DT .
1 2ISORERRY aiSQDHAA provided the nitrogen containing five-membersd aromatic ring
14 15 not

AR

o1

15 {8y 2 4-dimethvipyrole,

16 {b) 1,2, 5-tnimethvipyrrole;

17 {c) 2-phenviindote;

18 (d)  Z-methylbenzimidazois,
18 (&) 1.2-dimethviimidazois;
20 (f) 2-phenvimidazote, and
21 (g) 24.5-triphenviimidazole.

22 in a preferred embodiment of the above metnod the Lewis acid is TiCks.

23 in a further preferrec smbadiment of the above method nitrogen-containing

24  five-membered aromatic ring compound is 2.5-dimethyipyrrole.



12 sec-butyl, tert-butyl, and the like. 13 The term "aromatic or aliphatic
fused ring" as used herein refers to the ring 14 formed by two adjacent
carbon atoms on the pyrrole or imidazole ring, and the 15ringthus _
Wb Aed ¥ tbsed to the pyrrole or imidazole ring. An exampIePo LER
aromatic ring is a benzo group fused to the pyrrole ring or imidazole 17

ring. A fused aliphatic ring may be any cyclic ring structure fused to, the

1 18 bonRRE B TR TSR ING LS The JeRve BNl e < eliine

2 her@inmefarstacharetiytigning domiucindtie 228-dametimyiitdoigepresenting
the point of attachment of the group to the rest of 21 the molecule is

3 either a tertiary or quaternary carbon atom. The term "tertiary 22 carbon"
as used herein refers to a carbon atom that is attached to three other 23
carbon atoms. T e y

carbon atom tha£i X otherearonatoms. 25 The terms

"carbenium ion" or "carbocation" as used herein refer to a positively 26

5 charged carbon atom bearing three2f2iigHtled substituents and an
empty 27 p orbital. -14 WO 2006/023742 PCT/US2005/029582 CH3 CH3

& H2:k|(Rke RYR:@: inEfdBoiifgGetthE hid/cliRiBCavhegimmenimasTireldesm
"chain transfgr'jt a ui?‘vd her@grrefers to the cessation of growth of 3 one

7 po?ywl@ﬁfgii 7 aﬁ% R e pa/SsibIe initiation of another polymerization

4 chain. 5 The term "common ion salt" as used herein refers to an ionic

8 saltrdergid o maysaddarr e A aasiaistRITUHIIREL FOIg RELlRshenain
o MiXtHIRHR PLRRid SRS RN H2RiREPasRING cathanatamotoaitbut 20
counter-ion pairs. The 8 anion cif the comm?n ion salt i% idenr'gicgl o the
10 coGRIBPIS AU eSOMe examples of straight chain and branched chain
11 saturated aliphatic groups are methyl, ethyi, propyl, butyl, isopropyl, isobutyl,

12 sec-butyl, tert-buty!, and the iike.

13 The term "aromatic or aliphatic fused ring" as used herein refers to the ring

14  formed by two adjacent carbon atoms on the pyrrole or imidazole ring, and the
15  ring thus formed is fused to the pyrrole or imidazole ring. An example of a

18 fused aromatic ring is a benzo group fused to the pyrrole ring or imidazole

17 ring. A fused aliphatic ring may be any cyclic ring structure fused to the

18  pyrrole ring or imidazole ring.

19 The term “branched alky!" as used herein refers to an alky! group in which the
20 carbon atom representing the point of attachment of the group to the rest of
21 the molecule is either a tertiary or quaternary carbon atom. The term “tertiary
22  carbon” as used herein refers {o a carbon atom that is attached to three other
23 carbon atoms. The term “quaternary carbon” as used herein refers fo a

24  carbon atom that is attached to 4 other carbon atoms.

25  The terms "carbenium ion" or "carbocation" as used herein refer {0 a positively
26  charged carbon atom bearing three sp’-bonded substituents and an empty
27  p orbital.
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9 propagating chain ends. The cation of the common ion salt is typically a
fatty 10 quaternary ammonium cation, such as tetra-n-butyl ammonium
ion, which 11 confers solubility in the organic media. 12 The term

W SIS 10N salt precursor" as used herein refers to an iorﬁgg{e’dﬁmf%‘m%sz
optionally added to a quasi-living cationic polymerization mixture, which
14 generates counter-anions that ar&identical tcbwmse of the propagating
chain 15 ends, via in situ reaction wjtftthe Lewiq atid. An example is 16
tetra-n-butylammonium chloridgz 17 “khet r __"__q;mro @d molecular weight
distribution” as used heféin refers to] 18 polfolefin polymers having a
desired molecular weight distributionl. The 19 mo‘ecular weight distribution
or polydispersity index (PDI) herein (¢ Balculated“%d by dividing the

1 average molecular weight of thergobamerichains by the number 21
average molecular weight, MW/Mn. 22 The term "coupled product" as

o usedhereinraters tothe praduct of addiiorofs Z3:adBdiminal growth of
carbenium ion to a PIB exo-olefin chain end. Coupled prod%ct // %4 has at

3 nuptseP VIR eI coakar Wi Ghe #RAYS'SBHEMIAIF tRACE RAY BT e "

4 25d4main polymer product. -15 WO 2006/023742 PCT/1S2005/029552 1
The.term “coupling” as _used herein refers to the aqldition of a ‘

5 PoYisoRueng, 4RTHIP bR ARIA FROVIsPhHIRRS aXraladn
chain’end. 3 The term “conventional polymerization™ as used herein refers

8 to anjioaliemeseshtonareasithdnhamioaionely PeRFALAR ANbHHR Ry ent

7 Olefiso ARG S HEDIan SRR AR GRRYIDE BAdtisERSIRAT salenTIes

cations. 6 Polymerization proceeds through the steps of chain_ipitiation,
8 chamion ptdidGasRoRraise L R idraifRD a‘iﬂetéti‘?ﬂmﬁﬂ'é?ﬂ%oﬁ{]% erm
g "difrAapsaayehnan yaes. ereimatrier thdhopradndbwbathisagpitall a fatty

when two separate polyisohutylene terminal carbenium ions react to
104 BB%SU&?@ﬁPBBﬂﬁF{MEﬁ g ’ﬁ%’lg %%e%%%#{éa _art}dé% r]mao ergﬁf%l?}%i-@{ RicH
11 praghuders soiubility in the organic media.

12 The term "common ion salt precursor” as used herein refers to an ionic salt,
13 optionally added to a quasi-living cationic polymerization mixture, which

14  generates counter-anions that are identical o those of the propagating chain
15  ends, via in situ reaction with the Lewis acid. An example is

16 tetra-n-butylammonium chioride.

17  The term “controlled molecular weight distribution" as used herein refers to
18  polyolefin polymers having a desired molecular weight distribution. The

19

molecular weight distribution or polydispersity index (PDI) herein is calculated

20 by dividing the average molecular weight of the poiymer chains by the number
21 average molecular weight, Mw/Mp.

22 The term "coupled product" as used herein refers to the product of addition of
23 a PIB termina! carbenium ion to a PIB exo-olefin chain end. Coupled product

24  has a number average molecular weight that is approximaﬁéy twice that of the
25  main polymer product.

-15 -



11 contains in its structure a residue from the quenching agent. 12 The
terms "di-substituted olefin" or "exo-olefin" or "methyl vinylidene" as used
13 herein refer to an olefin polymer chain containing an exo-olefin chain _
V%L Shown below. CH3 CH2 PIB-CH2-C-CH2-C CH3 EEZ 4515
The term "EAS product” as used herein refers to the product which results
17 when one polyisobutylene terminal carbenium ion reacts to form
1 oV BTSSRI S SREIBEEN SR Ryl AEIUEne 2 REHrouLene
2 CompdatRdNcashIMEtuUsiLIE Aperidubtgentheauekthinbaigentd 20 The
term "electron donor" as used herein refers to a basic and/or nucleophilic

3 2LabrARce e ndroRRimedaton Baglan bRl iRy 1l

e Lewis acid or fully non-complexed with the Lewis

4 ackPlYRerZIiohweIaindhDFBRIGITBACIBROUNESEEAtAR LYRLERE AR

5 the,Riaticy 24 impiHities cfosi e xarmplegwalabiclt MR RANBIZS dations.
PCUUS2005/029582 1 The term "electrophilic aromatic substitution or
6 £ AP PET TP U5 OB RS Oh G MAHICR TRUEAS FiBduct is

7 profiysedatbl hentarmrsgerar dimethyicashonsitas used herein refers to the
two methyl 4 carbons alpha to the carbenium ion or the chloride bonded

g caroniof thes & palypiefin-palymer shata and asdsnicied dudae sHiRHSuIts
below. CH3 CH3 | PIB-CZ C-CH2-CCl 1 1 CH3 CH3 6 PIB tert-Chloride
9  when two separate polyisobutylene terminal carbenium ions reactto form a

10 covaient bond with a single quenching agent molecule. DIi-EAS product

11 contains in its structure a residue from the quenching agent.

12 The terms "di-substituted olefin” or "exo-olefin” or "methyl vinylidene" as used
13 herein refer fo an olefin polymer chain containing an exo-olefin chain end as

14  shown below.

?Hs %‘-Hz
PIB—CH—C~CHy—C
CHy  CHs

15

16  The term "EAS product” as used herein refers to the product which results
17  when one polyisobutylene terminal carbenium ion reacts to form a covaient
18  bond with a single quenching agent molecule. EAS product contains in its
16 structure a residue from the quenching agent.

20  The term "eleciron donor” as used herein refers to a basic and/or nucleophilic
21  substance added to the polymerization reaction that is either fully complexed
22 with the Lewis acid or fully non-complexed with the Lewis acid. The

23  concentration of electron donor exceeds the concentration of the protic

24 impurities, for example water.

- 16 -



7 The term "hydrocarbyl" refers to an organic radical primarily composed
of 8 carbon and hydrogen which may be aliphatic, alicyclic, aromatic or 9

combinations thereof, e.g., aralkyl or alkaryl. Such hydrocarbyl| IOUE_S <
WYL GHEo contain aliphatic unsaturation, i.e., olefinic or &t T

unsaturation, and 11 may contain minor amounts of heteroatoms, such as
oxygen or n'itrogen, or. 12 halogens, such as chlorine. 13 The term

1 nihRdPTES PSS AR ARIBR o MRS HEIRRAT R TR e herefers to

2 polyEgFizatiemanehaaiisfies Al prattnadspibeuaedd of the polymer chain,
or 15 the molecule that provides that moiety. When a mono-functional
iniyator 13 16 used, IOk GE L SORGRILRTIRAS L ImAG DiRlAY

3 coﬁgéﬁhoﬁ%ﬁ%lwﬁ%ﬁl- unctl%gna%irﬁtlator, when the functionalit %f

4 theathrnorifals thamerbaBRieRSntan ¢ HosePRsS Saiare flitfies
5 INIAKOLCAAGEIALCRHAR The tyaeiewisiasi @suaed berein refers to a

compound that'can accept a 20 pair of electrons to form a covalent bond.
21 The term "living polymerization” agijsed hereigigefers to the
polymerizations 22 that proceed in the absence ¢f measurable chain
transfer and chain 23 temgnali_c@%_-_lémg%oﬁ@m@
PCT/US2005/029582 1 The term "ni rogen-contd]ining five-membered
aromatic ring" as used herein 2 refeé_ﬁo pyrrole%ggd imidazoles
containing at least one nitrogen atom in"the 3 aromatic ring and a

& maximum of 2 nitrogen atoms in tHEE RN &R g, and 4 having from.
about 2 alkyl groups to about 4 alkyl groups containing from 5 about one

7 carbes fatomTigdrboatR0 cefreriatomsgete nedi ol thémargy Sompogsd of
examples of nitrogen-containing fivie: natic. Ling ounds

B e T T e e e e ounoles. B

9 Theteminajicasi Herephenaiabitbar akabd hiegeiRvdmreayligRy s may

10 PolyBSrizationsieRin FRURIsRSChaIndRiiBfiaeIg SRRraRiaBIdidA) and

irreversible chain termination and chain transfer approaches zero, 11 The

11 teriay GORGHME RGE AMaLNs < RERIPERMERs 1 GRAierRAnplosa™: o

12  halogens, such as chlorine.

13 The term “initiator* as used herein refers to the chemical moiety that starts the
14  polymerization and satisfies the valence at the head of the pokymér chain, or
15 the molecule that provides that moiety. When a mono-functional initiator is

16  used, the chain end (CE) concentration egquals the initiator concentration. For
17  a multi-functional initiator, when the functionality of the initiator equals X, then

18  the chain end concentration equals x fimes initiator concentration.

19 The term “Lewis acid” as used herein refers to a compound that can accept a
20 pair of electrons to form a covaient bond.

21 The term "living polymerization” as used herein refers to the polymerizations
22  that proceed in the absence of measurable chain transfer and chain
23 termination.

-17 -



12 which is added to the polymerization reactions to react with the
growing chain 13 end. 14 The term "polyolefin" as used herein refers to a

W %ﬁp&lfg{ 7£oduced by the 15 addition polymerization of one PEMAS 15/020582

ns, 3lich as ethylene, propylene, 16 styrene, isobutylene, etc. 17 The
term "protic impurity” as used herein refers to impurities within the 18

palymerizatjon reaction mixture.that contain acidi rogen ' '
e A S R e P

1
2 hergarsatepytolcsemitahideasionstniaigiog 2tlaactiosreliregsieaigm in the
exclusivel f 118 SRERLC QAN SIS ArbRaiR Rhg, and
3 "teafﬁ%\éﬁ(é)/ﬁ?‘%esa%gse%ﬁéé%gﬁ? ?ggrg t@ the é{r:lemical reactiorn that 23 9

4

tehaiiagelsqrolghasi 2l Grosess@ PR Hh S BEPHRSBRpLAINg from
5 desHyAIgRalAb g bewsA%id: 25 dhedarmoiesainaiessas urederdiome

refers to the chemical compound that 26 terminates polymerization q
6 préxasa e HHERERME FERGE MU REY RGE 5**?0&?% tARESTEI Rt
7 a nAWBRlymeHGBaIRA Nt hesaidl tahoitonaydeuldinsed-agroles.

terminators. 18 WO 2006/023742 PCT/US2005/029582 1 The term

"terteehlonige. IEIerR 006 sl Ot g MetUBIORY SRAGERMR AR A 2
8 polyo%g%rl'go%‘fr%ii%ﬁagnesé Unlegsé%(ﬁerwise specified, all percenttag es

9 areMyWeiBrAEIR SR FRLTERIS GBRIMREYRHIRIRLS operable, DUl
10 NiRYEHrSRNAIRNY Aysimembered aamatesiragmeaiuygscsuch as

substituted-pyrroles and substituted-imidazoles, 6 used as quenching

agents.in the preparation of pal i e’ | i
11 21t BRI S GUORAVE oo A eI b e e e
12 chaihiei s stk teie- treaitensrigatiomnees the i reRAEhdeoEping chain
Wig}%ﬂ being bound by any theory it is believed that these quenching 10
agents selectively catalyze the elimination of a proton exclusively from the

14 é(l_ﬂ ﬁpm%grlnr? %@Y&éﬁ%@%é’ Lgela% %%lpgasnoabel‘@gg i aCE%IQn?QP p?gdm:%vc\frl’)y the -
15 addition polymerization of one or more olefins, such as ethylene, propylene,
16 styrene, isobutylene, etc.

17 The term "protic impurity” as used herein refers to impurities within the
18  polymerization reaction mixture that contain acidic hydrogen atoms in their

18 structure, for example, water.

20  The term "regiospecific" as used herein refers to chemical reactions that give
21 exclusively or nearly exclusively one of several possible isomeric products.

25 The term "termination” as used herein refers to the chemical reaction that
23 {erminates polymerization process or the quenching reaction by destruction of
24  the Lewis acid.

25  The term "terminator” as used herein refers o the chemical compound that
26 terminates polymerization process or the quenching reaction, but may not
27  simultaneously initiate a new polymer chain. A number of alcohols may be

28  used as terminators.
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CH3CH3CH3CH2H21Il(r)oH21 1l PIB-C-i-CH_C X F113-C-
1-CH2 CH3 CH3 CH3 CH3 12 PIB Carbenium lon Exo-Olefin PIB 13 This
result was unexpected since the quenching agents with very, similar g]]4 }
W87 *Are known in the prior art to quench quasi-living Eatidnic 52982
polymerizations by an electrophilic aromatic substitution (EAS)
mechanism as 16 disclpsed in U.S. Patent Application No. 10/600,898.
1 COiND SR R R B SUIGE doo e SRS TR R Ayp e grous on a
2 suhsiisitdieh pislyelectierirdonating 18 groups located at strategic positions
on the ring. It is believed that these 19 substituents provide stabilization

3 for the KrisdelGraftintemagdiates fosmede 22 e vdpneieala,

polyisobutylene carbenium ions react with olefins in the 21 ring. 22 The
guenching agents used jn, the present invention are able to itati .
4 R BRSO R o D AR SO A e o et
5 terfrgharidpc2dchasnanas sotibidrd-plafin ehamendsindegendoatyies.
whether, - ' initi ' [ tional.
o E e T L ST AR R ese e
7 copiasieibiinigethiionaatie Fopanisnol RFRNIGALY alFanTEhttd RAIYRIfEIRS Kner
8 100, Z-PGRNLCORVESSORNas RBRRINGS Withinskadninie Al smdiiann
of 3 quenching agent to quasi-living cationic polyls,obgéylene chains ,
9 inifaE] VDGR O RO IR CHORRY ieatst B aRTEes DAt dheRgigHenching
10 Pepings SUBbaLSiyestHy et alnainatonitf therdtdnrstotndlantiaton the

,3-di(2-chioro-2- )-5-tert- | 7T d d
Bl =it et R e S

containing a high_concentration of exo-olefin chain 9 ends based on the
total chain ends.gf‘fhas beefi found that raising the 10 reactiorTH3 G

temperaturedincreases the vield®f exo-olefin by suppressin
P PI%-—C-—* ——MEHQW q( —-p-y gl%——Cmg"CmCHg—C
CHs CHj CHs CHs
12 PIB Carbeniurn lon Exo-Olefin PIRB

13 This result was unexpected since the quenching agents with very similar

14  structures are known in the prior art to quench guasi-living cationic

15  polymerizations by an electrophilic aromatic substitution (EAS) mechanism as
16 disclosed in U.S. Patent Application No. 10/600,898. Compounds which

17  provide the highest EAS yields are typically substituted with electron donating
18  groups located at strategic positions on the ring. itis believed that these

19  substituents provide stabilization for the Friedel-Craft intermediates formed
20  when, for exampie, polyisobutylene carbenium ions react with olefins in the
21 ring.

22  The quenching agents used in the present invention are abie to quantitatively
23 convert polyolefin polymer containing olefinic chain ends and tert-chloride
24  chain ends to the exo-olefin chain ends independently of whether a

25  mono-functional initiator is used or a multi-functional. Furthermore, the rate of
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11 coupling. The data indicate that essentially quantitative conversion to

exo- 12 olefin was achieved within 15 minutes at -60C and -50C with no

coupling.. 13 However, some coupling was observed at -70C | d?e Ii_]
WRIRM ’%{%J%PC 14 spectra. Coupling is seen as a peak cengtzgreﬁ %({0 -(ézé:ssz

just up-field from the 15 exo-olefin peak at 4.85 parts per million peak in
the 'H NMR spectrum ang 16 also in the GPC spectrum, represented
1 oRPENRISIPURITE SHOBIRI BN FACRE DA T HarE R0 2
2 presemringentionidnisvestitadahatdositaim 1Hinciplésshaftdroadtiavedl when
designing the congdijtions for.auasi-ljv| merizati 20 . .
5 o HSHLRE oA R Be O HERHER A2 tatcs i
4 thmezmqhe—ﬁemr’emﬂlimtim@briﬁ‘d@f@ﬁ,ﬁsﬁiwa}%tmld%ﬁﬁﬁﬁtﬁioﬁlmﬂﬁrthe
5 Produslion ol BB EmBIeRratusLAeHaLIGaRliag of the carbenium ion
with already-forme exo-olefin. Therefore conditions must be sought

& thdt3adiot-elnimationend-22edfali EwHsifg. 25 Higher reaction

temperature has been found to favor elimination and disfavor 26 coupling.
7 In Quagidigingecationit polymerizatiserafdsobtidemeparatouidibliiem 27

exists between active, carbenium | .d m@& ﬁf&ﬁ%@é%ﬁcﬁ%ha'ﬂ
8 en%%fy‘i%i\ﬁﬁeeﬁ ?h%of ﬁ%ﬁgﬁﬁ%ﬁ%%?ﬁ?e% IS ralged, this equilibri'um t

9 inereasibgieRofivetettic temeadscHafe iesbiaurstaabias Bsdrdase

th PEHmR QHB! NG LR RALRBX eyif
I e s obe 021 pe eon0g10das. 1 diso

11 shepwptnshldde Hata drigiaihad easediip RY LA R FURALHRY S exe-
12 Eglsrafaé\ﬂdssyw?sé\@@ mwam grnww&i@t_eamaghi;@aag. anthwidi o isithg.
elieved to be the agent that causes elimin - N €
13 o WS OB SRR E Pl (AL TeaRpry e P
14 Tespeetaiu Gobmanniet eeinesensed witnoerdiit, /h 8 v bdicidi fonhthe
exo-olefin product i i i '
15 o BRI P e God Pars e SRETRBIeh e IS AERATA and
16 agefsccoritenGaibspaciingLspre spidesoric ereratitine Wsengigbanider on

17 Higherhap&d

18  In the method of the present invention, it is critical that certain principles be

10  observed when designing the conditions for quasi-living polymerization and
20  subsequent quenching. Without being bound by any theory, it is believed that
21 the desired elimination reaction is always in competition with the production of
22  coupled product through reaction of the carbenium ion with already-formed

23  exo-olefin. Therefore conditions must be sought that favor elimination and

24 disfavor coupling.

25  Higher reaction temperature has been found to favor elimination and disfavor
26 coupling. In quasi-living cationic polymerization of isobutylene, an equilibrium
27  exists between active, carbenium ions and dormant, tert-chloride chain ends.
28  When the temperature of the system is raised, this equilibrium increasingly
29 favors the dormant chain ends, but this should decrease the rates of

30  elimination and coupling to an equal extent. However, higher temperature
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9 concentrations, which become necessary when low molecular weights

are 10 targeted, preferentially favor olefin coupling since that process is

second order 11 in polymer chains. Therefore, to maintain %) Gi‘?d%stiﬁ}e%wssz
WEANHERCE of the rate 12 of elimination, quenching agent CORCERtration

and/or temperature must be 13 raised. Both of these changes, however,

h th desirable effect of,.14 ing th ' f '
o8 TR TR g h e PR TR TP TR oo e, QL ™
InexpasingdUewthagddperrd srecrmpreratoguiinohisp egens, which is

radion of oo )
oY ki Sa i e Wi KRG (RO T erature thus

4 capbevides dorooopridiveatidresiace théhatesirdesadiapprbRIARaEiHifith
5 the souare.ohthedLWisRe CRRECAYRED:, TheralesanL@X8%REM product

targeting low molecular weight must be formulated with higher 21

8 queRBRMiP Rerr HaRtBAIRBHE SHEhimrrreseda gﬁﬁ@entraﬂons and
22 preferably run at higher temperatures. A expedient way to reduce

7 coOpling-atd2dacyriaatet modeity rataiieigifsttocdifne i egerirsnorntration

o 20dtionaldiluent. 241 hasbeendoung thatin thedpresense ahgufficient
concentrations of a basic electron donor, complete conversion to

9 exocolesinratiaitEentirbdreberadaRRaF 2B WA IR JLBIREHAG Waights are
10 CORGRBIELIMNIR AU ALHRI SEHMeURRhEVENILLhENBIBARAE is second order

concéntration. This suggests that under these conditions, the 28
11 quheAHGHJErRirembDEER R old MEBIAR e BaIRMT R ARCe of the rate
12 subsennemborGliensiais thenroterdatthd@ientdiordongys thatistist be
guenchipg.agent acts 30 only as a catalyst for elimination, and
1 A QL Ve G, TR Se Bsmung on=B et o
14 PGEAUSINOARH 2958t iaticoeyitoar Tatduns eobatebihtsareissittgdheetric
concentration (relative ' 0 N ; nfer
15 oRRRIE O S eacaos KBRSl e G e g e

16 Oncrecettieatinardiminighes Wssanseoralisasit bR asiddhemue the
17 €X3GRlg N Snte asiek iSctailacem dncird GRIBMRONeSaY B6iliS and this

precursor, it has been found that.corfgg;lete conversion of }Qg chain ends

1810 SKORAIRITHRIHAES SARADHBHISH ROBPFRYfRLion Since the latier Varies

19 approximately with the square of the Lewis acid concentration. Therefore,

L) N e

20 recipes targeting low molecular weight must be formuiated with higher

21 quenching agent concentrations and higher Lewis acid concentrations and

22  preferably run at higher temperatures. A expedient way to reduce coupling at
23 any target molecular weight is to dilute all reactants with additionat diluent.

24 1t has been found that in the presence of sufficient concentrations of a basic
25  electron donor, compiete conversion to exo-olefin chain ends can be attained
26  when the quenching agent concentration is but a fraction of the quasi-living
27  chain end concentration. This suggests that under these conditions, the

28  quenching agent removes a proton from the carbenium ion and subsequently
26 transfers the proton to the electron doner, that is, the quenching agent acts
30 only as a catalyst for elimination, and the electron donor serves as proton
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7 concentration of quenching agent. Under these conditions the
guenching 8 agent serves both as catalyst and proton acceptor. 9 General

Procedure for Preparation of Polyolefin Polymers 10 Contajnj ;
Ve8I End Groups on the Chain 11 A typical procedurgi!’ %{r}/ﬁ%{)os,«;z)ssz

preparation of polyolefin polymers of the present 12 invention is given
below: 13 The method of the present inventiogn may be cond

e e S e e e

2 prehessamRofay dbchingageskitmddrotnéeartcd8cThie pokaNtageastion
reaction is carried qut er | | 7, ' a ous

yeuBeianialanhdr
3 en?/ﬁragﬁ%%%& ?r@e%gétj({%sé é%ga%%%%’vﬁ&%ﬁ]e% foﬁowing reactants: 19 1.
4 a dihsente20 2 basintettiond@ GinfRIEREPIRL I BENANER D FEBIESS bY

5 IS DIBCMIRAN iof & A PO FEBISBIONARE BB AN dR DAt @MipREd, which
typically comprises a halide of titanium or boron; 24 The reaction mixtur

S is eoDifFE PRI AR M LR F&?&Fﬁ%sf?o?ﬁe‘ﬁﬁ%ﬁﬁ?@ﬁ(g@%r

7 abayt dMrafibe dnethadahthaguesendayentian oayitem22¥\Renching
2006/023742 PCT[US2005 Oé958 1 carried oLtJt at any desired pressure,

8 arReepheries R RO SBIRYR 8PS RISRT-86%0 heric pressure. 3 The
progress of the polymerization reaction is monitored in situ

S determinatioa@riers Brochatst ontRRa: Palvaintis

10 Mixture. 5 After ighicpnyersien gbfRe-monnpiasd

removed for 6 determinafion of the pre-quench chain end composition

before addition of the .7 quenchin ent, The pol rizatl tion. |
1 e A R BTN R D B S S L e B Srpner
12 desiveshiemizegaemerddaBy:One or more nitrogen-containing five-membered
ring quenching agents
13 The method of the present invention may be conducted as a batch process, a

5 aon ey

14  continuous process, a semi-batch process or by any process known by
15 persons skilled in the art.

16  The polymerization reaction is carried out under inert gas and in a
17  substantially anhydrous environment. The reactor is charged with the
18 foliowing reactants:

18 1. a diluent,

20 2. an initiator,

21 3. an electron donor or common ion salt, or its precursar,

22 4. one of Mmore monomers, and

23 5. a Lewis acid, which typically comprises a halide of titanium or boron;
24  The reaction mixture is equilibrated at the desired temperature, ranging from
25  about -130°C to about 10°C. The method of the present invention may be
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10 is added to the reaction mixture to quench the polymerization reaction.
11 Although, the concentration of the reactants may be varied to obtain

he 12 desired product, it has been found that certain ratios
W%éc‘ﬂ?ﬁs Hre 13 important for obtaining high exo-olefin cha?ﬁrmﬁ lfé’lo 7382

The ratios are 14 described below: 15 The molar ratio of monomer to
initiator is in the range from about 3: 1 t.16 2 (%g_%gsir gr&bly
T th&HRG LR 3?%@%%?%3? t e?ﬁ‘t"etb? 105 r‘g’n":f;[‘iego eﬁ 51 to
2 absuier,@00ckphote prefeuadly the molar ratio of monomer to 18 initiator
is about 10:1 to 150:1. The mole ratio of monomer to initiator controls 19

3 the-final- ppleculatueighi-l thatrplvelalinbrl Fimned atinuobyewis

acid to chain ends is in the range from about 0.1;:1 tQ 21 abou]& SOOX%L
o lire

4 Pr@?é%%‘l‘?@ﬁ@%l@erﬁﬂ??ﬁm}é Hei 36 ERaT L fARge of
5 abmmgwmta@@ af ﬂM@mmr&ﬁa&satﬁmemﬂiararaﬁM& Iremizvadifor

to alnen SIS ut21t0151 4Th icl R
W Fﬂéﬁ rr%r%er?rorﬁ%a out Egn %gp to ;ﬁ)out 1% %%%%t@n of the
’ Pfﬂtﬂammwgmﬂa‘fmtmm@metmafa@céremmﬁwez@ qoRbisisariRated with
g ande.ofa §? %% h?ﬁ’%%&%@a%a%%@@é@%@%%@?@{afe 27 ratio of
electron do

S | eflisREx nbr is about 4:1 to 30:1. -23 WO 2006/023742
PCT/U82005/029582 1 The molar ratio f Lewis ud% uenchin ¢
9 1o 7 the AAGETERTSBBLRIS o 2 LN BO0 L STy THE T gpents
1 ratio of Leydg@eiddarauenehiog nagentdsiretins thegmbfraddzatzin teaction.
about 100:1. More preferably the molar 4 ratio of Lewis acid to quenching

ag : I aHies GheyBRCMUABAESBbIgIC RN
1 eng‘gé?gs‘\ij ﬁ]g{ éﬁ%@eﬁ}c?r#taé%tﬁq g!%)?é@écg to abogtﬁ 20:1, Preferati%;;;he

12 molgsiaionsdiirni iRy kRphaBnchiiAl PRIRIT ARt ARG Sackaere
130 5%&@%@%%@%@:&%&@&%&6%&% rila ERlioyi810f Thenahingsagent

to chain end is about 0.5:1 to 4:1. 9 Additional aliquots are removed from

14 thedRssinss BRiRlte at various time 10 intervals after addition of the

guenching agent to determine the concentration
15  The molar ratio of monomer to initiator is in the range from about 3:1 to about

16  20,000:1. Preferably the molar ratio of monomer to initiator is in the range of
17  about 5:1 to about 2,000:1. More preferably the molar ratio of monomer fo

18 initiator is about 10:1 to 150:1. The mole ratio of monomer to initiator controls
16 the final molecular weight of the polyolefin.

20 The molar ratio of Lewis acid to chain ends is in the range from about 0.1:1 1o
24 about 2,500:1. Preferably the molar ratio of Lewis acid to chain ends is in the
22 range of about 2:1 to about 200:1. More preferably the molar ratio of

23 Lewis acid to chain ends is about 2:1 to 15:1.

24  The molar ratio of Lewis acid to electron donor is in the range from about
25  1.1:1 to about 10,000:1. Preferably the molar ratio of Lewis acid to electron
o6  donor is in the range of about 2:1 to about 100:1. More preferably the moiar
27  ratio of Lewis acid to electron donor is about 4:1 to 30:1.
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11 of the exo-olefin chain ends on the polyolefin polymers. The
polymerization 12 reaction is terminated in all the aliquot samples and the
remalnlr:}g reaction 13 mixture with an appropriate alcohol e%umbratesiazagt582

vty dhic

ﬁztemperature. 14 The concentration of the exo-ol&fih-Ghain
ends, along with the concentration 15 of the endo-olefin and tert-chloride
chain ends, is quantified using. 1H NMR, 16 GPC.spectra are glﬁ, m

T obtamEwts" Jatingtiveryuas AR AURRERING ARE6F RY éﬁ\régproduc%b%g

2 di-EAS preguot asbthe Goefdesbjrtitkioioks Coimpbuadisadidibteddensiing
in the preparation of th lyqlefin po , ' i

P S S S SRR

4 andfiateblevesdrio tewfenciingp@ensiseeisiitduigh'®idir polarity, which
can be estimated from their dielectric 23 constants. Typically, solvents

5 zavm&fmgﬂi@mﬂ%@qémﬁ@w@gt@fgﬁ@d e&@@iﬂadeltﬁa paitsedrertesbout
issociated. Suitable solvents include, but are not 25 limited to .

5 o) £5iMG AL chd SGRHB A o BUR REIAeS S et i St

7 fregzing poihtsitmbe ofseinbat ths: priefeived: folyriverizaiiefeteiipdhatarela 2ptio

lllustrative solvents inclu | neral Cio alkanes,

8 incﬁgﬁ%ﬂ@nﬁoarﬁ\ea Pa{f g(ijr‘}%e@ lséa"c ;gaé% &%%@r%ﬁ%ﬁjél butane, normal
pentane, normal -24 WO 2006/023742 PCT/US2005/029582 1, hex?ne,

9 nofdditieeataleUAtY IR GERMECTIRMANRSRERECAA GRS JBEQHE, “8°

10 anghidarheralkanasinsltcingisativtansy istpeiaterisehixace; &niration

3-methylpentane, 2,2-dimethylb -dimethylb d ike),.
11 2108 B RO ST AT GBER A K B0 R Petare e e g ich
12 chiegattiom jstoytchiiedén MHhhw&aﬁhimﬁ@amma;aedéwrsﬁuﬁnmﬁ@mmn
13 Shigd Sr%v%%ﬁ(‘j&ﬂ'gg%ﬁé%?@?e ét&@%‘&%}i@%ﬂ&@&ﬁﬁﬂs RO atlre.

acetic anhydride, etrach e, acetonitrile, neopentane, benzene,
8 toluene, methylcyclohexane, chlorobenzene, 1 -dichlogﬁ)ﬁhane

, .9 .
141 ﬂagﬁmggﬂq@t}gpﬁﬁt%ﬁwggﬂaﬁ £ ﬁ%ﬁ?’l% g it §p$88§:/ientrataon
15 chlgrighe, ehad dediic RietapropRiaeider chird mhdiarop rppaTiifiedieiagkm diVIR.

16 (Su&%ésspectra are also obtained to qualitatively determine the amount of the
17  EAS product, the di-EAS product and the coupled product.

18  Compounds suitable for use in the preparation of the polyolefin polymers of
19  the present invention are given below:

20  Diluents

21 Diluents influence the ionization equilibria and rates of exchange of growing
22 species through their polarity, which can be estimated from their dielectric
23 constants. Typically, solvents having low dielectric constants are preferred
24 since ion pairs are less dissociated. Suitable solvents include, but are not
25  limited to, low-boiling alkanes and alkyl mono or polyhalides with reasonably
26  low freezing points to be used at the preferred polymerization temperature.
27  lHustrative solvents include alkanes (generally C, to Cyo alkanes, including

28 normal alkanes such as propane, normai butane, normal pentane, normal

Y



11 nitropropane) to name a few of the representative liquid diluents or

solvents 12 useful in cationic polymerizations. Mixed solvents (for

example combinations 13 of those listed above) can also be . _
W%ﬁ?ﬁ?ﬁf?l‘g Initiator compounds for living and quasi-living c%?%?)@a(fé%}?g%gz
polymerization are 16 well known in the art. Initiators may be
mono-functional or multi-functional 17 dependin

gon the desired product.
MBRSERMCHRRARNRPHNENCATRA ArtRerS B A BARHIE Ol REcane,
dﬁ&ﬁ%@fﬂ%@afé&é@é&iﬁ%dtn&@dmﬂdn@‘ $tandatpolyrseretEnmitiator
should haye more than two reactive maieties, The t
T R e B e oy T B P fce),
(XaRBaRBHnRatkdeidiniBes RivcmdRiniehidipehdenycoipides at
'e%%‘lo%%é?’gﬁ %&@Mmﬁ%@%@%@%@%&{%ﬂ@ ANk be the

diffe

same’or ent, and X' is an acetate, etherate, hydroxyl group, or a

hatogihy i, J2-aihisnestBrRe ahd # & i aReigEPThBRe —4Ur dioxide,

Preferably,Ra:RE anfifs aigadfidnuliosashantarsupsopentatningsmene,
carbon atom to about 20 carbon atoms, 26 refer blﬁ oneFﬁarb_on atom to
8 abilenearpBirdrRyTSNGERIE, PRAREBIFY T i%‘%ﬁ [IG&N4RE more

9 praf,ar@mnf@m@mt@badmj@maeﬂrmmaeiét is-prefstabliedd28ssefgobthehioride,
structure of Ra, Rb and R¢ to mimic the growi [ r omer,
10 5 o A RBTEAROl B A R A S Ps D o (caghad T

W

-~ O

11 deritaiprefanpplyisameyddre. Sultabkpoesaptalivesidniiutiseots Oospients
2006/ 42 PCT 582, 4. exam | i I i ati

12 tric%%%%ﬁéléé%?ﬁéﬁt%%%ﬁ%@%%orides, i.(g.} @ 'TZ&UW eSJéQHBM RPfbinations

13 2-cifithose- pstedydbaisa sen BschenyseRioride; 1,4-di(2-chloro-2 3
propyl)benzene, i.e., di(cumylchloride);

14 1,3fds-chloro-2-propyl)benzene, 4 i.e., ti(cumylchloride);
2,4,4-trimethyl-2-chloropentane; 2-acetyl-2 5 phenylpropane, i.e., cumyl

15 gcr‘?]rtljﬁ%to% éﬁ%x%ﬂgﬂp%}ﬁ@éﬂe%ﬁﬁviﬁﬁ YL B JARRI RN Rimerization are

oXy enylpropane,1.e., cumylmethyl ether; 7 _ _
16 1, AMdil KRRy Brbd) iigERrEenay iR remearRIans) Ftrurit-gunctional
17 1. 32HRnme home 2esnay freazenaide- ieiondnaeidndisthetheadnitiators
similar . ' ) .

are employed when the desired polymer is to be lingar. For making star
19 polymers the initiator should have more than two reactive moieties. The
20  contemplated initiator compounds can be represented by the general formuia
21 (X“-CRyRp)sRcWherein R, Ry and R. are independently comprises at least
22 one of alkyl, aromatic, alkyl aromatic groups, and can be the same or
23 different, and X' is an acetate, etherate, hydroxyl group, or a halogen. R has
24  a valence of n, and n is an integer of one fo 4. Preferably Ra, Ry and R are
25  hydrocarbon groups containing one carbon atom to about 20 carbon atoms,
26  preferably one carbon atom to about 8 carbon atoms atoms, Preferably X' is a
27  halogen and more preferably chioride. in some instances it is preferable to
28  select the structure of R, Ry and R, to mimic the growing species or
28 monomer, e.g. a 1-phenyiethyl derivative for polystyrene or 2,4,4-trimethyl
30  pentyl derivative for polyisobutylene. Suitable compounds, include for
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9 compounds. Other suitable examples can be found in U.S. Patent 10
No. 4,946,899. Particularly preferred examples are
2-chloro-2.4,4-trimethyl 11 pentane (TMPCI), szoosmzs:isz
W?ﬁ“&‘(f@f ﬁoro 2-propyl)benzene, 12 1,3,5 tri(2-chloro-2- prop% enzen
and 13 1,3,-di(2-chloro-2-propyl)-5-tert-butylbenzene (bDCC). 14 The
concentration of the chain e in the to I reactiop myixtur be i in the
A GBI ORI GBI THOR 65 (eI el ey
Preferadty-theteonieopation ef tberchiaihlerids;id i di(@-chigefom about
17 0.00 mole er lite 0 r. ke Q[:y the,
PR o e LN P £ S R AR e
19. perth(en mgmmm B]éléérpaﬁﬂhséw’z@Em@ﬁaﬂ@n&é@ﬂ@ectron

5 d° BBy gS%’f‘?(?/ﬁ&“  showin,te canvert yaditional polymer. ?ueaa%%swétemw

|nt or quasi-living cationic polymerizations s
6 elevaBivtRIBORTEBHIX NG PIEBERI IRASISI bR isTHETY WffMited to

7 any R24iPaficuakLOmROMIT AR £ASS 0f camnaHndss thirsmpies include
pyridines and 25 alkyl amlgﬁ aprotic amﬂ sul de fge? m tamriar
8 compoulie-RaRRT 28 GRS BorlBLEIBATATY) STRRA
9 otheypByridinecesnpaliaols aiamma@w-temuuwmﬁlmm

2,6-di d
102 AR08 2 AP0 B8 BB oy
11 N Neditmeth§iiidREIING, ma&%m@émm@yaaemm compounds include
l\{l\l%llﬂgg‘i@?%w&fl%r g%lé{g dgr&éﬂgweatﬁglacetamlde and

cetami WO 2006/023742 PCT/US2005/029582 | An
13 exé\rﬁpl@zl (@rehiumokiBrRYinbiRid yihsrARDRRRIxfdE. Diethyl ether is an

2 example of an ether compound, and methyl acetate and ethyl acetate
14 araa@sanwﬂsmfmsmmmued% rhisptudie mevioumiststemayg be in the

15:2?5@“ %%u?}? gq é%k%@ phateJriagydehexamaihdphgsphate

emp xyge contalnlng metal compoun s such as
16 tetmefmawmamnmm@wﬁ theefililedis @nslstisinddsornge from about

17  0.001 moles per liter to about 1.0 moles per iter. More preferably the

B N -

18  concentration of the chain ends is in the range from about 0.005 moles
19  per liter to about 0.5 moles per liter.

20 Electron Dopors

21 Electron donors have been shown to convert traditional polymerization

22  systems into living and/or quasi-living cationic polymerizations systems. The
23 electron donor used in the present invention is not specifically limited to any
24  particular compound or ciass of compounds. Examples include pyridines and
25  alkyl amines, aprotic amides, sulfoxides, esters, metal compounds having an
26  oxygen atom bonded to a metal atom, and others. Pyridine compounds

27  include 2,8-di-tert-butyipyridine, 2,8-dimethylpyridine, 2,4-dimethylpryidine,

28 2,4 B-trimethyipyridine, 2-methylpyridine and pyridine. N,N-dimethylaniline

29 andr N, N-dimethyitoluidine may be also employed. Amide compounds include
30  N,N-dimethylformamide, N,N-dimsthylacetamide and N N-diethylacetamide.
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7 The concentration of the electron donors in the total reaction mixture
may be 8 in the range from about 0.001 moles per liter to about 0.1 moles

per liter. 9 Preferably the concentration of the electron donoPrsTi? ir% (w%zgssz
W%ﬁ[{?é"ﬁa?ﬁzabout 10 0.001 moles per liter to about 0.05 mdies B%r fitay
More preferably the 11 concentration of the electron donors is in the range

from about 0.002 moles, 12 per liter to, ahout 0.02 mole liter. 1 .
COR AATBIP S RSN TR Saf BT S TR QDI s s an
sadigaafialbpeeceiisersonapbec phidnatyratided tictaderbiibacdBte are
mixture in additign to or replace electr Typicall
th%@“ﬁ% a seéigrucgéapt%girﬁ%:?érggg %#éél%e?\%) gntcégngt%,gggggrée/ﬁﬁﬂeégqgns,
anthaZrveneficibltyl recsphalith tiganid ckenampsh Peirecakaly pratcples be
ar n I f - m
Ch%%%g%@ Bd’%u4 é‘%@%@kﬁ@fﬁwﬁ%s o55xANRIe ela-Bshutyiamneniy

' . 19 The Concentration of the common ion salts or salt
prétas §in BROBRATARAGFTIHIRTPEmay be in the range from about
0.0005 moles per liter to 21 about 0.05 moles per liter. Preferably the
7 comngenisatientefihe commeadoon 22saitsotisalbEbaasiors isidutemay be

range from about 0.000 s per lit %HE 025 @ég Bphlgpr.
8 MJ eﬁ’beré?&%%%% 2 m‘g @@éﬁ.n‘?&e %J(?%%ﬁrﬁon Lgio'n gig?t orﬁgaltg '

e concentration ofr t 4 |
S prévafsusijstie thecangefonehibeur o BON Wansssisrinitirasa Rt about

10 0-Q0FnalenRerdithi 28 Monemes R4 isuiiabladnneraeisferisgtnethe

method of the present invention are 28 hydrocarbon monomers, I.e.,
1 corpeantaihelitie PRy BRegEN iRt TARe =068 ¥4 5-002 moles
12 PGHMR200%0395624 atbonatams, especially olefins and diolefins, and

normally those having from 2 about 2 to about 20, but preferably from

13 S R L e e e bt

uniform molecular weights, for example, 5 from about 300 to.i cess of
14 o 1RAIBIETHIER SRS RSROED b Vol BHABIRCURAY GRS A Gracton

15 ViSR{ks ROl B\RIR 6 WG agpleleavtar wetgbt aibften donor. Typically, these
16 salts are used to increase the ionic strength, suppress free ions, and

oI & 1 B

17  beneficially interact with ligand exchange. Particularly preferred are common
18  ion salt precursors, for exampie tetra-n-butylammonium chioride (n-BusNCl).

19  The concentration of the common ion salts or salt precursors in the total

20 reaction mixture may be in the range from about 0.0005 moles per liter to

21 about 0.05 moles per liter. Preferably the concentration of the common ion
22 salts or salt precursors is in the range from about 0.0005 moles per liter fo

23 about 0.025 males per liter. More preferably the concentration of the common
24 ion saft or salt precursors is in the range from about 0.001 moles per liter to
25  about 0.007 moles per liter.

26 Monomers

27  Suitable monomers for use in the method of the present invention are
28  hydrocarbon monomers, i.e., compounds containing only hydrogen and

-7 .



7 about 200 to 10,000 g(mol, or solid waxy to plastic, or elastomeric
materials 8 having molecular weights of from about a 100,000 to

1,000,000 9tmo|, or 9 more. Suitable monomers include su%féﬁ%@ﬁ#ﬁg <

W sz?élg’ %ﬁ%ene, styrene, 10 beta pinene, isoprene, butadiene,

compounds of the preceding 11 types, and others. Particularly preferred
mongmers, are isobutylene, 12 2-methyl-butene, 3-:m il & ;

f
R P e R B DL e Ui Gt RS Hving from

mabontel is Emhutlbrieit Migfarably froorainet st itagbauyt Secageen amTe The
co t] ft i ' i in the
S O L O S e
Preferalsly polyimere o ifRratibrbet dRdarBrBRess & i iarige femP'e,

about AL nees 8 pesiitetduphomiRd dnalss peeditesMesie Besfermilv

the concentration of the 19 monomers is in the range from af)out 0.%,[ >
& monsdsselanerts MHGHIL WRSIBLS S5 ¥R R aVIBa pRepTAHI tE'9nt of from
7 copsentratiomof smmanemersdsid. iraxgles Raqiey liteel23drewis Aeidsials

23 Lewis acids that are suitable as_catalysts-for. purpo, fihe invent
5 4 ARG VEFARL NS AMEH (8 LEns e B AP Ao
o titanam R5ttatmomotdemtdoterstrithtoritipowsts eitirebtdyiems . FiNRRS,
an rti ly: {tani hlonide.i :
10 e e et e e
11 mdvieeseanddehrisaartiselarty SFeRGeCoNPRABEERES ISR BAPGe
12 adjistedhusingdicleonbifigiadditives, Inmdisameisansasheselsnise.
acids are also referred to as co-initiators. -28 WO 20061023742
13 pCAn BMSPODSIDPEIET oE MR AMRIUAL A THENERRiMETH BredeMPRARE™ may
14 iniieeystem may vary. 2 However, it is desirable that the concentration
of Lewis acid is sufficient to 3 achieve an appropriate rate of

15 gome&' Qﬂr@ﬂ&ﬂ&ﬁ%@%&ﬁ@r&%ﬁ@@@aﬁ&%ﬂﬁ?ﬂ%&ﬁ%ﬁﬁ@&"ﬁ’e‘“ﬁﬁtthe

e so high as to precipitate the formed polymer. 5 The concentration of
16 thgargmidraniiotid Blamelastis Fskdaahrsy B Malgs per liter. Preferably

17  the concentration of the monomers is in the range from about 0.1 moles |

h B W N -

18  per liter to about 2.0 moles per liter. More preferably the concentration of the
19 monomers is in the range from about 0.3 moles per liter to about 1.0 moles
20 per liter, Most preferably the concentration of the monomers is 0.5 moles

21 perliter.

22  Lewis Acids

23  Lewis acids that are suitable as catalysts for purposes of the invention

24 include, but are not limited to, titanium and boron halides, particularly titanium
25  tetrachioride and boron trichioride. Use of the titanium halides and particularly
26 titanium tetrachioride is preferred. The strength of the Lewis acid and its

27  concentration should be adjusted for the particular monomer. Additionally, the
28  strength of these Lewis acids can be adjusted using nucleophilic additives. In

20 some instances these Lewis acids are also referred to as co-initiators,

-28 -



6 range from about 0.001 moles per liter to about 3.0 moles per liter.

Preferably 7 the concentration of the Lewis acid is in the range from

about 0.005 moles 8 per liter to about 1.5 moles per liter. M I é Eﬂ}g%sz
V&' e Reéhtration of the 9 Lewis acid is in the range from ag%etrf{e]gi %

moles per liter to about 1.0 moles 10 per liter. 11 Quenching Agents 12

Quenching agents contemplated for use in preparation Qf th lygiefin in
gl I R R A
2 ringovecemiptsiddsisinit heisihestivmeahipgtionesf dswvis acid is sufficient to
substituted-imidazole, .15 j = in ;
3 o e R e PR R TR R SAT G Lo i
4 15onmeseirativn enoridaret Ra s sl @sdadeRaipEats| tReHRIMIG Rplemer-
carbon atom to 20 about 20 carbon atoms, R2 and R3 are independently
5 hydregemesngitaliobeataining soe cetthetoaibradoiaboub@reankgrbe in the
atoms, 22 cyclpal bout 3 to about 7 carbon at |6
e A R Sl
7 aIKawbomcaém‘dtatmmoéﬁww@‘iea&ddﬁ&ifatbmsamﬁwwmbﬁgﬁoﬁtmm%
8 abou! AQALERAPENALS (B} e AR ST adlspl aipimataind of the

from 6 carbon atoms to 4 carbon atoms or an aliphatic ring of from 4
9 cakiswrisadeinsstindbeierne EarbeRutbSS RIS RS Ef&wm%a%ﬁeo moles
10 ca&qqi tom to about 6 20 carbon atoms, and R3 is hydrogen or alkyl
containing one 7 carbon atom to about 20 carbon atoms, cycloalkyl of

41 about 3 to. 8 %\bogj_1 g carbon atoms, aryl of about 6 to about 30 carbon
atm%,n bout 7 to about 30 carbon atoms, or aralkyl of about

7 \
12 Quenching agents contemplated for use in preparation of the polyoiefin in the

13 present invention are nitrogen-containing five membered aromatic ring
14  compounds such as substituted-pyrroles and substituted-imidazole.

15  The substituted-pyrrole employed in the method of the present invention has

16 the general formula:

Rz R3

Ry T R4
17 H
18  wherain:
19 (a) R: and R4 are independentiy alkyl containing one carbon atom to
20 about 20 carbon atoms, R, and R; are independently hydrogen or
21 alkyl containing one carbon atom to about 20 carbon atoms,
22 cycloatky! of about 3 to about 7 carbon atoms, aryl of about 6 to

-20-



10 to about 30 carbon atoms; or 11 (c¢) R2 and R3 form a fused aromatic
ring of from 6 carbon atoms to 10 12 carbon atoms or an aliphatic ring of
from 4 carbon atoms to about 13 8 carbon atoms, and R, al;%%gzza € 029582
W%a‘g}ﬁgﬁﬂéﬁtly alkyl containing 14 one carbon atom to about car
atoms; or 15 (d) both R, and R2, and R3 and R4, taken in pairs,
independently form_16 a fusec% aromatic ri of fro carb 10
T carbon atom§@)%?%ﬁaa{f?8ﬁaq g'ﬁﬁg ?ﬁf aé)ar %qato&ngjﬁogg%%ﬁ?
2 carbon 18 atasttgnd 9oF heatlitionfeaboonTainiagdives thesnbetelarsnfitic ring
employed in another 20 embodiment of the present invention is a

Subst ted imidazoles 2 Hhe subsiisaddmidarpls bePhQS'B@iB@ﬁi abthg to 10

prese invention has the 22 general formula: R,RZ \\Ra

3

4 2006/023742 FCORUSPOTSRI AR AR &R I 4RE %l %%ﬂs o about
5 containing from:abost 4tearbom atosis/ledhauiing 20<ardrboratons tarsdout
6
7

wherein 3 (a) re |nd dentl dro n
atom 4 to abé:ét %toé}@g ito éjeg?c?oh%/ rn%%% (ﬁout ?558698
carbon atoms;;@mn@famub&b@@&bﬁhbamoarbmmm@mikww gt 3 to
about 7 to abqut 3 r of

& carbon atoms; %rlé?zc ??ggga”i%? (ggsforrrﬁ g%fl%g)e iér)c?#wtg%g{#%gé %f% %ﬁ@gtoms

9 carbon atomsatsagyiLof cadisrY deorhe 6l 3Hh carsvaRiemg Grrrsat ikt 7

10 atoms to 8 1Q.£arheR MamsHlatristyes of other nitrogen-containing
five-membered aromatic ring 12 compounds that may be employed in the

1 e iR BRI s 4R AR e SRS UEHER 10

12 carbon atoms or an ahpha’uc ring of from 4 carbon atoms to about
13 8 carbon atoms, and Ry and Ry are independently alkyl containing
14 one carbon atom to about 20 carbon atoms; or

15 (d) both R+ and Ry, and Rz and Ry, taken in pairs, independently férm
16 a fused aromatic ring of from 6 carbon atoms o 10 carbon atoms

17 or an aliphatic ring of from 4 carbon atoms fo about 8 carbon

18 atoms.

19 The nitrogen-containing five-membered aromatic ring employed in another
20 embodiment of the present invention is-a substituted imidazole.

24 The substituted imidazole in the method of the present invention has the

22 general formula:

Rz

3

SN

|
23 M

Ry
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14 way limit the scope of the present invention. CHg G7N CH3 | H 15
2,3-dimethylindole Carbazole 16 The concentration of the quenching

agent in the total reaction mixture may be 17 in the range from about
WO G Htdes per liter to about 2.0 moles per liter. 18 PreferablyHHa0™/029582
concentration of the quenching agent is in the range from about 19 0,001

moles per liter to about 1.0 moles per liter. More prefeé%% the 20
1 conBerIaTErPABEERI GBS FamAantie AP aB AR T kebou
2 Molgsafdopastitas ladmbatiedsinmoles per liter. 22 Terminators -31 WO
2006/023742 PCT/US2005/029582 1 Any soluble alcohol may be used to

terminate the p izat] [aTaR T Y g nt.i i9Rs RegiRnmed
3 are monz-égllcoh%?/smfgn%i%gﬁ??gﬂggggﬁ?é %%f%%%@b%‘%ﬁ teo ef;llé):out 8 o

4 carbon atoms. A0EBRANMEDES IO E 2ipRte O € PRk PREABRWSS to about 7

5 PoiyisobutyieneLising sdianerfunstianal: @ tpitaiakandcadon atoms, alkary!
dimethyloyrrole 8 A four-n{,eck 250 milliliter round-bottom f@s&k,fecgjieped
& with an overhedd 3NEChaNRAP SIS FAIRT BIEHHTM FRE&ENEE! 200U

7 thermometer, wasdfiiest tathezenon HhotamATR-FTIR probe, which is
connected an FTIR spectrometer via a light 11 conduit as described in

g Storey, R@-? Themasy R Martomalerules 20Rd ol A8 P8P bloms 1o
This assembly was immersed into a he@_ tane bath at -60C 13 under dry

9 nitrogen gas in A&GBREAFEM M3 R SNISYHIPNY HFEHR. 2o 8
40 air background gpegirugiowas acquired and subtracted from all 15
subsequently collected spectra. The flask was then charged with the 16

11 follgwing reacianiied S, IHLLRE MK SAUHBLAIRAALHAR ring

12 compounds that may be employed in the method of the present invention are
13  given below. The given structures are only intended as examples and in no
14 way limit the scope of the present invention.

CHq

CHa

H

xr—--2Z /

15 2,3-dimethylindote Carbazole

16  The concentration of the quenching agent in the total reaction mixture may be
17  in the range from about 0.0001 moles per liter to about 2.0 moles per liter.

18  Preferably the concentration of the quenching agent is in the range from about
19 0.001 moles per liter to about 1.0 moles per liter. More preferably the

20  concentration of the quenching agent is in the range from about 0.005 moles
21 per liter to about 0.5 moles per liter.

22 Ierminafors
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18 57 milliliters methyl chloride equilibrated at -60C, 19 0.357 milliliters
2-chloro-2,4,4-trimethylpentane equilibrated at room 20 temperature, and
21 0.175 milliliters 2,6-dimethylpyridine equilibrated at room temperature.
WO UE G ents of the round-bottom flask were equnlbrateoP %T(} US98
Fourier Transform Infrared spectroscopy (FTIR) data were continuously

24 acquired for rou Omlnut establish a reference sorba a
1 GeATBSRRRIE BRI S PSP B TIERL OB AL TE G S gr
2 -6@@ m%ﬁéMQwﬁ@ﬁ%ﬁZB?éf@r%ﬁTdtéSﬂeﬁSlam&is dowlimiogrfiiooeabout

stlrrlng %xt 8?7 millilit %rscgt% g}]tg E)%Qlorlde was charged 2 to the

flagﬂ tv?/’e?s ah owe 0 proceed to high conversion, 3

approxmately 95 percent, as determined by in situ FTIR monitoring of the
4 887 4 cm peak of isobutylene. Th%ﬁ&@@é@ used for the Fourier

Transform 5 Infrared spectroscopy monitoring is given below. A
5 pre-quench aliquot, 6 approximatelgx@&t@imilliliter, was removed from the
flask using a glass pipette 7 and charged into a scintillation vial containing

s 4 milliliters anhydrous methang)is8aauilheated - 6060 iermioase the
polymerization reaction. The aliquot 9 was usgd to de}ermlne a baseline

for the quenching reactiof #2284 8- dinEiRyigyHrote and to provide a
reference for structural and molecular Welght 11 characterization in the

8 abseince-péckdidhotiliiteagamdiiothe folsimezinkad rebtishaMatiead
ro;fﬂ(?cggﬁ 3 UaskMas HanFRR IR 4 3 RAHIBRLAL O GRS the end

methy pyrrole at an |sobutylene conversion of 14 99 percent.

10 po@f-amé%raﬁaﬁ@@b@pmm@%ef@%mﬂ.@@ﬁe?@tm@iﬂﬁﬂM@t@dia'i‘t
11 vaeeHadma% @é%&ﬁié@fﬁﬁ%}%@dﬁlponmbmgﬁé 26 ﬂﬁé@%ﬁ’)ﬁbﬁaﬁ[@é@ 3003,
laced in scintillation vi Is containi 1II|I|ter % ou§ 60°C
12 e O G AT A PO S A PBA SR AT
13 Chakgpst wryhﬁrbgpﬁrmlat@ aumnamwynmlrmtmmhbmaMm ARDE/EDOX .
ter inate the remainin merization 20 re [
AL S R B S Th & e s S PACEF Al o

15  subsequently collected spectra. The ﬂask was then charged with the

16  following reactants:
17 85 milliliters hexane equilibrated at -60°C,
18 57 milliliters methyl chioride equilibrated at -60°C,

16 0.357 milliliters 2-chloro-2,4 4-trimethylpentane equilibrated at room
20 temperature, and

21 0.175 milliliters 2,6-dimethylpyridine equilibrated at room temperature.

22  The contents of the round-bottom flask were equilibrated and

23 Fourier Transform Infrared spectroscopy (FTIR) data were continuously

24  acquired for roughly 10 minutes to establish a reference absorbance at 887
25 cm’' prior to addition of 6.1 milliliters isobutylene equilibrated at -60°C.
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w TN <SRN T & - T &) R - S % S A B

10
11

12
13
14
15
16
17

18
19
20

21
22
23
24
25
26
27
28
29

21 The aliquot samples and the final terminated reaction mixture were
allowed to 22 warm to room temperature, which allowed the volatile

components to 23 evaporate. To each aliquot sample 1-2 mjllili e
(%’Hasgézand the 24 polymer was precipitated in metharqgw}ﬁgﬂ%mrm

Polyisobutylene was recovered in 25 each aliquot sample and agitated

using a vortex mixer with fresh methanol to,.26 | A inj

c QN MO T i L LR a7 e P e Charged
samresieatovehed daciachvaliv atvwetdplaosdad ool ONZEB RN at
room temperature.f a - Tatiele}

B e o M S e
susmlapiis ahisobublientq TRIRIBERCASEERIH ERIADIBS Tpighdransform
Compaiatiy e%%aﬁa%'sg ﬁa@a@rﬂ?%@ﬁI@@&ummgr@%&a@mi@my, of

the reactants used in Examples 0 and Com tive E les A-D.

5 PRBrRCHRIY AbReTERTs 4P (REGYGF BT AR  HO BB PaRA Rt

gggké?%a?@é&ﬁ&b ig Q@@mfbt@g;aﬁ@m@ﬁ@mh@r@-&mmﬁmﬁw aneti@&nol
IS an abbreviation of 1,3-di(2-chloro-2-propyl)-5-tert-butyl benzene

o SENS RO ST B RN AR T o e T e

abhraviaitenoti2{3 4 hetrbasetingdprtie. atdiiingiscantiibréliation of

2-methylindole. In.i |ati ' ' :
R R o By & el
abdne_mﬁarmzemwethylpyﬁ@n@.eﬁ 24/ iRIAE8Pbreviation of
2,4-dimethylpyrrole. 16 2,5-DMPy/TIiCl4 is an abbreviation for the mixture

of 21 @ppipyieleraadickiiitaaivum tetasitenitesd 8:dhquihemdibgdne
e BB e LA e B AR e R PR 1 e BafEFefln of

99 percent. Post-quench aliquots, approximately 5-1{.) mitliliters, were
terminated at various time intervals after the addition of the 2,5-
dimethylpyrrole by being placed in scintillation vials containing 4 miliifiters

anhydrous methanol equilibrated at -60°C.

The round-bottom flask was next charged with an appropriate amount
methanol equilibrated at -60°C to terminate the remaining polymerization
reaction mixture at 91.9 minutes after the addition of the 2,5-dimethyipyrrole.

The aliquot samples and the final terminated reaction mixture were aliowed to
warm fo room temperature, which allowed the volatile components to
evaporate. To each aliquot sample 1-2 milliliter hexane was added and the
polymer was precipitated in methanol. Polyisobutylene was recovered in
each aliguot sample and agitated using a vortex mixer with fresh methanol to
remove any remaining contaminants and the methanol was decanted.
Polyisobutylene samples recovered in each aliquot were placed in a vacuum
oven at room temperature for at least 24 hours to remove any remaining

solvents.
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20 Below are given descriptions of superscripts "a-h" used in Tables | and

It 21 below: 22 a. These quenching agents are solids at room

temperature. They were 23 first dissolved in approximately 10 milliliters
WO ReC, and the -34 WO 2006/023742 PCT/US20bS1§288841°52

resulting solution was charged to the reaction medium. The volume of 2

solvent used to dissolve the quenching agent is not included in t?tal 1’-3
1 redaRin NORIRHESUTTA ERE40% SHESIHRS QHRS R AEth T FERSS 120 and

2 replapeshiptitkescemmes /Amon salt, tetra-n-butylammonium salt, and the
masses in these cells 6 indicate the specific amount used. The salt was

3 fifsg%%ﬂ'\s%f i J@&Rf?&gg%y amgi e RresEhlliec e Eblarigles -
andthe restilting” 8 sofution was chargéd to the reaction medium. 9 c. In
4 thé¥bawaGmpathtive semnnas 4-80 milliliter tube. 10 d. Numbers in

parentheses are final concentrations after polymerization 11 reaction and

5 prereasirahausacheiEtcd were satnbined. (baeaRinah Genditionsnafter
po%erization reaction and pre-reacted 13 quencher/TiCl4 were

5 coftfBibd. 14 f. Pre-reacted with 1.062 g of TiC14 and 0.0475 liter diluent
for 25 minutes 15 prior to addition to the polymerization reactor 16 g.

7 FindViskiinenrbbpliptien paforhleictsh ey ReedeL 7

guencher/TiC14 were combined. 18 h. In these reactions, the
8 2,6;dipEte\dpysistine.is treplaced-y Phehtoovdanofd idrtsalbutytbenzene.
tetra-n-butylammonium salt, and the moiarity in these cells 20 indicate the

©coTONPYE 15 s b L gy
10 (F:)har g‘gi'ét%\é %g%%g’%%@%&‘fé% 6? §¥V405%% t%/s%ezagzﬁgyrmle.

11 2Minis an abbrev‘aation of 2-methylindole.

12 23DMin is an abbreviation of 2,3-dimethylindole.

13 125TMPy is an abbreviation of 1,2,5-trimethyipyrrole.

14 1MPy is an abbreviation of 1-methyipyrroie.

15 24DWMPYy is an abbreviation of 2, 4-dimethylpyrrole.

16  2,5-DMPy/TICls is an abbreviation for the mixture of 2,5-dimethylpyrrole and
17  titanium tetrachioride. ‘

18  The diluent used in Examples 1-20 and Comparative Examples A-E was a
19  mixture of hexane and methyl chioride in a volume ratio of 60:40.

20 Below are given descriptions of superscripts "a-h" used in Tables | and lf
21 below:

22 a. These quenching agents are solids at room temperature. They were
23 first dissolved in approximately 10 milliliters pre-chilled MeCl, and the
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m 000000000000000000000000rt0 d~"~OV'to O OO hO OO AA
Qo EA(NCOCNNVCAWLI()NhCnC1500)CnCnL.CDQOMO E
vC(?AMMooammhmca~cIrOMMMIXorr(O‘) - 1 M.y
“""é:"ﬂﬁo6 %78 010 0 01010 0 0.0 0000 0000 RO E"lﬁée%‘“%%ggsz
000000010000r00000i 0000t 0000LbO00O0~00o0L?)

NOOter7O~C22.Ld.r tN C7Gtq NN~ N7 NNN.N Rt-

10N <0 eBBANBEGER TEE S PRI B T T Vg

2 O N N NO:AtdisidIAIRsOvE O/ mhing agediGMWNa Da:ced)mMotab
OGdEAEtAMM=)MMIDVVAOMCOAAOO@QMV 7tDN (D

3 NOto K '?f)‘_‘f‘immg'yooop,d. CodNAM7McoQamé6666M
060600666660060060 Leno 0-a a C-ILCL g2 Clan an

4 cib~ oclh th%?ﬁeéﬁfmr&iﬁﬁz@s§'§é%‘ﬂ%d1ﬁéﬁ%_&%6%3ﬂﬁ%~8%%%89‘“”"0“

5 ~ON d @MNtoaNOoMMMEAIDBAR NG ribdbes M NNDEINCAIN

NN NN N NNN ~ ~
6 indicate t g sl\g}&:igc m'gurni used. The sait was first dissolved in

7 approximately 10 milliliters pre-chilled methyl chioride and the resulting
4] solution was charged to the reaction medium.
9 c in these reactions, the reactor was a 60 miliiliter tube.

10 d. Numbers in parentheses are final concentrations after polymerization

11 reaction and pre-reacted guencher/TiCls were combined.

12 e Final conditions after polymerization reaction and pre-reacted

13 guencher/TiCly were combined.

14 Pre-reacted with 1.062 g of TiCls and 0.0475 liter diluent for 25 minutes
15 prior to addition to the polymerization reactor

16 g. - Final volume after polymerization reaction and pre-reacted

17 quencher/TiCl, were combined.

18 h. in these reactions, the 2,8-dimethylpyridine is replaced by the common
19 ion salt, tetra-n-butylammonium salt, and the molarity in these cells

20 indicate the concentration used. The salt was first dissolved in

21 approximately 10 milliliters pre-chilled methyl chiloride and the resulting
22 sofution was charged to the reaction medium.
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PCT/US2005/029582 1 Polyisobutylene sa
NMR and GPC as 2 88551896 ow B P&t eteied
Infrared 4 SeectroscoQV Monitoring of Isobutylene

The polymerization reaction was followed by Fourier Transform infrared

analyzed using 'H
Vi ne .
ottier Transform

spectroscopy monitoring of iscbutylene psak at 887 cm™'. This procedure is
described in Storsy, R.F.; Thomas, Q.A. Macromolecules, 2003, 36,
5065-5071.

Procadure for Collecting 'H NMR Data

*H NMR spectra were collected using a Bruker AC-300 (300MHz)
spectrophatometer using samples concentrations of 3 percent to 5 percent
(weight/weight) in CDCls. H NMR spectra were used for analysis of the end
groups. Fractions of exo-olefin, endo-olefin, tert-chloride and coupled olefin
chain ends were obtained using *H NMR integration as described in the

following section.

Procedure for Collecting GPC Data

GPC data were used to determine number average molecular weight (Mr),
weight average molecular weight (M) and Polydispersity index (PDI),
i.e., Mw/Ma. GPC was also used to qualitatively detect olefin coupled product.

Procedure for Calculating the Fractional Amounis

of Chain Ends on the Polvisobutyiene Product

The fractions of exo-olefin, endo-olefin, and tert-chioride chain ends, and
EAS, di-EAS, and coupled products in the polyisobutylene samples were
quantified using H NMR integration. It was assumed that these six species
represent 100 percent of the chain ends. In some instances, EAS, di-EAS,
and coupled products were deemed to be absent by qualitative inspection of
the "H NMR spectrum, and for di-EAS and coupled products, by confirming

-8 -



5 The polymerization reaction was followed by Fourier Transforms
Infrared 6 spectroscopy monitoring of isobutylene peak at 887 cm -1. This

“Proc_edure is 7 described in Storey, R.F.; Thomas, Q.A. Ma_crom,olecules}5
Y648 $5065-5071. 9 Procedure for Collecting 1H NMRESA(H SF8% 2282
NMR spectra were collected using a Bruker AC-300 (300MHz) 11

spectrophotometer using, samples concentrations of 3 percent to 5 percent
1 1o RGPS GG FIBRSHOT RN SHHCR YIRS L8 7 AR AV Me"
2 thenasar id e rGass chraciitog afrextralefioceddeesefingtestdisbride Eimel

coypled olefin 14 chajn ends were gbtained using ;H NMR int ' S
3 o BB R G g e e e 5t e SR R

4 DatsEtBiFeataturet reasseskth wieterntinpiadmivsiugtwiag g eaoiedape
5 We%%gteg\{le), 18 weight average molecular weight (MW) and
Polydispersity index (PDI), 19 i.e., M,/M,,. GPC was also used to

qualitatively detect olefin coupled product. 20 Procedure for Calculating
& the%&%%é&%@ﬂ%ts 21 of Chain Ends on the Polyisobutylene Product

22 The fractions of exo-olefin, endo-olefin, and tert-chloride chain ends,
7 and he3ELBndi-BABT ambootiplahphdtibetsiishhe solgiseunigieed using an
g SAORIET WELR Arsbgyentitied singoH NMR HuegraliPRelbWaRiAS B 8dctional

that these six species 25 represent 100 percent of the chain ends. In
9 sormBMsrice-LI&8) di-EAS, 26 and coupled products were deemed to
be absent by qualitative inspection of 27 the 1H NMR spectrum, and for

10 di-EAS and(esuplediproduéts, By Aanfifiing c38 AWQ 20064628 F42%Acoupied) (1)
PCT/US2005/029582 1 the absence of a shoulder on the low elution

11 Volyme-sige of the Mainnalynaesing RekiRithe SREneBraNReaiam. ALNas the

procedures are given below. The 3 "General Procedure” was used when
12 co BRI PrivguRr wals HuteiaRRn anES £ ERoeT B st V3R L2 BRI
13 coyplegproduct was deemed to be 5 absent.

14 Atertct = (A185-1.726) - Aendo ' (2)

15  whera A gs_172 is the integrated area of the convoluted peaks associated with
16 the gem-dimethyl protons of the endo-olefin and the tert-chloride chain ends.
17  The integrated area of EAS or di-EAS product, when present, was evaluated
18  on a situation-by-situation basis; the integration was determined based on a
19 peak that is not convoluted by other peaks, and the area was normalized

20  based on the number of protons that have that characteristic peak. |t will be
21 noted that a co-efficient of 2 appears in equation {1) for both di-EAS and

22 coupled product, to account for the fact that creation of either of these

23 products consumes 2 polyisobutylene chains. Acupes Was calculated as

24  follows:

25 Acoupied = (As.04.75— Asss.75)2 (3)

26  where Asg.475is the integrated area of the convoluted peaks associated with
27  one of the exo-olefin protons and the two identical protons of the coupled

-39 .-



6 General Procedure 7 The fractional molar amount of each type of chain
end was obtained using an 8 equation analogous to the equation given
below for determining the fractional 9 amount of exo- oIef|n %%%g %) 0582
W?Azé&g’ﬁ (A%xo + Aendo + Atert-cl + AEAS + 2AdI-EAS + 2Acoupled e&s (gi
11 where Aendo is the area of the smgle olefinic resonance at 5.15ppm,

Ae,o is the 12 area of the exo Iefl c re onance 4 m,,a :
1 WaEGEh B Ao S AN P P 5 fi%%%?a'i\%%%ﬂ%ecdﬂg”‘“
2 whiesexfk6exd-olafis metmtegrated area of the convoluted peaks
associated with 16 the gem-dimethyl protons of the endo-olefin and the

3 te@?gé%%mgrgnds. 17 The integrated area of EAS or di-EAS

product, When present, was evaluated 18 on a situation-by- situation

basis; the integrati det b
¢ OB FEIRS O UM SLe e eSS Mt
5 numbertgberdtonsithaithave tidectear asiptstic peeakidnwiiabesRas ﬁ@f@ft@
5 hASHETOENt A ARRB ARG on dolinduRAR apdddn,

cou uct, to account for the fact that creation of either of these 23
products consumes 2 polylsobut lene chains. Acouple

lculated
7 24 follows” EENcHfned - (s 0 Arse A58 7576253 )%gxsh%acuae =

A5.0-4.75 is the mtegrated area of the convoluted peaks associated with
8 27vormofihe éxtheleftamoivhsinae tiefino feanticarprdtontoePReAes is the

°°HG&‘?Q%e?’QrX}é%f%QQ%9@%26‘%18%&9%9@%@2 b RIUG 5Kt

where A4.5-4.75 Is the integrated area of the peak associated with 2 the

10 ottisr srbdlieTeipieon FSpeditfoceaia’s itiaRditivesan manner
14 of couplespradictihesiastiamlonsiacsmount of 5 each type of chain

end was obtained using an equation analogous to the 6 equation given

12 below for determining the fractional amount of exo-olefin,

13 The 'H NMR results obtained on the polyischutylene sampies prepared in
14  Example 1 above are given below in Table Ili as the mole percent of the total
1% end groups.

16 ' Table Itl

Quench Time
{minutes after the addition of 2,5-dimethyl pyrrole)

Pre-quench | 15.% ] 309 1 453 | 61.3 | 753
Exo-oiefin yield {maie %)
8 a9 100 100 100 100

17

18  The data in Table Il shows that near quantitative conversion of chain ends to
16  axo-olefin was achieved within 15.9 minutes after the addition of the
20 2,5-dimethyl pyrrole.
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7 F(exo) = (Aexo) / (Aexo + Aendo + Atert-ci + AEAS + 2Adi-EAS) (1) 8
where Aendo is the area of the single olefinic resonance at 5.15ppm,
Aexo is the 9 average area of the two exo-olefinic resonancgT i fi) 06%%192
we. é‘é’%‘é’ftg 1o per million, and Aten-c , AEAS, and Ads- EAS'W 7
calculated in the same manner 11 as described in the "General
Procedure”. 12 13 The 1H NMR rg;ults ?b:%med on the polyisobutylene
samples prepared in 14 Example | given below in Table Il as
the mole percent of the total 15 end groups 16 Table III Quench Time

453 61.3 753 Exo- olefum,ygg@rgﬂglg mmg,%@g@ 100 100 1718

{2

The data in Table 11l shows that near quantitative conversion of chain

e e DR R R
1 Empiératﬁﬂmmloﬁmfﬁ@wemwmmu@r@ idevidr-fututemabs in

4
6 Idnelsii?gr Dle 18 ge@' %@gg‘%g%@ I8, 5 %‘%%Q’%W@'@%R‘F%‘?%@tﬂ% reaction
.

xam dthe c tions 5 listed in Table 1 above.
Emhpmzveendm‘aasaﬁérermb‘?@]é@lﬁtw@ﬁ%% HeeailligExample 1 above
except the temperature was 10C warmer and the reaction 7 volume was
8 in@ﬁ@%ﬁﬁﬁ%ﬂﬁﬁ@r@@ﬁﬁﬂ:ﬁ%ﬂ@@ oolldites. 5T beagtyis abutderibed

Ies ere c IIe eo\ as descriped 9 above for the
fF}BR/ ﬁ 0 ehe sampies.
10

11 The 'H NMR resuits obtained on the polyisobutylene samples prepared in
12 Example 2 above are given below in Table [V as the mole percent of the total
13  end groups.

14 Table IV
Pre-quench Guench Thme
(minutes) (minutes after the addition of 2,5-dimethyl pyrroie)
0 10 5 15 ! 60
- Exo-glefin yield (male %)

18 100 l 100 ! 100
15
16 Example 3
17 Prenaration of Polvisobutylene Using a Mono-functional
18 Initiator and 2, 5-dimethyipyrrole -
19 Reaction Temperature ~40°C

20  Polyisobutylene was prepared according to the procedure of Example 1 using
21 the conditions listed in Table 1. Example 3 conditions are identical to

22 Example 1 conditions except that the temperature was -40°C, and the totai
23 volume of the reaction was 200 milliliters instead of 150 milliliters.
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10 11 The 1H NMR results obtained on the polyisobutylene samples
prepared in 12 Example 2 above are given below in Table IV as the mole
percent of the total 13 end groups. 14 Table IV Pre-quench n g% '
(?Tﬁ‘f’ﬁ.(l 4(?n|nutes after the addition of 2,5-dimethyl pyrroles %Hﬂ%zﬁ ;g%;@?z
Exo-olefin yield (mole %) 18 100 100 100 15 16 Example 3 17
Preparation of Polvisobutylene Usin ono-fu al - itiator and
o eI RERETONTB AT S AR S G Fe S Be
was prenareskaceaniing 1pthespmdetiume sHrEpiemple | using 21 the
conditions listed in Table 1. Example 3 conditions are identical to 22

Exaonis. dicoariigns erasRl iaihe dempemtue nssrafy e total

23 volume of t%e reaction was 200 milliliters instead of 150 m|II|I|ter

WOIR00ER BT RS ASRGHB /555 I RN Ay RIS RIE S5t eral
weks cellecied andanahredarmoraseiieers3 aliove folotheomastpleutnehing
polyisobutylene samples. 3 The results, shown in Table V, demonstrated
thét 2% dimethylpyrrole 4 quenching produced exo-olefin at -40C without
coupling; however, the overall 5 reaction was slower and additional time
was allowed for complete quenchifgx@@i®écur. 7 Example 4 8

Preparation of Polyisobutylene Using a Di-functional

Preparation of Polvisobutylene Using 2 Di-functional

Initiator and 2.5-dimethvipyrrole -

Tarast Molecular Weight 6,000 grams per mole

Polyisobutylene was prepared using the procedure described in Example 1
and the conditions listed in Table 1. Example 4 conditions were similar to
Example 1 conditions except that the mono-functional initiator,
2.chioro-2,4,4-trimethyipentane was replaced with a di-functional initiator,
1,3-di(2-chloro-2-propyl)-5-teri-butylbenzene and that the reaction volume
was increased from 150 milliliters to 350 milliliters. All conditions are given in
Tabie 1.

The polyisobutylene samples were collected and analyzed as described

above for the Example 1 polyisobutylene samples.

The 'H NMR data were used to calculate the exo-olefin as the mole percent of
the total chain ends in the polyisobutylene samples prepared in Example 4

above.

S492 .



9 Initiator and 2,5-dimethylpyrrole 10 Target Molecular Weight 6,000
grams per mole 11 Polyisobutylene was prepared using the procedure
described in Example 1 12 and the conditions listed in Table 1. Exampl

W 2BHARRIAE were similar to 13 Example 1 conditions exceptthArHE 29582
mono-functional initiator, 14 2-chloro-2,4,4-trimethylpentane was replaced
with a di-functional initiator, 15

11,3 -di(2-chloro-2-propyl)-5-tert- butﬁ-ﬁ@%@ and that the reaction volume
16 was increased from 150 m|II|I|ters to 350 m|II|I|ters AII condltlons are
2 given in LbfdgeaBhsic BB dizradiol IS )

analyzed as described ﬁﬁ g v, tgc—g@%@g’g IJyd;?glylsobutylene )

3 samples. 20 The 1H N : %’r En@ﬁ u'“aT_'The €x0- olefln as

4 the mole percent o#/2at MeIeRHEEHAG SRCHIEA0H 6
samples prepared in Example 4 22 above -42 WO 2006/023742
5 PEHUS2005(020582% @x@@@tﬁ)l@sﬁa@%hargﬂsswzleemepana&dnmﬁxampie 4
Polvisgbutvlene Usi |onal 3 |n|t| and dlmet ol

64 ?&%%ﬁ%&é%ﬁ%?ﬂ}% ?E? Sytams peP ylso Let;}%er% v@azEJ

7 prép@mmuaimg)maipnmhm Mcﬁ“ibedm!ﬁtammmewaﬁt@m@mheﬁue%hmg

g con t L dased and

g#h?r% q-g Qa@%@%pﬁ&%@tb‘% § SreRnAitions 9kt idRNfica sT’Q:r ased an

B itions exce e initiator concentration and
9 qué?ﬁ:tﬂf@‘@‘a@@ﬁtft&m&@@ﬁbt‘?@ﬁ drseasaeieddPbthe’/reaktor volume was

increased and 9 the target molecular weight was decreased to 4,000
10 9/mab Oiibehpedsehdnens senpledisstee eolicatatyand analyzeibad

des rlbe% 6\7% abov, isobutylene samples. 12 The 1H

11 NN 0&3 FRINEEE d?ooggl mfg)lfeyt%e eég(o Hef%\ as the mole percent of 13
the total chain ends in the polyisobutylene samples prepared in Example 5

12 14 Hovd NMR data were used to caiculate the exo-olefin as the mole percent of

13 the total chain ends in the polyisobutylene samples prepared in Exampie 3

14  asbove.

15 Example &

16 Large Scale Preparation of Polvisobutylene Using g Di-functional
17 initiator and 2.5-dimethvipvrrole -

18 Taraet Molecular Weight 2.000 grams per moie

19  Polyisobutylene was prepared as described in Example 5 above, except the

20 initlator concentration and quenching agent concentration were increased,

21

exact conditions are given in Table L.

22 The polyisobutylene samples were collected and analyzed as described

23  above for the Example 1 polyisobutylene sampies.

24  The 'H NMR data were used to calcuiate the exo-olefin as the mole percent of
25 the total chain ends in the polyisobutylene samples prepared in Example 6

26 above.
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W 8)6%;

O B A

15 Example 6 16 Large Scale Preparation of Polvisobutvlene Using a
Di-functional 17 Initiator and 2,5-dimethylpyrrole 18 Target Molecular
Weight 2.000 grams per mole 19 Polyisobutylene was prepare

gﬂﬂ?& 4h Example 5 above, except the 20 initiator concEhtrd %5?19%{%2 382
quenching agent concentration were increased; 21 exact condltlons are

G TS i TSR OB S Hefe et 1 o

samﬁmt%ﬂdnerﬂd-bNMErﬁiagag&mwsednﬁmmmdhEaemmmmg

the mole e ntof 25th tt%eﬁ% tg\? /g,g te of
AN B rer e S T e e e rte o
P@Yﬂlﬁ%@ﬁmﬁeﬁaz | The results, shown in Table V, demonstrated that
increasing the chain end 2 concentration and quenching agent

concentration without a correspongingragiacyease in the Lewis acid
concentration caused retardation in the rate of 4 exo-olefin formation. 5

g Example 76 Effectpf P&%ﬁﬁegﬂngg@&mﬂﬂ%&mﬂt of an

Preparation of Pa Nolecurar Welg 7000 grams

Y ERARINfe-6 above, except

g the 10 Concentfa%%ﬁtmmé ggw@é%wo@act
condltlons are 11 givenn Table The po ylso utylene samples were

10
11

12
13

14
15

16
17
18

19

20
21

22
23
24
25

% ted and analyzed as des réb‘%ﬂ 3 ab?v ¢ g\r}g Exam ﬁT%
y? Bﬂ%ﬂ%eénga |BECRG *I' KRR Hata were used to calculate the
exoatnlﬁrntra&cbh@b@@m‘umfatmcmﬁndwf\fehampmm thegiotprdibangae

sa S. in Example 7 above. 16 The results, shown in Table V,
n’%%%s F%t %ﬂ%eﬁ[ doubling the Lewis acid

The polyisobutylene samples were co!lected and analyzed as described
above for the Exampie 1 polyisobutylene samples.

The 'H NMR data were used to calculate the exo-olefin as the percent of the
total chain ends in the polyiscbutylene samples prepared in Example 7 above.

The results, shown in Table V, demonstrated that doubling the Lewis acid
concentration increased the rate of exo-olefin formation but coupling occurred

due to the high chain end concentration.

Example 8

Effect of Titanium Tetrachloride Conceniration

and Temperature on Preparation of Polvisobutviene

Polyisobutylene was prepared according to the procedure of Example 7 using
the conditions listed in Table 1. Exampie 8 conditions are identical to
Example 7 conditions except that the concentration of titanium tetrachioride

was doubled and the temperature was raised to -50°C.
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17 concentration increased the rate of exo-olefin formation but coupling
occurred 18 due to the high chain end concentration. 19 Example 8 20
Effect of Titanium Tetrachloride Concentration 21 and Temperature on
W@r@lﬂé/f’&%"ﬁ of Polvisobutylene 22 Polyisobutylene was preﬁgrgg S2005/025582

according to the procedure of Example 7 using 23 the conditions listed in
Table 1. Example 8 conditions are identical to 24 Example 7 condition

1 oxEepPNNERR BUPRS ARRRAPOMBEE RN LR AR Y28 AR SRR

2 anghihe RMPErEkERNIES [isasdnFREe <enWi@s2006/023742
PCT/US2005/029582 1 The polyisobutylene samples were collected and

| i f . |
3 o A iR By Sy B i o M Rfont o e
4 petehtisithendsttdherralyisatytinane sRRmepaieareddmples nieshrigve.

in Example 8 above, 5 The results, shown in Table V, demonstrated that
increasitgitaedreis itk bieah cntratistraang i tempesatgnésddideckcid

the rate of coupling relative to_7 exo-olefin formation npl :
5 BRI AR B PO e A R ey T TR e g
7 2, mdiroethylfoyrmalgcrll Effect of Doubling Quenching Agent Concentration
12 with All Other Conditions Held Constant 13 Polyisobutylene was

g prepared according to the procedugs:gffexample 1 using 14 the
conditions listed in Table 1. Example 9 conditions are identical to 15

o Example 1 canditions, excent hat the cengentiation of.2 rdimetayipyrrole
was 16 dou X

10 analyzed as described 18tiiovatar2edmampRyIr@Blyisobutylene
1 samples. 19 The- 45 NVR (Iaih WeiGnRthip AaeH gl iimexadplelin as

the percent of the —
12 with All Other Conditions Held Constant

[#)]

13 Polyisobutylene was prepared according to the procedure of Example 1 using
14  the conditions listed in Table 1. Example 8 conditions are identical to

15 Example 1 conditions except that the concentration of 2,5-dimethyipyrrole was
16 doubled.

17  The polyisobutylene samples were collected and analyzed as described
18  above for the Example 1 poiyisobqtylene samples.

10 The 'H NMR data were used to calculate the exo-olefin as the percent of the
20 total chain ends in the polyisobutylene samples prepared in Example 9 above.
21  The results, shown in Table V, demonstrated that increasing the quenching
22  agent concentration without a corresponding increase in the Lewis acid

23 gconcentration, caused retardation of the rate of exo-olefin formation.
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20 total chain ends in the polyisobutylene samples prepared in Example 9
above. 21 The results, shown in Table V, demonstrated that increasing
the quenching 22 agent concentration without a corresponding..i <

Wik HEPERE acid 23 concentration, caused retardation of th%@g%@g#&%%sz
exo-olefin formation. -45 WO 2006/023742 - PCT/US2005/029582 1
Example 10 2 Preparation of PoIv'Iglobutﬁlqu Using a Mono-functional 3

1 Initiator and 2 5-dimethylpyrrole oubling Quenching Agent
Concentration 5 and Doubling Lewis Acid Concentration 6 with All Other

5 concentration of titaniya Iﬁ,ﬂ@;@/@qg}%nlrlaﬂme

polyisobutylene samples were co and lyzed as described 12
6 above for the Exampféii-561545 e %ﬁi@%ﬁ@m NMR data
were used to calculate the exo-olefin as the percent of the 14 total chain

| 7 endslitstiipidyisobatyiesresetnplesipiepircasrradiple 2B ERRd. USing
g The Lesults:showadn [eblgN demonsiated akRBHICERaseR R 146

guenching agent concentration must be accompanied by a corresegondin

S 1 7EorBniEe AR RIS Sea RSP SNBF AR ARl A U AR P as

10 Of d3iexeralafimbrnationrkR Fxamaleutl 2 Rrepattioavtoubled.
Polyisobutylene Using a Mono-functional 21 Initiator and

,2=d I f i Vi i
o 2 A BB sy
12 combitionéolidtedbinamepie 1 pElyEAPIBY N e GRINRIPS are identical to

13 The 'H NMR data were used to calculate the exo-olefin as the percent of the
14 total chain ends in the palyisobutylene samples prepared in Example 10

15 above. The results, shown in Table V, demonstrated that an increase in the
16  quenching agent concentration must be accompanied by a corresponding
17  increase in the Lewis acid concentration fo maintain an acceptable rate of

18  exo-olefin formation.

18 Example 11

20 Preparation of Polyisobutylene Using a Mono-functional
21 initiator and 2.5-dimethvipyrrole -

22 Effect of Reaction Scale

23 Polyiscbutylene was prepared according to the procedure of Example 1 using
24  the conditions listed in Table 1. Example 11 conditions are identical to

25  Example 1 conditions except that the scale (fotal reaction volume) of

26 Example 10 is approximately 3 times that of Example 1.
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25 Example | conditions except that the scale (total reaction volume) of
26 Example 10 is approximately 3 times that of Example 1. -46 WO
2006/023742 PCT/US2005/029582 1 The polyisobutylene e
WOAEEEG AR analyzed as described 2 above for the Examf?le 2”é§§0”¥y{§9“'82
polyisobutylene samples. 3 The 'H NMR data were used to calculate the
exo-olefin as the percent of the 4 tota %%ain ends in the polyisobutylene
1 S hRRON BT RTRISE WS SRR A RS e R e R v,
despenstrateskttabihpisdaioigfibiou §eeactimmelssentially had no effect
upon the results. 7 Example 12 8 Preparation of Polyisobutylene Usinp

aW@%ﬁPﬁ?ﬁ@@t?ﬁ@M@é@@ LR dRdeHaBaltBraledd percent of the

Polyisobutylene was prepared using the conditions listed in Table 1, ]ﬁ
adesripRPIo ene piveriaRY SOEXEFHE 2BREHPIRRAES 1 S-tafRitetry !
12pyrrelerasplid Al roanviemIRIBILG dyascadtatasapresciilesanttay|
13 chloride solution, Exan%%leﬁlz conditi%gs are §imilar to Example 1
COTFRREAR SPaeHabMTAT iR ATRFOHHRE JURARRIAG agent, its mode of
introduction to the 15 reactor and the scale of the reaction. 16 The
7 polyisobutylene samples were collestsgzgd Analyzed as described 17
above for the Example 1 polyisobutylene samples. 18 The 'H NMR data
g were used to paicdlatether@avalefintaetee pencentvftbeiutBikotal chain
ends in the polyisobu I_?n sample : Fgaadn,‘i,cgng}pcll%lz 20 above.
This example illustrated-&prefetretem fremvention. 21 The
results, shown in Table V, demonstrated that 2,3,4,5-tetramethylpyrrole is
10 22ReMdsdihuteeniearas prerRarcareiBTtifsarRditers, Sstad dinlaberole. -47
11 WQC_%Q%’%Z@ e BloFid3R005¢029552 11 Sxtpriral 3 2 Rrepataiiostof

Polvisobutylene using a Mono-functional .
2 pyrrole, é solid at rg{:}m temperature, was added as a pre-chilled methyl

[\

(o) TS & 1 B - S ¢

13 chioride solution. Example 12 conditions are similar to Exampie 1 conditions
14  except for identity of the quenching agent, its mode of introduction to the

15  reactor and the scale of the reaction.

16  The polyisobutylene samples were collected and analyzed as described
17  above for the Exampie 1 polyisobutylene samples.

18  The "H NMR data were used fo calculate the exo-olefin as the percent of the
10  total chain ends in the polyisobutylene samples prepared in Example 12

20 above. This example lHlustrated a preferred embodiment of the invention.

24 The results, shown in Table V, demonstrated that 2,3,4,5-tetramethylpyrrole is
.22 virtually identical in effectiveness compared {o 2,5-dimethylpyrrole.
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3 Initiator and 2,3-dimethylindole 4 Polyisobutylene was prepared using
the conditions listed in Table 1, 5 according to the procedure of Example
1, except that 2,3-dimethylindole, a 6 solid at room temperature, was
WALREE S 74%pre-chilled methyl chloride 7 solution. Example £ EARHHEAEE?
were similar to Example 12 conditions 8 except for identity of the
guenching agent. 9 The polyisobutylene samples were collected and
1 analyzed as described 10 above %ﬁﬁ&@é&ple 1 polyisobutylene
samples. 11 The 1H NMR data were used to calculate the exo-olefin as

2 the percent oPtp atZtitntalidPativisehdéyiarbe:polyisdbotyienectmmales
~ prepared in Example 13. 13. ?i . iP ﬁ ian of
° Polvisobutylene Using a %{ﬁ‘% IBR&EZ%&] EURE d 2 5-dimethylp

rry ole 16 The Molar Ratio of Quenching Agent to Chain End 0.5 t0 1.0 17
4 PORRLHRRAYIMIR S 4S D RIBRRSELERORIMG £ HIBRSCEIGHI O BRMrple 1
5 usingolSithasensifiensdistediiETablsld 1 Fxacaptarkd eonditansaieiole, a

identjcal to 19 Example | conditions except that the molar rati s
5 quEREAF B DA S0 BT s fort b el B %0 §Pan
7 thestot@breakiiamptd urb eavarsi2 b 206 na dlifitiéns insteachpBlBD enilliliers 22
The palyisobutylene I d and analyzed as described
8 23837.@3\%%%%%}%&&%5?5%) !f%ﬁllﬁg‘)%ué%gﬁe samples. 24 The results,
shown in Table V, demonstrated that the moles of exo-olefin 25 produced
9 exdéedliTe HbES B P2 BRIGH MAAAIERIh ARG R R ES idit™
10 Withaiibeing & ewachble anydiyrabutilisnealimvettthat 2,5-dimethylpyrrole
-48 WQ 2096/023742 PCT/US2005/029582 1 removed a proton from the
11 CREDIMINRRAMSYRRS SR UARBIEILH B ZNERIPIIHEDEIECHA the

donor. The quenching agent was serving as a catalyst 3 for elimination,

12 anéptabcpistsiv e oh Brar)seebify agessroripsRIERREd Nbxarmie 15

13 Example 14

14 Preparation of Polviscbutviene Using a Mono-functional
15 Initiafor and 2 5-dimethvipyrrols -

16 The Molar Ratic of Quenching Agent to Chain End 0.510 1.0

17  Polyisobutylene was prepared according 1o the procedure of Example 1 using
18 the conditions listed in Table 1. Example 19 conditions are identical to

19  Example 1 conditions except that the molar ratio of quenching agent to chain
20 end was 0.5 to 1.0 instead of 1.4 to 1.0 and the total reaction volume was

21 200 milliliters instead of 150 milliliters.

22  The polyisobutylene samples were collected and analyzed as described
23 above for the Exampie 1 polyisobutylene samples.

24  The results, shown in Table V, demonstrated that the moles of exo-olefin
25 produced exceeded the moles of 2,5-dimethyipyrrole charged to the reaction.
26  Without being bound by any theory, it is believed that 2,5-dimethyipyrroie
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5 Preparation of Polyisobutylene Using a Mono-functional 6 Initiator and
25-dimethyprole 7 Molar Ratio of Quenching Agent to Chain End 0.5 to
1.0 8 and Electron Donor Replaced by Common lon Salt Precursor 9
W@&M@Bfﬁ]ﬁlene was prepared according to the procedure o%%%ﬁ%q YopPs82
using 10 the conditions listed in Table 1. Example 15 condltlons were
identical to 11 Example 14 conditions exce t hat the elec Waa§1
1 repRRRER PP PLRITAMIAS GRS HIB BRSPS RS i) %Rg% hed he
2 aﬁa@d@ﬁ weme @P@&@@Mﬂdmﬁaﬁﬁ@mﬂsmggmmd vidsatsovimdoasimecatalyst
le ;L sob mples. 15 The results le
>%85 '(‘)‘?1l %1 ze%%srgr?%g TrER° 26 erétra%lé%norﬁ%gdgp-[&b
guenching agent served both as catalyst and proton 17 acceptor. They
4 also showed that the reaction of tHeX@0BH@HiAg agent with the 18 chains
ends was guantitative since the yield of 32 percent exo-olefin plus the 19
5 yield of 34 pergepteslpled Wmmwwhawﬁm@éﬂngﬁwment of

5 the 20 chains underwe ellmln%lgr}_l%yg 19 agent. A high

coupling 21 fraction occe uenchlng agent

7 caused the rdteei R2taiodiouinehadiftsrhio -m"" the
g rate of coupling: [pg %%%\3 b hmmk%%weeﬁr%ethe

chain end -olefin, in abSence of a basic electron donor,
%) uired a stoichiometric or hger 25 co ce tratlon % rg% % '?tusm
NP2PENIEDS S BESPRY 5%?(5‘%'5 5 SRR T Prab R ation: 0
10 of PrlyisabititytenaidsingTaitono-Exactipieal S3chmtidionamere identical o
-dimet rrole..4 Molar 9&5‘1% %&‘% 4
SP@? Bpeyhp ec I‘%ilill onéc?r r% aﬁ?géi% %c‘)%r{r]:érf‘?oélélon Sa%t Precurgdc;rg g]a
12 Po@oembetylene;waerpwpwfed according to the procedure of Example 1
using 7 the conditions listed in Table 1. Example 16 conditions were

13 idenealdRisobutylene samples were collected and analyzed as described

14  above for the Example 1 polyisobutylene sampies.

15  The resulis, summarized in Table V, demonstrated that in the absence of an
16  electron donor, the guenching agent served both as catalyst and proton

17  acceptor. They also showed that the reaction of the quenching agent with the
18 chains ends was quantitative since the vield of 32 percent exo-olefin pius the
19 vield of 34 percent coupled product indicated that a total of 48 percent of the
20 chains underwent eiimination by the guenching agent. A high coupling

21 fraction occurred because depletion of the quenching agent caused the rate of
22  elimination to diminish dramaticailly relative to the rate of coupling. The results
23 suggest that compiete conversion of the chain ends to exo-olefin, in the

24  absence of a basic electron donor, required a stoichiometric or higher

25  concentration of quenching agent.
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8 Example 15 conditions except that the molar ratio of quenching agent to

chain 9 end was 1.4 to 1.0 instead of 0.5 to 1.0. 10 The polyisobutylene

samples were collected and analyzed as described 11 abo @r Ehte 29382
a

WE)%&‘I‘WB?§71 polyisobutylene samples. 12 The results, shown 1A

62 B S SN €L\

w o ~ D

10
11

12
13
14
15

16

17
18
19

20
21
22
23

24
25

further demonstrated that in the absence of an 13 electron donor, the
guenching agent served both as gztalﬁg ang proton 14 acceptor.
Conversion to exo-olefin was mo plete and coupling 15 was

considerably reduced because an excess of quenchmg agent was used.
16 Example BrebaRtepaphio qe ipRg-aunctional

Mono-functional 18 '”'tlﬁmétépgr%%%'@ﬁﬁ@(ﬂﬁsgl%iew Reaction
Temperature equals -7 oly1so uty ene was preared accordlng to
the procedur&@BE RV YA E R 2 HIGHS

Example 1gn%ogggg95§ @@&&@Bﬁﬂié@ 22 tEmmraJﬁ L’bﬁmdttr@m:mmept
that the temperature was -70C instead of 23 -60C. 24 The

obu ene sam Iesw re c d
R R T R P R A AR P using
P@ﬂenﬁe@msmeee@ nﬂawerésﬁéa@mﬁﬁ AR wertoHsh e that
lo%ﬁ%ﬂ‘?&%’ ?@B&rﬁﬁt GrRASCHIAMY10C RRMIoWEE sndlasiabhsrigaeted:hain

cou 3 Example 18 4 Preparation of Polyisobutylene Using a
Mé&ng-rRktichid EQﬁﬁ%ﬁﬁdﬁ@éé%é%le 6 A four-neck 250 milliliter

round-bottom flask was equipped with an overhead 7 mechanical stirrer
anv%@wuamme@maacmmmmammeamww garaeseriasg

:2? % hr(remsp ere g n%l\;ge q%#ﬁg%g{%was%%e c arlgeeél?/v?t%btshtgngg”y

following reactants:
The results, shown in Table V, further demonstrated that in the absence of an

electron donor, the quenching agent served both as catalyst and proton
acceptor. Conversion to exo-olefin was more nearly complete and coupling

was considerably reduced because an excess of quenching agent was used.

Exampie 17

Praparation of Polyisobutylene Using a Mone-functional

initiator and 2 .5-dimethylpyrrole -

Reaction Temperature equals -70°C

Polyisobutylene was prepared according to the procedure of Example 1 using
the conditions listed in Table 1, Example 17 conditions are identical to
Example 1 conditions except that the temperature was -70°C instead of
-80°C.

The polyisobutylene samples were collected and analyzed as described
above for the Example 1 polyisobutylene sampies.
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11 108 milliliters hexane equilibrated at -60C, 12 72 milliliters
methylchloride equilibrated at -60C, 13 0.48 milliliters
2-chloro-2,4,4-trimethylpentane equilibrated at room 14 temperature, 15
WE 23%eiitiitérs 2,6-dimethylpyridine equilibrated at room ten%%?ﬁfﬁ%@éli%sgz

16.4 milliliters of isobutylene equilibrated at -60C, and 17 The contents of
the round-bottom flask were equilibrated at -60C. 18 With continued

1 stifgeatlts 1SBoOWRINitERR R AR RAFHARSHA LAY IR A EP the

2 flaskElRAgactien wis lalmreshiepirabsedrbihotititesipitgthen 20 20
milliliters of the polymerization solution was charged to four 60 milliliter

3 test 21 tubes, equipped with thre%dé%;@igzz The polymerization was
allowed to continue in each test tube Tor 4 additional 23 minutes (16 total
reaction minute

4 milliliters of nAEBRHELRS R ovRIESL BB ARG BB Gt
5 addition of quenching agentsinilib@remabad &-stutions were -51 WO

2006/023742 PCT/US2005/029582 | allowed to continue reacting for 8
5 MipUes with intermitient shaking, (24, L0ls R 1eactanpByieeh 8k Whithead

time 0.094 g carbazole was added to one of the 3 test tubes containing a

7 reseevespiphiireami AriruddrRiaien calbaraRTe I of (e ASIRIRRGaS

8 p%ﬁ@ﬁ@%@ w%b@éﬁénﬁlé@d?gl@m%mmﬂwﬁ@mﬁ@m@aé EEOEP(;OVide
another comparative example. The carbazgle quenching, reaction a,

9 AIBHRADBIBCEEY SSTTES AR LATHAS Lo SEAGA D the

10 7 gbasgeshincakstents terminate the reaction. The final polymerization test

tube 8 was then terminated with 5 milliliters of methanol to provide a final

11 9 COIBRAIRLERBMRL N AR PABAIEEEQRtaiNing reactions were used to

with 5

10 provide a comparative baseline for the quenching reactions and to

12} G e R R AT e 10 o
13 (.48 milliliters 2-chloro-2,4 4-trimethylpentane equilibrated at room

14 temperaiure,

15 0.23 milliliters 2,8-dimethyipyridine equilibrated at room temperature,

16  16.4 milliliters of isobutylene equilibrated at -60°C, and

17  The contents of the round-bottom flask were equilibrated at -60°C.

18  With continued stirring, next 1.82 milliliters titanium tetrachioride was charged

19
20
21

22
23
24
25

to the flask. The reaction was aliowed to proceed 12 minutes and then 20
milliliters of the poiymerization solution was charged to four 60 milliliter test
tubes, equipped with threaded caps.

The polymerization was alfowed to continue in each test tube for 4 additional
minutes {16 total reaction minutes) at which point 1 of the 4 tubes was
terminated with 5 milliliters of methanol to provide a comparative example

prior to addition of quenching agents . The remaining 3 solutions were
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14 Preparation of Polyisobutyiene Using a Mono-functional Initiator and
2,5- 15 dimethylpyrrole - Pre-reaction of 2,5-dimethylpyrrole with Titanium
16 Tetrachloride Prior to Quenching 17 18 The reactor configuration
WRERY R hrobe and conduit, FTIR spectrometer 19 and ssgm&%%‘f?s”
method and analysis, constant-temperature heptane bath, 20 and
glovebox were the same as described in Example 1. The 250 m”""}% t%Jfa%

1 reabevarhinanatnym FERRIRAIHS TR i IEp{grtss! shatg
2 mijiliersrhexane eqatliRratediaie 6010424 Grbaittliteramethiddlandeof the

equilibrated at -60QC, 25 0.23 milliliters. 2.6-dimet ridinge equilj t
L R E e e A LA
4 eqpiliheatechasithog podfterapboaivess 28 adnatesfarith cerallsepaatngthanol

887 cm' wa is mifkili ' ;

5 e AR S B R N R Wi regton
& Wo0abe28 1arRCTHd S2005e2e stV e Jéparae dinetk Sopatiamebwas

7 flagk waschaaed with the-following seastantsis 2 328 Gymilliierohexanebe
equilibrated at -60C, 4 19 milliliters meth%l chloride e&wh_brate at -60C,

8 an¥ 3 ahsT iRITHRAES WIimSIHIE e BETRR PP SohPteRtberature.

96 %?i‘hﬁ&%éﬁ@é/\@fﬁr@ﬁ@”i?ﬁ@?dd@ﬁﬂ%fﬁﬁﬁéﬁ&mﬁf@@wbn?IV%NEE,@B.?J
milliliters titanium tetrachloride was ¢harged tq the 250 millilite e

10 TP BT e ETIR P 2 I L R I e o

11 to theehdesibditetrflaskal and molecular weight characterization in the absence

12 of a quenching agent.

13 Example 18

14 Preparation of Polvisobutviene Using a Mono-functional Initiator and 2.5-
15 dimethvipvrrole — Pre-reaction of 2.5-dimethylpyrrole with Titanium

16 Tetrachloride Prior to Quenching

17

18  The reactor configuration, ATR-FTIR probe and conduit, FTIR spectrometer
19 and spectroscopic method and analysis, constant-temperature heptane bath,
20  and glovebox were the same as described in Example 1. The 250 milliliter
21 reactor flask was charged with the following reactants:

22

23  85.5 milliliters hexane equilibrated at -60°C,

24 57 miliiliters methy! chioride equilibrated at -60°C,

25  0.23 milliliters 2,8-dimethy! pyridine equilibrated at room temperature, and
26  0.48 miliiliters 2-chloro-2 4 ,4-trimethyi pentane equilibrated at room

27 temperaiure.

28

28 A reference absorbance at 887 cm’™’ was estabiished and then 8.18 miliiliters
30 isobutylene equitibrated at -60°C was charged to the 250 milliliter reactor

31 flask.
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11 12 After a polymerization time of 25 minutes, a pre-quench aliquot

(5-10 milliliter) 13 was removed from the contents of the 250 milliliter

reactor flask and 14 terminated with 10-15 milliliters per-ehiu%q ;HE?HH%G%I 2
ntents o

WETHER He 15 polymerization was quenched by pouring the co

o o~ o AW N -

9
10
11

the 500 milliliter flask 16 into the 250 milliliter reactor flask. Aliquots were
removed at 1, 3, 5 5, 17 and 30 minutes and terminat Jie .
b Sl P BT S So Rty B oLl reactants:
terminated at 60 minutes using pre-chilled methanol. 19 20

Pqlyisobutylene samples were collecte d analyzed as described above
fo%é?l m%’ﬂ8f§i§%a[%e%%u@éﬁ%?gsacégégﬁﬁe’d in Example 1. The data
obtginetlinses Atunchanzeddueibbratelalh|e50° Q3228 Example 20 25

Pr ation of Polyisobutylene LUsi : f I 26 lnitiator and
i e e SR S e

Renstictz 25 Ralyisetuitideriedias mepatedesitsg enzadonditions listed in
Table 1, 29 according to the procedure of Example 1, except that

2-methylindole, a solid 30 at room temperature, was added asa
préiekillé@ méthiyéeHiseiterssritthl cBwes peiseRppe 250 milliliter

gﬁa%égggﬁgéé%%@éd 1T besnelvisahubignesamplas wara soleeted andride

as described 2 above for the Example 1 polyisobutylene
salphes580TRatiderNAR data were used to calculate the exo-olefin as the
percent of the 4 total chain ends in the polyisobutylene samples prepared

in Example 20. The 5 data shpyy.that 2-methylindole yields a | -~
12 Ao PERE & DB NP CORISaraie L glag A oyiter)

13
14
15
16
17
18
19
20
21
22
23
24

25
26
27

28
29
30

Propay ativnaiPeivistizutdetenid sintha 20 moifiitetiozatior flask and
terminated with 10-15 milliliters per-chilled methanol, and then the
polymerization was quenched by pouring the contents of the 500 milliliter flask
into the 250 miliiliter reactor flask. Aliguots were removed at 1, 3, 5, 8, 15,
and 30 minutes and terminated with pre-chilled methanol. The balance of the

reactor contenis was terminated at 60 minutes using pre-chilled methanol.

Polyisobutylene samples were collected and analyzed as described above for
the polyisobutylene sampies obtained in Example 1. The data obtained are
summarized below in Table V.

Example 20

Preparation of Polvisobutylene Using g Mono-functional

Initiator and 2-methyiindole - Effect of Indole Substitution

on the Quenching Reaction

Polyisobutylene was prepared using the conditions listed in Table 1,
according to the procedure of Example 1, except that 2-methylindole, a soiid

at room temperature, was added as a pre-chilled methyt chioride solution.
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9 Initiator - Effect of Pyrrole Structure on the Quenching Reaction 10
Polyisobutylene was prepared according to the procedure of Example 18
11 using the conditions listed in Table 1. Comparative examples A

Wéb?’?dﬁ’%%ﬁ“ﬁ were similar to Example 18 conditions excep ﬁ%%ﬁ%{%’ ik
reaction volume 13 was 40 milliliters, the quenching agent concentration
was 0.015 M, and the 14 mperature s-70C. 15 The polyisobu I%ne

1 saﬁ?ﬁé@\)ﬁ@ﬂ?%@l\%’&?ﬁ SARIZP IR a&% WA asl e 5P Hiee

2 Examplefdrpedyisahupieneshisptedylend hanmdts, shown in Table V,
demonstrated that the placement of alkyl 18 substituents on the pyrrole

3 Mg ed AR, RN AR ISR S 8 .o Sria PR MARY the
nota Y, reactlons quenched Wlth% rrole and 1-methyl 20 pyrrole did not

4 yidntalopeircoisiin SeRAEERREE MR FRAINS S RIRRRIFENT BXERIRIe 20- The
5 di-EAS MOgusi 22 Gampamtveamae 23 frendrestonefin

PoIV|sobutV|ene Using a Mono-functional 24 Initiator - Effect of Pyrrole
6 SRRt BIMARSUenching Reaction 25 Polyisobutylene was prepared
according to the procedure of Example 1 usmg 26 the conditions listed in
7 Table 1. Comparative Exaraglis FiEcH i Eas d
2006/023742 PCT/U52005/029582 1 similar to Example 1 conditions
g except for thesst@gémleﬁ@f@tdmemwsenaan@ar&t@@mmmemme
pyrrole comp und _
analyzed a5+ i i
samples. 5 The results, shown in Table V demonstrated that

10 1, FSlfisnbtrylpyProieswisrerad Arepedngsie fon SHRseiye R EXaTe'R 18

11 2:;dimetypyriie R el inMenié m%@m&t@&@@me&lm@@ondmons
1,2,5-trimethylpyrrole was tert-chloride 8 Qolylsobut%ene -

5W
12 Zomgsﬂ@:ﬁ@mg% ggions except that the total reac:tiOon volume
13 was 40 milliliters, the quenching agent concentration was 0.015 M, and the

14 temperature was -70 °C.

15  The polyisobutylene samples were collected and analyzed as described
16  above for the Example 1 polyisobutytene sampies.

17  The results, shown in Table V, demonstrated that the placement of alkyl

18  substituents on the pyrrole ring had a significant influence on the structure of
19  the product. Most notably, reactions quenched with pyrrole and 1-methyl

20  pyrrole did not yield any exo-olefin polyisobutylene, but rather yielded EAS
21  and di-EAS products.

22 Comparative Example D
23 Preparation of Polyisobutviene Using a Mono-functional
24 initiator - Effect of Pyrrole Structure on the Quenching Reaction

25  Polyisobutylene was prepared according to the procedure of Example 1 using
26 the conditions listed in Table 1. Comparative Example D conditions are very
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2 OREMneiitd/oFtke Qyloeammpound.

3 The polyisobutyiens samples were collected and analyzed as described

4  above for the Example 1 polyisobutylene samples.

5  The resulis, shown in Table V demonstrated that 1,2, S-trimethyipyrrole was
& an ineffective quenching agent relative fo 2,5-dimethylpyrrole at -60°C. The
7 major product obtained with the 1,2 5-trimethyipyrrole was tert-chicride

& polyisobutylens,
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(o JENE N o BN & 1 BN S 7~ B

10
11
1.2
13
14
15
16

17
18

19
20

7 substituents attached to the aromatic ring, provided the nitrogen 8
containing five-membered aromatic ring is not: 9 (a) 2,4-dimethylpyrrole;
10 (b) 1,2,5-trimethylpyrrole; 11 (c) 2-phenylindole; 12 (d)
?—Hgg{’l’{%%zimidazole; 13 (e) 1,2-dimethylimidazole; 14
2-phenylimidazole; and 15 (g) 2,4,5-triphenylimidazole. 16 2. The method

of claim 1, wherei yolyolefin is prepared in situ. 17 3. The method of
cIM&Tﬁ&%ﬁ@nﬁﬁ%gen-conmining five-membered 18 aromatic ring
compound is a substituted pyrrole. 19 4. The method of claim 3, wherein _
thé substmethpyrfeiermpating gorlyalelin eamrininosaNes Jie/espielinic
PCT/US2004029588n i BShBlchaid cdibRsmbeledndbitd) RiaundiR4
are independently alkyl containing one carbon agm to 4 about 20 carbon
atoms, R BHRSIRIEHR RANTE/ RYaIBELIE BPARYMftaining one

carbon atgiddembeut2Seahemaiats i o/dealkylrofphoubdindberltited
carbon afoms, aryl of ab%ut 6.to ? about 30 Ct
T y

o] Ikaryl of
coout 7 SRS E A Rl TR SR R TR Rca

(?)CT/USZUOSIUZ‘)SSZ

Kyl 0 out?toa ou
carbon atamsiioeSigRiRiraddR2dormpdisddaromatedigeaohirones

carbon ajojs 610,90 6arhan B10mS p5.An AiPhaiing of from 4 carbon

atoms to carbon atoms, R4 is alkyT containing one carbon

atom to _
(a) 2 4-dimethylpyrrole;

{b) 1,2,5-trimethylpyrroie;
{c) 2-phenylindole;

(dy 2-methyibenzimidazole;
(e) 1,2-dimethylimidazole;

f) 2-phenylimidazole; and

(g 2,4 b-triphenylimidazole.

2. The method of claim 1, wherein the polyolefin is prepared in situ.

3. The method of claim 1, wherein the nitrogen-containing five-membered
aromatic ring compound is a substituted pyrrole.

4. The method of claim 3, wherein the substituted pyrrole has the general
formula:
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12 about 20 carbon atoms, and R3 is hydrogen or alkyl containing 13 one
carbon atom to about 20 carbon atoms, cycloalkyl of about 14 3 to about
7 carbon atoms, aryl of about 6 to about 30 carbon 15 ato f e

W8 A5 About 30 carbon atoms, or aralkyl of 16 about 7?2%%%%%%@29382
carbon atoms; or 17 (c) R2 and R3 form a fused aromatic ring of from 6
carbon atoms to 18 10 carbogzatoms or an akphatic ring of from 4 carbon
atoms to 19 about 8 carbon ato and R4 are independently
alkyl 20 containing one carbon at out 20 carbon atoms; or 21 (d)
both R1 and R2, and R3 and R4, airs, independently 22 form a
fused aromatic ring of from o) carbon 23 atoms or an
aliphatic ring of from 4 carborl atoms t(?sabout 8 24 carbon atoms. -58 WO
2006/023742 PCT/US2005/029582 1 5. The method of claim 4, wherein

1 R1 and R4 are methyl and R2 and R3M2 are hydrogen. 3 6. The method
of claim 4, wherein RI, R2, R3 and R4 are methyl. 4 7. The method of

2 claim 4~dgiérein the substituted-pyrrole has the 5 following formula: H H
HHH NHHH 67 8. The method of claim 1, wherein the polyolefin is

3 polyisobutylgher &8¢ Fuereatdedafdatin dikwiersiaithe: quenchipgristom to
carried out at a_9 temperature in.the r ffrom al - .

4 10C. 10 10. Th%‘gh%’% e gﬁﬁgwi%p,‘?\?\ihezrgea?ﬂ h%%%ﬁ%%é@%%ﬁ@ggéa“

5 ata 11 temperat@éiincthriaiie wffearb@oadbaape20 carbon atoms,

) cycloalkyl of about 3 to about 7 carbon atoms, aryi of about & to

7 about 30 carbon atoms, alkary! of about 7 to about 30 carbon

8 atoms, or aralky! of about 7 to about 30 carbon atoms; or

8 (b) Ry and R;form a fused aromatic ring of from 6 carbon atoms o
10 10 carbon atoms or an aliphatic ring of from 4 carbon atoms to
11 about 8 carbon atoms, R4 is alkyl containing one carbon atom to
12 about 20 carban atoms, and R3 is hydrogen or alkyl containing
13 one carbon atom to about 20 carbon atoms, cycloalkyi of about
14 3 to about 7 carbon atoms, aryl of about 6 to about 30 carbon
15 atoms, atkaryl of about 7 to about 30 carbon atoms, or aralky! of
16 about 7 to about 30 carbon atoms; or
17 (c} Rz and R;form a fused aromatic ring of from 6 carbon atoms to
18 10 carbon atoms or an aliphatic ring of from 4 carbon atoms to
19 about 8 carbon atoms, and Ry and R4 are independently alkyl
20 containing one carbon atom to about 20 carbon atoms; or
21 (d) both R and Rz, and Rz and Ry, taken in pairs, independently
22 form a fused aromatic ring of from 6 carbon atoms to 10 carbon
23 atoms or an aliphatic ring of from 4 carbon atoms to about 8
24 carbon atoms.
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W%ﬁ%ﬁef%&a% in the range of from about -60C to about -20C.

1 méthod of@AMathad RhelAlR SatREIR) ST

4 enfts in th8HREERESFRIR RIS REF S

|14

6

7

8

10
11

12
13

14
15

16
17

18
18

20
21

12 11. The method of claim 10, wherein the quenching is carried out at a
13 temperature in the range of from -70C to about -10C 14 12. The
method of claim 11, wherein the quenching is carried OULatP%é[;}%zupﬁfgwssz
method of claim 4, wherein each alkyl group on the substituted 17 pyrrole
ring has from one carbon atom to about 12 car(???n atoms, 18 14. The

e SIRNLREY Fobnd Rs
pyrrole rigg: hagdsgenone carbon atom to about 4 carbon atoms. 20 15.
The method of claim 1, wherein the polyolefin is prepared by 21
quenchi sivipg palvelefinpaly merraradushaaralnigdesprinal
-Sﬁwol%g%g%ﬂ PCT/US2005/029582 1 te%—chloride chain eg]nds ora
mixture qf terminal tert-chloride c ain.e%ds 2a e%min?loqleggicgggain

& SHRFHERGA SF LAl L )

wherein thgoguagifbivimgspolyolefin polymer 4 product contains terminal
tert-chloride chain ends. 5 17. The method of claim 15, wherein the Lewis
acid is a titanium or boron '

[o[=2 The —m‘e“t‘ﬁoi of claim 17,

wherein the Lewis acid is a titaniumyhalide. |8 19HThe method of claim 18,
wherein the Lewis acid is titanitprSyetrachforigé. 10 20. The method of
claim 1, wherein the quasi:living 'er is| 11 formed by
contacting at least one catjeiiicaliy-palymerizable mBromer 12 with an
initiator, in the presence of a Lewis acidunder'reaction 13 conditions
suitable for quasi-living po ymerﬁation.ﬁQA 21. 'fhe méthod of claim 20,
wherein the at least one catieft i monomer
comprises at least one of isobutylene, 2- 16 methyl-1-butene,
3-rBethyl - Fheteathof eisiaji-berbaieindha petrolefinpinentiagbodiani
method of claim 21, wherein the at least one cationically

9. The method of claim 1, wherein the quenching is carried out at a

temperature in the range of from about -130°C to about 10°C.

10.  The method of claim 9, wherein the quenching is carried out at a
temperature in the range of from -80°C to about 0°C.

11.  The method of claim 18, wherein the quenching is carried out at a
temperature in the range of from -70°C to about -10°C

12.  The method of claim 11, whereirn the quenching is carried ocut at a
temperature in the range of from about -60°C to about -20°C.

13.  The method of claim 4, wherein each alkyl group on the substituted
pyrrole ring has from one carbon atom to about 12 carbon atoms.

14.  The method of claim 13, wherein each alkyl group on the substituted

pyrrole ring has from one carbon atom to about 4 carbon atoms.

15, The method of claim 1, wherein the polyolefin is prepared by

guenching a quasi-living polyolefin polymer product containing terminal
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19 polymerizable monomer is isobutylene. 20 23. The method of claim 20,
wherein two different cationically 21 polymerizable monomers are
employed. 22 24. The method of claim 20, wherein the initi i .

W%‘Fﬁfuzﬁé%nm. 23 25. The method of claim 24, wherein tr?é«%ﬁ/ﬁ%%}slzgwasz
di-functional. 24 26. The method of claim 25, wherein the di-functional
initiator comprises at 25 least one of . , . .

1 1,3-di(2- BT IRRPA S G IBAYER 8T BN isiaied95 £hain ends

2 PCT/IJSZ200%02950 2idfihid-chiéinoltaioi? theopydizenzenkal | 4wlis acid.
i(2-acetoxy-2-propyl)benzene, 2

1,3:di(2-acet -pr =B-terts v ; er
o e uasrving palyclefin polym
4 1,4-di(2-AietEkENEHES FFER AR S HIPIFR CARAHEFST claim 20,
wherein the initiator is mono-functional. 6 28. The method of Claim 27,
5 wherein the: mesiesflinttional ifitistozrdicdneptisessatdehst @migzofum or boron
5 2-ch|oro-2;851enylpropane; 2-acetoxy-2- 8 phenylpropane;
2-propio '8xy92-phenylpropane, 2-methoxy-2 9 phenylpropane,
2-ethoxy-2-phenylpropane, 2-chloro-2,4,4 10 trimethy!g)_entane, ) ,
7 Z-é&toxy@m ﬁﬁﬁ@f%‘éhﬁné‘fhﬁfﬁf%%iﬁwsﬁm is a titanium halide,
2,4,4-trimethylpentane, 2-methoxy-2,4,4-trimethylpentane, and 2- 12
8 ethaxy-27hé-tristetydpeliand 81 3/a9eththebeavod atidlasnitanivierein the
nitrogen-containing five-membered 14 aromatic ring is a substituted
° imidazole{:?%%g?@%%é method of claim 29, wherein the substituted
imidazole has the 16 general formula; R2 R~ 3~~R3 17 H 18 wherein .
10 R branehderEH CORE HERFEIbHL: TR SRR TP AR
11 20 carbopatasmb\aeshidaeeimt least one cationically polymerizable monomer
12 with an initiator, in the presence of a Lewis acid under reaction

13 conditions suitable for quasi-living polymerization.

14 21. The method of claim 20, wherein the at least one cationically

15 polymerizable monomer comprises at ieast one of isobutylene, 2-
16 methyl-1-butene, 3-methyl-1-butene, 4-methyl-1-pentene, and beta-
17 pinene.

18 22. The method of claim 21, wherein the at least one cationically
19 polymerizable monomer is isobutylene.

20 23, The method of claim 20, wherein two different cationically
21 polymerizable monomers are employed.

29 24  The method of claim 20, wherein the initiator is multi-functional.
23 25 The method of claim 24, wherein the initiator is di-functional.

~4 26. The method of claim 25, wherein the di-functional initiator comprises at
25 least one of 1,3-di(2-chloro-2-propyl)-5-tert-butylbenzene,
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20 (a) R1 and R2 are independently hydrogen, alkyl of one carbon 21
atom to about 20 carbon atoms, cycloalkyl of about 3 to 22 about 7 carbon
atoms, aryl of about 6 to about 30 carbon -61 WO 2006/023742 ~
WBRHHYS2F051029552 1 atoms, alkaryl of about 7 to about 30 UaAHGH 22582
atoms, or 2 aralkyl of about 7 to about 30 carbon atoms; or 3 (b) R1 and
R2 form a fused aromatic ring of from 6 carbon 4 atoms to 10 caQE)on
atoms or'ahr Rl ondgPseREIenZs e rh ARl RREIDY CSRSORYARSRE SRS
31. The methgd-atslaip-3Qrohersndrilostmedayem? is hydrogen and R3
is 7 tert-buty|. 8 32. The method of c{ai 1, wherein the molecular weight
d istributi&%'g 'é‘\ﬂ?ﬁ/m?&%@ F&V&QT i rgbff/%\,}ge Z8R&aTin the range of
about 1.014teli{20nadtbukB3-D-ptar33bEheamethod of claim 32, wherein the
molecular weight distribution, 12 Mw/M,, of the polyolefin polymer is

present inbe angs of akeHtzh LiflelsbruidiBick4s3tohbaunstiaed of

claim 33, wherein the molecular weight distribution, 15 Mw/Mn, of the

polyolefin_polymer is | than 1.5. 16 35. A method for.prepari
o oleti CSARIIRG B O mor e S P e o s

53

7 polymer chainrisesngrisire qneMlﬁf@lgfmﬁmﬁe-ﬂﬁmqa@hﬁv&@(FﬁWe?m
8 Do RN O e SR DRI SANAIND G fienepered
i

% T S e

£

aromatic'ring ounds selected 20 from pyrroles and imidazoles

having atlesist BiRpRYErGcatbyKe £ SUIRtHRERR BRaEFEMPIe thé -dromatic
10 1ing, whegainstheninegan 22:60MRI0NG fivermamisEta®maliesibgoxy-

compounds are pre-reacted 23 with a Lewjs acid, and %rovided the 49
1 nitrogen edhfatimgIVERRERGe @ BRB6M A HRFLYBE 28N and <
12 2,4-dimetyigyyrele 4-irimethylpentane.

13 29. The method of claim 1, wherein the nitrogen-containing five-membered
14 aromatic ring is a substituted imidazoie.

15 30. The method of claim 29, wherein the substituted imidazole has the

16 general formula:
Ry
B
Ry N)\Rs
17 H
18 wherein R is branched alkyl containing from about 4 carbon atoms
19 to about 20 carbon atoms, and wherein
20 (a) Ry and R; are independently hydrogen, alkyl of one carbon
21 atom to about 20 carbon atoms, cycloalky! of about 3 o
22 about 7 carbon atoms, aryl of about & to about 30 carbon

-61-



26 (b) 1,2,5-trimethylpyrrole; 27 (c) 2-phenyiindole; -62 WO 2006/023742
PCT/US2005/029582 1 (d) 2-methylbenzimidazole; 2 (e)

Wé%"g&@;’t limidazole; 3 (f) 2-phenylimidazole; and 4 (g) PCT/US2005/029582

h,5-tri-p enylimidazole. 5 36. The method of claim 35 wherein the Lewis
acid is TICI4. 6 37. The method of claim 35 wherein the nitrogen

4 containing ﬁ"e'meT%S%%Q,%?%ﬁ%%@%f?@w%bscarbon atoms, or

2,5-dirngthylpyrrole aim 4, wherein the substituted
pyrrole is 2,3- 9 dimetailin@brbag ZdorhewhSheareeslaems \Pherein the

polyolefin has at least 20 percent 11 exo-olefin end groups. 12 40. The

3 metholdf_of claimp}, vhesath hdqaiywietishasatdeastriglopémsert d8bon
4 exo-olefin end group?bf%zlsﬁ ﬁgézqea ’%9%“%%%%%?‘5?10%1a§%‘%§'€§§%f from 4

10

11
12
13

14
15

16
17
18
18
20
21
22
23
24

25
286

27

polyolefin has at lea8 exo-olefin en
carbon atoms to 8 carbon atoms.

group

31, The method of claim 30, wherein Ry is methyl, Rz is hydrogen and Rs is
tert-buty!.

32,  The method of claim 1, wherein the molecular weight distribution,
M./M,, of the polyolefin polymer is present in the range of about 1.01 o
about 3.0

33. The method of claim 32, wherein the molecular weight distribution,
M./Mpn, of the polyolefin palymer is present in the range of about 1.1 to
- about 2.0

34. The method of claim 33, wherein the molecutar weight distribution,
M./Mn, of the polyolefin polymer is less than 1.5.

35. A method for preparing a polyolefin containing one or more exo-olefinic
end groups on the polymer chain, comprising quenching a cationic
quasi-living polyolefin polymer system with one or more
nitrogen-containing five-membered aromatic ring compounds selected
from pyrroles and imidazoles having at least two hydrocarbyl
substituents aftached to the aromatic ring, wherein the nitrogen
containing five-membered aromatic ring compounds are pre-reacted
with a Lewis acid, and provided the nitrogen containing five-membered
aromatic ring is not

(a) 2.4-dimethyipyrrole;
(by  1,2,b-trimethylpyrrole;

(c)  2-phenylindole;

-B2 -



WO 2006/623742 PCT/US2005/029582

10
11

12
13

14
15

36.

37.

38.

39.

40.

41.

(d) 2-methylbenzimidazole;
(e)  1,2-di-methylimidazole;
(f) 2-phenylimidazole; and
(@) 2.4 5-tri-phenylimidazole.

The method of claim 35 wherain the Lewis acid is TiCly.

The method of claim 35 wherein the nitrogen containing five-membered

aromatic ring compound is 2,5-dimethylpyrrele.

The method of claim 4, wherein the substituted pyrrole is 2,3-
dimethylinaole.

The method of claim 1, wherein the polyoiefin has at isast 20 percent

exo-olefin end groups.

The method of claim 1, wherein the polyolefin has at least b0 percent
exo-olefin end groups.

The mathod of claim 1, wherein the polyolefin has at least 70 percent

exo-olefin end groups.
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