WO 2006/033739 PCT/US2005/029583 5 METHOD FOR PREPARING POLYOLEFINS
CONTAINING A HIGH PERCENTAGE OF EXO-OLEFIN CHAIN ENDS FIELD OF THE INVENTION
10 This application claims the benefit of U.S. Provisional Application No. 60/603,422, filed August 20,
2004. The pr@WWé?ﬂ?on is directed to a method for preparing polyolef?ﬁéifgmﬁ’ilﬁfﬁﬁsﬁ high
percentage of exo-olefin chain ends. The method involves ionizing a polyolefin containing tert-chloride
chain ends ang reacting the 15 o2 eH Ol bt P RERF ARENE POIEYiGt&FN&ontaining five-membered
aromatic ring or one or more hindereCiCsRTAiN GOk IG&HPERIBEY AGRIxtures thereof.
BACKGROUND OF THE INVENTION LiXe&XipHoETRiS REANENGE mono-functional initiator
containing a single 20 "exo-olefin", "di-substituted” olefin, or "methyl vinylidene group,” end group are
useful precursors for the preparation of palymaerd il functional end groups. Polymers

4 RHO TN ST
made using multi-functional initiators would have multiple exo-olefinic end groups. Polymers

containing specific end groups are ysefyl as lubricating oil additives, ©One.example of a functionalized
25 polymer cbhtaimig ﬂ%?&?é‘%rﬁéii’é%ﬁ§i§888%§ﬁ’£@g%ch{8"éﬁﬁ9 lri‘ggpﬁflga 2Honal end groups may
also be desirable /a0 plibanergweitBOpatsdtial for further reactions. Conventional ionic

polymerizations can be anionic or cationic. Anionic polymerizations proceed, in the presence of a
base, through carbanions and 30 favor mgnomers having electron withdrawing goups. Cationic

polymerizations proesieiethiyratiende dresiedd cimetg A aiseetishP obisltafied a carbenium
ion, and favor mongmersitips haye riraireaetgasipdiefin chain ends. The method involves

ionizing a polyolefin containing tert-chioride chain ends and reacting the

15 ionized polyolefin with one or more nitrogen-containing five-membered
aromatic ring or one or more hindered secondaty or tertiary amines, or

mixtures thereof.

BACKGROUND OF THE INVENTION

Linear polyolefins made using a mono-functional initiator containing a single
20 "exo-olefin”, "di-substituted” olefin, or "methy! vinylidene group,” end group
are useful precursors for the preparation of polymers containing specific
functional end groups. Polymers made using multi-functional initiators would
have multiple exo-olefinic end groups. Polymers containing specific end
groups are useful as lubricating oil additives. One example of a functionalized
25  polymer containing hetero atoms is polyisobutenylsuccinic anhydride.
Functional end groups may also be desirable for making polymers with

potential for further reactions.

Conventional ionic polymerizations can be anionic or cationic. Anionic
polymerizations proceed, in the presence of a base, through carbanions and
30 favor monomers having electron withdrawing groups. Cationic
polymerizations proceed, in the presence of an acid, through a carbocation,
also called a carbenium ion, and favor monomers that have electron releasing

groups.



groups. WO 2006/033739 PCT/US2005/029553 5 Similarly to the conventional polymerization
systems, living polymerization systems may be either anionic or cationic. The difference between
conventionalgggl merizations and living polymerizations is that an ideal Iivi%%@)ol merization proceeds

in the absen {4 Hansfer and chain termination. Living polymeriza]t)i EREEH of great

commercial 10 importance because the degree of polymerization may be controlled by controlling the
feed ratio of rhondpitreilagritiéercandestignehtialyanlittaticot syetcoramidriegiffdyent mzatiomers affords
the ability to produy tBlﬂg %%Iyéyg- e Mp {riég.y&q&o ' ugsLa Il 6 m&?%’ner is exhausted, but
the polymers retain?%heir a@lgfltg to add _agg}%oha‘?mpnome"rs@%y. t;ﬁr:qe %Cgle 15 tuture. A number of
such systems are SP8N&HRRAliRAEBFEZAIIDRIFELIMRIGPhENeTE aHe talfoliiet Quasisithgng

polymerization sy$eiifcHSiG ¢ PRYSIEINAl OBBEERKS: Suasitiving felysmerzatian requires certain
restrictive conditions, for example anhydrous reagents. Cationic guasi-living polymerizations differ

from truly living pdRFFERDEons YN ehRe MARREERHPThEY 58 Paseb? Oh i Al itErelisttbaches zero, chain
termination is(presepbishde versible: Boednpershicyampehiarsaligyesuasidying polymerization

i th . | oo fisobutvlene. Typicall ionic. ivi
polymerizations of KLU AL T (Aot M EbiaP e P SRAMA T SRR URAIGF polymer
product containinQWbear_Zﬁtﬂecti_iﬁ_ﬁm@tmﬂrwkmcq)gﬁem gm@%&iﬁwefedmbtbiasﬁhe “tert-chloride"
e groun. L nder SRR EPIISBN NN ANl L ST SRBIETR Y Alpe. B praduced. On the

other hand, there a =finic Isomers produced during conventional polymerization of
isobutylene with B8, HelyeeimisitaitHeaghiitan rat avs droa sfnisoarecardithe irefatively

unreactive 2qmethyllRropeiyihber of such systems are well known in the art,

A further development is the cationic quasi-living polymerization systems
using conventional monomers. Quasi-living polymerization requires certain
restrictive conditions, for example anhydrous reagents. Cationic quasi-living
polymerizations differ from truly living polymerizations in that, aithough the

20 rate of chain transfer approaches zero, chain termination is p'resent but
reversible. One important example of a cationic quasi-iivihg polymerization is
the cationic quasi-iiving polymerization of isobutylene. '

Typically, cationic quasi-iiving polymerizations of isobuiylene yield narrow
molecular weight distribution and one major polymer product containing the

25  2-chioro-2-methylpropyl end group, also referred to as the "tert-chloride" end
group. Under certain conditions minor amounts of olefinic isomers may also
be produced.

On the other hand, there are two major olefinic isomers produced during
conveniional polymerization of isobutylene with BF;, for example, the highly
30  reactive exo-olefin isomer and the relatively unreactive 2-methyl-1-propenyl
isomer, ailso referred to as the "tri-substituted” isomer or "endo olefin” isomer.
Furthermaore, conventional polymerizations of isobutylene yield polymers with

broad molecular weight distributions or polydispersity indices.



isomer, also referred to as the "tri-substituted" isomer or "endo olefin" isomer. Furthermore,
conventional polymerizations of isobutylene yield polymers with broad molecular weight distributions
or polydispersity indices. 2 WO 2006/033739 PCT/US2005/029583 5 Exclusive production of the
exo-olefin is&%%’r“ﬁ%@f’?&? been previously achieved under conventional pg@m%‘ms@énditions for
isobutylene. There are two established methods for producing polyisobutylene containing only the
eX?-Olegin talan;gromet@wer‘p%hgétﬂ@v@w@@?@a%i@ah %@mef?mlﬂgeaé@'arpﬁémﬁwloride terminated
polyisobutylene using, 10 potassium tert-putoxide in a post polymerization regction (U.S. Patent No.
2,342,849). The oBRIAEIUETRERRE IR BOXMHIRG LY e oy oA i
methallyltrimethylsilane, which converts an active, living carbenium ion to the exo-olefin end group.

(M. Roth and H. Mayg,.MacipmelaslRpedSm et idis 18P Bdq Bl SabisdieRa R ibRtsiGagtaining

more than one exo-olefin end group may be prepared using the above methods by the use of a
multi-functional iniBBREereeRisHarans s oHBo I aMeime adiarely o sRsBE8iene polymers, is well

known in the art. Ajarabst0bgatants haverdistusse daprocesse pdonsnakingreoliwsrputylene polymers
containing exg-olefin end grqups, hut none using 20 reacting.an ionized polyolefin with a
nitrogen-confg)minaqﬁéw%ﬁ%%;é#oéﬁﬁﬁatﬁg? %%'MB%{% ’8%%?%&%’?2& é’e o%tﬁgfy or tertiary
amine. European Rateh8in834] 0T Re0isbosastaadetivoty darip ratugien polyone swath-inacrow
molecular weight distribution, where the ratio of.th [ verage lecular.weight. M(w), to the
number average n%%%gd%“ﬁé‘{ghﬂ@%ﬁ@ @%Eﬁ%%ﬁ%g%’%%cg%n PNO. @ﬁ\é%,ggg%iscloses
isobutene polymershzamigraioncarihdeyieelsfipelydr@izatidh ffdaiansd +D0/ayd where the proportion
of Macromolecules, 29, 6104, 1996)

15 Polyisobutylene polymers containing more than one exo-olefin end group may
be prepared using the above methods by the use of a multi-functional initiator.

The preparaticn of polyolefins, including polyisobutylene polymers, is well

known in the art. A number of patents have discussed processes for making

polyisobutylene polymers containing exc-olefin end groups, but none using
20 reacting an ionized polyolefin with a nitrogen-containing five-membered

aromatic ring compound or a hindered secondary or tertiary amine.

European Patent No. 341012 discloses a method for producing polymers with
narrow molecular weight distribution, where the ratio of the weight average
molecular weight, M(w), to the number average molecular weight, M(n),

25  approaches 1.

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

degree of polymerization from 10 10100 and where the proportion of

theoretically possibie terminal double bonds is greater than in conventional

products. The patent also discloses the method of making the isobutene
30 polymers using boron trifiuoride as the initiator.

U.S. Patent No. 4,342,849 discioses the synthesis of polyischutylene carrying
either unsaturation or hydroxyl groups at both ends, in the case of a linear



theoretically possible terminal double bonds is greater than in conventional products. The patent also
discloses the method of making the isobutene 30 polymers using boron trifluoride as the initiator. U.S.
Patent No. 4,342,849 discloses the synthesis of polyisobutylene carrying _either unsaturation or
hydroxyl groﬁv&zg?%%%’nds, in the case of a linear 3 WO 2006/033739 BCTUS005/029583 5
polymer, or at all ends in the case of a star polymer. The method involves the steps of refluxing a

solution of teléchefitlylirbalogehgiciidebuthienesadiimgtar polutien. Stheng dikee sudives fretassium
t-butoxide and stir ] ic di-glefi lyis No, 4,393,199
discloses a metho%%%%i?é%%%?cﬁgﬁ% %t)%%@r%@régﬁgr% %ﬁﬁq%g@g@&%ﬁ%rﬁdéﬁ%& in which a
pre-initiator and a Se4tHpyssiEdE hasIRUEAiBRIROIgInEzatisidreaniketirivithia faondhnser. The

resulting living po'hé!é%ﬁ@iéhﬁfbféﬁﬁtsgllﬁcﬁﬁﬁm%ﬂep-S- Patent No. 4,758,631 discloses a method of
preparing allyl-terminated polyisobutylene by allylation with allyltrimethylsilane of tertiary

chloro-capped 15 polyisobutylene by electrophilic substitution. The synthesis begins with the boron
trichloride catalyzéd$n&aterdiNaligh2e8tith§ didoiddes mifezthodifue dapviygeuizedidonmaf isobutylene,

followed in the sa ' I i € tri lane and titanium
tetrachlorideﬁ%.S?@i@%ﬁ%\%& 4@?0@@%@%%@%@@ %J g %@c&o‘@ lgﬂ cégﬁéé }l]lé?(i)%%oaé%éadaof a 20
complex of an orga#fie ¥iiefsctivekiecalinn i Pelviveibialipreteeaniyasordin ariciovitethitean add
olefin monomers te, NHRGIFHLIMQIBEH IR MSIGRLRE the gagRlgx from as low as 200 to in excess of a

million. The patents also disclose polymers of different molecular weights having useful end groups
such as halogens and specifically chloride, ally[, acryl or methacryl, acetate or 25 formate.
U.S. Patent No. 4,758,631 discloses a method of preparing allyl-terminated

polyisohutylene by allylation with allylirimethylsilane of tertiary chloro-capped

15 polyisobutylene by electrophilic substitution. The synthesis begins with the
boron trichioride catalyzed mono- or oligo-tertiary chloride “inifer” initiated
polymerization of isobutylene, followed in the same reaction vessel by the
addition of hexane, allyltrimethyisilane and fitanium tetrachioride.

U.S. Patent Nos. 4,910,321 and 5,’!22,572 disclose a catalyst composed of a
20  complex of an organic acid or its ester and a Lewis acid, preferably boron

trichloride that can add olefin monomers to increase the molecular weight of

the complex from as low as 200 fo in excess of a million. The patents also

disclose polymers of different molecular weights having useful end groups

such as halogens and specifically chioride, aliyi, acryl or methacryl, acetate or
25 formate.

U.S. Patent Nos. 4,828,683 and 5,066,730 disclose a catalyst composed of a
complex of an organic ether and a Lewis acid, preferably boron trichloride that
can add ofefin monomers to increase the molecular weight of the complex
from as low as 200 to in excess of a million. The patents also disclose

30 polymers of different molecular weights having usefu end groups such as

halogens and specifically chioride, aliyl, acryl or methacryl, acetate or formate.

U.S. Patent No. 5,219,948 discloses a method for preparing elastomeric
polymers comprising alpha-olefins or conjugated alkadienes by cationic



U.S. Patent Nos. 4,929,683 and 5,066,730 disclose a catalyst composed of a complex of an organic
ether and a Lewis acid, preferably boron trichloride that can add olefin monomers to increase the
molecular Welght of the complex from as low as 200 to in excess of a mllllg%?&ggggﬁgjégs also

disclose 30 MEHL35T Hifferent molecular weights having useful end gro%ps suchas ~halogens and

specifically chloride, ally[, acryl or methacryl, acetate or formate. U.S. Patent No. 5,219,948 discloses

a method for grep Hfg%lﬁ%t@émmh@%@éf@@@mﬂﬁi@% aphrialeiins aicanjvgateshalkadienes by
cationic 4 WO 2006/03

3739 PCT/US2005/029583 5 palymeri %ﬁ'on in.t(pe resence of titanium
tetrachloride and ﬂ?%@é@ﬁﬁ?tﬁgiFrHHhBYr%%@'oafm“iﬂ)’gvﬁ{&*ﬁg l%(iﬁgﬂ-l!ﬁﬁ%f edpacﬁyﬂb%;ﬁdine. The
polymers have VefrgRavEpwnanene-motdalrmualacmaweighvelisttidisidhutibs. Patent No. 5,336,745
discloses a method for the direct synthesis of polymeric materials functionalized with desirable

nitrogen-containing 10 functional %rougs such as terminal azido, cd}%anc, carbongﬁiamino or

thiocarbonylaminolgfoufaiedim ibhoesiadases shartheg iU deardnest SYBSISAIRY simultaneous

manner. U.S. PatentiNQe4rSdddidisalarama-nmoars s iyidisdi vne geiyooerzatian of aromatic,
preferably styrenic monomers initiated from a Iivi%%%@/)olefin, 15 %aéticularl olyisobutylene, chain

end for makin§ bldERTEPE YR TSNP HEIE bio@E afid BRIERITER Phlocks. U.S. Patent
No. 5,448,000 disclgsesrieoppenpoionethod dfprepatiadiculbonicuacidtalmatiatedgpalyisabutylene by

sulfonation with acetgﬁéjléa of a Ilgqingoﬁgl%i‘sobutylene in a single step. The method involves "inifer"

initiated 20 carbocBHBHTIE PONMERZAHOR With Cewis acid to form the polymer followed by the

sulfonation. U.S. Patent Nos. 5,637,647 and 5,677,386 disclose the capping of a living
U.S. Patent No. 5,428,111 discloses a process for the living polymerization of

aromatic, preferably styrenic monomers initiated from a living polyolefin,
15 pérticuiar!y polyisobutylene, chain end for making block copolymers having
polyolefin mid-blocks and styrenic end-biocks.

U.S. Patent No. 5,448,000 discloses a one-pot méthod of preparing sulfonic
acid-terminated polyisobutylene by sulfonation with acetyl sulfate of a living
polyisobutylene in a single step. The method involves "Inifer” initiated

20  carbocationic polymerization with Lewis acid to form the polymer followed by
the sulfonation.

U.S. Patent Nos. 5,637,647 and 5,677,386 disclose the capping of a living
polymer with one or more capping compounds comprising non-polymerizable
monomer selected from a group consisting of substituted or unsubstituted

25 diphenyl alkylene, methoxystyrene, trans-stilbene, 1-isopropenyinaphthalene
and 2 4-dimethyl styrene.

U.S. Patent Application No. 10/433,438, Publication No. 2004/0015029 A1,
discloses a process for the preparation of polyisobutylenes in which af least
60 percent of the polymer chains have at least one olefinically unsaturated
30  terminal group, by cationic polymerization of isobutene or isobutene-
containing monomer mixtures in the condensed phase and in the presence of

an initiator system.



polymer with one or more capping compounds comprising non-polymerizable monomer selected from
a group consisting of substituted or unsubstituted 25 diphenyl alkylene, methoxystyrene,

trans-stilbene, 1-isopropenylnaphthalene and 2,4-dimethyl styrene. U.S. P lication No.
10/433,439, WA Mo, 200410015029 Al, discloses a process for thé’%@%ﬁ%ﬁ’ﬁ%

polyisobutylenes in which at least 60 percent of the polymer chains have at least one olefinically
unsaturated 3§ ternabarOwAEicAION SRRIYREIZHE00, 8D ohulRagioh iINeh pEREo 2Ze0tRRINg
monomer mixtureﬁpti? the %())nde@%;%gﬁcag? and in tpe %[.esenc of an |nitiator system. 5 WO
2006/033739 PCTIUSSS6550 & TBL AP N BSHA A R RN B NPT B BB E BRiblication No.
2004/0260033 Al teliscihadie ptigmaet tiow dgh raindachuiymg aimxipyo dd cnigable modispeese telechelic

I hrouah o . b o DSt dit
Bnd quenching e A e SR R MR e R B neon
containing N 10 subsiittitespiatesiaa/rig- e fineyetpizet ephtassas aiainbrddbricating oil
additives. PG IntefnadignabAnRpigatonly 8 s REmHB A 2 JnigERaHanah HUPloaHon N

W099109074, discloses a process for functionalizing polymers prepared by cationic polymerization
wherein a living ca#B86E&&8nic polymerization 15 system is reacted with one or more aromatic ring
systems, and the use of substituted or unsubstituted reaction products of said process in lubricating

ol or uel composiins arafdliys sOnSaRANGe er axemeleras ispersants - deierge or

antioxidant additives or VI'improvers. 6-Proton imination _ asesint IvVing cationic
Polymerization of '80.186B88/ASHE 4byivadberrs GHuorBskiantl FuiigoRizins ndacessrvieates,

by cationic polymerization wherein a fiving carbocationic polymerization

15  system is reacted with one or more aromatic ring systems, and the use of
substituted or unsubstituted reaction products of said process in lubricating ol
or fuel compositions and additive concentrates, for example as dispersants,
detergents or antioxidant additives or VI improvers.

B-Proton elimination by Free Bases in the Living cationic Polymerization of

20  Isobutylene, by Young Cheol Bae and Rudolf Faust, Macromoiecules,
Volume 30, 7341-7344 (1997). The authors investigated B-proton elimination
from quasi-living polyisobutylene, after observing exo-olefin formation in the
presence of 2,6-di-ferf-butylpyridine (DTBP) of low purity. They ascribed
elimination to the presence of a stericaily hindered cyclic imine base present

25  in the DTBP in a concentration of 6 x 10 moles per liter. They simutated this
impurity using 2-tert-butylpyridine (TBP) and discovered that the latter, when
added to the reactor at the start of the polymerization {i.e., in the presence of
monomer) resulted in about 65 percent elimination after 3 hours of reaction
time fo produce exclusively exo-olefin. When the extent of elimination had

30 reached 20 percent or higher, significant coupling was observed from both 'H
NMR and GPC analyses. Bae and Faust clearly considerad that elimination
by stericaliy hindered bases, stich as TBP, was undesirable and should be
avoided. The first paragraph of the paper was summarized as follows:
"Finally, strong bases may also eliminate pB-protons, which should be

35  avoided." Later, they refer to the cyclic imine base impurity in DTBP as “the



Volume 30, 7341-7344 (1997). The authors investigated a-proton elimination from quasi-living
polyisobutylene, after observing exo-olefin formation in the presence of 2,6-di-tent-butylpyridine
(DTBP) of lowgprnisysstey ascribed elimination to the presence of a sterigaiyshindersekgyclic imine
base present 25 in the DTBP in a concentration of 6 x 10.6 moles per liter. They simulated this
impurity usin%z-tert-b tylpyridine &TBP) and discovered that the latter, when added to the reactor at
the start of the poﬁ}i’ﬁ’ izatiSIRty e Y FTPResERedir enbropanpTosumdho tiao w5 percent

elimination after 3diimirgidnerotions BRI HE GRS | -olefin,.\When the extent of
elimination had 3Qa ggegﬁqtzo rcent,or q'!gher, signi???%%%‘ﬁgﬁ%%%é%‘gggg%%aﬁgﬁﬂ both '"H NMR
and GPC analyses.&%a anﬂéﬁs%&%?ﬁ? SIERFEFARSNE MnkiRafshraly santtatiishieited bases,
such as TBP, wasstprdésiralieimatibskooiddse %ﬁ%@-f‘éh%@@&:ﬂ@@&&%ﬁﬁ%ﬁﬁ rwas

ich's

summarized as foll,}]oa\g% "Fﬂnallx sirong bases may also eliminate p-protons, w ould be 35
8
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avoided." Later, they refer
PCT/US2005/02988Yids culite! Fistityl tewsimmaized he entirensne: Q)ﬁﬁ%ﬂé&%&%‘ the

elimination proce dq, [ e% for polymer preparation purposes, although'it might facilitate
the measuremen? %ﬁgﬁ@%ﬁg@@%@ gﬁ%% ﬁé?g% SRS FRRbRSABIGIIaletloided for the
synthesis of well-defined macromolecules, if diffusion control of this process can be shown, it may 10
provide a novel method of establishing h&BAAFNEATG N Bf Il Tediters, from which absolute
propagation rate constants could be calculated.” SUMMARY OF THE INVENTION Disclosed herein is
a method for preparin? polylolefins containing a high percentage of exo-olefin chain ends. The
method may invoW&A8shiEnapelysiefd sontaiming epoirial s coiardenchain gngs-aneteasting

exo-olefin chain ends. The method may involve
15 ionizing a poiyqteﬁn containing terminal tert-chioride chain ends and reacting

the ionized poiyoisfin with one or more nitrogen-containing five-memberad

arematic rng compounds or one or more hindered secondary or tertiary
amines, or mixiures thereof,

In one aspect, there is provided a method for preparing a polyolefin product containing

20 ~ .
exo-olefin chain ends on the polyolefin polymer chain, which method comprises:

{a) lonizing a polyolsfin containing terminal teri-chioride chain ends

on the polymer chain in the presence of 3 Lewis acid; and

(b) reacting the ionized polyolefin with one or more nitroger:-
25 containing five-membered aromatic ring compounds selectad from
' pyrroles and imidazoies having at isast two hvdrocarbyi
substituents on the ring, or one or more hindered secondary or
tertiary amines containing only carborn, hydrogen, and nitrogen

atoms, or mixtures thereof, provided the nitrogen containing five-
30 membered aromatic ring is not:

iy  2.4-dimethyipyrrole;
(i) 2-phenyiindole;



the ionized polyolefin with one or more nitrogen-containing five-membered aromatic ring compounds
or one or more hindered secondary or tertiary amines, or mixtures thereof. In one aspect, there is
provided a method for preparing a polyolefin product containing 20 exo-olefin chain ends on the

polyolefin poRyRéteRar*which method comprises: (a) ionizing a polyolefifdotaifig &rininal

tent-chloride chain ends on the polymer chain in the presence of a Lewis acid; and (b) reacting the

ionized polyolegfin with one orore nitrogen2s cantaining five-membered aromatic ring compounds
selected from%pyrroles and i%@%oazo:%ﬂa\?ng a%gl}gast two’hydrocarbyl substituents on the ring, or one

or more hindered secondary gy tertiary-gmiesirartaipigg only carbon, hydrogen, and nitrogen

atoms, or mixtures thereof, provided the nitrogen containing five 30 membered aromatic ring is not:

(1) 2,4dimethylpyrrole; (i) 2-ghenylipgoleniiMEa20@64188739 PCT/US2005/029583 5 (iii)

2-methylbenzimidazole; (iv) 1,2-dimethylimidazole; (v) 2-phenylimidazole; and (vi)

2,4,5-triphenylimidazole; and{gibvid@dithditithaayéaiseeoiriary or tertiary amines are not: 10 (i)

Triethylamine; (ii) Tri-n-butylamine; (iii) Trihexylamine; (iv) Triisooctylamine; (v) 2-phenylpyridine;
and provided the hindered secondary or tertiary amines are not:

10 () Triethylamine;
(i) Tri-n-butylamine;
(iii} Trihexylamineg;
(iv) Trilsooctylamine;
(v} 2-phenylpyridine;
15 (vi)  2,3-cyclododecenopyridine;
(viiy  Di-p-tolylamine;
(viiy  Quinaldine; and
(ix) 1-pyrrolidine-1-cyclopentene;
to thereby obtain the polyolefin product coniaining exo-olefinic end groups on
20 the polyolefin polymer chain.

Preferably the potyolefin is polyisobutylene.

Preferably steps (a) and (b) are independently carried out ai a temperature in
the range of from about -130°C to about 10°C. More preferably steps (a) and
(b} are independently carried out at a temperature in the range of from about

25 -80°Cto about 0°C. Yet more preferably steps (a) and (b) are independently
carried out at a temperature in the range from about -70°C to about -10°C.
Most preferably steps (a) and (b) are independently carried out at a
temperature in the range from about -60°C to about -20°C.



15 (vi) 2,3-cyclododecenopyridine; (vii) Di-p-tolylamine; (viii) Quinaldine; and (ix)
1-pyrrolidino-1-cyclopentene; to thereby obtain the polyolefin product containing exo-olefinic end
groups on 20 the polyolefin polymer chain. Preferably the polyolefin is polyisobutylene. Preferably
steps (a) an&W(B)z%ﬁé‘}%?aﬁgpendently carried out at a temperature in the ra Q%szfﬁgsngf)sgut -130C to
about 10C. More preferably steps (a) and (b) are independently carried out at a temperature in the
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carried out at a temperature in't om about -70C to about -10C. Most preferably Steps (a)
and (b) are indepdh@emprbaieecrmmatia inhaeeranteds ithatear§e Fens HsotHesbeyierhout -20C. 8
WO 2006/033739 L iHY RN 92P R #ai4n one embodiment of the above method the one or more
nitrogen-containing five-membered aromatic ring compounds in step (b) is a substituted-pyrrole
having the general formula: R2 R3 R. N R4 Wgerein: 10 (a) R1 and R4 are independently an alkyl
containing one carbon atom to about 20 carbon atqms and R3 are independently hydrogen or
alkyl containing one carbon atom to about 20 carb s, cycloalkyl of about 3 to about 7 carbon
atoms, aryl of about 6 to about 30 carbon atoms, about 7 to 15 about 30 carbon atoms, or
aralkyl of about 7 to about 30 carbon

R N R4
H
wherein:
10 (a) Ry and R, are independently an alkyl containing one carbon

atom to about 20 carbon atoms, Ry and Rj are independently
hydrogen or alkyl containing one carbon atom to about 20
carbon atoms, cycioalkyl of about 3 fo about 7 carbon atoms,
aryl of about 6 fo about 30 carbon atoms, alkaryl of about 7 to
15 about 30 carbon atoms, or aralkyl of about 7 to about 30 carbon

atoms; or

{b) R, and R.form a fused aromatic ring of from 6 carbon atoms fo

10 carbon atoms or aliphatic ring of from 4 carbon atoms to
about 8 carbon atoms, Ry is alkyl containing one carbon atom {o

20 about 20 carbon atoms, and Rz is hydrogen or alkyl containing
one carbon atom to about 20 carbon atoms, cycloalky! of about
3 to about 7 carbon atoms, aryl of about 6 to about 30 carbon
atoms, alkaryt of about 7 fo about 30 carbon atoms, or aralkyi of
about 7 to about 30 carbon atoms; or

25 (¢) Rpand R, form a fused aromatic ring of from 6 carbon atoms fo
10 carbon atoms or aliphatic ring of from 4 carbon atoms o
about 8 carbon atoms, and Ry and Rs are independently an alkyl
containing one carbon atom fo about 20 carbon atoms; or



atoms; or (b) R1 and R2 form a fused aromatic ring of from 6 carbon atoms to 10 carbon atoms or
aliphatic ring of from 4 carbon atoms to about 8 carbon atoms, R4 is alkyl containing one carbon atom
to 20 about I0cuMisdnsatoms, and R3 is hydrogen or alkyl containing onepashepsai@padg; about 20
carbon atoms, cycloalkyl of about 3 to about 7 carbon atoms, aryl of about 6 to about 30 carbon
atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms; or
25 (c) R2 and®R3 form d#isedkpnratRneiry oidtos GodrBantakemintpals, ¢atbparatents or aliphatic

ring of from 4 carbon atoms to ;ghout 8 ca QniRLomS, 4R independently, an alkyl

containing one carbon atom to about 20 cggbonﬁgté?ms; o%%!%b%%}/%gs@gg) ﬁ%ﬁgﬂ‘lgﬁi‘iﬁ%ng583

5 (d) both R, and R2, and R3 aPicPiRhalkERdPiEns) thaepeesinmsdmakoeatdheatioaing of from 6

carbon atoms to 10 carbon ato r aliphatic ring of from 4 carbon atoms to about 8 carbon atoms.
BiSnal

Preferably R, and RL are methyl and R2 and R3 are hydrogen. 10 In another preferred embodiment of
the above method.R;, R2..R3 and R4 are methyl. In another preferred embodiment R, and R2 are
methyl and R3 and | }‘E%Ztrj% a’ u%%%b%ﬁz@??ﬂg ?ﬁ%%?ﬁ@ﬁégﬁ ENFOOERRER the substituted-pyrrole has
the following formula: HHHH i

10 in another preferred embodiment of the above method Ry, Rz, R; and Ry are

-4

mieinyl.

in another preferred embodiment R+ and R, are methyl and Rs and Ra form &
fused benzo ring.

In a preferred embodiment the substituted-pyrrole has the foliowing formulz:

S A

B N
15 H

The nitrogen-containing five-membered aromatic ring emploved in another
embedimant of the present invention is a substituted imidazols.

The substituted imidazole in the method disclosed herein has the general formula:

T
|

20 H

wherein Rz is branched alkyl containing from about 4 carbon afoms o
about 20 carbon atoms, and whearsin

il



H 15 The nitrogen-containing five-membered aromatic ring employed in another embodiment of the
present invention is a substituted imidazole. The substituted imidazole in the method disclosed herein
has the general formula: R,~N h3 20 H wherein R3 is branched alkyl containing from about 4 carbon
atoms to ab8t 28%4H8h atoms, and wherein 10 WO 2006/033739 PCT?G%’E@% BR%8583 5 (a) R,

and R2 are independently hydrogen, alkyl of one carbon atom to about 20 carbon atoms, cycloalkyl of

about 3 to ab t7 carb ato y1l gl %ut? E])tdgégﬁ%uﬁ%g%r &qg 83‘3 @Qrggrgdgg%gf? to

about 30 carbon atoms, aralk toms r10 (b) R1 an orm a

fused aromatic ring of from 6 céﬁb@?@&?o?ﬁ§ﬁ5quﬁj‘@m$)rﬁaﬁ@ﬁﬂ<bﬂr%ﬂ@ﬂ#kﬁriﬁgebﬁ%?n 4 carbon

atoms to about 8 carbon atoms, i aRalasPIEiRUEsRMaediaeslebhIEAR IR Ry S methyl,
R2is hydrogen and R3 is tert-butyl. 15 Preferably the alkyl group on the nltro?en containing

five-membered aromatic ring irPiRPRYthERIFHEF e RBRo P hae iR T@sittone carbon atom
to about 20 carbon atoms. More @y eferabhn thamiikyhigraspeen the alkyl-substituted hetero-aromatic
has from about one carbon atoms to about 12 carbon atoms. Most preferably the alkyl group on the

alkyl-substituﬁ 20 hete ror&at%gaészgﬁggggé@g%%g %?%é%jaé)gg}%ﬁaa%%%oms.

Preferably the Lewis aci step (@) 1sa’ha titanium or
10 carbon atoms or aliphatic ring of from 4 carbon stoms io

about 8 carbon atoms.

In another preferred embodiment of the above method R, is methyl, Ry is
hydrogen and Rj is tert-butyt.

15 Preferably the alkyl group on the nitrogen-containing five-membered aromatic
ring in the method of the present invention has from about one carbon atom fo
 about 2¢ carbon atoms. More preferably the alkyl group on the
. alkyl-substituted hetero-aromatic has from about one carbon atoms fo about
12 carbon atoms. Most preferably the alkyl group on the alkyl-substituted
20  hetero-aromatic has from about one carbon atoms to about 4 carbon atoms.

Freferably the Lewis acid in step (a) is a halide of titanium or boron. More
preferably the Lewis acid is a titanium halide. Most preferably the Lewis acid
is fitanium tetrachioride. Preferred concentrations of the titanium tetrachloride
exceed 2 times the combined concentrations of protic impurities, electron

25  donor, common ion salt or its precurtsor, and the quenching agent or
guenching agents.

The hindered secondary or tertiary amine in step (b) in the above method may
be a iinear secondary or tertiary amine, a cyclic secondary or tertiary amine or
an aromatic secondary or tertiary amine.

30 In an embodiment of the above method the hindered secondary or tertiary

amine in step (b) has the general formula:

11



preferably the Lewis acid is a titanium halide. Most preferably the Lewis acid is titanium tetrachloride.
Preferred concentrations of the titanium tetrachloride exceed 2 times the combined concentrations of
protic impurities, electron 25 donor, common ion salt or its precursor, and te]%géjb%%giggﬁgent or

guenching aéwe%tzsn.{)ﬁf%}éwﬁ‘i}ndered secondary or tertiary amine in step (b) in the above method may be

a linear secondary or tertiary amine, a cyclic secondary or tertiary amine or an aromatic secondary or
tertiary amine. 30 In an embodiment of the abq;qx(e\r7n§thod the hindered secondary or tertiary amine in
step (b) has the general formula: 11 WO 2006/033 MT/USZOOS/OZQSSS R1,~N/R215R3
wherein R1, R2 and R3 are independently hydrogen, alkyl containing one carbon atom to about 20
carbon atoms, cycloalkyl of about 3 to about 7 carbon atoms, aryl of about 6 to about 30 carbon
atoms, alkaryl of about 7 to about 30 carbon atoms, @y aralkyl of about 10 7 to about 30 carbon atoms;
or at least oneof R1 and R2, R2 and R3 and R3 and K1, taken in pairs, independently form a fused
aliphatic ring of from about 4 carbon atoms to about 8 carbon atoms; provided that no more than one
of RI, R2 and R3 is hydrd¥aietingd 1 preidedinateradepengdatiy hudeoastan iveaprtiiiping about 3

carbons 15 or less. In thghoyeneihod thehindetesamnaisastegianrysscondary amine has the
general formula: R4 R6 R, '
about 7 carbon atoms, aryl of about 6 {o about 30 carbon atoms,
alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about
10 7 to about 30 carbon atoms; or at least one of Ry and Rg, Ry and R
and Rz and Ry, taken in pairs, independently form a fused aliphatic ring

of from about 4 carbon atoms 0 about 8 carbon atoms:

provided that no more than one of Ry, Ry and Rs is hydrogen, and
provided that R4, Rz, and Ry ars not all linear alkyl of about 3 carbons
15 or less.

In the above method the hindered amine is a tertiary or secondary amine has
the general formula:

R Rs R
Pt
Ry Ry

Rs

wherein Rs is a divalent hydrocarbyl group of one carbon atom to about

20 4 carpbon atoms each of which may be substituted with an alkyl group
having cne carbon atom to about 6 carbon atoms, and Ry, Ry, Ra, Ry,
and Rs are independently hydrogen, alkyl containing one carbon atom
to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon
atoms, aryl of about 6 fo about 30 carbon atoms, alkaryt of

25 7 1o 30 carbon atoms, or aralkyl of 7 to 30 carbon atoms; provided if Ry,
Rz, Rs, and Rs are hydrogen, then Rz is a branched alkyl from about 4
to about 20 carbon atoms, aryl of about 6 to about 30 carbon atoms, or
aralkyl of about 7 to about 30 carbon atoms, and provided if Rs is

hydrogen, then Ry, Rg, Rs, and Ry are not hydrogen, uniess one of Ry

12



>0< R3 N R2 RS wherein R6 is a divalent hydrocarbyl group of one carbon atom to about 20 4
carbon atoms each of which may be substituted with an alkyl group having one carbon atom to about 6
carbon atom %% JE{; , R3, R4, and R5 are independently hydrogen, ) ining one carbon
atom to abo?ﬁ(g c@r 33%92 atoms, cycloalkyl of about 3 to about 8 carbon gqt!olfr)r%sé?%%@o;f%%out 6 to
about 30 carbon atoms, alkaryl of 25 7 to 30 carbon atoms, or aralkyl of 7 to 30 carbon atoms;
provided if R15 R2, R3, ahehRe-Are ygreqes ie0 R inariyaaihedAind fom 200w 440 about 20
carbon atoms, aryl of about 6 to about 30 carbon atoms, or aralkyl of about 7 to about 30 carbon
atoms, and provided if R8ASUhYHIGRYEANAIMRL, R2, R3, and R4 are not hydrogen, unless one of R,
12 WO 2006/033739 PCT/US2005/029583 5 or R2 and one of R3 or R4 is a branched alkyl having
from about 4 to about 20.carban N riicularl f ? qgg}ﬁg % bove method
the hindered amir?g ?s%?gggé%%a y%érq't%gr ia@ﬁrﬁfﬁ%%ﬁﬁ%@oﬁ%ﬁ & !gi@%l%%é %%CHS 10
wherein R5 is hydagae & argshghdananofesigycieries @riitoliimeiaof the above method the hindered
secondary or tertiary amine has the general formula: R _ wherein R is hydrogen or alkyl containing

one to about 20 carbon Rz
HaC i[ CHs
HaC CHs
10 wherein Rs is hydrogen or methyl.

In another preferred embodiment of the above method the hindered

secondary or tertiary amine has the general formula:

OO

wherein R is hydrogen or alkyl containing one to about 20 carbon
15 atoms or an aromatic or aliphatic ring of about 3 carbon atoms io about

7. carbon atoms.

In a particularly preferred embodiment of the above method the hindered
secondary or tertiary amine has the formula:

oo

i

N

20 in a further preferred embodiment of the above method the hindered amine is

a secondary amine of the formuia:

13



15 atoms or an aromatic or aliphatic ring of about 3 carbon atoms to about 7. carbon atoms. In a
particularly preferred embodiment of the above method the hindered secondary or tertiary amine has
the formula:VEH4I33% In a further preferred embodiment of the above R{EtABAIOISHdered amine
is a secondary amine of the formula: 13 WO 2006/033739 PCT/US2005/029583 in another preferred
embodiment of the above method the hindered amine is a tertlary amine of the formula: r' 1 in yet
another preferred embodiment of the abovgmethod thé hind amine 10 is a tertiary amine of the
formula: The hindered secondary or terti 10 ar‘i}othe embodiment of the method disclosed 15
herein has the general formula: R9 R2 R8 N R1 is a divalent hydrocarbyl
group of one garbon atom to about 4 carbofSand R2, R3, R4TR7/Rb, and R9 are independently
hydrogen, alkyl containing one carbon atom to about 20 carbon atoms, cycloalkyl 20 of about 3to
about 8 carbon at$hANHRRTI SRR DI RBHRETS R RDDYA TS OB TR G BB (D5/029583
5 atoms, alkaryl obabeigry senaleobit B esrhaatoms, or aralkyl of about 7 to about 30 carbon atoms,
and one of R5 and R6 is hydrogen and the

0
e Y N

In yet another preferred embodiment of the above method the hindered amine

10 is a tertiary amine of the formula:

The hindered secondary or tertiary amine in another embodiment of the method disclosed

15 herein has the general formula:

wherain R, is & divalent hydrocarbyl group of one carbon atom o about
4 carbons and Ry, Rs, Ry, Ry, Re, and Rg are independently hydrogen,
alkyl containing one carbon atom o about 20 carbon atoms, cycloalkyl

20 of about 3 {0 about 8 carbon atoms, aryl of about 8 1o about 30 carbon

i4



other is linear alkyl from one carbon atom to about 20 carbon atoms. In a preferred embodiment of the
above method one of R5 and R6 is 10 hydrogen. In an embodiment of the above method the amine

has the general formula: HHHHHHHH HIH HHH In yet another %?ﬁgg%ﬁ%j%gﬂment of the
above methodR%IMHERed amine 15is a tertiary amine of the formula: f 3 wherein

one of R, and R5 is hydrogen and the other is a branched alkyl of about 3 to about 20 carbon atoms,

arof about 1 (0 about 30, ceron garie, VA0l ABOUL AL ABeL 3D b A R2. K3 20

and R4 are independently hydrogen,’alkyl of one carbon atom to about 20 carbon atoms, cycloalkyl of

about 3 to about 7 carborf i@cheVbA GrMbaIENS a8 RE0EarpBRGRME NERERHRAHIE 7 to about
30 carbon atoms, or arally] ofiabeusLiRRReq dALasRMhaRRsiAiuIeES LA aldidhand R2, R2

and R3, R3 and R4, and R4 and R5, taken in 25 pairs, independently form a fused aromatic ring of
from 5 carbon atoms to 7 carbon atoms or aliphatic ring of from about 4. carbon atoms to about 8
carbon atoms, 15 W@ E%@?&%@@@%ﬁ%@gw@f@ggé@%%ﬁa‘@ﬁ% ﬁrﬁ?l%ﬁﬁa R2 form a fused
aliphatic or ardmaty/AiRyShen

in an embodiment of the above method the amine has the general formula:
H H
H H H M
AW ea
)
H
HH o M
In yet another preferred embodiment of the above method the hindered amine
15 s a tertiary amine of the formula:

" Rs N R

X
R4 / Ro

Ra

wherein one of R; and Rs is hydrogen and the other is a branched alkyl
of about 3 to about 20 carbon atoms, aryl of about 10 to about 30
carbon atoms, or aralkyl of about 11 to about 30 carbon atoms; Rz, Ra

20 and R, are independently hydrogen, alkyl of one carbon atom to about
20 carbon atoms, cycloatky! of about 3 to about 7 carbon atoms, aryl of
about 6 fo about 30 carbon atoms, alkaryl of about 7 fo about 30
carbon atoms, or aralkyl of about 7 to about 30 carbon atoms; or at
least one of Ry and Ro, Rz and Ra, Rz and Ry, and Rs and Rs, taken in

25 pairs, independently form a fused aromatic ring of from & carbon atoms
to 7 carbon atoms or aliphatic ring of from about 4 carbon atoms to

about 8 carbon atoms,

ek
th



R5 is a branched alkyl of about 3 to about 20 carbon atoms, aryl of about 10 to about 30 carbon
atoms, or aralkyl of about 11 to about 30 carbon atoms, and provided that if R4 and R5 form a fused
aliphatic or #oH@83IMYy, then R1 is a branched alkyl of about 3 to aboutsfreataeniiésatoms, aryl of
about 10 to about 30 carbon atoms, or aralkyl of about 11 to about 30 carbon atoms. in a further
embodiment of the above method R1, R. R3 and R4 are hydrogen and R5 is tert-butyi. In another
embodiment 6f the methudhdissidsedih@reind!i fimdeitsediatdsatitregenobaiRontaininen
hetero-aromatic ring hawing.t I rmul b).and (¢}, R4~N ~~R1 R3 2 (a) wherein
in formula (a) one of Rl\%%]qtf g%%%ﬁ%%@c%‘egﬁﬁgﬁ?ﬁéégr%%ﬁy or one ‘&5}88?%‘-3? ©50 to about 20
carbon atoms, cycioalkyRepabtiit@aboabstt @t aomnms aaiyd babbots 1 mhabn33carbon
atoms, alkaryl of about 7.ipnaboui 30 %@g%@@éﬂ%h%ﬁ gr%kgibgffgiﬁb%%? tqh%ggl-%@ggﬂ%(?n atoms,

' one car %o abou

one of R2 and R3 is hydrogen and the other is alkyl o on-atom Carbon atoms,
cycioalkyl of about 3 to ZBBIEBCHASEH 25 Hrolhs, RigneTeshalivbabakientit30 ebmbratomisomalkarvi of

about 7 to_afgput 30 carbesatoms, TRk LoLARMI AP AROY 30FaDOR AlRIS,/LyaL least one of

R1 and R2 and R3 and R4, taken in pairs, independently form. a fused aromatic ring of from 5 carbon
atomsto 7 16 WO 200676§§'ﬁ’§’€§"#’§$/@?§%@§7@§§583 5 carbon atoms or aliphatic ring of from about
4 carbon atoms to about 8 carbon atoms;

“in a furiher embodiment of the above method R+, Rz, Rs and R. are hydrogen

and Rz is teri-bufyl.

In another embodiment of the method disclosed herein the hindersd amine is nirogen

15 containing hetero-aromatic ring having the following formulas. (a), (b} and (c):

wherein in formula (a)

one of R+ and R, is hydrogen and the other is alkyl of one carbon atom

20 o about 20 carbon atoms, cycicalkyi of about 3 tc about 8 carbon
‘atoms, aryl of about € 10 about 30 carbon atoms, alkaryl of about 7 1o
about 3C carbon atoms, or aralkyl of about 7 to about 30 carbon atoms,
one of Ry and Rj is hydrogen and the other is alkyl of one carbon atom
to about 20 carbon atoms, cycicalkyl of about 3 1¢ about 8 carhon

25 aioms, ary! of about & 1o about 30 carban atoms, alkaryi of about 7 to
about 30 carbon atoms, or aralkyl of about 7 1o about 30 carbon atoms:
or at least one of Ry and Rz and R; and Ry, taken in pairs,

indepandently form a fused aromatic ring of from 5 carbon atoms 1o 7

16



R2 R3 NI RIN R4 (b) wherein in formula (b) R1, R2 and R4 are independently hydrogen or alkyl of
one carbon atom 10 to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon atoms, aryl of
about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30 carbon | of about 7
to about 30 c}ggoonﬁéotsgr%ssg R3 is hydrogen, alkyl of one carbon atom to agout %2) CArD on atoms,
cycloalkyl of about 3 to about 8 carbon atoms aryl of about 6 to about 15 30 carbon atoms, alkaryl of
about 7 to abqut 30 carbon atoms, or ara fa ou st one of
R2 and R3 orR3 and Rﬁ Eg%l’?f% p 75 al ep’gr];d (tt’gﬂf%ﬁn%% Eﬁgc?’ %Fr%%a%?ﬁtgocﬁ% (l)l‘r?n%S carbon
atoms to 7 carbon atomsertalipb#tiosing of from about 4 carbon atoms to about 8 carbon atoms, 20
provided that if R1 is hydrogen then R2 and R4 are independently alkyl of one carbon atom to about
20 carbon atoms, cycloalkyl of about 3 to about 8 cartin atoms, aryl of about 6 to about 30 carbon
atoms, alkaryl of about 7 to about 30 carbon atoms, or|aralkyl of about 7 to about 30 carbon atoms,
and further provided that if R2 or R4 is 25 hydrogen, then R1 is q;lkyl of one carbon atom to about 20
carbon atoms, cycloalkyl of about 3 to about 8 cgrboh atems,ryl of about 6 to about 30 carbon

atoms, alkaryl of about 7 to about 30 carbon ato r or aralkyl of about 7 to about 30 carbon atoms; 17

Ri N Re
(b)
wherein in formula (b)

R+, Re and Ry are independently hydrogen or alkyl of one carbon atom

10 to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon
atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to
about 30 carbon atoms, or aralkyi of about 7 to about 30 carbon atoms,
Rs is hydrogen, altkyl of one carbon atom to about 20 carbon atoms,
cycloalkyl of about 3 to about 8 carbon atoms, aryt of about & to about

15 30 carbon atoms, alkaryl of about 7 to about 30 carbon atoms, or
aralky! of about 7 to about 30 carbon atoms; or ét least one of Ry and
Ra or Ra and Ry, taken in pairs, independently form a fused aromatic
ring of from 5 carbon atoms to 7 carbon atoms or aliphatic ring of from
about 4 carbon atoms fo about 8 carbon atoms,

20 provided that if Ry is hydrogen then Rz and R4 are independently alkyl
of one carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to
about 8 carbon atoms, aryl of about 6 to about 30 carbon atoms,
alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about
7 to about 30 carbon atoms, and further provided that if Rz or Ry is

25 hydrogen, then Ry is alkyl of one carbon atom o about 20 carbon
atoms, cycloalkyl of about 3 to about 8 carbon atoms, aryl of about
8 to about 30 carbon atoms, alkaryt of about 7 to about 30 carbon
atoms, or aralkyl of about 7 to about 30 carbon atoms;

17



WO 2006/033739 PCT/US2005/029583 5 and RI N/ N R3 R2 (c) wherein in formula (c) R1, R2 and
R3 are independently hydrogen or alkyl of one carbon to about 20 carbon atoms, cycloalky! of about 3
to about 8 carhe 10 aryl of about 6 to about 30 carbon atoms, al b to about 30
carbon atoms, 03 g?rél(') of about 7 to about 30 carbon atoms. In a preferis em{gﬁﬁ%}%%% of the above
method the hlndered amlne has the formula: N 15 in a further embodiment of the above method the
hindered ami sdhe formula: In yet another preferred embodiment of the above method the
hindered amine 2 has the formula: 18 WO 2006/033739 PCT/US2005/029583 y N~'N ~ 1) I~ 1 In the
above method the exo-olefinic end group on the polyrr}@r chain of the polyolefin product in step (b) is

present in the range of about one percent to about 10 percent of the total olefin yield. Preferably the
exo-olefinic end group on the polymer chain in step (c |s at least 3 percent of the total olefin :

oy

(e)
wherein in formula (c)

R4, Ry and R are independently hydrogen or alkyl of one carbon to
about 20 carbon atoms, cycloalkyl of about 3 to about & carbon atoms,

10 aryl of about 6 fo about 30 carbon atoms, alkaryl of about 7 to about
30 carbon atoms, or aralky! of about 7 to about 30 carbon aioms.

In a preferred embodiment of the above method the hindered amine has the

X

15  In a further embodiment of the above method the hindered amine has the

formula:

formula:

In yet another preferred embodiment of the above ‘method the hindered amine

20 has the formula:

18



10 yield. More preferably the exo-olefinic end group on the polymer chain in step (c) is at least 20
percent, still more preferably at least 50 and most preferably at least 70 percent of the total olefin
yield. In anct{eroashessesthere is provided a method for preparing a polyorfanprodugtomantaining
exo-olefinic end groups on the polyolefin polymer chain, which method 15 comprises: (a) ionizing a
poiyolefin containing terminal tert-chloride chain ends on the polymer chain in the presence of a Lewis
acid: and (b) reacting the ionized polyolefin with oneﬁﬁﬂa}ore nitrogen-containing five-membered
aromatic ring compounds selected from pyrroles Zq) and|imidazoles having at least two hydrocarbyl
substituents on the ring, or one or more hindered sesqnetary or tertiary amines containing only carbon,
hydrogen, and nitrogen atoms, or mixtures thereof, wherein the nitrogen-containing aromatic amine
compounds or the hindered secondary or tertiary aiy' are pre 25 reacted with a Lewis acid,
provided the nitrogen containing nve- membered aromatig rlng |s not: (1) 2,4-dimethyipyrrole: (ii)
2-phenyiindole, 19 WO 2006/033739 PC 00576 2-methylbenzimidazole; (iv)
1,2-dimethylimidazole; (v) 2- phenyllmldazé%gs%d (vi) 2,4 5atr|pheinyllm|dazole and provided the
hindered secgndary or tertiary amines are \/10 (1 Tnethyl&my (i) Tri-n-butylamine;

In fhe above method the exc-olefinic end group on the polymer chain of the
polvolefin product in step (b) is present in the range of about one percent o
about 100 percent of the total olefin yield. Preferably the exo-olefinic end
group on the polymear chain in step (¢} is at least 3 percent of the intal olefin
10 vieid. More preferably the exo-olefinic end group on the polymer chain in step

{c) s at least 20 percent, still more preferably at ieast 50 and most Dreferabtv
at ieast 70 percent of the iotal clefin yisid.

In another aspect. there is provided a method for preparing a polyolefin product
containing exo-olefinic end groups on the polvolefin polymer chain, which method

18 comprises:

{a) lonizing a polyolefin containing ierminal teri-chioride chain ends on

the polymer chain in the presence of & Lewis acid: and

{b) reacting the ionized polyolefin with one or more nitrogen-cantaining
five-membered aromatic ting compounds selected from pyrroles
20 and imidazoles having at least two hydrocarby! substituenis on the
ring, or one or more hinderad secondary or feriary aminas
confaining only carbon, nydrogen, and nitrogen atoms, or mixiures
-fhereof, wherein the nitrogen-containing aromatic amine

compounds or the hindered secondary or teriiary amines are pre-

(Y]
(83

reacted with a Lewis acid, provided the nitrogen containing five-
membered aromaiic ring is not:

{i) 2 4-dimethyipyrrols;

iy  Z-phenyiindole;

19



(ii) Trihexylamine; (iv) Triisooctylamine; (v) 2-phenylpyridine; 15 (vi) 2,3-cyclododecenopyridine; (vii)
Di-p-tolylamine; (viii) Quinaldine; and (ix) 1-pyrrolidino-I-cyclopentene; to thereby obtain the polyolefin
product containing exo-olefinic end groups on 20 the polyolefin polymer chain. The nitrogen
containing ﬁx)@%g?ﬂeé%’@a aromatic ring compound in a preferred embodiiéAt 8rNEa83ve method is
2,5-dimethyl pyrrole and the Lewis acid is Titanium tetrachloride. In a preferred embodiment of the
above method the Lewis acid is titanium 25 tefrachloride and the hindered amine is
1,2,2,6,6-pen§amethylpiperidine.('BET,@IL'@“EJ R1I5$f6 OF THE INVENTION Definitions As

used herein, the following terms g@ve ttys fa!éq%mgg%%s unless expressly stated to the contrary:
20 WO 2006/033739 PCT/US20057/029583 term "alkyl" as used herein refers to straight chain

and branched chain saturated aI@Watic;_gmﬂmwehgyj&g from one to about 20 carbon atoms.
Some examples of straight chain and branched chain saturated aliphatic groups are methyl, ethyl,
propyl, butyl, isopropyl, isobutyl, sgc-buty, steiphsriylirsiag:Abe Jike. 10 The term "aromatic or aliphatic
fused ring" as used herein refers to the ring formed by two adjacent carbon atoms on the pyrrole or
imidazole ring, and the ringahupfovided iscfidatbtedseqyrdHey or ivitazotenimes Are example of a

10 (iy Triethylamine;
(iy Tri-n-butylamine;
(iily Trihexylamine;
{(iv} Triisooctylamine;
(v} 2-phenylpyridine;

15 (vi 2,3-cyclododecenopyridine;
{vii} Di-p-tolylamine;
(viii} Quinaldine; and
(ix) 1-pyrrofidino-1-cyclopentene;

to thereby obtain the polyolefin product containing exoc-olefinic end groups on

20  the polyolefin polymer chain.

The nitrogen containing five-membered aromatic ring compound in a
preferred embodiment of the above method is 2,5-dimethy! pyrrole and the

Lewis acid is Titanium tetrachloride.

In a preferred embodiment of the above method the Lewis acid is fitanium
25 tetrachloride and the hindered amine is 1,2,2,8,6-pentamsthylpiperidine.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

As used herein, the following terms have the foliowing meanings unless
expressly stated to the contrary:

20



fused aromatic ring is a benzo group fused to the pyrrole ring or imidazole ring. A fused aliphatic ring
may be any cyclic ring structure fused to the 15 pyrrole ring or imidazole ring. The term "branched
alkyl" as used herein refers to an alkyl group in which the carbon atom representing the goint of

attachment oYVfﬁéO&‘f‘@afﬂ% the rest of the molecule is either a tertiary or Tgﬁ@l{? ¥ atom. The
term "tertiary carbon" as used herein refers to a carbon atom that is attached to three other 20 carbon

atoms. The term "guaternary carbon" as used herein refers to a carbon atom that is gttached to 4
other carbon ﬁom%hﬂ%r%r%&@/'l‘cﬁﬁb‘éﬁgrﬂ%‘ﬂm6@%3?80%5%‘8& 3@81'%@& %F@fﬁ%&il‘: % positively

charged carbon atgsrbgatingihetle spRibsngedadivbstitngriemncharteattyt @CochitabnCH3 CH3 H2 | le

c X PIB-C-C-CH2 C CI—@ CH3 25 PIB Cf%lrsqtenitﬁlrr]1 %n.The(%e[gm "gﬁg@c%%nsf%rt" ed herein refers

to the cessation of%?m/\slth SW%r?éapn&R)%seﬁza i3H thain with herap?osa € IRibiation of another

polymerization chaliphZtie gevupicymmethioresat; ropded ehdir peterd tisebuiyhigasahubat is 30
optionally added tg %_q) i-gﬁ'@%gq;@ﬁic polymerization mixture to prevent 21 WO 2006/033739
PCT/US2005/029 % I5sociation of the propagating carbenium ion and counter-ion pairs. The

anion of the common ion salt is identical to the counter-iops of the pro ating chain ends. The cation
k | de e d%ex%? re{égs toa’th 1

of the commdh ionngni%r{%qW‘gcrg&?l:pha Ic fused ring" as use e ring

formed by two adjacent carbon atoms on the pyrrole or imidazole ring, and the
ring thus formed is fused {o the pyrroie or imidazole ring. An example of a
fused aromatic ring is a benzo group fused fo the pyrrole ring or imidazole
ring. A fused aliphatic ring may be any cyclic ring structure fused te the

15 pyrrole ring or imidazole ring.

The term “branched alkyl” as used herein refers to an alkyl group in which the

carbon atom representing the point of attachment of the group to the rest of

the molecule is either a terfiary or quaternary carbon atom. The term “tertiary

carbon® as used herein refers fo a carbon aiom that is attached to three other
20  carbon atoms. The term “guaternary carbon” as used herein refers {c a

carboh atom that is aftached o 4 other carbon atoms.

The terms "carbenium ion" or "carbocation” as used herein refer to a positively

charged carbon atom bearing three sp”-bonded substituents and an empty p

orbital.
CHa CHg
Ha l l @ &
PIB C C1: CHQ—T X
CHs CHa
D5 PIB Carbenium lon

The term "chain transfer” as used herein refers to the cessation of growth of
one polymerization chain with the possible initiation of another polymerization

chain.

The term "common ion salt” as used herein refers {o an ionic sali that is

30 optionally added o a quasi-living cationic polymerizafion mixture to prevent
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guaternary ammonium cation, such as tetra-n-butyl ammonium ion, which confers solubility in the
organic media. 10 The term "coupled product" as used herein refers to the product of addition of a FIB
terminal carbenium ion to a PIB exo-olefin chain end. Coupled product h?, A Q,%Eg%\g?rage

: . . 7 : ,
molecular W&Ié}]%({?%. 3|3s73é?pprOX|mately twice that of the main polymer proij t g&e term "coupling” as
used herein refers to the addition of a polyisobutylene 15 terminal carbenium ion to a polyisobutylene

exo-olefin chain end. The term "conventional polymerization" as used herein refer. olymerization
wherein the cﬁainggéeﬁfﬂ?%@n@i%qmﬁ%%\ﬁé SILRRS B E08 TS Wi 4i%?1§ %?ﬁ':%ﬁ carrying
particles, either animiisnarf ¢thticosmniooljonesahiiod e ddshbrougtianigsepistos chain initiation, chain

20 propogation, chain \ansfer and ol ErRBAIRNGTE e dhFAS BRGUGLieyised ferein refers

to the product whith R&itts When two separate polyisobutylene terminal carbenium ions react to form
a covalent bond witletesingieqReTHN iRt IHeleet leBiERSY brsmeniEBhtah MAIHS structure a

residue from the qggﬁ@m%qm RIS darmsmakiatbstituted olefin” or "exo-olefin” or "methy!
erei

vinylidene" as use ein refer to an olefin polymer chain containing an exo-olefin chain end as
shown below, CH3 CH2 PIB-CH2-C-CH2-CC CH3 CH3 The term "di-valent@ racarhyl’ sed
herein referstd a Yt d&ERy% ﬁifpﬁ%g iR BELRI (?%stlrtl?sﬂf)? At Lf%r?l(e}nia POB ﬁ!w%r?r%ééjt of the
molecule. 22 WO 200/0337i38! RETTANE20@51Q230BE BxXTheldémeitEASprodootiad pyetiiblerein refers
to the product Wh'%ha'rsez? %Igzsmber average molecular weight that is approximately twice that of the

main polymer product.

The term “coupling” as used herein refers to the addition of a polyisobutylene

15 terminal carbenium ion to a polyisobutylene exo-olefin chain end.

The term "conventional polymerization” as used herein refers to
polymerization wherein the chain-reaction polymerization involving olefins
proceeds with ions as chain carrying particies, either anions or cations.
Polymerization proceeds through the steps of chain initiation, chain

20 propogation, chain transfer and chain termination.

The term "di-EAS product” as used herein refers fo the product which results
when two separate polyisobutylene terminal carbenium ions react to form a
covalent bond with a single guenching agent molecule. Di-EAS product
contains in its s{ructure a residue from the guenching agent.

25  The terms "di-substituted olefin” or "exo-olefin" or "methyl vinylidene" as used

herein refer to an olefin polymer chain containing an exo-olefin chain end as

shown below.
e g
P}B"“CHQF?_CHQ—?
' CHs CHs

The term “di-valent hydrocarby!” as used herein refers to a hydrocarbyl group
30  which possesses two points pf attachment to the rest of the molecule.
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when one polyisobutylene terminal carbenium ion reacts to form a covalent bond with a single
guenching agent molecule. EAS product contains in its structure a residue from the quenching agent.
The term "electron donor" as used herein refers to a basic and/or nucleophiiic. 10 substance added to
the polymeriﬂﬂozﬁo%{géﬁ%)gn that is either fully complexed with the Lewis abidor ?/I%g?lg-%omplexed
with the Lewis acid. The concentration of electron donor exceeds the concentration of the protic

impurities, for example water. The term..electrophili j tituti " ed herein
refers to 15 the pr[ﬂg%i%rm \%ﬁ%ﬁ)rt%d(;ugAgg&%dBﬁté ?gﬁ%%ggﬁﬁewéﬁn%%%@éﬁﬁgnet yl carbons" as
used herein refersabghetsmaigtopiuyighetertipishearien tarbeniteadH®fafs afevideBonded

carbon of the pol i I ' ' i i 2 (P13-C-i
-CHz C-CI CH3 éfﬁ!? BF@?%?%&},%{ I%ralggﬁﬁoq 'ﬁg%?{rgﬁgﬁéggr%&%r%@gigﬁi?%ﬁmgtf!;dicaI primarily

composed of carbsdiaiiiengdrsiie {pRe e AU Ycainshad@nhlicyclic, aromatic or combinations

thereof, e.g., aralkyl or alkaryl. Such hydrocarbyl groups may also contain aliphatic unsaturation, i.e.,
olefinic or acetylenigainsatuisitetoandnoragcontaimenaiorafesunts bebietercdtomsscisachiis oxygen

or nitrogen, qr. 25 halogens, such as ¢hlori 2rm. “hi - tert ine" as
used herein p&ersﬁgjgg%%cr%&?‘éﬁﬁﬁaﬁ? ?spa%? pﬁ%ﬁ%&%& g%%%%t%ﬁﬁs%&c%ﬁﬁ%t){ E’ﬁ% gﬁﬁ@%&% sterically
hindered to be notviityttemplésedidith fthy nendecanitexast wiffichenkigwitasddlly¥ndered to allow its

reaction with the carheniymdon. PeietaINING - exceeds the concentration of the protic

impurities, for example water,

The term "electrophilic aromatic substitution or EAS" as used herein refers {o
15  the process by which the EAS product is produced.

The term "gem-dimethyl carbons” as used herein refers fo the two methyl
carbons alpha fo the carbenium ion or the chioride bonded carbon of the

polyolefin potymer chain end as depicted in the structure below.

CHg CHa

Hy i
PR~ G e G —— CHy e G——C}

) |

CHg CHs
PIB teri-Chioride

20  The term "hydrocarbyi" refers to an organic radical primarily composed of
carbon and hydrogen which may be aliphatic, alicyclic, aromatic or
combinations thereof, e.g., aralkyl or alkaryl. Such hydrocarbyl groups may
also contain aliphatic unsaturation, i.e., olefinic or acetylenic unsaturation, and
may contain minor amounts of hetercatoms, such as oxygen or nitrogen, or

25  halogens, such as chiorine.

The term "hindered secondary or tertiary amine™ as used herein refers to a

compound that is appropriately substituted such that it is sufficiently sterically

hindered to be not fully complexed with the Lewis acid, yet sufficiently

sterically hindered to aliow its reaction with the carbenium ion. Preferably the
30 hindered amine is a tertiary amine.
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30 hindered amine is a tertiary amine. 23 WO 2006/033739 PCT/US2005/029583 5 The term "Lewis
acid" as used herein refers to a compound that can accept a pair of electrons to form a covalent bond.

The term I|V|ne%£)ﬁlalémenzatlon as used herein refers to the polymerizations ths%dosroceed in the

absence of me 11&' Ehain transfer and chain termination. 10 The term i roger{(-](zz%sr?fsaining

five-membered aromatic ring" as used herein refers to pyrroles and imidazoles containing at least one

nitrogen atom n t omatic ring and a maximum of 2 nitrogen at ' I I¢.Ling, and
having from aéouﬁg‘g%%rﬁﬁ%# %?C)io%? Hsaﬁ%eé%ﬁf)%%{)sn a%i%%ﬁggﬂégiﬁc%ﬁ%ggr o%a atom to
about 20 carbon apainsfatiactiedgtctfermirmcSarsti®asamples of nitrogen-containing five-membered

aromatic ring compounds contemplated for use in the present invention are substituted-pyrroles. The

term "quasi-living palyresrizatien psiupeeemindeiarsdhiwng réfelmetizationsahesainseversible
chain terminations is operable, but irrﬁ%/ersible chain termin tiqne?%ﬁl#hain g%Hsfer approaches zero.
I

20 The term "polydEfin XS8R NsrahProRe St RS SF 3R r&NBIERARS, such as ethylene,

propylene, styrenegisgibatidaene, etc. The term "regiospecific" as used herein refers to chemical
reactions that give exclusively or nearly exclusively one of several possible isomeric products. The

term 'reacting Agen A5 ser SIS R HcBercAl SOmBRYAGRS WAIEh sl dp the onized

polyolefin to react with the ionized polyolefin €hain end. The term "termination” as used herein refers

to the chemical reaefish aY IR PERANER SRS ES S8R RBHDERERR § Ry

destruction of the LeWwistRGihg and a maximum of 2 nitrogen atoms in the aromatic ring, and
having from about 2 alkyl groups 1o about 4 alkyl groups containing from
about one carbon atom to about 20 carbon atoms attached to the rihg. Some
15  examples of nitrogen-containing five-membered aromatic ring compounds
contemplated for use in the present invention are substituted-pyrroles.

The term "quasi-living polymerization” as used herein refers to living
polymerizations wherein reversible chain terminations is operable, but

irreversible chain termination and chain transfer approaches zero.

20  The term "polyolefin” as used herein refers to a polymer of one or more

olefins, such as ethylene, propylene, styrene, isobutylene, etc.

The term "regiospecific" as used herein refers to chemical reactions that give

exclusively or nearly exclusively one of several possible isomeric products.

The term "reacting agent" as used herein refers io a chemical compound
25 which is added to the ionized polyolefin to react with the jonized polyolefin

chain end.

The term "termination” as used herein refers to the chemical reaction that
terminates polymerization process or the quenching reaction by destruction of

the Lewis acid.

30  The ferm "terminator” as used herein refers o the chemical compound that

terminates polymerization process or the quenching reaction, but may not
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30 The term "terminator" as used herein refers to the chemical compound that terminates
polymerization process or the quenching reaction, but may not 24 WO 2006/033739
PCT/US2005/029583 5 simultaneously initiate a new polymer chain. A number of Icohgls may be
used as termifat8ty* 3 & term "tert-chloride" refers to the 2-ch|oro-2-metﬁﬁ6’%p%/ %P]%}gsggroup ona

polyolefin polymer chain. Unless otherwise specified, all percentages are in weight percent. 10 It has

been determined that the nitrogen-containing five: ed\aromatic FQ%W such as
substituted-p rol& %%%%?ﬁﬁ'{%’g-al%i gf&% s?%%?rﬁﬁl%%%d secondgry and tertiary amines used as
reacting agents inused pseparatietorst. polyolefin polymers of the present invention are capable of
guantitatively converting polyolefin polymer endo-olefin chain ends and tert 15 chloride chain ends to

the exo-olefin chaif,gngs, WithQundRiag kesrddyanycileors-inisthaievey hat ghese ceasting agents
selectively catalyze the elimination of g proton exclusively from the gem-dimethyl carbon of the
ionized polyisobut)RRERRPAEEEEHBWn below. CH3 CH3 CH3 CHZ H2 1 1@ e H2 | Il PIB-C- i
-CH_X 0 PIB-C-i-CH2 CH3 CH3 CH3 GH3 PIB Carbenium lon Exo-Olefin PIB 20 This result was
unexpected since theesseatiegvageseeaiiad ialtne R asasRTedh tHE'BBiRIERDolymers of the present
invention are known to quench living polymerizations by an addition mechanism. Compounds which
provide the highestaddilion vields-aredypisalhs sithsjisutedvdthintefiromdontaiing groopsiclocated at
strategic p05|t|onsr%ré tchoerr{;!)ré)%nl és sbueélwe\a/gdsz&%%{itt&%g?p?fprg%guaenn Ssubstituted-%midazoles, and

hindered secondary and tertiary amines used as reacting agents in the

preparation of polyolefin polymers of the present invention are capable of

quantitatively converting polyolefin polymer endo-olefin chain ends and tert-

15  chioride chain ends o the exo-clefin chain ends. Without being bound by any
theory it is believed that these reacting agents selectively catalyze the
elimination of a proton exclusively from the gem-~dimethyl carbon of the

ionized polyisobutylene chain end as shown below.

CHa CHs CHg CHy

PEBf-—*-?)E———C—-CHg"—-G@ & — PiB—-—g-z-—Cl)——CHp_—*—JCI:

CHa ChHg Chg CHa
PiB Carbenium ion Exo-Olefin PIB

20  This resulf was unexpected since the reacting agents used in the preparation
of the polyolefin polymers of the present invention are known o guench living
polymerizations by an addition mechanism. Compounds which provide the
highest addition yields are typically substituted with electron donating groups
jocated at strategic positions on the ring. |t is believed that these substituents

25  provide stabilization for the Friedel-Craft intermediates formed when, for

example polyisobutylene, carbenium ions react with olefins in the ring.

The reacting agents used in the present invention are able to quantitatively
convert polyolefin polymers containing teri-chloride chain ends to the
exo-olefin chain ends. A 100 percent conversion was observed within 15

30 minutes after addition of the reacting agent.



25 provide stabilization for the Friedel-Craft intermediates formed when, for example polyisobutylene,
carbenium ions react with olefins in the ring. The reacting agents used in the present invention are

able to quantltatlvel convert polyolefin polymers containing tert-chloride chain ends to the exo-olefin
chain ends. X'¢38°8&% Lt conversion was observed within 15 30 minute€ Sfter Ao of the reacting
agent. 25 WO 2006/033739 PCTUU82005/029583 5 General Procedure for Preparation of Polyolefln

polyolefin polﬁmers of the S FOW PHRRE present invention
may be conducted as a batch pr@@#ﬁémqtemarmems @ﬁ@omﬁuamnrﬂabamrhmrocess or by any process
known by persons skilled in the art. The polymerization reaction is carried out under inert gas and in a
substantially anhydrous environment. The reactor is charged with the 15 following reactants: 1. A
polyolefin containingygidst hlaridd:ohdor tredsreparmiiinontdyaleiamivnersditios ooesstdn ion salt, 4.
monomers, and 20 5 Levms aC|d %W‘ typically comprises a halide of titanium or boron; The
reaction mixture is equ |% ated a‘ﬂh esired temperature, ranging from above -130C to about 10C.
The method of the_ngesent invention may be carried out at a (%/ deswedﬁpressur atmospherlc

sub-atmospHétic orheupeinathmSpmarrRsBRSA(RE1YE BRHRE BPHHRSMIFS FeReCBhRIRfRGS: 2
five-membered ring¢oMPRUNEIS@ss, a semi-baich process or by any process known by

persons skilied in the art.

The polymerization reaction is carried out under inert gas and in a

substantially anhydrous environment. The reactor is charged with the

15 following reactants:
1. A polyolefin containing tert-chloride chain ends,
2. adiuent,
3.  an electron donor or common ion salt,
4.  monomers, and
20 5. alewis acid, which typically comprises a halide of titanium or boron;

The reaction mixture is equilibrated at the desired temperature, ranging from
above -130°C to about 10°C. The method of the present invention may be
carried out at any desired pressure, atmospheric, sub-atmospheric or

super-atmospheric pressure.

25 8.  One or more nitrogen-containing five-membered ring compounds or
hindered secondary or tertiary amine reacting agents is added to the

reaction mixture to react with the ionized polyolefin chain end.

Additional aliquots are removed from the reaction mixture at various time
intervals after addition of the reacting agent to determine the concentration of

30  the exo-clefin chain ends on the polyolefin polymers. The reaction is
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hindered secondary or tertiary amine reacting agents is added to the reaction mixture to react with the
ionized polyolefin chain end. Additional aliquots are removed from the reaction mixture at various time

intervals after, adz%iti(oﬂ%% the reacting agent to determine the concentratiogﬁé%@b%%%-oleﬁn chain
ends on the S’o(fyope In poffymers. The reaction is 26 WO 2006/033739 PC 5 83 5

terminated in all the aliquot samples and the remaining reaction mixture with an appropriate alcohol
equilibrated at the desjred temperature, Although, the concentration of the reactants may be varied to

obtain the de%ireé%?&i&ﬁtﬁfji't%%%tbgéw%%%afﬂéle@e‘?%ﬁhﬁtf@’é“@f%’g Feaetiom i riiiEiant for

obtaining high exqzflgfiprepaiteadsnelbqlhipradascatre Hadessnbegdetors. The molar ratio of Lewis
acid to chain ends is in the range from about 0.1:1 to about 2500:1. Preferably the molar ratio of Lewis

id to chai ds,is: Jt 2 A I tio of Lewi
2cid o chain ence Bt 3 B e R e e Weror e mne

range from about degireddoaksbist 10 IGO0 EEP fefgrabitise edap oo e leRoARIEst8 8lectron donor is
in the range of abqyh2r i RPREAAMd HYSBISETR AR MPAEdatinelhgdsacid to electron

donor is about 4:1 to 30:1. The molar ratio of Lewis acid to reacting agent is in the range from about
20 1.1:1 to about ?@@@‘f@.@ﬁr@?@%ly the molar ratio of Lewis acid to reacting agent is in the range of
about 2:1 to about 100:1. More preferably the molar ratio of Lewis acid to reacting agent is about 2:1
to 15:1. The molariadinofareatiing agerd doidhainhadshis snishie e genfrerincabebb@.25: 2 tiw about

20:1. Preferably the molag gt 08 18acli0 RASALIG CHANSIL. RS i DEARIR AL RORUHG 51 0

about 5:1. More preterably the molar ra
range of about 2:1 {o about 200:1. More preferably the molar ratio of Lewis

acid o chain ends is about 2:1 to 156:1.

15 The molar ratio of Lewis acid to electron donor is in the range from about
1.1:1 to about 10,000:1. Preferably the molar ratic of Lewis acid to electron
donor is in the range of about 2:1 to about 100:1. More preferably the molar

ratio of Lewis acid to elactron donor is about 4:1 to 30:1.

The molar ratio of Lewis acid {0 reacting agent is in the range from about

20 1.1:1 1o about 2500:1. Preferably the molar ratio of Lewis acid to reacting
agent is in the range of about 2:1 fo about 100:1. More preferably the molar
ratio of Lewis acid to reacting agent is about 2:1 to 15:1.

The molar ratio of reacting agent to chain ends is in the range from about
0.25:1 to about 20:1. Preferably the molar ratio of reacting agent to chain end

25 isinthe range of about 0.5:1 to about 5:1. More preferably the molar ratio of
reacting agent to chain end is about 0.5:1 to 4:1.

The concentration of the exo-olefin chain ends, along with the concentration

of the endo-olefin and tert-chioride chain ends, is quantified using 'H NMR.

GPC spectra are also obiained to qualitatively determine the amount of the
30 EAS product, the di-EAS product and the coupled product.

Compounds suitable for use in the preparation of the polyolefin polymers of
the present invention are given below:
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reacting agent to chain end is about 0.5:1 to 4:1. The concentration of the exo-olefin chain ends, along
with the concentration of the endo-olefin and tert-chloride chain ends, is quantified using 'H NMR.

GPC spectra are also ohtained to qualitatively determine the amount of thﬁ oduct, the
di-EAS prodt%?é%o(?/{)ﬁg%%upled product. Compounds suitable for use in t %%‘?é@r%ﬂt%?\%)f the

polyolefin polymers of the present invention are given below: 27 WO 2006/033739
PCT/LS2005/029583 5 Diluents Diluents influence the ionization equilibria and rates of exchange of
growing speéies Qﬂ&f&ﬁ their polarity, which can be estimated from their dielectric constants.
Typically, solvents having low dielectric constants are preferred since ion pairs are less dissociated.

Suitable solvents Ditiadts, ibikienearbelioniastion enuBREBGINY AR SXHP RS PHERY P polyhahdes

with reasonably 1oy Geig pRIRS IR BEdAlciecpreleethpabsization tetperature
lllustrative solvents include alkanes (generally C2 to C10 I%aré&s, inclu% norma!fearlrléagnes such as
propane, normal 1s@eseNSorMAIFEN AV SIIRREY AR é?’ B FrEbtate® REFRAT 6ctane, normal

nonane and normgidecaneaia ardidsanehetiatkancuitaiislswvisolsUtashedésdpeataretisohexane,
3-methylpentane, 2,2-dimethylbutane, 2,3-dimethylbutane and the,lj yl halides
(such as vinyPchidAEr LarbbrRRENG ,aeﬁi‘:’o?ggﬁ%yﬁﬁ?ﬁ’c %r%%%%%ﬁﬁﬁ?%%é ylene
chloride, methyl gblefidezihg slititotoethanes iR Defsaslpagthaniesiiite e acetic 20
anhydride, carbon tetrachloride, acetonitrile, n | lgystohexane,
chlorobenzene, 1, h{ﬁéﬁf&%gﬂf‘g@nﬂg? i?igﬁ&?%ﬁﬁgﬁg%{?&di%fﬁgrg’g%%%%sepj%ﬁﬁggyi c#l)oride,
iso-propy! chloridenotn2:ididtdoesropans, opnaBalichBIeprHEHIR, AT RAHES ?s HEH 1R

hexane, normal heptane, normal oclane, n.ormat nonane and normal decane,
15 and branched alkanes including isobutane, isopentane, isohexane,
3-methylpentane, 2,2-dimethylbutane, 2,3-dimethylbutane and the like),
alkenes and alkenyl halides (such as vinyl chloride), carbon disulfide,
chioroform, ethylchioride, N-butyi chloride, methylene chloride, methyl
chloride, 1,2-dichloroethane, 1,1.2,2-tetrachloroethane, sulfur dioxide, acetic
20  anhydride, carbon tetrachioride, acetonitrite, neopentans, benzene, toluene,
methylcyclohexane, chlorobenzene, 1,1-dichloroethane, 1,1-dichloroethene,
1,2-dichloroethene, n-propy! chioride, iso-propyl chioride,
1,2-dichloropropane, or 1,3-dichioropropane, nitro-alkanes (such as
nitropropane) to name a few of the representative liquid diluents or solvents
o5 useful in cationic polymerizations. Mixed solvents (for example combinations

of those listed above) can also be used.

Electron Donors

Electron donors have been shown fo convert traditional polymerizaﬁon

systems into living and/or quasi-iving cationic polymerizations systems. The
30  proton trap used in the present invention is not specifically limited to any

particular compound or class of compounds. Examples include pyridines and

n-alkyl amines, aprotic amides, sulfoxides, esters, metal compounds having

an oxygen atom bonded to a metal atom, and others. Pyridine compounds

include 2,6-di-fert-butylpyridine, 2,6-dimethylpyridine, 2 A-dimethylpryidine,
35 2.4 B-rimethylpyridine, 2-methylpyridine, pyridine; N,N-dimethyianiline,
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nitropropane) to name a few of the representative liquid diluents or solvents 25 useful in cationic
polymerizations. Mixed solvents (for example combinations of those listed above) can also be used.
Electron Donors Electron donors have been shown to convert traditional R)%J¥m§{6%%ﬂ%% ;ystems into
living and/orwgagwfﬁ?ﬁ?ésgationic polymerizations systems. The 30 proton tfap used In ﬁe present
invention is not specifically limited to any particular compound or class of compounds. Examples

include pyridines and n-alkyl amines, aprqtic amides, sulfoxides, esters, me ompounds having an
oxygen atom Bond®t{Pa ﬁ?@@?%ﬂ%@%fﬂ&@% el E'L%W?JSUH@E“’?{%@&
2,6-di-tert-butylpyritiineiniedinraithy) pyditet2idedimettyl pAfdine n§3e204 £ duiticattiylpyridine,
2-methylpyridine, pyridine; N,N-dimethylaniline, 28. 2006/03373 /U 0 583 5 aniline.
Amide compounds&l{‘n@fﬂ0 é’ ?\Itil-aprﬁgmi/ﬁ%r?ﬁ(é%rﬁidé‘%\yﬁw 3?&%%%%&3%5%@3 %ﬁ]ﬁﬁ ylacetamide. An
example of a sulfoxigepcaemipenddristoifrathiateufokiibyietigiatie cxanisamseler an ether
compound, and meliyLACRIAL BRSLEHAG ACHIAIS ALR SIRMBALeRAlRRIbIRAMRRIN R R0sPhate

compounds such as timethyl phosphate, tributyl 10 phosphate, triamide hexamethylphosphate may
also be emplt§ed.PERIERCEIREINRGPHBEE §RORI3UBAYRITRIPASIPRRitanate are also

useful as electron dongLs,. dha-seneantalien ohiheslesiondanatsdptheiptakrastes axxture may
be 15 in the range from about 0.001 moles per liter to about 0.1 moles per liter. Preferably the

concentration of theS&fSt#DAAEHTLCR M he range from about 0.001 moles per liter to about 0.05
moles per liter. More preferably the concentration of the electron donors is in the range from about
0.002 moles per ”I{Ei{et%f?n%%% roa’cpozn rgfqtlgés %{Z{irt{%r ‘donors in the otal reaction mixture may be
15 in the range from about 0.001 moles per iiter to about G.1 moles per liter.
Preferably the concentration of the electron donors is in the range from about
0.001 moles per liter to about 0.05 moles per liter. More preferably the
concentration of the electron donors is in the range from about 0.002 moles
per liter to about 0.02 moles per liter.
20

Common lon Salts and Common lon Salt Precursors

Common ion salts or salt precursors may be optionally added to the reaction
mixture in addition to or replacement of the eleciron donor. Typically, these
salts are used to increase the ionic strength, suppress free ions, and

25  beneficially interact with ligand exchange. Particularly preferred are common
ion salt precursors, for example tetra-n-butylammonium chioride (n-BusNCI).

The concentration of the common ion salts or salt precursors in the total
reaction mixture may be in the range from about 0.0005 moles per liter o
about 0.05 moles per liter. Preferably the cancentration of the common ion
30 salts or salt precursors is in the range from about 0.0005 moies per liter to
about 0.025 moles per liter. More preferably the concentration of the common
jon salt or salt precurscrs is in the range from about 0.001 moles per liter to

about 0.007 moles per liter.

35

29



20 Common lon Salts and Common lon Salt Precursors Common ion salts or salt precursors may be
optionally added to the reaction mixture in addition to or replacement of the electron donor. Typically,
these salts are used to increase the ionic strength, suppress free ions, and 25 beneficially interact
with ligand e%‘ﬁﬁﬁ%@sgg?ﬂcularly preferred are common ion salt precursgf;s]:/%tz%%é{ﬁ?ﬁ?
tetra-n-butylammonium chloride (n-Bu4NCI). The concentration of the common ion salts or salt
precursors in the total reaction mixture may be in the range from about 0.0005 moles per liter to
about 0.05 males };@Mﬁéﬁgﬁfeférably the concentration of the common ion 30 salts or salt precursors
is in the range from about 0.0005 moles per liter to about 0.025 moles per liter. More preferably the
concentration of tHespdsrmaisis tiost ssdt Bitebicpre catabisissan phepesagcofrthe lVSOHOT001 moles per

ter to_about 0007 males per Jier, F7AR3, IRUGARASF RIS HSRA05AREEAZ P hawigAcids

Lewis acids that are suitable as catalysts f_orhiau_rposes of the invention include, but'are not limited to,
titanium and borori¢iERedialiga died berpitdsfipidedEnbrus Eish'soisn thdalmrodgniism

trichloride, tin tetraghlouisle. g HMAHOS, QBN AREIRYRESHlorde andothartuHsRRidRe titanium
halides 10 and particularly titanium tetrachloride is preferred. The strenag1th of the @Wis acid and its

concentratior] Sho@BhRAAHHAREY FAHE PR S RHET ROuitiBR AP IRE GHERG tE8Fthese Lewis
acids can be adjusteg usingisnisiesphiio addisives:ernspse dstatheesdhieset awisoasids are also

referred to as CO-iE\ictJj l%ﬁé y5 the strength of these Lewis acids can be adjusted using
nucleophitic addiiives. In some instances these Lewis acids are also referred
to as co-initiators.
15
The amount of the Lewis acid present in the initiator system may vary.
However, it is desirable that the concentration of Lewis acid is sufficient to
achieve an appropriate rate of'pofymerizaﬁon and quenching. The Lewis acid

concentration should not be so high as to precipitate the formed polymer.

20 The concentration of the Lewis acid in the total reaction mixture nﬁay be in the
range from about 0.001 moles per liter to about 3.0 moles per liter. Preferably
the concentration of the Lewis acid is in the range from about 0.005 moles per
liter to about 1.5 moles per liter. More preferably the concentration of the
Lewis acid is in the range from about 0.G5 moles per liter to about 1.0 moles

25  perliter.

Reacting agenis

Reacting agents contempiated for use in preparation of the polyolefin in the
present invention are nitrogen-~containing five membered aromatic ring

compounds such as substituted-pyrroles and substituted imidazoles.

30  The substituted pyrrole employed in the present invention has the general
formula:
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The amount of the Lewis acid present in the initiator system may vary. However, it is desirable that
the concentration of Lewis acid is sufficient to achieve an appropriate rate of polymerization and
guenching. concentration should not be so high as to pre ed polymer.
20 The conc-:ReJa argt’?f\gra%ﬁ%e Lewis acid in the total reaction mixture may b%mhg%%gnggég?rom about
0.001 moles per liter to about 3.0 moles per liter. Preferably the concentration of the Lewis acid is in
the range from about 0.005 moles per liter tojabout 1.5 mole@‘ er liter. More preferably the
concentration of the Lewis acid is in the range from_abo moles per liter to about 1.0 moles 25
per liter. Reacting agents Reacting agents contem r use in preparation of the polyolefin in the
present invention are nitrogen-containing five me omatlc ring compounds such as
substituted-pyrroles and substituted imidazole ed pyrrole employed in the present
invention has the general formula: 30 WO 106/0337?9 PCT/1352005/029583 R2 R3RqN CR4 5
wherein RI, R2, R3 and R4 are as described below: (a) wherein R1 and R4 are independently an alkyl
containing on@ carbon atom to about 20 carbon atom$§, R2 and R3 are independently hydrogen or
alkyl containing one carbon atom to 10 about 20 carbon atoms, cycloalkyl of about 3 to about 7 carbon
atoms, aryl of about 6 to WBeRIBReamsoRxdbmE:AlaRA dpPsaHBAE PRIMGOUL 30 carbon atoms, or
aralkyl of about 7 to

(8) wherein Ry and R4 are independently an alkyl containing one
carbon aiom to about 20 carbon atoms, Rz and Rz are
independently hydrogen or alkyl containing one carbon atom to

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

{b) Ry and Ry form a fused aromatic ring of from 6 carbon atoms

15 {0 10 carbon atoms or aliphatic ring of from 4 carbon atoms to
about 8 carbon atoms, Ry is alkyt containing one carbon atom
to about 20 carbon atoms, and Rj is hydrogen or alkyl
containing one carbon atom to about 20 carbon atoms,
cycloalkyl of about 3 to about 7 carbon atoms, aryl of about 6

20 1o about 30 carbon atoms, alkaryl of about 7 to about 30
carbon atoms, or aralkyl of about 7 to about 30 carbon atoms;
or

(c) Rgand Ry form a fused aromatic ring of from 6 carbon atoms
o 10 carbon atoms or aliphatic ring of from 4 carbon atoms fo
25 about 8 carbon atoms, and R+ and Ry are independently an

alkyl containing one carbon atom to about 20 carbon atoms; or

(d) both R and Rz, and Rs and Ry, taken in pairs, independently
form a aromatic ring of from 6 carbon atoms to 10 carbon
atoms or aliphatic ring of from 4 carbon atoms to about 8
30 carbon atoms.
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about 30 carbon atoms; or (b) R1 and R2 form a fused aromatic ring of from 6 carbon atoms 15 to 10
carbon atoms or aliphatic ring of from 4 carbon atoms to about 8 carbon atoms, R4 is alkyl containing
one carbon t 20 carbon atoms, and R3 is hydrogen or alkyl inj arbon atom
to about 20 ?é(er)brggﬁgg%prﬁg, cycloalkyl of about 3 to about 7 carbon atomsfgfﬁ%ég%g%ﬂ%fzo to about
30 carbon atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about 7 to about 30 carbon
atoms; or (c) R2 and R3 form a fused aromatic ring of from 6 carbon atoms,_to 10 carbon atoms or
aliphatic ring ®f frJﬁefEQF@Bﬁeﬁﬂ?ﬁig%O%EMBY%%er%pé?éﬁg‘,’ Hﬁr\gﬁ%éhe&%qﬁ%pendently
an alkyl containingoemelgarbon atom to about 20 carbon atoms; or (d) both R1 and R2, and R3 and
R4, taken in pairs, independently form a aromatic ring of from 6 carbon atoms to 10 carbon atoms or
aliphatic ring of from 4 carbon atoms to about &,30 carbon atoms. 31 WO 2006/033739
PCT/US2005/029583 5 The substituted-imidazol
formula: R2 P NKR3 H wherein R3 is branched al
20 carbon atoms, and wherein 10 (a) R, and R2 ay

wharein Rz is branched alkyl containing from about 4 carbon atoms {o
about 20 carbon atoms, and wherein

10 (8) Ryand R; are independently hydrogen, alkyi of one carbon
atom {o about 20 carbon atoms, cycloalkyl of about 3 to about
7 carbon atoms, aryl of about 6 to about 30 carbon atoms,
alkaryl of about 7 fo about 30 carbon atoms, or aralkyi of about
7 to about 30 carbon atoms; or

15 (b} Ry and R.form a fused aromatic ring of from 6 carbon atoms
to 10 carbon atoms or aliphatic ring of from 4 carbon atoms to
about 8 carbon atoms.

Structures of other nitrogen-containing five-membered aromatic ring
compounds that may be employed in the method of the present invention are

20  given below. The given structures are only intended as exampies and in no
way fimit the scope of the present invention.

CHs
\ CHz
N
|
H

H
2,3-dimethyl indole - Carbazole
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atom to about 20 carbon atoms, cycloalkyl of about 3 to about 7 carbon atoms, aryl of about 6 to
about 30 carbon atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about 7 to about 30

carbon atom : 0050%20(3%)75, and R2 form a fused aromatic ring of from 6 c§§)ﬂ%§%@(}sﬁ?§ 0 carbon
atoms or aliphatic ring ot from 4 carbon atoms to about 8 carbon atoms. Structures of other

nitrogen-containing five-membered aromatic ring compounds that may be employed in the method of

th ti ti ' | ' I di
o way imit e Seon B H B e R A B T B e manole 32
WO 2006/033739 IFESEN SRGISOPIEE 1S RIS §aerite vortésnataThesaingaparation of the
polyolefin in the IOrﬁﬁﬁ%@%‘ﬂ@_u@;ﬂ“%@%@!%ﬁﬁﬁ&ﬁﬁ%ﬂg?Wz?é,t%ﬁia@h%m%&%%’ such as

2-tertbutyl pyridine, n-tributylamine, 1,2,2,6,6-pentamethyl piperidine and N-me amine. The
hindered secondafPoMNeRFaRyIdiPise ¥aipIcsed as a reacting agent in the 10 present invention has
the general formula: Rl R2 R3 wherein R1, R2 and R3 are independently hydrogen, alkyl containing

one carbon atom to,abodt 206NN AeMS- SYELRRMiRL 2ROMESHS as 2 reacting agent in the

10 present invention has the general formula:

R4 Ro
™~ N/

R,

wherein Ry, Rz and Rz are independently hydrogen, alkyl containing
one carbon atom to about 20 carbon atoms, cycloalkyl of about 3 fo
about 7 carbon atoms, aryl of about & to about 30 carbon atoms,

15 alkaryl of about 7 to about 30 carbon atoms, or aralkyi of about
7 1o about 30 carbon atoms; or at least one of R1and Ry, Rz and Rs
and Rz and Ry, taken in pairs, independently form a fused aliphatic ring

of from about 4 carbon atoms o about 8 carbon atoms;

provided that no more than one of Ry, Ry and Rz Is hydrogen, and
20 provided that R4, Rp, and Rg are not all linear alkyl of about 3 carbons

or less,

In a preferred embodiment of the above method the hindered secondary or
tertiary amine has the general formula:

X

Ry TR,
Rs
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about 7 carbon atoms, aryl of about 6 to about 30 carbon atoms, 15 alkaryl of about 7 to about 30
carbon atoms, or aralkyl of about 7 to about 30 carbon atoms; or at least one of Ri and R2, R2 and R3

and R3 and R1, taken in pairs, independently form a fused aliphatic ring carbon atoms
to about 8. cg]r%(}%oﬂ{]gﬁ%;provided that no more than one of R1, R2 and g{@%%%g%sés and 20

provided that R1, R2, and R3 are not all linear alkyl of about 3 carbons or less. In a preferred

embodiment of the above method the hindered secondary or _tertiary_.amin formula:
R5NR, R4 R2 R3 33 ‘0\?8@@6@78%%93{3@%%%%6‘%@%%%5{ ﬁgﬁyﬁg}%ﬁrﬁgo%%%tﬁg?ga?ﬁ @L is
hydrogen and the other isf atirangbedmky 2o tatmit siconabaot 20 @aekbhhie@ROEPOof about 10 to

about 30 carbon atoms, or,aralkyl of ﬁgpég%@%tgm 3Q carhon sy Rk B@n%@‘?’{ffﬁ?re

independently hydrogen,C%rIE?Po? one‘car om to about 20 carbon atoms, cycloalkyl of about 3 to
about 7 carbon atoms, asyioR4 @retibderesianiyhsvressbod kibATONMGRIYT alBnte 28%out 30

carbon atoms, or aralkyl £f C?%% o8RRI AL GRIRIR BT 19 BBbUeR%PRECfBmandrR2fR2 and
R3, R3 and R4, and R4 and R5, taken in&ﬁairs, independently form ﬁ fused arg)ma{' ring of from 5

carbon atom&0to 7 carb@Paib MRS RELiERRARBIN ARV PERBH 4i6A %tl about 8 carbon
atoms, provided that if Rgand R2:derm & fuiese pliphsie: or @rematictings themt&bds @ btanched alkyl
ofabout 3 to about 20 Ca}g%%?eantgrggk?r rlmoﬁ . R, and Rs, Rz and Ry, and Ry and Rs, taken in

pairs, independently form a fused aromatic ring of from 5 carbon atoms

io 7 carbon atoms or aliphatic ring of from about 4 carbon atoms to

15 about 8 carbon atoms,

provided that if R4 and Rz form a fused aliphatic or aromatic ring, then
Rs is a branched alkyi of about 3 to about 20 carbon atoms, aryl of
about 10 to about 30 carbon atoms, or aralkyl of about 11 to about 3C
carbon atoms, and provided that if R¢ and Rs form a fused aliphatic or
20 aromatic ting, then R+ is a branched alkyl of about 3 to about 20 carbon
atoms, aryl of about 10 to about 30 carbon atoms, or aralkyt of about

11 to about 30 carbon atoms.

The hindered amine employed In the method of the present invention may be
a nitrogen containing hetero-aromatic ring having the following formulas, (a),
25  (b) and (c):

R4 N\ R
=
Rs N Ry
(a)

wherein in formula (a)

one of R, and R. is hydrogen and the other is alkyl of one carbon atom
to about 20 carbon atoms, cycicalkyl of about 3 to about 8 carbon
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about 10 to about 30 carbon atoms, or aralkyl of about 11 to about 30 carbon atoms, and provided
that if R4 and R5 form a fused aliphatic or 20 aromatic ring, then R, is a branched alkyl of about 3 to
about 20 carbon atoms, aryl of about 10 to about 30 carbon atoms, or aralkyl of abhout 11 to about 30
carbon atom¥ OrHE¥iitigted amine employed in the method of the presen]ﬁn%%% |%°r/1()%r%fésf be a
nitrogen containing hetero-aromatic ring having the following formulas, (a), 25 (b) and (c): ::x:x: (a)

wherein in formula (a) one of R, and R4 is hydrogen and the other is alkyl of one carb tom to

about 20 carbdn atoms, 6&%%&%&%&%%% gB%‘ﬂf?@c%ﬁWfﬁc\Wﬁ) %%@@/ %%%P? ©

PCT/US2005/029583 5 sttem < @edrbb a6, tor alpally/35f ahdadry dtoaisakaugdbbalbaiotris to about

30 carbon atoms, or aralkyl of .about 7 to ahout 30 carbqn,atom ne.o a i ogen and
ABah e e bost e B e R TS 4

the other is alkyl of one & carbon atoms, cyclo out 8
carbon atoms, aryl of abiowt®td 2boatB30 caobun eoialiulieigbotbbduepagt B0cabRIt 30 carbon

atoms, or aralkyl of abouf 40, abut A0.GAEBOR UGBS 3 0% BHEASHERR oL ek BAERY B2 and R,

taken in pairs, independently for aromatic ring of from 5 carbon atoms to 7 carbon atoms or
aliphatic ring16¥ from aboghaESfherr PReraR B ase A AKEhaRUbME aBorbiR Farbon atoms;

or at least one of Ry and Rz and Rg and Ry, taken in pairs,
independently form a fused aromatic ring of from 5 carbon atoms to 7
carbon atoms or aliphatic ring of from about 4 carbon atoms to about 8

carbon atoms:

15

wherein in formula (b)

R+, Re and R4 are independently hydrogen or alkyl of one carbon atom
to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon

20 atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to
about 30 carbon atoms, or aratkyl of about 7 to about 30 carbon atoms,
Rs is hydrogen, alkyl of one carbon atom to about 20 carbon atoms,
cycloalkyi of about 3 to about 8 carbon atoms, aryl of about 6 1o about
30 carbon atoms, alkaryl of about 7 to about 30 carbon atoms, or

25 aralkyl of about 7 to abeut 30 carbon atoms; or at least one of Rz and
Rs or Rs and Ry, taken in pairs, independently form a fused aromatic
ring of from 5 carbon atoms to 7 carbon atoms or aliphatic ring of from
about 4 carbon atoms fo about 8 carbon atoms,
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N1 RI N R4 (b) wherein in formula (b) RI, R2 and R4 are independently hydrogen or alkyl of one
carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon 20 atoms, aryl of
about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30 carbon atoms or_aralkg\él of about 7
to about 30 CXFLYRUIE R3is hydrogen, alkyl of one carbon atom to abot 253 MoR atoms,
cycloalkyl of about 3 to about 8 carbon atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of

about 7 to abgut 30 carbon a r.25 aralkyl of abaut 710 Q car . Qr,at least one of
R2 and R3 or R3 and Ra{o%é%%]fﬁa%giz% fﬁ%]g\él(re(?ﬁ%nﬁlf ?o?E %R%E%}E?j?ﬁagﬁgaﬁ%ﬁ& ?rio 5 carbon
atoms to 7 carbon atomsforrdipaetinréigroférehotdBoratenristenatomsinalitybat srsatbdipatoms, 35

WO 20061033739 PCT/J52005(03858%SoRroxiiast Uiakl RijspuiossBaien BaRd R4 are

independently alkyl of one carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to about 8

carbon atoms, aryl of ab@e'teTaRaut 0 AR AbraoRIRIBAFSatY B FRAM 30 carbon atoms,
or aralkyl of about 7 to apeyt,88 e aiomacrRd dHHhernsp videththetibRERY &4Risisl0 hydrogen,

then R1 is allgi of one carbon atom to abaut 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon
atoms, aryl dfabout 6 t&"EHBEE30IREPSH 'BRIRYS CARANABPABAIPT {6 56Kt 36 EarBdR atoms, or
aralkyl of about 7 to abogicfkcarkamrigmsaiend 3 to about 8 carbon atoms, ary! of about

8 to about 30 carbon atomns, alkaryl of about 7 to about 30 carbon
atoms, or aralkyl of about 7 {o about 30 carbon atoms;

and

-~
X,

R3 Ro

15 ©)

wherein in formula (c)

R4, Rz and Rz are independently hydrogen or alkyl of one carbon o
about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon atoms,
ary! of about 6 to about 30 carbon atoms, alkaryl of about 7 ic about

20 30 carbon atoms, or aralky! of about 7 to about 30 carbon atoms.

Structures of other hindered secondary or tertiary amines that may be
employed in the method of the present invention are given below. The given
structures are only intended as examples and in no way limit the scope of the

present invention.
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RI N\N R3 N R2 15 () wherein in formula (c) R1, R2 and R3 are independently hydrogen or alkyl of
one carbon to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon atoms, aryl of about 6
to about 30 carbon atoms, alkaryl of about 7 to about 20 30 carbon atoms, or aralkyl of about 7 to
about 30 carBEh e 3Structures of other hindered secondary or tertiar&%%qﬁ%ﬁﬁfﬁ%l Srsr?ay be
employed in the method of the present invention are given below. The given structures are only
intended as examples and in no way limit the scope of the present inyention.:36 WO 2006/033739
PCT/US2005/029583 RRR RR R RN NRRR5R Quinolige Isoguinolinel RR RR 4NR RR
AcridineRRR R\R RNR 7 7 N

R
R \
N/
R R
5 R Quinoline Isoqainol:ine

Agridine

R R R
R R
\
/
R N R
R R
10
R N R
N
F -
R N

Pyrazine



RR1I0RNR IRNR Pyrazine 37 WO 2006/033739 PCT/US2005/029583 RRRR R 5RNPR
NN RRXN/,"RRRR Pyrimidine Pteridine The concentration of the reacting agent in the total
reaction mixture maéﬁbe in the range from about 0.0001 moles per liter tol)gg%;% .802 %(;s per liter. 10
Preferably thELaHEBRE Alion of the reacting agent is in the range from about 0. moles per liter to
about 1.0 moles per liter. More preferably the concentration of the reacting agent is in the range from
about 0.005 moles per liter to about 0.5 moles per liter. Tggminators 15 Any soluble alcohol may be
used to terminate the polymerization reaction in the present invention. Preferred are mono-alcohols

R
R N
\ \ N
R / /
Pyrimidine Pteridine

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

10 Preferably the concentration of the reacting agent is in the range from about
0.001 moles per liter to about 1.0 moles per liter. More preferably the
concentration of the reacting agent is in the range from about 0.005 moles per
liter to about 0.5 moles per liter.

Terminators

15 Any soluble alcohol may be used to terminate the polymerization reaction in
the present invention. Preferred are mono-alcohols containing from about one
carbon atom to about 8 carbon aioms.
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38 WO 2006/033739 PCT/US2005/029583 5 EXAMPLES Example | Preparation of polyisobutylene
containing exo-olefin chain ends using 2,5-dimethylpyrrole 10 A four-neck 250 milliliter round-bottom
flask was equipped with an overhead mechanical stirrer and platinum resistance thermometer. This
assembly wakOiMMEded into a heptane bath at -62C under dry nitrogen Bg?}ﬁ?ﬁ?ogﬂﬁgsi%ntially inert
atmosphere MBraun glovebox. The flask was then charged with the following reactants: 15 75
milliliters met?%l chloride equilibrated at -60C. 113 milliliters hexane equilibrated at -60C. 6.03 grams
polyisobutylene containing 100 percent tert-chlorid@eMRHERds with a molecular weight of
approximately 2,000 grams per mole equilibrated at -60C. 20 0.23 milliliters 2,6-dimethylpyridine
equilibrated at room temperature. The contents ofdhgrging-bottom flask were equilibrated. With
continued stirring, next 1.82 milliliters titanium tetracﬁlorlgde was charged to the flask. Fifteen seconds
later, to the reaction mixture in the round 25 bottomed flask was charged the reacting agent, 0.40
milliliters 2,5- dimethylpyrfots éneiitraoralyisomutelere catcimshinftexdhd sitditiem afrttie 2,5-
d@methylpyrrole, aqugots, approximgtely. 54\98[9”'5“@-&'&3{% ﬁ%gﬁ%{sd from the flask using a glass
pipette and charged into a scintillation vial hydrous methanol equilibrated at
-60C to terminate the reaction. 30 Next to the remaining reaction mixture in the round-bottom flask was

charged an agproprgie ARRWHPLAMMKAGYSMRIRaRAt KRG lRraledid s8Q6#0an overhead

mechanical stirrer and platinum resistance thermometer. This assembly was

immersed into a heptane hath at -62°C under dry nitrogen gas in a
substantially inert atmosphere MBraun glovebox. The flask was then charged
with the following reactants:

15 75 milliliters methyl chioride equilibrated at -60°C.
113 milliliters hexane equilibrated at -60°C.
6.03 grams polyisobutylene containing 100 percent fert-chioride chain ends
with a molecuiar weight of approximately 2,000 grams per mole equilibrated at
-60°C.

20

0.23 milliliters 2,6-dimethyipyridine equilibrated at room temperature.
The contents of the round-boftom flask were equilibrated.

With continued stirring, next 1.82 milliliters titanium tetrachloride was charged
{o the flask. Fifteen seconds later, to the reaction mixture in the round-

25  bottomed flask was charged the reaciing agent, 0.40 milliliters 2,5-
dimethylpyrrole {neat and at rcom temperature). After the addition of the 2,5-
dimethylpyrrole, aliguots, approximately 5-10 milliliter, were removed from the
flask using a glass pipette and charged into a scintiliation vial containing 4
mililiters anhydrous methanol equilibrated at -60°C to terminate the reaction.

30 Next to the remaining reaction mixture in the round-botiom flask was charged
an appropriate amount of anhydrous methanol equilibrated at -60°C to
terminate the reaction at 223 minutes after the addition of the 2,5-

dimethylpyrrole.
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terminate the reaction at 223 minutes after the addition of the 2,5- dimethylpyrrole. 39 WO
2006/033739 PCT/US2005/029583 5 The aliquots samples and the final terminated reaction mixture
were allowed to warm to room temperature. Next the volatile components were evaporated. To each
aliquot samp%olz-%'?ﬂﬁﬁﬁ%%r hexane was added and the polymer was prec?&?é'{gz W ietanol.
Polyisobutylene was recovered in each aliquot sample and agitated in a vortex with fresh methanol to

remove any remaining 10 contaminants and th thanol was decanted. Polyisobutylene samples
recovered in gachﬁ]?gaﬁ? O(ésrés %rlg %8 i g%‘&%ﬁ%@ﬁ‘%{% B?ﬁ'(f%%‘p'@ﬂ@fgwf%'}eaﬁgg& 4 hours to
remove any remaiginggulienenT g taing || Bekiwhsuwmiatia ze theoreattorece sokprs ad the

molar quantiies of dhegRagiante usRAin EXATRIE e JalomnaRhigatiaRs Qe sed for the

reactants in Tables | anc elow: TMPCI Is an abbreviation o oro-2,4,4-trimethylpentane.
25DMPYy is an abbt@giieicein maiinathyBolysiabyietnuess (Reayaice Emprd BAEOA mixture of

hexane and methychigsidadnaRay flump riatiodh G4 AGINKRLPRAYABIEIA Y (e MURR(Y05/029583
omynUovOEE FF.CC tvim _
16 coniaminants and the methanol was decanted. Polyisobutylene samples

recovered in each aliquot were placed in @ vacuum oven at room temperature

for at least 24 hours {o remove any remaining solvents,

Tabies | and li below summarize the reaction conditions and the molar
quantities of the reactants used in Exampie 1.

15 The following abbreviations are used for the reactants in Tables | and |
below:

TMPCl is an abbreviation of 2-chloro-2 4 4-trimethylpentane.
25DMPy is an abbreviation of 2,5-dimethyipyrrole.

The diluent used in Example 1 was a mixture of hexane and methyi chioride in
20  a volume ratio of 60:40.
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O9RNCBdyO >+0)0Q.TO'Omato-E NN droLCC dO4M70m .ECCO..OONO
NC)CANOOE 0.0. ON aQ EECCR XX wW LO O 41 WO 2006/033739
PCT/US2005/029583 5 Polyisobutylene samples were analyzed using 11-1 NMR and GPC as

described beYoR 2B e for Collecting 1H NMR Data 1H NMR spectrf (RIS YO using a
Bruker AC-300 (300MHz) spectrophotometer using samples concentrations of 3 percent to 5 percent
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Polyisobutylene samples were analyzed using H NMR and GPC as
described below.

Procedure for Collecting *H NMR Data

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

following section.

Procedure for Collecting GPC Data

GPC daia were used to determine number average molecular weight (My),
weight average molecular weight (My,) and Polydispersity index {(PD1), Le.

M/M,. GPC was also used to qualitatively detect olefin coupled product.

Procedure for Calculating the Fractional Amounts

of Chain Ends on the Polvisobutvlene 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
guantified using '+ 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 fo be absent by qualitative inspection of
the 'H NMR spectrum, and for di-EAS and coupied products, by confirming
the absence of a shoulder on the low elution volume side of the main polymer
neak in the GPC chromatogram. Two procedures are given below. The
"General Procedure” was used when coupled product'was detected; the
"Special Procedure” was used when coupled product was deemed to be
absent.
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10 (weight/weight) in CDCI3. 1H 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 1H NMR
integration as described in the following section. Procedure for Collecting GPC Data 15 GPC data
were used to'HetfHiRE fumber average molecular weight (Mn), weight Mé]&é mdrecttar weight
(Mw) and Polydispersity index (PDI), i.e. Mw/Mn. GPC was also used to qualitatively detect olefin

coupled product Proce?I re for, Calculating the Fractional Amounts of Chain Ends on the
Polylsobutyl &g&gég—ﬂ%aﬁ%—%%tions of exo-olefin, endo-olefin, and tert-chloride chain ends, and

EAS, di-EAS, and coupled products in the polyisobutylene samples were quantified using 1H NMR
integration. It wasThestasderdidnahesenapuspetrach éme sEihedbanstvin BPRBYHARIEHAR. In some

instances, EAS, dibA%,nap@iegyniet @ﬁ@%@tmﬁrgmem@mma@ﬁnﬁm avalitabyenimspection of
25 the 1H NMR spectrum and tor di-EAS and coupled products, by confirming the absence of a

shoulder on the I(ﬂﬁ”’@h'mcﬁf @Wgrde of the main polymer peak in the GPC chromatogram. Two
procedures are given below. The "General Procedure” was used when coupled product was detected;
the "Special Procedure" Weasolisehwiierisaupiédpsodbist was/daernediozhe 80/abaeat. 44 WO
2006/033739 PCT/US2005/029583 5 General Procedure The fractional molar amount of each type of

chain end wag ob{gingd A F%Qﬂ@%@@%@@f@@l@@@%@@%@@ﬁ@ﬂ@@ givenhelowAgy, detaemining the
fractional amount of exo-olefin, F exo) _ (Aexo) / (Aexo + Aengo + Atert-Cl + AEAS + 2Adi.EAs +
2Acoupled) (1) area of the exc-0 eﬂmc Fescnarice 4.63ppm, and Aws.c was calculated as

foliows:
Atertci = {(A1.65-1.72/8) - Aendo 2)

where Aqss-172 1S the integrated area of the convoluied peaks associated with
15 the gem-dimethyl protons of the endo-oiefin and the tert-chioride chain ends.
The integrated area of EAS or di-=AS product, when present, was evaluated
on a situation-by-situation basis; the integration was determined based on a
peak that is not convoluted by other peaks, and the area was normalized
based on the number of protons that have that characteristic peak. It will be
20 noted that a co-efficient of 2 appears in equation (1) for both di-EAS and
coupled product, to account for the fact that creation of either of these
products consumes 2 polyisobutylene chains. Aguples Was calculated as

follows:
Acoupled = (As.0-675~ Ad454.75)/2 (3)

25  where Ascs7sis the integrated area of the convoluied peaks associated with
one of the exo-olefin protons and the two identical protons of the coupled
product, and where Ass.47s is the integrated area of the peak associated with
the other exo-alefin profon.
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10 where Aendo is the area of the single olefinic resonance at 5.15ppm, Aexo is the area of the
exo-olefinic resonance 4.63ppm, and Atert.cl was calculated as follows: Aten ci = (A1.65-1.72/6) -
Aendo (2) where Al1.s5-1.72 is the integrated area of the convoluted peaks associated with 15 the
gem-dimethW{?r%%ﬂg‘%F‘ﬁwe endo-olefin and the tert-chloride chain ends. %ﬂgvﬁ%&?jg@a{%rea of EAS
or di-EAS product, when present, was evaluated on a situation-by-situation basis; the integration was
determined based on a peak that is not convoluted by other peaks, and the area was normalized
based on the %un@@ﬁ%ﬁ@%@@ﬁ%t have that characteristic peak. It will be 20 noted that a co-efficient
of 2 appears in equation (1) for both di-EAS and coupled product, to account for the fact that creation

of either of these réiicuaiativerabsergoifisobulgrtREceHaInt eiEatineal MRIAFARPNEPLEs follows:
Acoupled = (A5.0-8.Chr i AaolD AR EMEEmES (hd BisdigaiiiauiniRsbaLastiee convoluted
?1 e of the exo-olefin protons an

peaks associated wit d the two identical prfotons f the coupled

product, and wher@natig JiEas BROW Y ARIRIBIRE G AL BEUNF 5 RREPIRFC ﬁ% 8ther exo-olefin
proton. 43 WO 2006/033739 PCT/US2005/029583 5 Special Procedure In the qualitative absence of
coupled product, the fractional rivgtem amAums)of(Aash tipecof Ahain ertavas Uhtaired usingtan
equation analogous to the equation given below for determining the fractional amount of exo-olefin,

F(exo) = (Aoxg) / (ABXR mASNdq: Aler S 1ABATI¢ R4FHEAS)(hkavbers Aendeds the area of the

single olefinic resonance at 5.15 parts per million, Aexo is the a e{a%e area of the twg&xo-olefinic
resonances at 4.630ilion, As Is the average area of the two exo-Olefinit resonances at 4.

and 4.85 parts per million, and Aercl , Asas, and Ag.zas were calculated in the

same manner as described in the "General Procedura.”

Table 1l below summarizes the 'H NMR data obtaihed on the polyisobutylene

15  product of Example |. The chain ends are given as mole percent of the total

chain ends.
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and 4.85 parts per million, and Atert-c , AEAS, and Ad;-EAS were calculated in the same manner as
described in the "General Procedure.” Table Il below summarizes the 1H NMR data obtained on the
polyisobutylene 15 product of Example 1. The chain ends are given as mole [.[:erce_nt of the total chain

ends. 44 WO¥OHEA38799 PCT/US2005/029583 d CL EUo Fo W1 CEHE*WE*Ea0 U-C uj
wco0OaEU" - Iw CCoo
L e
]
®
@
3
g 2 |8
o
2
z
3]
€L
B’.’
3
=]
k= ——
& g
0.
g ¢ | °
= E
-
=
[th]
"g .
w5 =
e o2 |e
5 £ £
— U ~
I
3 E g
= o u:.] 2 o
wg ¢
= E
Q e
T 3
g w3
v o= 2 o
= 5]
-~ £ E
U S
h% E &
& 3
Q L:.I:I.: Lz o
S =B Q
T e E
i [
£
= ——
& = o
Q 2 =
;.2 =]
1 E

Example | Chain End




WSEU O OWo0O FtEUc.~rQCOoopowCadwCeOcmo O'oWO maE R w 45
WO 2006/033739 PCT/US2005/029583 5 WHAT IS CLAIMED IS: 1. A method for preparing a

polyolefin product containing exo-olefinic end groups on the polyolefin polymer chain, which method
comprises: (I Dolyolefin containing terminal tert-chloride chain Bntf§52005/623583

5  WHAT IS CLAIMED IS:

1. A method for preparing a polyolefin product containing exo-olefinic end

groups on ihe polyoiefin polymer chain, which method comprises:

(a) ionizing a polyolefin containing terminal tert-chioride chain ends

on the polymer chain in the presence of a Lewis acid; and

10 (b} reacting the ionized polyolefin with one or more nitrogen-
containing five-membered aromatic ring compounds selected from
pyrroles and imidazoles having at least two hydrocarbyt
substituents on the ring, or one or more hindered secondary or
tertiary amines containing only carbon, hydrogen, and nitrogen

15 atoms, or mixtures thereof, provided the nitrogen containing five-

membered aromatic ring is not:

20

25

30

0

{if)
(i)
(iv)
(v)
(vi)

2 A-dimethylpyrrole;
2-phenylindole;
Z-methylbenzimidazole;
1,2-dimethylimidazole;
2-phenylimidazole; and

2 4 5-iriphenylimidazole;

and provided the hindered secondary or fettiary amines are not.

{)
(it
(i)
(iv)
v)
(vi)
(vii)

Triethylamine;
Tri-n-butylamine;
Trihexylamine;
Triisooctylamine;
2-phenyipyridine;
2,3-cyclododecenopyridine;

Di-p-tolylamine;
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on the polymer chain in the presence of a Lewis acid; and 10 (b) reacting the ionized polyolefin with
one or more nitrogen- containing five-membered aromatic ring compounds selected from pyrroles and
imidazoles having at least two hyq{ggatiih-Ryatitseqts on the ring, or one or more hindered
secondary or tertiary amines containing only carbon, hydrogen, and nitrogen 15 atoms, or mixtures

thereof, provided the nitrogen containing giueoimeapesetopeniatis; ring is not: (i) 2,4-dimethylpyrrole;
(if) 2-phenylindole; (iii) 2-methylbenzimidazole; 20 (iv) 1,2-dimethylimidazole; (v) 2-phenylimidazole;
and (vi) 2,4,5-triphenylititiersiy ohtahihe\pdydithe it etesbsiacomglexg-okfieitiang gnuiops are not: (i)
Triethylamine; 25 (ii) Tri-n- ine;. (i) Trih ine; (iv) Triisooctylamine; (v) 2-phenylpyridine;
(vi) 2,3-cyc|ododecenop?/rgrﬁ%}%g)acggg%ﬁ&é[#?ym%%r%t 46 (viii) Quinaldine; and (ix)
1-pyrroiidino-I-cyclopentene; to thereby obtain the polyolefin product containing exo-olefinic end
groups on the poiyéiefitegBRiee Shalaim ITWBsriheps &Peg)iﬁ*ﬂﬂ,(@/}ﬁéﬁ%i‘ﬁ%@@ﬁ@qaﬁ‘%d (b) are

independently carried out at a temperature in the range of -1 30°C to 10°C.

3. The method of claim 2, wherein steps {(a) and (b) are independently

carried out at a temperature in the range of -80°C to 0°C.

4. The method of claim 2, wherein steps (a) and (b) are independently
carried out at a temperature in the range of -70°C to -10°C.

5. The method of claim 4, wherein steps (a) and (b) are independently
carried out at a temperature in the range of -80°C to -20°C.

6. The method of claim 1, wherein the one or more nifrogen-containing
five-membered aromatic ring compounds in step (b) is a substituted-
pyrrole having the general formula:

wherein:
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carried out at a temperature in the range of -1 30C to 10C. 3. The method of claim 2, wherein steps (a)
and (b) are independently carried out at a temperature in the range of -80C to 0C. 4. The method of
claim 2, wherein steps (a) and (b) are independently carried out at a temperature in the range of -70C
to -10C. 5. The method of claim 4, wherein steps (a) and (b) are independently carried out at a

temperature in the range of -60C EQ)‘ZQCEaﬁd@fa’?éqw%ﬁ@r%]aﬂvﬁﬁwgbm%ﬁﬂ@ gRaore

nitrogen-containing five-membered aromatic ring compounds in Step (b)’is a substituted- pyrrole
having the general formula; RZ R3 Ri $4Poihaiein {2 sptbosatiptnsafeeintd farrigntly an alkyl

containing one carbon atom to 20 cariiegidideniRgaeberase a&ﬂ_}jﬁg@ﬂgm@ bysdagenor alkyl

containing one carbon atom to 20 carbon atoms, cycloalkélgnq‘f 3 to 7 carbon atoms, aryl of about 6 to

30 carbon atoms, alkaryl of 7 to 30 caP¥oR BreMSABCLTAENS: PRy ¥ARIchiGtoms: or (b) R1 and

R2 form a fused aromatic ring of from 67cashsmn atoms rlileatdmn atenspor an aliphatic ring of from
4 carbon atoms to 8 carbon atoms, R4 is alkyl containjng gne ¢arbgn atgm to 20 carbon atoms, and
R3 is hydrogen or alkyl containing on&%ﬁ?ﬁ%ﬁ@f@% ?gkf%ﬂ&igéﬂ gﬁo %BQCIoaIkyI of 3 to 7 carbon

atoms, aryl of ~atoms, or aralkyl of 7 to 30 carbon atoms;

or

(b) R: and R; form a fused aromatic ring of from 6 carbon
atoms to 10 carbon atoms or an aliphatic ring of from 4
carbon atoms to 8 carbon atoms, Ry is alkyl
containing one carbon atom to 20 carbon atoms, and R3
is hydrogen or éikyi containing one carbon atom to 20
carbon atoms, cycloalkyl of 3 fo 7 carbon atoms, aryl of
6 to 30 carbon
atoms, alkaryl of 7 to 30 carbon atoms, or

aralkyl of 7 to 30 carbon atoms; or

(c) Ryand Rjform afused aromatic ring of from 6 carbon
atoms to 10 carbon atoms or an aliphatic ring of from 4
carbon atoms to 8 carbon atoms, and R, and Rs
are independently an alkyl containing one carbon atom

to 20 carbon atoms; or

{d) both Ry and Ry, and Rz and Ry, taken in pairs,
independently form a fused aromatic ring of from 6
carbon atoms {o 10 carbon atoms or an aliphatic ring of
from 4 carbon atoms to 8 carbon atoms.

7. The method of claim 6, wherein R and R, are methyl and R; and Riare
hydrogen.
8. The method of claim 6, wherein Ry, Rz, Rs and R4 are methyl.
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6 to 30 carbon atoms, alkaryl of 7 to 30 carbon atoms, or aralkyl of 7 to 30 carbon atoms; or (c) R2
and R3 form a fused aromatic ring of from 6 carbon atoms to 10 carbon atoms or an aliphatic ring of
from 4 carbon atoms to 8 carbon atoms, and R, and R4 are independently an alkyl containing one
carbon atom to 28-carbbReaRFIROSP{HIHBHS RVERER 3he sulresitirrrovriglehan Bsirs, independently
form a fused aromatic ringieffreMdnagiepon atoms to 10 carbon atoms or an aliphatic ring of from 4
carbon atoms to 8 carbon atoms. 7. The method of claim 6, wherein R1 and R4 are methyl and R2 and
R3 are hydrogen. 8. The method of claim 6, wherein R1, I%% R3 and R4 are methyl. 48 9. The
method of claim 6, wherein the substituted-gyrrole fias the olloping formula: HHHi~f1H---~ H

H H 10. The method of claim 1, wherein the ni{rog i
substituted imidazole, 11. The method of clai
formula: R2 o

10. The method of claim 1, wherein the nitrogen-containing five-membered

aromatic ring is a substituted imidazole,

11. The method of claim 10, wherein the substituted imidazole has the

;

general formula:

3

wherein R is branched alkyl containing from 4 carbon atoms fo 20
carbon atoms, and wherein

(a) Rsand R; are independently hydrogen, alkyl of one carbon
atom to 20 carbon atoms, cycloalkyl of 3 to 7 carbon
atoms, aryl of 6 to 30 carbon atoms, alkaryl of 7 to 30

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

(b) Ryand R;form a fused aromatic ring of from 6 carbon
atoms to 10 carbon atoms or an aliphatic ring of from 4
carbon atoms to 8 carbon atoms.
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R KR ~ N 3 H wherein R3 is branched alkyl containing from 4 carbon atoms to 20 carbon atoms, and
wherein (a) R, and R2 are independently hydrogen, alkyl of one carbon atom to 20 carbon atoms,
cycloalkyl of 3 to 7 carbon atoms, aryl of 6 to 30 carbon atoms, alkaryl of 7 to 30 carbon atoms, or
aralkyl of 7 to 30 carbon atoms; or (b) Ri and R2 form a fused aromatic ring of from 6 carbon atoms to
10 carbon atoms or an aliphatic ring of from 4 carbon atoms to 8 carbon atoms. 49 12. The method of
claim 11, wherein 2.is MiethykeiR8dohydiogéh, avteeRIIR téstrheityy!, 13; iSHeydneterdeotidiaim 1,
wherein in step (a) the HS}Q’JELR@M is a halide of titanium or boron. 14. The method of claim 13,
wherein in step (a) the Léwis acid is a titanium halide. 15. The method of claim 14, wherein in step (a)
the Lewis acid is titanium tetrachloride. 16. The method of claim 1, wherein the polyolefin is

polyisobutylene. }3, Thergeteasheflsiaiam wiveessinsiearpa theiopizedpalyslgiuiriereacted with

one or more hindered secondary or tertiary amines. 18. The method of claim 17, wherein the hindered
secondary or tertiary amiAeHALIRPRberal formula: Rl-- R2 N

14. The method of claim 13, wherein in step (a) the Lewis acid is a titanium
halide.

15.  The method of claim 14, wherein in step (&) the Lewis acid is titanium

tetrachloride.
16. The method of claim 1, wherein the polyolefin is polyisobutylene.

17.  The method of claim 1, wherein in step (b) the ionized polyolefin is

reacted with one or more hindered secondary or tertiary amines.

18.  The method of claim 17, wherein the hindered secondary or tertiary

amine has the general formula:
R~_ R
N
R

wherein R, R; and R3 are independently hydrogen, alkyi
containing one carbon atom to 20 carbon atoms, cycloalkyl

of 3 to 7 carbon atoms, aryl of 6 to 30

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

aralkyl of 7 to 30 carbon atoms; or at least one of R4

and Ry, Rz and Rs and Rz and Ry, taken in pairs, independently
form a fused aliphatic ring of from 4 carbon atoms to

8 carbon atoms;

provided that no more than one of Ry, Ry and Rs is hydrogen, and
provided that Ry, Rz, and R are not all linear alky! of about 3
carbons or less.
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I R3 wherein RI, R2 and R3 are independently hydrogen, alkyl containing one carbon atom to 20
carbon atoms, cycloalkyl of 3 to 7 carbon atoms, aryl of 6 to 30 carbon atoms, alkaryl of 7 to 30
carbon atoms, or aralkyl of 7 to 30 carbon atoms; or at least one of R1 and R2, R2 and R3 and R3
and RI, takeN' A P4833rtfependently form a fused aliphatic ring of from 4°¢3/BoH %8m0 8 carbon
atoms; provided that no more than one of RI, R2 and R3 is hydrogen, and provided that R1, R2, and
R3 are not all linear alkyl of about 3 carbons or less. 50 WO 2006/033739 PCT/US2005/029583 5 19.
The metRod dfelainf 18 WrBRGPilfdaimdErewhasainctne Htadripd amine isratetismM@iTH3 20. The
method of claim 18, afhissefitrihgidnindered amine is a tertiary amine of the formula: H 10 21. The
method of claim 18, wherein the hindered amine is a tertiary amine of the formula: 22. The method of
claim 18, wherein the hindered amine is_aertiary amapne 15 of the formula: 23. The method of claim
17 wherein the hindered amine is a ter, secondary/amineias the general formula:

20.  The method of claim 18, wherein the hindered amine is a tertiary amine
of the formula:

. O

21, The method of claim 18, wherein the hindered amine Is a tertiary amine
of the formula;

N

L

22.  The method of claim 18, wherein the hindered amine is 2 tertiary amine
15 of the formula;

SN

23.  The method of claim 17 wherein the hindered amine Is a tertiary or
secondary amine has the general formula:

51
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51 SUBSTITUTE SHEET (RULE 26) p R6 Rl R3 1 RZ E-5 wherein R6 is a divalent hydrocarbyl
group of one carbon atom to 4 carbon atoms, each of which may be substituted with an alkyl group
having one carbon atom to 6 carbon atoms, and R1, R2, R3, R4,and R5 are independently hydrogen,
alkyl containing one carbon atom to 20 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, aryl of 6 to 30
carbon atoms, alkaryl of 7 to 30 carbon agjyus, orRgalk Faf 7 to 30 carbons; provided if R1, R2, R3,
and R4 are hydrogen, then R5 is a branched I.h g from 4 to 20 carbon atoms, aryl of 6 to 30
carbon atoms, or aralkyl of 7 to 30 carbon B.joms,lﬁnd pMyided if R5 is hydrogen, then R1, R2, R3,
and R4 cannot be hydrogen unless either R1 or RZand either R3 or R4 is a branched alkyl from 4 to
20 carbon atoms. 24. The method of claim 22, wherein the hindered amine is a secondary or tertiary
amine of the formula:

_ _ : Rﬁ rH|3 CH3 HB%% herae BS is hy en or met 5. The method of
claim 17 wherein the HHGEFEY 8on8a yor H@/\f’y Vi lt?% e ?tdqg%eﬁ%%?%%ﬂj O5‘32 RO E 2 Rs 'RI
Rs carbon atoms, each of whtch may be substituted with an alkyl group

having one carbon atom to 6 carbon atoms, and R+, Ry, Rs, Rs,and Rs

are independently hydrogen, alkyl containing one carbon atom to 20

carbon atoms, cycloalkyl of 3 to 8 carbon atoms, aryl of 6 to 30 carbon

atoms, alkaryl of 7 to 30 carbon atoms, or aralkyl of 7 to 30 carbons;

provided if R4, Ry, Rs, and R4 are hydrogen, then Rs is a branched alkyt

having from 4 to 20 carbon atoms, aryl of 6 to 30 carbon atoms, or

aralkyl of 7 to 30 carbon atoms, and provided if Rs is hydrogen, then Ry,

R, Rz, and R4 cannot be hydrogen unless either R¢ or R, and either Rs

or Rs is a branched alky! from 4 to 20 carbon atoms.

24. The method of claim 22, wherein the hindered amine is a secondary or
tertiary amine of the formula:
Fs

Hso CHg

N

HyC CH3

wherein Rs is hydrogen or methyl.

25. The method of claim 17 wherein the hindered secondary or tertiary
amine has the general formula:
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N R7 Re I RQ Rr, wherein R1 is a divalent hydrocarbyl group of one carbon atom to 4 carbons and
R2, R3, R4, R7, R8, and R9 are independently hydrogen, alkyl containing one carbon atom to 20
carbon atoms cycloalkyl of 3 to 8 carbon atoms, aryl of 6 to 30 carbon atoms, alkaryl of 7 to 30

carbon atoms, or aralkyl of 7 to 30 carbons, and one of R5 and R6 is hydrogen and the other is linear
alkyl from one carbon atom to 20 carbon atoms. 26. The method of claim 24, wherein one of R5 and
R6 is hydrogen. 27. The method of clalmpggz wherein the amlrﬁ has the formua:HHHHHHH N H
H H H H 28. The method of claim 17, wherein the hlndered amme is a tertiary amine of the general
formula: R3N Rl R4 .~ R2 3 53 whgein or 5 igRydrogen and the other is a branched
alkyl of 3 to 20 carbon atoms, aryl of 10 iy atky2of 11 to 30 carbon atoms; R2,
R3 and R4 are independently hydrogen, & C _ ifn to 20 carbon atoms, cycloalkyl of 3
to 7 carbon atoms, aryl of 6 to 30 carilg ’ " 30 E&rbon

wherein Ry is a divalent hydrocarby! group of one carbon atom to 4
carbons and Rz, Ra, R4, Rz, Ra, and Ry are independently hydrogen,
alkyl containing one carbon atom to 20 carbon atoms cycloalkyl of 3
to 8 carbon atoms, aryl of 6 to 30 carbon atoms, alkaryl of 7 to 30
carbon atoms, or aralkyl of 7 to 30 carbons, and one of Rs and Rg is
hydrogen and the other is linear alkyl from one carbon atom to 20
carbon atoms. |

26. The method of claim 24, wherein one of Rs and Rg is hydrogen.

27. The method of claim 22, wherein the amine has the formula:

H H

H oM M H
H H

H“f*
H

HHH

28. - The method of claim 17, wherein the hindered amine is a tertiary amine
of the general formula:

Rz N Ry
A

Rq / Ro

Ra
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atoms, or aralkyl of 7 to 30 carbon atoms; or at least one of R1 and R2, R2 and R3, R3 and R4, and
R4 and R5, taken in pairs, independently form a fused aromatic ring of from 5 carbon atoms to 7
carbon atoms or aliphatic ring of from 4 carbon atoms to 8 carbon atoms, provided that if R1 and R2
form a fused aliphatic or aromatic ring, then R5 is a branched alkyl of 3 to 20 carbon atoms, aryl of 10
to 30 carbon atoms, or Wrgk§iene &f Bo eadiSn iatbysoara provibedthat isrRaarcReform a fused

aliphatic or aromatic ring 164 a:BrEnRRERIM 9T Sriec CRIRARRIOBSREY R TatRike130 carbon

atoms, or aralkyl of 11 to 30 carbon atoms. 29. The method of claim 27, wherein R, is hydiogen and
R5 is tert-butyl and R29R%! nd REAEPOMFRT R R Re Rt BEeRERIEIWREIRE3Re hindered
amine is a nitrogen coriiaifiobdmeterntaroamatic tirrohauibgrikadaliowingdermuiiss (@)7 (b) and (c):
xx: (a) wherein in formula (a) 54 one of R d.R4 is.hydrogen and the, other is.alkyl of one carbon
atom to 20 carbon atorﬁs?r%:)ghc)?gﬁ(nflsoﬁyt{oo %ggncgt@rﬁg,aa{%ymgf %ﬂ(oa %%%&8?\3%a%r{gs?%lkaryl of 7
to 30 carbon atoms, or ataik§l of Aalial ehrbiondateaTdonmiconiR Daiddrstisnts dfdgearaind:the other is

alkyl of one carbon atorm 1,49 ﬁ%rm%ﬁm,sa%ct@@% of 3@&%&%%r§t%%ﬁﬂégﬁ@yto 30 carbon
atoms, alkaryl of 7 to 3Q carbon atoms, or aralkyl of 7 to 38 carbon atoms: or at least one of Ri and R2
and R3 and R4, form a fused aromatic ring of from 5 carbon atoms {o 7 carbon atoms

or aliphatic ring of from

4 carbon atoms {o 8 carbon atoms,

provided that if Ry and R; form a fused aliphatic or aromatic ring, then
Rsis a branched alkyl of 3 to 20 carbon atoms, aryl of

10 to 30 carbon atoms, or aralkyl of 11 to 30

carbon atoms, and provided that if R4 and Rs form a fused aliphatic or
aromatic ring, then R4 is a branched alkyl of 3 to 20

carbon atoms, aryl of 10 to 30 carbon atoms, or aralky! of 11 to 30
carbon atoms.

29. The method of claim 27, wherein R, is hydrogen and R is tert-butyl and
Rz, Rs, and R4 are hydrogen.

30. The method of claim 17, wherein the hindered amine is a nitrogen

gcontaining hetero-aromatic ring having the following formulas, (a), (b}

and (c):
Ra N\\\ 1
P
Ry N Rz

wherein in formula (a)

54



taken in pairs, independently form a fused aromatic ring of from 5 carbon atoms to 7 carbon atoms or
aliphatic ring of from 4 carbon atoms to 8 carbon atoms; R2 R3 N RI", ~'N R4 (b) wherein in formula
(b) RI, R2 and R4 are independently hydrogen or alkyl of one carbon atom to 20 carbon atoms,
cycloalkyl of 3 to 8 carbon atoms, aryl of 6 to 30 carbon atoms, alkaryl of 7 to 30 carbon atoms, or

aralkyl of 7 to 30 cartfdit SEmENRB4SHIAGGER aafIe PR SABYhCLRR FSDEREIBBN atoms,

cycloalkyl of 3 to 8 caihp0 eaaos, atyhef 6/tiakdai®nBeason kioyheaAinoBe azbeastsms, or
aralkyl of 7 to 30 carbon atoms; or astone of R2 and R3 or R taken in pairs,
independently form a?gosné ’gro%@t??égor?’rbgcg{ RS CaHSO R Elgﬁgﬁzq?%{grg%n 9 o%géﬂc?r aliphatic ring
of from 4 carbon atoretofdReamd Raitohys|qgeniaed e ih Isisikyidrbgem ahdoRaEeand R4 are
independently alkyl qf,enReca5BA%LRIRR E?J@Qa‘ﬂéﬁtlﬂ@ ams,pygloalkyl of 3 to 8 carbon atoms, aryl of

6 to 30 carbon atoms, alkaryl of 7 to 30 carbon atoms, or aralkyl of 7 to 30 carbon atoms, and further
provided that if R2 or ™% RO P AiksrReniorlt AlerviGlhén HakesieRH N atoms,

cycloalkyl of 3 to 8 caspgRyvatsmse 3 tafiRiaBPreatien aisnsnalsaRy kRO Farkad RIoms, or
aralkyl of 7 to 30 carbtoQ atoms;.and /R,\

aken in pars,

independently form a fused aromatic ring of from 5 carbon atoms fo 7

carbon atormns or aliphatic ring of from 4 carbon atoms to 8

carbon atoms; Ry
Rz
N! N
/{\ /
R4 N Ry

wherein in formula (b)

R, Rz and R4 are independently hydrogen or alkyt of one carbon atom

to 20 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, aryl of 6 to 30
carbon atoms, alkaryl of 7 to 30 carbon atoms, or aralkyl of 7 to 30 carbon
atoms, R is hydrogen, alkyl of one carbon atom to 20 carbon atoms,
cycloalkyl of 3 to 8 carbon atoms, aryl of 6 to

30 carbon atoms, alkaryl of 7 to 30 carbon atoms, or aralkyl of 7 to 30
carbon atoms; or at least one of Ry and R; or Ry and Ry, taken in pairs,
independently form a fused aromatic
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N'N R3", (c) wherein in formula (c) R1, R2 and R3 are independently hydrogen or aIkyI of one carbon
to 20 carbon atoms, cycloalkyl of 3 to 8 carbon a ryl of 6to 30 c atoms, I of 7 to 30
carbon atoms, or aral@ ?%81&%%&%}135? 5 03? C?ﬂ% gasoqr(ﬁ?i{?tjﬁ %C\K}ngg ndered
amine has the formula: chtsod2atbhes methosriob € latiom29, Where the hindered amlne has the formula:

56 1J 33. The method of C@ a]tﬁ?l \?/ ere the hindered amine has the for ula: Bl/ 4. The method
of claim 1, wherein thB &G fRLERa 5 oY 3 8aSH %%r@ B Brofi %98@ ﬁ{‘ #¥ange of one
percent to 100 percent ohthestbiah @m@mmcaaﬂmatmmw@bslawosa twimemanbélne polyolefin

product has at least 3 ercent fin end rou él’}'n lai hereln the
polyolefin product had "]éaépgé’%%r% %{?&? Oéﬂ%i 53@ 0579(1&%8#? %ﬂﬁ’n 35, wherein
the polyolefin productdrasaikylesist 56 @@mmwfmiﬁlraadd@mepﬁr&&d@behaemgcmfRLalm 36,
wherein the polyolefin uct has at least 70 percent exo-olefin r 9. A method for
preparing a ponoIeﬂn%ﬁ?’gﬁ%anmm E)?Oagﬁ)gf% ione ca:%on a om %%Lbocar on atoms,

cycloalkyl of 3 to 8 carbon atoms, aryl of 8 to 30 carbon atoms, alkaryl

of 7 t0 30 carbon.atbms, or aralkyl of 7 to 30 carbon atoms;

N/Q‘N
A

and

wherein in formuia (c)

Ry, Rz and R3 are independently hydrogen or alkyl of one carbon to

20 carbon atoms, cycloalkyl of 3 to 8 carbon atoms,

aryl of 6 {o 30 carbon atoms, alkaryi of 7 to 30 carbon afoms, or a;'aikyl
of 7 to 30 carbon atoms.

31. The method of Claim 1, where the hinderad amine has the formula:
N
<
99
N

32. The method of Claim 29, where the hindered amine has the formula;
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end groups on the polyolefin polymer chain, which method comprises: (a) ionizing a polyolefin
containing terminal tert-chioride chain ends on the polymer chain in the presence of a Lewis acid; and
57 WO 2006/033739 PCT/US2005/029583 5 (b) reacting the ionized polyolefin with one or more
nitrogen containing five-membered aromatic ring co ds selected from pyrroles and imidazoles
having at least two hydrocarbyl substituents on the|fing, pr one or more hindered secondary or
tertiary amines containing only carbon, hydrogen, ogen 10 atoms, or mixtures thereof, wherein
the nitrogen-containing aromatic amine compounds or the hindered secondary or tertiary amines are
pre-reacted with a Lewis acid, provided the nitrogen containing five-membered aromatic ring is not (i)
2,4-dimethylpyrrole3315 (ihe-prehgtinefoldalin) 28 méthysddezhindevsteanting hasdihecitrytiolalazole; (v)
2-phenylimidazole; and (vi) 2,4,5-triphenylimidazole; 20 and provided the hindered secondary or
tertiary amines are not (i) Triethylarnings.(i.Lr=-n:butylaming: (iii) Trihexylamine; (iv)
Triisooctylamine; 25 (v) 2-phenylpyridirg

34. The method of claim 1, wherein the exo-olefinic end group on the
polyolefin product is present in the range of one percent {o 100
percent of the total end groups.

35. The method of claim 33, wherein the polyolefin product has at
least 3 percent exo-olefin end groups.

38.  The method of claim 34, wherein the polyolefin product has at
least 20 percent exo-olefin end groups.

37.  The method of claim 35, wherein the polyolefin product has at
least 50 percent exo-olefin end groups.

38.  The method of claim 36, wherein the polyolefin product has at
least 70 percent exo-olefin end groups.

39. A method for preparing a polyolefin product containing exo-olefinic
end groups on the polyolefin polymer chain, which method
comprises;

(a) ionizing a polyolefin containing terminal tert-chioride chain
ends on the polymer chain in the presence of a Lewis acid;
and
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(vi) 2,3-cyclododecenopyridine; (vii) Di-p-tolylamine; (viii) Quinaldine; and (ix)
1-pyrrolidino-1-cyclopentene; 30 to thereby obtain the polyolefin product containing exo-olefinic end
groups on the polyolefin polymer chain. 58 SUBSTITUTE SHEET (RULE 26) WO 2006/033739
UCT/US2003¥298843530. The method of claim 39, wherein the Lewis aBfdH& ¥HR{Artdtrachloride
and the nitrogen containing five-membered aromatic ring compound is 2,5-dimethyl pyrrole. 41. The

method of claim 39, wherein the Lewis acid is titanium tetrachloride and the substituted pyrrole is
2,3-dimethyl indole. 102 Ewstngttisiionicthragoigfie withpee simueidiEaganium tetrachloride

and the hindered amine is 10%,%@,-1 gn@mgmyg}@@gm@aﬁ@ﬂﬁge;gﬂm& eaisBid, wherein the
Lewis acid is titanium tetrachloride. 5 44. The meth claim :ib ﬁ? the ni n-containing
five- membered aromatic ring OB MEERIRS @'ﬁi @%@fﬁﬁ&ﬁ?’dﬁ‘@ g %ég g‘g rh%ﬁ‘l‘—f@%%gET (RULE 26)
substituents on the ring, or one or more hindered secondary or
tertiary amines containing only carbon, hydrogen, and nifrogen
10 atoms, or mixtures thereof, wherein the nlirogen-containing
aromatic amine compounds or the hindered secondary or
tertiary amines are pre-reacied with a Lewis acid, provided the
nitrogen containing five-membered aromatic ring is not
() 2 d-dimethylpyrrole;
15 (i} 2-phenyiindole;
(i) 2-methylbenzimidazole;
(iv} 1,2-dimethylimidazole;
(V) 2-phenylimidazole; and

(vi) 2.4,6-triphenylimidazole;

20 and provided the hindered secondary or terfiary amines are not

() Triethylamine,;
(iy  Tri-n-butylamine;
(i) Trihexylamine;
(iv) Trilsooctylamine;
25 {v) 2-phenylpyridine;
(vi} 2,3-cyclododecenopyridine;
(vi)) Di-p-tolylamine;
{viil) Quinaldine; and
(ix} 1-pyrrolidino-1-cyclopeniene;

30 to thereby obtain the polyolefin product containing exo-olefinic end
groups on the polyclefin polymer chain.
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40,

41.

42.

43,

44,

The method of claim 38, wherein the Lewis acid is titanium

tetrachloride and the nitrogen containing five-membered aromatic ring
compound is 2,5-dimethy! pyrrole.

The method of claim 38, wherein the Lewis acid is titanium
tetrachioride and the substituted pyrrole is 2,3~-dimethyl indole.

The method of claim 38, wherein the Lewis acid is ttanium
tetrachloride and the hindered amine is 1.2,2,5,86-
naenamethyipiperidine.

The method of claim 39, wherein the Lewis acid is titanium
{etrachioride.

The method of claim 38, wherein the nitrogen-containing five-
membered aromatic ring compound is 2,5-dimethylpyrrole.
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