WO 2006/023988 PCT/US2005/030160 | METHOD FOR PREPARATION OF POLYOLEFINS 2
CONTAINING EXO-OLEFIN CHAIN ENDS 3 This application claims the benefit of U.S. Provisional
Application No. 4 60/603,410, filed August 20, 2004. 5 FIELD OF THE INVENTION 6 The present
invention is divectad/tozasmethod for preparation of polyolefins 7 containingrexosolefimsetsain ends. The
method involves quenching a cationic 8 quasi-living polyolefin polymer system with one or more
hindered secondary 9 or tertiary amines. 10 BACKGROUND OF THE INVENTION 11 Linear
polyolefins made using a monggyaripebiRitateromIMe o5 e YIGLERINGefin", "di-substituted"
olefin, or "methyl vinylidene group,” end e_us the preparation of
polymers cogtaining specific 14 fuﬁ%ﬁé@ﬁ%ﬁfﬁ&ﬁ%@%ﬁﬁﬁﬁg multi-functional initiators
would 15 have multiple exo-olefinic end groups. Polymers containing specific end 16 groups are
useful as lubgcating ol adeiliss (NI Biunslinalieasha hpphags eamaining hetero
atoms is polyisobutenylsuccinic anhydride. 18 Functional end groups may also be desirable for making
polymers witfh 1@9&@%{4&@&‘&%&8@ﬁdéé%ﬁeﬁ@.oéo Conventional ionic polymerizations can be anionic
or cationic. Anionic 21 polymerizations proceed, in the presence of a base, through carbanions and 22

favor monomers having electron withdraqup_g ggﬂpsﬂ %}% '@f@-ﬁ@f{ﬂymerizaﬂons proceed, in the
presence of an acid, through a carbocatior, lum ion, and favor monomers that
have electron releasing 25 groups. -1 WO 2006/023988 PCT/US2005/030160 1 Similarly to the

conventionalgoolypagr izaliensyssitsn ividgamimerizatianod kystesparmiiynisf eitherefiienic or
cationic. The'?dIffecré)egt%?n%egtvélg&%laﬁn chain ends. The method involves quenching a cationic
8 quasiiving polyolefin polymer system with one or more hindered secandary

9 ortertiary amines.

10 BACKGROUND OF THE INVENTION

11 Linear polyolefins made using a mono-functional initiator containing a singie
12 "exo-olefin®, "di-substituted" olefin, or "methyl vinylidene group,” end group

13 are useful precursors for the preparation of polymers containing specific

14  functional end groups. Polymers made using multi-functional initiators would
15 have muitiple exo-olefinic end groups. Polymers containing specific end

18 groups are useful as lubricating oil additives. One example of a functionalized
17  polymer containing hetero atoms is polyisobutenylsuccinic anhydride.

18  Functional end groups may also be desirable for making polymers with

19  potential for further reactions.

20 Conventional ionic polymerizations can be anionic or cationic. Anionic

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

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

25 groups.



3 conventional polymerizations and living polymerizations is that an ideal living 4 polymerization
proceeds in the absence of chain transfer and chain 5 termination. Living polymerization systems are
of great commercial 6 importance because the degree of polymerization may be controlled by 7
controlling th&$e@6r¢23888f monomer to initiator and sequential addition ofPSrtEr50reldifferent
monomers affords the ability to produce block 9 copolymers. Polymerization continues until the
monomer is exhausted, but 10 the polymers retain their ability to add additional monomers any time in
the 11 future. A gimikerabsterceystetisratevlgthknontiom shstems BvRdurtiemesvetispment is the

cationic quasj-living polymerization systems. . j n iQf: asi-living
polyme_ri_zati%n re%?ﬂf% %g?taa\{r?) elﬁ'trts‘é)ésrtral‘c ié@%%ﬁ%@n@?ﬁ%%e aﬁ%ﬁr?&s&r.}ejagents. Cationic
quasi-living 45 pobymenizataimotifferretonusniiivipacyiweeraaips sisibal Athseghliad 16 rate of

chaln ransfe apRIAARGS 2616 SHEID RHINUIBNS RS BREh Ul ddraneiailesane imporant cxample

of a cationic qua ymerization is 18 the cationic quasi-living Eolymerization of isobutylene.

19 Typically catitariaigasoniiviig IsoRRHERRRERIN chEGR AR OV IRPhSHBWSS B Rholecular weight

o TS Skttt o i
e "tent-chloride” end 22 group. Under cerfain conditions mingqr unts.of olefinic
isomers may’alsGoPF BlENstdore &ekr ﬁ%ft%ﬂftm‘:g HieP] QHBEEW\%’ 8 %%U%‘éﬁ%r%%@ﬁﬁ@ Romers

prodgced duairllg Reoconvegetérstly meneativs afitsdbiiyderidivvite BR8ILGs blerkple, the highly 26
reactive exo-olefin |sfo)£%r%%r;gag§/ ﬁéﬁ%\éﬁ%%ﬁ : r%'é’s? &g]g}lt}%/m%}%%gqgl eggéﬁg@&rlba{so referred

to as the_ "tri_-%ubé%ﬂ_a 0 olefin” Isomer. ermore, conventiona
polymerizatigns dhispblytylersergtald falirakigwitreddasidiéanabeenrmarsight distABLABRAS or

polydispersily incigps. AW R-EINYLRIBR EIGHY SHURRA3AAPi frclelve production of the

exo-olefin isomer Ras Tt been previously

12 A further development is the cationic quasi-iiving polymerization systems

13 using conventional monomers. Quasi-living polymerization requires certain
14  restrictive conditions, for example anhydrous reagents. Cationic quasi-iving
15 polymerizations differ from truly living polymerizations in that, although the

16 rate of chain transfer approaches zero, chain termination is present but

17  reversible. One important example of a cationic quasi-living polymerization is

18  the cationic quasi-living polymerization of isobutylene.

19 Typically, cationic quasi-living polymerizations of isobutylene yield narrow
20 molecular weight distribution and one major polymer product containing the
21  2-chioro-2-methylpropyl end group, also referred to as the "tert-chloride” end
22  group. Under certain conditions minor amounts of olefinic isomers may also

23  be produced.

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

25  conventional polymerization of isobutylene with BFs, for example, the highly
26 reactive exo-olefin isomer and the relatively unreactive 2-methyl-1-propenyl
27  isomer, also referrad to as the "tri-substituted" isomer or "endo olefin" isomer,
28  Eurthermore, conventional polymerizations of isobutylene yield polymers with
26  broad molecular weight distributions or polydispersity indices.
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2 achieved under conventional polymerization conditions for isobutylene. 3 There are two established
methods for producing polyisobutylene containing 4 only the exo-olefin end group. One method
involves chemical 5 dehydrohalogenation of tert-chloride terminated polyisobutylene using 6
potassium tefhieiasn a post polymerization reaction (U.S. Patent 7 NRCHIB2N849N6Fhe other
method involves in situ quenching of quasi-living 8 isobutylene with methallyltrimethylsilane, which
converts an active, living 9 carbenium ion to the exo-olefin end group. (M. Roth and H. Mayr, 10

MacromoleculesE28, 614 ARRRYIAA Faliseaubisieisolyerdrascontieatgmetieuhlin one exo-olefin
end group may 12 be prepared using t

e above methaods by the. . 'ﬁ%ional initiator. 13
The preparation %‘F@%Wéﬁﬁ%‘?ﬁﬁ&ﬁ cﬂbafyf)s%%m?/ﬁezr?e]%@%ﬁgﬁgs}isﬁ%ﬁf%g& own In the art. A
number of patents have discussed processes for making 15 polyisobutylene polymers containing
exo-olefin end grAYRS, QI RANBHSKIGHAE AHBRSBINGARatiopisFIpastdtingyRaigoerizition system with
a hindered 17 secondary or tertiary amine. 18 European Patent No. 341012 idiscloses a method for
producing pdlymersniitd exo-RiFHRFRRHERURr %?g%\e%ﬂ%‘ffgﬁ? R&FEHRE ratio of the weight

average 20gnoleemaweiabieinontoffeetainkide averhgatedqietttmbubiging MEng 21 approaches 1.
22 U.S. Patent No. 4,152,499 discloses isobutene polymers.havi 2 ee of
polymerizati@n frB?ﬁaf@'M(ﬁ%gnH%%ﬂg?éQﬁep&Sg orfﬁeg%a%ﬁtﬁ\gg?gﬁégﬁy%'sgiﬁllggt{_er'rr]inal double
:ahonds Iti g(;eaftezr gmmm@ﬁd@s‘ﬂ@m@mmetbem@mm mmlnﬁwﬁmﬁi (il/i\fcc)loses
e metho making the iso ASi i -
106 R0 RUEDS RAIIERIAIEING BTN KRdeAsdbR ey

2006(023988 PCTD atent No. 4,342,849 discloses the synthesis of
polyisobutyl&ne canysmiu® iithtsr thesaxaratasin snE@IREH bupstarabtire it in the case of a linear

3 polymer, ps at ail ends, indhe casgyogagstad gdymer. The method involves the

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

13 The preparation of polyolefins, including polyisobutylene polymers, is well

14  known in the art. A number of patents have discussed processes for making
15 polyisobutylene polymers containing exo-olefin end groups, but none using
16  quenching a cationic quasi-living polymerization system with a hindered

17  secondary or tertiary amine.

18  European Patent No. 341012 discloses a method for producing polymers with
10 narrow molecular weight distribution, where the ratio of the weight average

20 molecutar weight, M(w), to the number average molecular weight, M(n},

21 approaches 1.

22 UU.S. Patent No. 4,152,499 discloses iscbutene polymers having a mean

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

24  theorstically possible terminal double bonds is greater than in products

25 prepared using aluminum trichloride. The patent also discloses the method of

26  making the isobutene polymers using boron trifluoride as the initiator.



4 steps of refluxing a solution of telechelic di-halogen polyisobutylene, adding a 5 solution strong base
such as potassium t-butoxide and stirring to form the 6 telechelic di-olefin polyisobutylene. 7 U.S.
Patent No. 4,393,199 discloses a method for carrying out cationic 8 polymerization with molecular
weight contrdY th¥feiersBpre-initiator and a 9 catalyst effective for cationich§GiisRefizadGAtare mixed
with a monomer. The 10 resulting living polymer is then treated as desired. 11 U.S. Patent No.
4,758,631 discloses a method of preparing allyl-terminated 12 polyisobutylene by allylation with
allyltrimethylsilang of estiavyebiaroappediddazelyisebsyyitraibot Edtiephiliylsubstamiéry The
synthesis begins wjth the 14 boron trichloride catalyz - QL. oligQ-tert ide . "inifer"
initiated 15 Iyrﬁ\g SLHORHE 'BDt;‘?fe%%é‘f%%ﬂ%\%’eo %%%@ﬁn%“r%%é%%ggg f?fﬂ‘ég%% addition of
hexane, allyBrimetsiytsianer aciimmiarn theaderide SaUnSyPareitRoseiod 8eveni's 122,572

disclose a cafalyst compssc . 1B CAMPITY ALARALIANNG REE b U EBIRABAS bewiigasid

preferably boron C tcan a n monomers to increase the molecular weight of 20

the complex8ronsalsition ssar@pbesh ideas BPRsAINDH:-THexaeANs M eiEBEHolymers of

different molgcul veightsshawag H8 gbgg@igp@gps 22 such as halogens and specifically chloride,
allyl, acryl or methacryl, acetate or 23 formate. 24 U.S. Patent Nos. 4,929,683 and 5,066,730 disclose

a catalyst composed of a 25 complex of an organic ether and a Lewis acid, preferably boron
trichloride that 26 &rPatkhblétindi3®3orRerdisclirase asaeieom s aaayvaigut eriRBieomplex 27 from

as low as 200 to in f il iSC -
PCT/US200 /036’?.5’?@8’?8%@%@@%@ﬂ%?gﬁgﬁiﬁﬁﬁvﬁkgm *ﬁﬁﬁ'ﬁ%@ﬁmé‘;‘ups such as 2

halogens an@l spesifitysyetisdiicelanntiariy Polmetaion aremises WiamOPuE.: Pafent No.

5,219,948 digclosgs, aimehac b RraeRina&lasiamaris4iesiuners comprising alpha-olefins or
conjugated alkadienes by cationic

11 U.S. Patent No. 4,758 631 discloses a method of preparing allyl-terminated
12 polyisobutylene by allylation with allyltrimethylsilane of tertiary chloro-capped
13 polyisobutylene by electrophilic substitution. The synthesis begins with the
14 boron trichloride catalyzed mono- or oligo-tertiary chioride "inifer” initiated

15  polymerization of isobutyiene, followed in the same reaction vessel by the
16  addition of hexane, allyitrimethylsilane and titanium tetrachloride.

47 U.S. Patent Nos. 4,910,321 and 5,122,572 disclose a catalyst composed of a
18  complex of an organic acid or its ester and a Lewis acid, preferably boren

19 trichloride that can add olefin monomers to increase the molecular weight of
20 the complex from as low as 200 fo in excess of a million. The patents also

21  disclose polymers of different molecuiar weights having useful end groups

22  such as halogens and specifically chioride, allyi, acryl or methacry!, acetate or

23 formate,

24 U.S. Patent Nos. 4,929,683 and 5,066,730 disclose a catalyst composed of a
25  complex of an organic ether and a Lewis acid, preferably boron frichloride that
26 can add olefin monomers io increase the molecular weight of the complex

27  from as low as 200 to in excess of a million. The patents also disclose



5 polymerization in the presence of titanium tetrachloride and an electron pair 6 donor selected from
pyridine or a non-hindered alkylpyridine. The polymers 7 have very narrow, mono-modal molecular
weight distribution. 8 U.S. Patent No. 5,336,745 discloses a method for the direct synthesis of 9
polymeric matériaisfizagttonalized with desirable nitrogen-containing 10 functitisadigraaps® such as
terminal azido, cyano, carbonylamino or 11 thiocarbonylamino groups. Polymerization and
functionalization occur in a 12 substantially simultaneous manner. 13 U.S. Patent No. 5,428,111
discloses a HFOC%@J@!&B@MEFIQMW&I@@E&WQ&&arMiustefembgmtmemmmeaomers

neving 16 Pyl SH: HORRL S S VeI LR BOLE D) O S MR N SRR 000 Meflodes

one-pot method of preparing sulfonic 18 acid-terminated polyisobutylene by sulfonation with acetyl

sulfate of a liying /19 podseRigyleneduasinaifosiepa thetmethadinyeives thifsieiiated 20
carbocationic polymerlzatlon with Lewis acid to_form the Hoé%?%gr ﬁgowed by 21 fhe sulfonation. 22

U.S. Patent fos. POBTREASORRI 5189 AREE HENBREHR ‘ﬁ\?ﬁ@s ¥ GBS with one or
more capping Coppaaes-aRMprisitgpiesepoly ufdtizakie: 24ravhimnidersselesteddtbonepgioup

sopropenginagMFEIAREIBIR 3 Mt gt St e b e H e S5 050160 1
U.S. Patent Applicatiordionatias3as,-Pulimatiore NoaneeigbbdBddguAen 2 discloses a process for

the preparation of polyisobutylenes in which at least 3 60 percent of the polymer chains have at least
one olefinically unsaturated 4 termlnal é&{g catlonlc rre é |so%1tene r isobutene 5
C

containing nﬁ)noHeﬁ RARIEN et ﬁﬁ&'ﬁﬁ &R Inttiator system.

polymeric materials functionalized with desxrable mtrogen containing
10 functional groups such as terminal azido, cyano, carbonylamino or
11 thiocarbonylamino groups. Polymerization and functionalization occur in a

12  substantially simultaneous manner.

13 U.S. Patent No. 5,428,111 discloses a process for the living polymerization of
14  aromatic, preferably styrenic monomers initiated from a living polyolefin,
15  particuiarly polyisobutylene, chain end for making block copolymers having

16  poiyolefin mid-blocks and styrenic end-blocks.

17  U.8. Patent No. 5,448,000 discloses a one-pot method of preparing sulfonic
18  acid-terminated polyisobutylene by sulfonation with acetyl sulfate of a living
19 polyiscbutylene in a single step. The method involves "inifer” initiated

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

21 the sulfonation.

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

25  diphenyl alkylene, methoxystyrene, frans-stilbene, 1-isopropenyinaphthaiene
26  and 2,4-dimethyl styrene.



7 U.S. Patent Application Serial No. 10/600,898, Publication No. 2004/0260033 8 Al, discloses the
method for manufacturing and producing monodisperse 9 telechelic polymers through cationic
polymerization of suitable monomer 10 under living polymerization conditions and quenching the
polymerizatiowonathe/tB®a N-substituted pyrrole. The functionalized polymets/oentatnzugsiN 12
substituted pyrroles may be employed as fuel additives and/or lubricating oil 13 additives. 14 PCT
international Application No. PCT/EP/05472, International Publication 15 No. W099/D9074, discloses
a process forfungligna@izing peiyieatm prapanad 3% 486catidicapoly ierizatdroaeiaihatliving
carbocationig polymerization 17 system js reacted with ope or.mor ic.r , and the
use of 18 su tittﬁ@&i8?%3&%3&%%330%{5&%88%3 llj%?sog g? 3@%%&52%%%? }ﬁ:b\&l@% in‘yag§ I&%ﬁg or fuel
compositionssandsadstitivenc of ten ratescioc iamphy asdisasiroanats|efoichite iy Bemtioxidant
additives or \jl improvers. -P iminati e | Ny onic Polymerization
of 22 Isobutﬁenc—f% %y%ﬁé@hgg%gg a@m%ﬁ%géi’t? fﬂ%ﬁiﬁéﬁ%@tﬁg@?@jﬁume 30, 7341-7344
(1997). The duthoeniaisstgatith(3ep oisiemimirorr EReas GhaseiRithoRaIBERNeAST after
observing exg-olea{mﬁ%g&tigpsi@me 25 presence of 2,6-di-tert-butylpyridine (DTBP) of low purity.
They ascribed 26 elimination'to the presence of a sterically hindered cyclic imine base present 27 in

the DTBP in a concentration of 6 x 10" moles per liter. They simulated this 28 impurity using
2-tert-butylpyfiding. ST BRjaridgisamiene &t the. 2SN, 2obddatantdithepeddtgpabise start of
the polymerization {i.g,,.i sence of -6 L 1o SUlt dHEM%Bgfgﬁé}%Qliminaﬁon after
3 hours of reﬁ:tio%‘?gﬁﬁ%) o] p%%tﬁ:% egj(clugsive‘y excgt‘iﬁ?flérﬁ Wh?e)q; the extent of elimination had 3

reached 20 percdatanhiiishes)wipditarmuesupate ivarbirendalaroph BotRRIs MPRNIIR"and GPC
analyses. Bag angfzapi g by idered batisiminatioguersigtisalbolynderadiBasas such as

TBP, was undesirable and Should be 6 avoided. The first paragraph of the paper was summarized as
follows: 11 an N-substituted pyrrole. The functionalized polymers containing N-

12  substituted pyrroles may be employed as fuel additives and/or lubricating oil
13 additives.

14 PCT international Application No. PCT/EP/05472, international Publication
15 No. W099/09074, discloses a process for functionalizing polymers prepared
16 by cationic polymerization wherein a living carbocationic polymerization

17  system is reacted with one or more aromatic ring systems, and the use of

18  substituted or unsubstituted reaction products of said process in lubricating ol
1¢  orfuel compositions and additive concentrates, for example as dispersants,

20  detergents or antioxidant additives or VI improvers.

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

22  Isobutviene, by Young Cheol Bae and Rudolf Faust, Macromolecules,

23 Volume 30, 7341-7344 (1997). The authors investigated B-proton elimination
24  from quasi-living polyisobutylene, after observing exo-olefin formation in the
25  presence of 2,6-di-tert-butylpyridine (DTBP) of low purity. They ascribed

26  elimination to the presence of a sterically hindered cyclic imine base present
27  in the DTBP in a concentration of 6 x 10° moles per liter. They simulated this
28  impurity using 2-tert-butylpyridine (TBP) and discovered that the latter, when

29  added to the reactor at the start of the polymerization (i.e., in the presence of

-6 -



7 "Finally, strong bases may also eliminate R-protons, which should be 8 avoided." Later, they refer to
the cyclic imine base impurity in DTBP as "the 9 culprit." Finally, they summarized the entire paper by
saying that the 10 elimination process should be avoided for polymer preparation purposes, 11
although it might facilitate the measurement of kinetic rate constants: 'While 12 R-proton elimination
should be avoided for the synthesis of well-defined 13 macromolecules, if diffusion control of this
process can be shown, it may 14 provide a novel method of establishing the concentration of active

centers, 15 fromyspishabsebiirad apadatios3ajercenssintinatiol ditecdtidated! HBGIIMMARY OF
THE INVENTION 17 Jn one embodi[ne.nt there iﬁé*rovi da Ep\%tgo

r the.preparati f polyolefins
18 containing exbfe péﬂgﬂ?%r%g Veémgl’ﬁ%'a mg'y iNvorve quencﬁ%ﬁé)ma&cﬁ}%%?éoﬁg%oﬁasi-living
polyolefin p@ymessyisteraOvitaroest ar igrehineitdasd comuingora@ohstnmgdfmimesothhdmethod
may also invplve of Lew; ' n=Ll electr r A [ | ecursor to
form the catfgnic %ﬁé’s‘fﬁ%%%@o%%ﬁn po yéﬁg to%ﬁgﬁ%@d%m%%%ﬁ?ﬁz&g g(;E‘ircly?{to form 23
the polymer producttedcailpmindepedhasese sphRsdEBR: Wethouripsirisantd Spelydiefin containing
25 one or Mgre GxRIENIFHRIHCH BUPSPAB AAY PEP QAU RRIEREEINEIABAYNG a cationic

|

guasi-living polyolefin polymer system 27 with one or more hindered secondaréor tertiary amines

containing ofly 28 c@ibosineperbgens ameyralrsyRimifdiesb prsirre Wasisdd 88condary or 29
tertiary amings arg Aty 7 1 4ad T HRDWGRIRS 18 dYcléhRpeivasainenditgid dheylases 4 (d)
" |soocty|ar8| a ;cip(rei?. "2-}?322}?%' Q%gy Iggﬁ%g%éé%-%g lgggpeeggggpg;ngéying that the

10  elimination process should be avoided for polymer preparation purposes,

11 aithough it might facilitate the measurement of kinetic rate constants: "While

12  B-proton elimination should be avoided for the synthesis of well-defined

13  macromolecules, if diffusion control of this process can be shown, it may

14  provide a novel method of establishing the concentration of active centers,

15  from which absoluie propagation rate constants could be calculated.”

16 SUMMARY OF THE INVENTION

17  in one embodiment, there is provided a method for the prepafation of polyolefins
18  containing exo-olefin chain ends. The method may involve quenching a cationic
19 quasi-iivihg polyolefin polymer system with one or more hindered secondary or
20 tertiary amines. The method may also involve use of Lewis acid and an

21 electron donor, or a common ion salt or ifs precursor to form the cationic

22  quasiiving polyolefin polymer to which is added the quenching agent o form

23  the polymer product,

24 In one aspect, there is provided a method for preparing a polyolefin containing
25 one or more exo-olefinic end groups on the polymer _

26 chain, comprising quenching a cationic quasiHiving polyolefin polymer system
27  with one or more hindered secondary or tertiary amines containing only

28 carbon, hydrogen, and nitrogen atoms, provided the hindered secondary or
29  teriiary amines are not:



7 (g) Di-p-tolylamine; 8 (h) Quinaldine; and 9 (i) 1-pyrrolidino-1-cyclopentene. 10 Preferably the
guenching is carried out at a temperature in the range of from 11 about -130C to about 10C. More
preferably the quenching is carried out at a 12 temperature of about -80C to about 0C, even more
preferably the quenching 13 is carried out at a temperature of about -70C to about -10C, and most 14
preferably the quenching is carried out at a temperature in the range of from 15 about -60C to about
-20C. 16 Preferably the palyolefin is polyisobutylene. 17 In a further embodiment the polyolefin is
prepared initu. 18 19 Tl{@)h‘inaré‘ﬁéayé%%“ﬁﬁary or tertiary amine may be a linear secondary or 20
tertiary amine, a cyclic secondary or tertiary-amine or an-aromatic secondary 21 or tertiary amine. 22
In a preferr@ embodimenif therprebutyi@mistion the quenching agent is a 23 hindered secondary
or tertiary amine having the general formula: -8 WO 2006/023988 PCT/US2005/030160 R2 1 R2 2
wherein R1gR2 and R3 aigjndepgpaenihifxedrogen, alkyl containing one 3 carbon atom to about 20
carbon atoms, cycloalkyl of about 3 to about 7 4 carbon atoms, aryl of about 6 to about 30 carbon
atoms, alka&yl of about SFz So aut 30 ciiarrt?,‘?n atoms, or aralkyl of about 7 to about 30 carbon 6
atoms; or at’least one of (.jL and Qﬁ??&fyand R% and R3 and R1, taken in 7 pairs, independently form
a fused aliphatic ring of from about 4 carbon 8 atoms to about 8 carbon atoms; 9 provided that no
more than dhe of RI, R2 atfd R¥SAGAYRYERIRRJ 10 provided that R1, R2, and R3 are not all linear
alkyl of about 3 carbons or

8 (fH 2,3-cyclododenopyridine;

7 (g) Di-p-tolylamine;

8 (h) Quinaldine; and

9 (H  1-pyrrolidino-1-cyciopentane.

10  Preferably the quénching is carried out at a iemperature in the range of from
11 about ~130°C to about 10°C. More preferably the quenching is carried outat a
12 temperature of about -80°C to about 0°C, even more preferabiy the quenching
13 is carried out at a temperature of about ~70°C to about -10°C, and most

14  preferably the quenching is carried out at a temperature in the range of from
15  about -80°C to about -20°C.

16  Preferably the polyolefin is polyiscbutyiene.

17  In a further embodiment the polyoclefin is prepared in situ.
18

18  The hindered secondary or fertiary amine may be a linear secondary or
20 tertiary amine, a cyclic secondary or tertiary amine or an aromatic secondary
21  ortertiary amine.

22  1In a preferred embodiment of the present invention the quenching agentis a
23  hindered secondary or tertiary amine having the general formula:

-8-



11 less. 12 In the above method the hindered amine is a tertiary or secondary amine 13 having the
general formula: R4>< R6 R} < R3 N R2 14 Rs 15 wherein R5 is a divalent hydrocarbyl group of one
carbon atom to about 4 16 carbon atoms each of which may be substituted with an alkyl group 17
having one caxpenatesasi about 6 carbon atoms, and R1, R2, R3, R4, 18@ndsRharsipgependently
hydrogen, alkyl containing one carbon atom to 19 about 20 carbon atoms, cycloalkyl of about 3 to
about 8 carbon atoms, 20 aryl of about 6 to about 30 carbon atoms, alkaryl of 7 to 30 carbon 21
atoms, or aralkyl of 7 to 30 carbon atoms; provided if R1, R%,R3, and R4 22 are hydrogen, then R5 is
a branched alkyl from about 4 to about 20 23 carbon s, aryl of about 6 to about 30 carbon atoms,
or aralkyl of 24 about 7 to about 30 carbon atoms, and provided if R5 is hydrogen, then -9 WO
2006/023988 PCT/US2005/030160 | R1, R2, R3, and R4 are not hydrogen, unless one of R1 or R2
and one of 2 R3 or R4 is a branched alkyl having from about 4 to about 20 carbon 3 atoms. 4 In a
particularly preferred e Iment.of ' HEJSASEH y or
tertiary amir?é of the fo“r%%%:“&%’ ﬁ%ép’? K%b&%\f% ﬂ%%%é%%gmﬁﬁ’@g?ﬁ%mge? rc‘)b?%ethyl. 8in
another preférred emissdirarmionie auic hembenmionmsdeyelpalky! of about's toabout 7

4 carbon atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about

5 7 io about 30 carbon atoms, or aralkyl of about 7 fo about 30 carbon

8 atoms: or at jeast one of Ryand Rz, Rz and Rz and Rz and Ry, faken in

7 pairs, independently form a fused aliphatic ring of from about 4 carbon

8 atoms to about 8 carbon atoms;

9 nrovided that no more than one of Ry, Rp and R; is hydrogen, and
10 provided that Ry, Rz, and Rj are not all linear alkyl of about 3 carbons or
11 less.

12  In the above method the hindered amine is a tertiary or secondary aming

13 having the general formula:

Rin_-Re_ ™

Re 5}1)< Ro
14 Rs
15 wherein Rs is a divalent hydrocarbyl group of one carbon atom to about 4
16 carbon atoms each of which may be substituted with an alkyi group
17 having one carbon atom to about 6 carbon atoms, and Ry, Rz, Rs, Ry,
18 and Rs are independently hydrogen, alkyl containing one carbon atom fo
19 about 20 carbon atoms cycloalkyl of about 3 to about 8 carbon atoms,
20 aryl of about 6 o about 30 carbon atoms, alkaryi of 7 to 30 carbon
21 atoms, or aralkyl of 7 to 30 carbon atoms; provided if Ry, Re, Rs, and Ry
22 are hydrogen, then Rs is a branched alkyl from about 4 to about 20
23 carbon atoms, aryl of about 6 to about 30 carbon atoms, or aralkyl of
24 about 7 to about 30 carbon atoms, and provided if Rs is hydrogen, then



9 secondary or tertiary amine has the general formula: R 10 11 wherein R is hydrogen or alkyl
containing one carbon atom to about 20 12 carbon atoms or an aromatic or an aliphatic ring having
about 3 carbon 13 atoms to about 7 carbon atoms. 14 In a particularly preferred embodiment of the
above methogigheohindesed 15 amine is a tertiary amine of the formula: Gri3/usidekGadison a further
preferred embodiment of the above method the hindered amine is 18 a secondary amine of the
formula: -10 H _ 2 In another preferred embodiment of the above method the hindered amine is 3 a

trtiary aming of the fegma: & 4Ry shaneihkpsg i e eaorie . ob % ahawmmothod the

hindered amine 6 is a tertlar amine of the formula: 7 b 8 9 The hinder se%?dar or tertiary amine

in another e%bodlmerﬁﬁ’iﬁ’e‘r 5 hEaReedist L BaIRI TP MR G U R8'RZ RgR1R 3
N R7 3 atoms.

In a particularly preferred embodiment of the above method the hindered

5 amine is a secondary or tertiary amine of the formula:

Rs
HaC N CHa
HaC CHg
6
7 wherein Rs is hydrogen or methyl.

In another preferred embodiment of the above method the hindered

9 secondary or tertiary amine has the general formula:

w O+

11 wherein R is hydrogen or alkyl containing one carbon atom to about 20
12 carbon atoms or an aromatic or an aliphatic ring having about 3 carbon
13 atoms to about 7 carbon atoms.

14 In a particularly preferred embodiment of the above method the hindered

15  amine is a tertiary amine of the formula:

16

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

18  a secondary amine of the formuia:

-10 -



11 R6 H R5 12 wherein R, is a divalent hydrocarbyl group of one carbon atom to about 4 13 carbons
and R2, R3, R4, R7, R5, and R9 are independently hydrogen, alkyl 14 containing one carbon atom to
about 20 carbon atoms, cycloalkyl of -11 | about 3 to about 8 carbon atoms, aryl of about 6 to about 30
carbon 2 atoms, aikaryl of about 7 to about 30 carbon atoms, or aralkyl of about 7 3 to about 30
carbon atoms, and one of R5 and R6 is hydrogen and the 4 other is linear alkyl from one carbon atom
to about 20 carbon atoms. 5 6 In a preferred embodiment of the above method where in one of R5
and R6 is 7 hydrogen. 8 9 In an embodiment-of the #bove methed the amine has the formula: HHH
HHHHHNHH HH10H 11 Inyet ay other ®@mbodimen Nethod disclosed herein the
hindered amine is 12 a tertiary amine ofthe genera Formuts RI R R2 13 Ra 14 wherein one of
R1 and R5 1s hydrogen and the other is a\btan ched alkyl 1 Nof abut 3 to about 20 carbon atoms, aryl
of about 10 to about 30 carbon 16 atoms, or aralkyl of about 11 to about 30 carbon atoms; R2, R3 and

R4 17 are indeperedefibr Rysregen safoddingie sttihe alssoe retimiiti0H Sdersdamatents, cycloalkyl

f about 3 to about 7 carb t , apyl of
orabou ga (a)l%ertiglayr a%z?eoorp%ea%rr?ruia:

5  In yet another preferred embodiment of the above method the hindered amine
6 isa tertiary amine of the formula:
~n
7
8

8 The hindered secondary or tertiary amine in another embodiment of the

10 method disclosed herein has the general formula:

Re Ro
R
Rg 1 Rs
"
RT R4
Re H R{

11
12 wherein Ry is a divalent hydrocarbyl group of one carbon atom to about 4
13 carbons and Ry, Rs, Re, Ry, Rs, and Rg are independently hydrogen, alkyl
14 containing one carbon atom to about 20 carbon atoms, cycloalkyl of

-11 -



19 about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30 carbon 20 atoms, or aralkyl of
about 7 to about 30 carbon atoms; or at least one of -12 | R1 and R2, R2 and R3, R3 and R4, and R4
and R5, taken in pairs, 2 independently form a fused aromatic ring of from 5 carbon atomsto 7 3
carbon atoms or aliphatic ring of from about 4 carbon atoms to about 8 4 carbon atoms, 5 provided
that if R1 and R2 form a fused aliphatic or aromatic ring, then R5 6 is a branched alkyl of about 3 to
about 20 carbon atoms, aryl of about 7 10 to about 30 carbon atoms, or aralkyl of about 11 to about 30

carbon 8 atoms, and,Brpyided Hiphif BeAPETRRIRIE) arfusedsdinhatis Bb8IRBREEHANG, then R1is a
branched alkyl of about 3 to about 20 carbon atoms, 10 aryl of about 10 to ab%%,lh?ég atoms, or

arbo
aralkyl of alSout 11 toPkBt 24250 PRARAVLIINEPPH A FRFRRD BMRESPHEHE éiﬂ%'\’/te method R1,
R2, R3 andR4 are hydlepern 3t3carsbRadsrietpidindbiRansib R smhodiownt ahthggnethod
disclosed herein the hl dereii amin isI 5 nitrogqen onta%ni%gtheﬁro-% mat%corin Ohaving the
following 1 formulas F?)r '63 il fy 5?'??? )Czi FhEIRIA R R %%IaQaﬁai one o'PI?z, and R4 is
hydrogen asd the other is alkyl of one carbon atom 20 to about 20 carbon atoms, cycloalkyl of about 3
to about 8 carbon atom rvi of S, / 10 about 30
22 carbon g@om ?S‘rpé?’fﬁ@%r% %%%?%%Hgggﬁ%%%gé%%ﬁ%ﬁﬁ (()ér% g}%gg%nﬁ g?lﬁsf%ydrogen

and the othér is ykiybgénne carbon atom to about 20 24 carbon atoms, cycloalkyl of about 3 to about
8 carbon atgms, aryl of -13 WO 2006/023988 PCT/US2005/030160

9 In an embodiment of the above method the amine has the formula:

MM
H H H H

H H
’ N
H
HoH
10 H

11 Inyet another embodiment of the method disclosed herein the hindered amine is

12  atertiary amine of the general formula:

13 Rs

14 wherein one of Ry and Rs is hydrogen and the other is a branched alkyl
15 of about 3 to about 20 carbon atoms, aryl of about 10 o about 30 carbon
16 atoms, or aralkyl of about 11 fo about 30 carbon atoms; Rz, Rz and Rs
17 are independently hydrogen, alkyl of one carbon atom fo about 20

18 carbon atoms, cycloalky! of about 3 fo about 7 carbon atoms, aryl of

19 about 6 to about 30 carbon atoms, aikaryl of about 7 to about 30 carbon
20 atomns, or aralkyl of about 7 to about 30 carbon atoms; or at least one of

-12 -



| about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30 carbon 2 atoms, or aralkyl of about
7 to about 30 carbon atoms; or at least one of 3 R1 and R2 and R3 and R4, taken in pairs,
independently form a fused 4 aromatic ring of from 5 carbon atoms to 7 carbon atoms or aliphatic ring
5 of from about 4 carbon atoms to about 8 carbon atoms; 2 R3 NI RiN R4 6 (b) 7 wherein in
formula (b) 8 R" R2 and R4 are independently hydrogen or alkyl of one carbon atom to 9 about 20
carbon atoms, cycloalkyl of about 3 to about 8 carbon atoms, 10 aryl of about 6 to about 30 carbon
atoms, alkdryl of ab&utahtbRh &yt 38d Rs,dasteod RensncdoRarnkyRef asentiz pas®out 30 carbon atoms,
R3is 12 hydrogen, f t%ge@ about 3 to
about 8 carbon atori?%?%l‘%%?a‘%ggﬂ? about :%)B %ﬁﬁﬁ?ﬁ@%@%@éﬁ%ﬂ about 30
carbon atofns, or arasgnaT atssog pr sénbasisoinasofdprvakahfscaranaitrsiie 6PrRY &nd R3 or R3
and R4, 16 taken in pairsJngependently form a fused aromatic ring of from 5 carbon 17 atoms to 7
carbon atoms or aliphatic ring of from about 4 carbon atoms 18 to about 8 carbon atoms, 19 provided
that if R1 is_ hydrogen then R2 and R4 are indgpendently alkyl.of..20 one ca 0 bout 20
carbon atoﬁw, cycloQTnyQﬁ%ﬁaﬁ E)%gefg%)ﬁ:{)rg}c B%%%?)@%?hacry ro%%}@o%€8£ {géag%%ﬁ g@ carbon
atoms, alkaryl 22 ofigladsrardbeabality/BoF adxdndrBam st 20 sigshert abwns 7atyafcdh@d 30 carbon
atoms, and further pigyided (17 R205 R4y UPERANE skt P RRRIIR3EHrbon

PCT/US2005/03016
8 atoms, and provided that if Ry and Rs form a fused aliphatic or aromatic
8 ring, then R« is a branched alkyl of about 3 to about 20 carbon atoms,
10 aryl of about 10 fo about 30 carbon atoms, or aralkyl of about 11 fo about
11 30 carbon atoms.

12 in a further embaodiment of the above method R+, Rz, Rz and R, are hydrogen
13  and Rsis tert-butyl.

44 in another embodiment of the method disclosed herein the hindered amine is
15  nitrogen containing hetero-aromatic ring having the following
16 formulas, (a), (b) and (¢}

R4 N R+
X
=
Rs N Ry
17 (a)
18 wherein in formula (2}
18 one of Ry and R, is hydrogen and the other is alkyl of one carbon atom
20 to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon atoms,
21 aryl of about 6 to about 30 carbon atoms, alkary of about 7 to about 30
22 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms, one of Rz
23 and Rs is hydrogen and the other is alky! of one carbon atom to about 20
24 carbon atoms, cycloalkyl of about 3 to about 8 carbon atoms, aryl of

-13 -



| R, is alkyl of one carbon atom to about 20 carbon atoms, cycloalkyl of 2 about 3 to about 8 carbon
atoms, aryl of about 6 to about 30 carbon 3 atoms, alkaryl of about 7 to about 30 carbon atoms, or
aralkyl of about 4 7 to about 30 carbon atoms; 5 and Rl N"\N R3I R2 6 (c) 7 wherein in formula (c)
8 R,, R2 andyR3 afgdnskggendently hydrogen or alkyl of one carbon to 9 abeyi28Gaikeisatoms,
cycloalkyl of about 3 to about 8 carbon atoms, 10 aryl of about 6 to about 30 carbon atoms, alkaryl of
about 7 to about 11 30 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms. 12 In a

preferred embodiment g} ihe gbaypmeihad {p hipdsced pEe sy 43 498D dlroon 14 15 In a

further embodiment o ove met aminé has the 16 formula: N N'17 -15 1 In yet

another preférred emisbeinent sfallaRoHctip @R HIRRIRPARIAES ARRtdeTHAREIZ N- N 3
ON'_~-O 4 In the method,disglosed herein the piolafinissoingapeddyrayesahisdused

4 aromatic ring of from 5 carbon atoms to 7 carbon atoms or aliphatic ring
5 of from about 4 carbon atoms to about 8 carbon atoms;
Re
Ra

R N R4

6 (®)

7 wherein in formula (b)

8 R., Ro and R4 are independently hydrogen or alkyl of one carbon atom to

9 about 20 carbon atoms, cycioalky! of about 3 to about 8 carbon atoms,
10 aryl of about 6 fo about 30 carbon atoms, alkaryl of about 7 to about 30
11 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms, Rz is
12 hydrogen, alkyl of one carbon atom to about 20 carbon atoms, cycloalkyi
13 of about 3 fo about 8 carbon atoms, aryl of about 6 to about 30 carbon
14 atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about 7
15 to about 30 carbon atoms; or at least one of Rz and Rz or Rz and Ry,
16 taken in pairs, independently form a fused aromatic ring of from & carbon
17 atoms to 7 carbon atoms or aliphatic ring of from about 4 carbon atoms
18 to about 8 carbon atoms,
19 provided that if R« is hydrogen then R and R4 are independently alkyf of
20 one carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to
21 about 8 carbon atoms, aryl of about 6 to about 30 carbon atoms, alkary
22 of about 7 to about 30 carbon atoms, or aralkyl of about 7 to about
23 30 carbon atoms, and further provided that if R; or Ry is hydrogen, then

-14 -



5 a quasi-living polyolefin polymer product containing terminal tert-chloride 6 chain ends or a mixture
comprising terminal olefinic chain ends and terminal 7 tert-chloride chain ends with a hindered
secondary or tertiary amine in the 8 presence of a Lewis acid. 9 In yet another embodiment, the
polyolefin is prepased:36dy quenching a quasi-living polyolefin polymer pigetictsesigisiag terminal
11 tert-chloride chain ends with a hindered secondary or tertiary amine in the 12 presence of a Lewis
acid. 13 Preferably the Lewis acid is a halide of titanium or boron. More preferably the 14 Lewis acid
is a titanium halide. Mgst pref ly _Lewy id ds fitan trachlori r

concentratio’rﬂ1 of the ti%hfﬁr%ﬁ %%[t;%;?cémlgr%(fo 186ﬁ (%fggHe s%rﬁe%sé?he com%?ﬁ&%%%gg{gg;gs of protic

impurities, eRctron 1 2kiwAct tleaherbn reikan FrmrspRsrLsGAAPHR R IE R ht or 18
quenching agents. 19 the polyelefinpreductoRiained sairathsraethad disslasgtidiersiuhas 20
exo-olefin chain ends In the range of one percent to 100 percent based on the 21 total chain ends.
Preferably e polyolefifd b8t BRELHIBEPT Bercent exo- 22 olefin chain ends, more preferably at
least 20 percent exo-olefin chain ends, 23 even more preferably at least 50 percent exo-olefin chain
ends, still mare _dfd preferably at least 70 percent exo-olefin chain ends, and still more preferably 2
90 percent exo-olefin chain ends. Most preferably the polyolefin product has 3 at least 99 percent
exo-olefin chain ends based on the total chain ends. 47n the method disclosed herein the quasi-living
polyolefin polymer is 5 formed by contacting at least one cationically polymerizable monomer with an
6 initiator, in the presence of a Lewis acid under reactiaq_conditions suitable for 7 quasi-living
polymerization. Preferably the at least one cationi¢élly 8 polymerizable monomer comprises at least
one of isobutylene, 2-methyl-I- 9 butene, 3-methylr-bﬁbutene, 4-methyl-1-pentene, and beta-pinene.

More 10 preferably the at least one cationically p eri monomer is isobutylene.
Ry N Ro

8 (¢)

7 wherein in formula (c)

3 R4, R, and R are independently hydrogen or alkyl of one carbon to

9 about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon atoms,
10 aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about
11 30 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms.

12 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

13 formula:

14

16  formuia:

1
Y
17
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11 In the method disclosed herein two or more different cationically 12 polymerizable monomers may
be employed. 13 In the method disclosed herein the initiator may be mono-functional or 14
multi-functional. Preferably the initiator is mono-functional or di-functional. 15 More preferably the
initiator is mono-functional. 16 In the method disclosed herein the mono-functional initiator comprises
17 at least one of 2-chloro-2-phenylpropane; 2-acetyl-2-phenylpropane; 2- 18
propionyl-2-phenylpropane, 2-methoxy-2-phenylpropane, 2-ethoxy-2- 19 phenylpropane,
2-chloro-2,4,4-tr} HHlﬁﬂb?ﬂﬁe?eﬂégt@Mbaﬁn‘}e@Ddf imethytnentastiod the hindered amine
2-propionoxy-2, 4 -trimethylpentane, 2-methoxy-2,4,4- 21 trimethylpentane, and

2-ethoxy-2,4,4- ﬁﬁ Fﬁé’ﬁf‘ﬁﬁe 22 23 In the method disclosed herein the di-functional initiator
include 24 1,3-di(2-chloro-2-propyl)-5-tert-butylbenzene, 25 1,4-di(2-chloro-2-propyl)benzene,
1,4-di(2-acetoxy-2-propyl)benzene, 26 1,3-di(2-ac -propyl)-5-tert-butylbenzene, 27

1,3-di(2-methoxy-2-propyl)-5-tert-butylbenzene ang ,4-di(2-methoxy-2-propyl)benzene. 17 1 In
the method disclosed herein an example of a multi=f onal 2 initiator is
1,3,5-tri(2-chloro-2-propyl)-benzene. 3 In the method disclosed herein the molecular weight
distribution, 4 M/M,,, of the poiyolefin polymer is p in the range of about 5 1.01 to about 3.0.
Preferably the molecular weight distribution, MW/ jie 6 polyolefin polymer is present in the
range of about 1.1 to about 2.0. More 7 prefetably-the me r\veight distribution, MW//Mn, of the
polyolefin polymer 8 is less than 1.5. 9 | gond agbect is provided a further method for
preparing a 10 polyolefin containing one@t mgre exo-olefinissgnd.groups on the polymer 11 chain,
comprising §uenching a cationic quasi-living polyolefin polymer system

4  In the method diéciosed herein the polyolefin is prepared by quenching

a guasi-living polyolefin polymer product containing terminal _tertmc:hior’:de
chain ends or a mixture comprising terminal olefinic chain ends and terminal
tert-chloride chain ends with a hindered secondary or tertiary amine in the

o ~N O O

presence of a Lewis acid.

8 in yet another embodiment, the polyolefin is prepared
10 by qu'enching a quasi-fiving polyolefin polymer product containing terminal
11 tert-chioride chain ends with a hindered secondary or tertiary amine in the
12 | presence of a Lewis acid.

13  Preferably the Lewis acid is a halide of titanium or boron. More preferabiy the
14  Lewis acid is a titanium halide. Most preferably Lewis acid is fitanium

15 tefrachloride. Preferably the concentration of the fitanium tetrachloride

16 exceeds 2 times the combined concentrations of protic impurities, electron
17  donor, common ion salt or ifs precursor, and the quenching agenf or

18  guenching agents.

19 The polyolefin product obtained using the method disclosed herein has

20 exo-olefin chain ends in the range of one percent to 100 percent based on the
21  {otal chain ends. Prefefabiy the polyolefin product has at least 3 percent exo-
22  olefin chain ends, more preferably at least 20 percent exo-olefin chain ends,
23  even more preferably at least 50 percent exo-olefin chain ends, stili more
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12 with one or more hindered secondary or tertiary amines containing only 13 carbon, hydrogen and
nitrogen atoms, wherein the hindered secondary or 14 tertiary amine compounds are pre-reacted with
a Lewis acid, and provided the 15 hindered secondary or tertiary amines are not: 16 (a) Triethylamine;
17 (b) Tri-n-butylamine; 18 (c) Trihexylamine; 19 (d) Triisooctylamine; 20 (e) 2-phenylpyridine; 21 (f)
2,3-cyclododenopyridine; 22 (g) Di-p-tolylamine; 23 (h) Quinaldine; and 24 (i)
1-pyrrolidino-1-cyclopentene. 25 In a preferred embodiment of the above method the Lewis acid is

tanium 26t aigriy ol foall OBAGKIIBLRAR LEAREHEI TG0 o Fdnuspraasaipeferred
embodiment of the above method ;he Lewis a idﬂ@ 2 ti%%giunbigtraChlgfi%f %g‘rl\d thg hindered amine is
1,2,2,6,6 3 PentamBRIGR EMIUET ANATLRNAS, RS SHRiR BB e R Y AR B0 YRENRR the Lewis
acid is 5 titapiunatesereivorisead éxe-biaferethnsngdhasha, brietameshyipiresdire. 6 DETAILED

DESCRIPTION OF THE INVENTION 7 Definitions 8 As used herein, the following terms have the

following mganin ntary: mm,. 1 as used herein
refers to str?{ighti %%ﬁ%@ﬁgﬁgﬁ%?%gﬁﬁﬁl{ggﬁé%ﬁ%éﬁg g]r%fﬁ)ggt t plcaII?a having from one
carbon atorf to &iEePbY L atadiHe Ataas WEnselisaierik Peheneigabih BIRRABSWHBIREY chain 13
saturated aliphajigigraring gHe Pretiafce s PEARY a SlyinifQ o iols @BHBtions suitable for

7 quasi-living polymerization, Preferably the at least one cationically
8 polymerizable monomer comprises at least one of isobutyiene, 2-methyi-1-
9 butene, 3-methyl-1-butene, 4-methyi-1-pentense, and beta-pinene. More
10  preferably the at lsast one cationically polymerizable monomer is isobutylene.

11 In the method disclosed herein two or more different cationically
12  polymerizable monomers may be employed.

13 in the method disclosed herein the initiator may be mono-functional or
14  multi-functional. Preferably the initiator is mono-functional or di-functional.
18  More preferably the initiator is mono-functional.

16 In the method discliosed herein the mono-functional initiator comprises
17  at least one of 2-chloro-2-phenyipropane; 2-acetyl-2-phenylpropane; 2-
18  propionyl-2-phenylpropane, 2-methoxy-2-phenylipropane, 2-ethoxy-2-
18  phenyipropane, 2-chloro-2,4 4-frimethyipentane, 2-acetoxy-2,4 4,

20 ftrimethyipentane, 2-propionoxy-2.4,4-trimethylpentane, 2-methoxy-2.4,4~
21 trimethylpentane, and 2-ethoxy-2 4 4-trimethylpentane.

22 _

23 In the method disclosed herein the di-functional initiator include

24 1,3-di(2-chloro-2-propyl)-5-teri-butylbenzene,

25  1,4-di{(2-chioro-2-propyi)benzene, 1,4-di(2-acetoxy-2-propyl)benzene,
26  1,3-di(2-acetoxy-2-propyl)-5-tert-butylbenzene,

27  1,3-di(2-methoxy-2-propyl)}-5-tert-butylbenzene and

28  1,4-di(2-methoxy-2-propyl)benzene.
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14 sec-butyl, tert-butyl, and the like. 15 The term "aromatic or aliphatic fused ring" as used herein
refers to the ring 16 formed by two adjacent carbon atoms on a ring and the formed ring is fused 17
to the ring. 18 The term "branched alkyl" as used herein refers to an alkyl group in which the 19
carbon atom representing the point of attachment of the group to the rest of 20 the molecule is either
a tertiary or quaternary carbon atom. The term "tertiary 21 carbon" as used herein refers to a carbon
atom that is attached to three other 22 carbon atoms. The term "quaternary carbon" as used herein

refers to a 23 carppR AAM AN AHRENRSHMHAIERE SHIBCS Bl AdnEliSrigrms “carbenium ion” or

“carbocation” as used herein refer to a positively 25 charged carbon atom bearing three sp2-bonded
substituent@andrdiatanistyl 265ptatRieilorps2womiBEAESIEs PCT/US2005/030160 CH3 CH3 H2 1 |
ED 0 P113-C-i-CH2-i X CH3 CH3 1 PIB Carbenium on 2 The term "chain transfer" as used herein

refers to thegcesgpatiamatig iz obsk one rolyme iiokonichaueigithdistriposisible initiation of another
(% an ionic salt that is 6

polymerization 4 chain. 5, The term "common ion salt" as used herein refers t
optionally aﬁded\’fﬁl@’qﬁ) éﬁlﬁ\}?@%ﬁ{\ﬁ@@wmﬁ{&ﬁ%ﬁ‘ ixﬁf‘ﬁer @%?ei%[?oy dissociation of the
propagatingscarkelnumabowriid demterabty pér sadikelbsavienipbt dietdbotinoniaiéalofdheentical to the
counter-iong, of the' 9 pr. In [ i f ' ISP}M?. ally a fatty 10
quaternary mnPo% gr%@gﬁgﬁggiggggﬁgﬁﬁE’E%y@r%]ngqnéprﬁ%n w@i&pﬁi%tgfers ggz)lubility in the
organic media. preferably the molecular weight distribution, Mw/Mp, of the polyolefin polymer

8 islessthan 1.5. '

9 In asecond aspect, there is provided a further method for preparing a _A
10 polyolefin coﬁtaining one or more exo-olefinic end grdups on the polymer
11 chain, comprising quenching a cationic quasi-living polyolefin polymer system
12 with one or more hindered secondary or tertiary amines containing only
13 carbon, hydrogen and nitrogen atoms, wherein the hindered secondary or
14  tertiary amine compounds are pre~-reacted with a Lewis acid, and provided the
15  hindered secondary or tertiary amines are not:

16 (a)  Triethylamine;

17 (b)  Tri-n-butylaming,;

18 (¢)  Trihexylamine;

19 (d)  Triisooctylamine;

20 ()  2-phenylpyridine;

21 () 2,3-cyclododenopyridine;

22 {g)  Di-p-tolylamine;

23 (h)  Quinaidine; and

24 (i) 1-pyrrolidino~-1-cyclopentene.

25  In a preferred embodiment of the above method the Lewis acid is fitanium
26 tefrachloride.
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12 The term "common ion salt precursor" as used herein refers to an ionic salt, 13 optionally added to
a quasi-living cationic polymerization mixture, which 14 generates counter-anions that are identical to
those of the propagating chain 15 ends, via in situ reaction with the Lewis acid. An example is 16
tetra-n-butylgrgraggisirghloride. 17 The term "controlled molecular weighpdistriotsanias used herein
refers to 18 polyolefin polymers having a desired molecular weight distribution. The 19 molecular
weight distribution or polydispersity index (PDI) herein is calculated 20 by dividing the average
molecular weight of the polymer | 'H|%£HP Yht; /Mn. 22 The
term "couple% pr%’d%&gtfg%§£J ﬁéﬁé&#@ﬁt&%ﬁ[g the gf&ﬁ&i@?ﬂﬁﬁ@?ﬁ? Hi%%@%%?l%ﬁal carbenium
ion to a PIS2xotitEfinroHatrashiride anedhs inkered aaing ifufmder@ferage molecular weight that is
approximate;ly tvég%tgmgg{gqeggpe%@m@in polymer product. -20 WO 2006/023988 PCT/US2005/030160
1 The term "coupling™ as u herein refers to the addition of a polyisobutylene 2 terminal carbenium
ion to a polyisobutylene exo-olefin chain end. 3 The term "conventional polymerization" as used herein
refers to 4 pglymerizasioenhefeiretherchadimeat o thpaposiraeibod-ihsi iRy 6l8Ms S proceeds with
ions as chaip cartyin rticles,, either_ani | rzati {Q@@%ﬁﬁ acth the steps
of chain initigtiont,i gﬂgfh%a?lg?gﬁg%ﬁ%ﬁ%%@ﬁﬂ}ﬁgﬁn%%crpéﬁ@ r&q;éi/r? ’[%e'rlr?ﬁ?n%?ggn. 8 The ?e%%EAS
product” as used herein refers to the product which results 9 when two separate polyisobutylene
terminal carlgenium ions react [REqAN.E 3 OESCRIMTHONIOH T HEitgie-tiidtdhing agent molecule.
Di-EAS product 11 contains in its structure a residue from the quenching agent. 12 The terms
"di-substituted olefin" or "exo-olefin" or "methyl vinylidene" as used 13 herein refer to an olefin
polymer chafn containing an exo-olefin chain end g.@fﬂ&@ﬂé)wn below.

As used herein, the foliowing terms have the following meanings unless

expressly stated to the contrary:

10  The term "alkyl" as used herein refers to siraight chain and branched chain
11  saturated aliphatic groups typically having from one carbon atom to about 20
12  carbons atoms. Some examples of straight chain and branched chain

13 saturated aliphatic groups are methyl, ethyl, propyl, butyl, isopropyl, isobutyl,
14  sec-butyl, tert-buiyl, and the like.

15 The term "aromatic or aliphatic fused ring" as used herein refers fo the ring
16 formed by two adjacent carbon atoms on a ring and the formed ring is fused

17 1o the ring.

18  The term “branched alky!” as used herein refers to an alkyl group in which the
19 carbon atomn representing the point of attachment of the group to the rest of
20  the molecuie is either a tertiary or quaternary carbon atom. The term “tertiary
21  carbon” as used herein refers to a carbon atom that is attached to three other
29 carbon atoms. The term “quaternary carbon” as used herein refers o a

5% carbon atom that is attached to 4 other carbon atoms.

24  The terms "carbenium ion" or “carbocation” as used herein refer to a positively
25  charged carbon atom bearing three sp?-bonded substituents and an empty
26  p orbital.
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CH3 CH2 111 PIS-CH2-C-CH2-C CH3 CH3 15 16 The term "di-valent hydrocarbyr" as used herein
refers to a hydrocarbyl group 17 which possesses two points pf attachment to the rest of the
molecule. 18 The term "EAS product” as used herein refers to the product which results 19 when one
polyisobutyle@g,taiingdggarbenium ion reacts to form a covalent 20 bondyyifh,a-giRgle gyenching
agent molecule. EAS product contains in its 21 structure a residue from the quenching agent. 22 The
term "electron donor" as used herein refers to a basic and/or nucleophilic 23 substance added to the
polymerization reaction that is either fully complexegy24 with theshewis acid or fully non-complexed
with the Lewis acid. The -21 WO 2006/023988 PCT{US2005/030160 1 concentration of electron
donor exceeds the concentration of the,protic i ities for e pi€ water. 3 The term “electrophilic
aromatic substitution or EAS" as used herein refersito 4 the progess by which the EAS product is
produced. 5 The term "gem-dimethyl carbons" as u herein refgrs to the two methyl 6 carbons
alpha to the carbenium ion or the chloride bonded carbon of the 7 polyolefin polymer chain end as
depicted in tHe structure below. H3 | CH3 H2 RHREackepi@H9? | -Cl CH3 CH3 8 PIB tert-Chloride 9
The term "hydrocarbyl" refers to an organic radical primarily composed of 10 carbon and hydrogen
which may be aligtatieralicyelie: esertatitay used herein refers to the cessation of growth of

3 one polymerization chain with the possible initiation of another polymerization

4 chain.

The term "common ion sailt” as used herein refers to an ionic sait that is
optionally added to a quasi-living cationic polymerization mixture to prevent
dissociation of the propagating carbenium ion and counter-ion pairs. The
anion of the common ion salt is identical to the counter-ions of the
propagating chain ends. The cation of the common ion sait is typically a fafty

quaternary ammonium cation, such as tetra-n-butyl ammonium ion, which

- O 0 0~ G W

A

confers solubility in the organic media.

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

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

16 tetra-n-butylammonium chloride.

17 The term “controlled molecular weight distribution” as used herein refers to

18 polyolefin polymers having a desired molecular weight distribution. The

19  molecular weight distribution or polydispersity index (PDI} herein is calculated
20 by dividing the average molecular weight of the polymer chains by the number

21  average molecular weight, My/My.

22  The term "coupled product” as used herein refers to the product of addition of
23 a PIB terminal carbenium ion to a PIB exo-olefin chain end. Coupled product
24  has a number average molecular weight that is approximately twice that of the

25  main polymer product.
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11 combinations thereof, e.g., aralkyl or alkaryl. Such hydrocarbyl groups may 12 also contain aliphatic
unsaturation, i.e., olefinic or acetylenic unsaturation, and 13 may contain minor amounts of
heteroatoms, such as oxygen or nitrogen, or 14 halogens, such as chlorine. 15 The term "initiator" as
used herein kgiesgdostigsghemical moiety that starts the 16 polymerizatiopapgSasishiasdhe valence at
the head of the polymer chain, or 17 the molecule that provides that moiety. When a mono-functional
initiator is 18 used, the chain end (CE) concentration equals the initiator concentration. For 19 a

multfunctiopal isigter, whes e duactionaival thefafialgirduplatodion, B8l E0AIR S0

concentration equan X times initiator concentration. 21 The term "hindered secondary or tertiary amine
" as used he2ein fefmisabcarendomsousoarsiyeapphdpnaerP RIBEnGREINERH that it is sufficiently
sterically 23 hindered to be not fully complexed with the Lewis acid, yet sufficiently -22 WO

2006/023988, PCTHd 3200 5/380afflodastssigaibrinititeredsa sdd wdtsiressfiom twith the carbenium ion.
Preferably the 2 hindered amine is a terti "

ary,.amine. 3. The I id” rein refers to a
compound that cRREECESFPECR B’Qﬁfgf@ e E%ﬁ\?ﬁeeh%%lﬁﬁ%g?ﬁeﬁ] t%?rﬂ;gf{?l]\%ng
polymerizatign" gﬁr@w@tjlsam?&hnioefe_%toh&ie_petyyi'r@‘i@aﬁﬁhesﬁﬁjﬁéﬁrmamﬁflﬂ@éésence of
measurable 8“6"%?”5%%%&?&%%&?@8 R%8 JBBderangmasiving Rglymerization” as used

herein refers’to livin olymerizations whereih reversible chain terminations is operable, but 10
irreversible chainprapdigaiion shaieiansienans: ArdaEmEzasefdb, 11 The term "quenching agent” as
used herein refers to a chemical compound 12 which is added to the polymerization reactions to react

with the grovgir_]g thaifehs '@m.@;\;]sﬂf ﬂf-hgagrnaép_cﬂgdla&réiasefeedtbemmrem tehichotysnés produced
by the 15 a0 o e oS o s 3b SISH R B2 GR AR S R RIGEME Bim &
10  covalent bond with a single quenching agent molecule, DI-EAS product

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

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

14  shown below.

Ci:Hg ﬁHg
PiS“CHg*?“CHg-—'C‘:
CHs CHs

15

16  The term “di-valent hydrocarbyl” as used herein refers to a hydrocarby! group
17  which possesses two points pf attachment to the rest of the moiecule.

18  The term "EAS product" as used herein refers to the product which results
19  when one polyisobutylene terminal carbenium ion reacts to form a covalent
20  bond with a single quenching agent molecule. EAS product contains in its

21  structure a residue from the quenching agent.

29 The term "electron donor” as used herein refers to a basic and/or nucleophilic
23  substance added to the polymerization reaction that is either fully complexed
24  with the Lewis acid or fully non-complexed with the Lewis acid. The
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16 styrene, isobutylene, etc. 17 The term "protic impurity" as used herein refers to impurities within the
18 polymerization reaction mixture that contain acidic hydrogen atoms in their 19 structure, for
example, water. 20 The term "regiospecific" as used herein refers to chemical reactions that give 21
exclusively oyreallyeseldsively one of several possible isomeric productsec44;$hgdeEMsdermination”
as used herein refers to the chemical reaction that 23 terminates polymerization process or the
guenching reaction by destruction of 24 the Lewis acid. 25 The term "terminator” as used herein
refers to the chemical compound that 26 I izati t enching reaction,
but may not f23 Wor 56%@%’?3%98%eﬁgw&éggg%:%%%ém%egﬁﬁgﬁﬁn%%éﬁﬁ%a?eﬁ) g%ew polymer
chain. A nunaber infilcitirslSonaydrope ysddras terminators. 3 The term "tert-chloride” refers to the
2-chloro-2-methylpropyl end group on a 4 polyolefin polymer chain. 5 Unless otherwise specified, all
percentages:are i weight necceth:fik bashar sdeitioactaaSiffisieaty havdereefsecondary or
tertiary amines, 7 such as 1,2,2, ,6-}% nt %tr#yl BIEE) rljézlint%%nﬁegl-methyldiphenylamine, used 8 as
guenching aéentg"ﬁ\ =] itk ﬁ_&?%‘/% e ﬁopo ymePs ot the present 9 invention are capable of
guantitatively converting polyolefin polymer endo- 10 olefin chain ends and tert-chloride chain ends to

the exo-olefifi chdineeteds "yerwilirorilsessbonsn @by et AR MRS ENdYR d{R4DREYe quenching

agents 12 58'e°tli‘é@rl¥o?u%t§\%% theRliminsianAfigseten expray ey fsem saeeansfiaimethyl carbon
of the polyisobutylene chain end as shown below. CH3 CH3 CH3 CH2 H2 1ng) e H2 1 1l PIB-C-i

-CH2- i X PIB-C-pobpigfimplymerchaincaig as depicted in the structure below.

CHy CHs
n |
PIB C CIJ CHy—C—Cl
CHg CHs
8 PIB teri-Chioride

9 The term "hydrocarbyl" refers to an organic radical primarily composed of
10  carbon and hydrogen which may be aliphatic, alicyclic, aromatic or
11 combinations thereof, e.g., aralky! or alkaryl. Such hydrocarbyl groups may
12 also contain aliphatic unsaturation, i.e., olefinic or acetylenic unsaturation, and
13 may contain minor amounts of heteroatoms, such as oxygen or nifrogen, or

14 halogens, such as chiorine.

15  The term “inifiator” as used herein refers o the chemical moiety that starts the
16  polymerization and satisfies the valence at the head of the polymer chain, or
17  the molecule that provides that moiety. When a mono-functional initiator is

18  used, the chain end (CE) concentration equals the initiator concentration. For
19  a multi-functional initiator, when the functionality of the initiator equals x, then

20 the chain end concentration equals x times initiator concentration,

24 The term "hindered secondary or tertiary amine " as used herein refers to a
22  compound that is appropriately substituted such that it is sufficiently sterically

23 hindered to be not fully complexed with the Lewis acid, yet sufiiciently
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14 PIB Carbenium lon Exo-Olefin PIB 15 The quenching agents used in the present invention are able
to quantitatively 16 convert polyolefin polymer containing endo-olefin chain ends and tert-chloride 17
chain ends to the exo-olefin chain ends independently of whether a 18 mono-functional initiator is used
or a multi-furtéficiét/2#thermore, the rate of 19 conversion is the same & HoROHESNal and
di-functional initiators. A 100 20 percent conversion was observed within 15 minutes after addition of
the 21 mono-functional initiator, 2-chloro-2,4,4-trimethyl pentane. -24 WO 2006/023988
PCT/US200%5/036k6RallyGemizatdrocdiduréSoe Rudpardtother Folendm polyRieferatoiining a

High Percentage o -olefin 3 G RS pRcthe Chain 4 A typical procedure for the preparation of
polyolefin p%ym%#é%%geo%ﬁ&eeﬁt g‘lanvle tion Is given below: 6 The method of the present invention
process or bg}/ any

may be conducted as a batch process, a 7?cf§)ntinu,ousiprocess, a semi-bc?lﬁht 0cess C

process known by 8 [Eohs kIR FR'SPE G5FRE SEIFHERARSHPEANON TS R E &0t Tnder inert
gas and in a410 gihstartisdy@nrhydious eoviralemieneni@he reactor is charged with the 11 following
reactants: 12 1. a diluent, 13 2. an initiator, 14 3. an electron donor or common ion salt or its

precursor, 15 4.y ap {0416, MORHELS: AKh 10 Ouedeendrene bruraigh pisaliermatises a halide of

titanium or boron; ‘ Ixture Is equilibrated at the desired temperature, ranging from 18
above -130@ to dbatiprmoesd iethreaRse iRt PRAHBNESIRA HalPtRE 2 GiRIBd out at any desired

pressure, atmosphehssidp-atmospheric or 20 super-atmospheric pressure.

The term "quasi-living polymerization” as used hersin refers to living
polymerizations wherein reversible chain terminations is operable, but
10 irreversible chain termination and chain transfer approaches zero.

11 The term "quenching agent" as used herein refers to a chemical compound
12 which is added to the polymerization reactions to react with the growing chain

13 end.

14 The term "polyolefin” as used herein refers to a polymer produced by the
15  addition polymerization of one or more olefins, such as ethylene, propylene,

16 styrene, isobutylene, efc.

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

19 structure, for example, water.

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

21  exclusively or nearly exclusively one of several possible tsomeric products.

29 The term "Mermination” as used herein refars to the chemical reaction that
23 terminates polymerization process or the quenching reaction by destruction of

24 the Lewis acid.

95  The term "terminator” as used herein refers to the chemical compound that

26 terminates polymerization process or the quenching reaction, but may not
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21 The progress of the polymerization reaction is monitored in situ by 22 determination of the amount
of monomer remaining in the reaction mixture. 23 After high conversion of the monomer is observed,
an aliquot is removed for 24 determination of the pre-quench chain end composition before addition of

the 25 quenghing@@ssissl he polymerization reaction in the aliquot is termipgigehidly;@@ean
appropriate alcohol equilibrated at the desired temperature. -25 WO 2006/023988

PCT/[TS2005/030160 1 6. A hindered secondary or tertiary amine is added to the reaction mixture 2

to quench thfdggl Er?i‘ I?%‘??}é)b% ‘rean% 1.0{" 3 Alth%%%%tp%ﬁgﬂggnH%%pggg%m%gy@@y be varied to

obtain the 4 i haEre8n ol certain ratios of the reactants are 5 important for
obtaining high exeetefin ehaiimatodsyield. The ratios are 6 described below: 7 The molar ratio of
monomer to initiator is in the range from about 3:1 to about 8 20,000:1. Preferably the molar ratio of

monomer to-nitiatQg gkt fadierRic Orakeytd thé@ahnotBakthyidere wrederghbiythenmaolar ratio of
monomer to 10 initiator js about 10:1 to 150:1. The mole ratio of monomer to initiator controls 11 the

final molecufhr wehRBHAHRCHERAIIERA 2 The molar ratio of Lewis acid to chain ends is in the range
from about 13 0.1:1 to about 2,500:1. Preferably the molar ratio of Lewis acid to chain ends 14 isin

the range of BbotirRebimtisowistoonbciiere ProricHIEERS AGIAP MBIPBE PESEBis acid to chain ends
is about 2:1 to 15:1. 16 The molar ratio of Lewis acid to electron donor is in the range from about 17

1.1:1 to aboyt 10,000 % Rretasabhvife melasuaiitenti eivigereid seelrdipnod Bdamprisinethe range of
3710 30:1. 90 TRUSHAR At PRI QAT ARGHENA G Ay e DA e Ay 201 1o
about 2,500:4. Peefejadiyitieyrgkatsdtidief heapiraliio: tof gobmisiingodizrageneidha aiesege of about
2:1 to about & OO:i:szw'ngn Irg é?éeégg%% %ﬁ%@%tﬁa’ziveiy converting polyolefin polymer endo-

10 olefin chain ends and tert-chloride chain ends to the exo-olefin chain ends.

11 Without being bound by any theory it is believed that these guenching agents

12 selectively catalyze the elimination of a proton exclusively from the gem-

13 dimethyl carbon of the polyisobutylene chain end as shown below.

CHg CHs CHg CHz

T S o PEBWSL*(')—“"CHQ——-BJ

CHs CHs : Chag - CHg
14 PIB Carbenium ion Exo-Qiefin PIB

15  The guenching agents used in the present invention are able o quantitatively
16  convert polyolefin polymer containing endo-olefin chain ends and tert-chioride
17  chain ends to the exo-olefin chain ends independently of whether a

18  mono-functional initiator is used or a multi-functional. Furthermore, the rate of
19 conversion is the same for mono-functional and di-functional initiators. A 100

20  percent conversion was observed within 15 minutes after addition of the

21 mono-functional initiator, 2-chioro-2,4 . 4-trimethyl pentane.
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23 ratio of Lewis acid to quenching agent is about 2:1 to 15:1. 24 The molar ratio of quenching agent
to chain ends is in the range from about 25 0.25:1 to about 20:1. Preferably the molar ratio of
guenching agent to chain 26 end is in the range of about 0.5:1 to about 5:1. More preferably the molar
27 ratio of qugnchingagant to chain end is about 0.5:1 to 4:1. -26 WO 20Q6/02:3988 /030160
PCT/US2005/030160 1 Additional aliquots are removed from the reaction mixture at various time 2
intervals after addition of the quenching agent to determine the concentration 3 of the exo-olefin chain
ends on the polyolefin poly \ eACtion is. inallthe aliquot samples
and the remaining reaction- XtUre W T appropr € desired
temperature.26 The concentrationGBnERERe & GEAERHE BlondPnk
endo-olefin and tert-chloride chain ends, isgiapfifiggLsineh MR- 8 GPC spectra are also obtained
to qualitatively determine the amount of 9 coupled product. 10 Compounds suitable for use in the
preparation of the polyolefin polymers of, 11 the present inventjop are given b : ilyents 13
Diluents ianu%ncé&Wé’ﬁBﬁi?&??%‘?\gE&%ﬁs%r{geaﬂi@Pﬁggt%? 8x8%’? ci;eeﬁgf %?I Wing: ﬁﬂslvégd%é%ﬁrough their
polarity, which caimntistinsagict framidieir dielectric 15 constants. Typically, solvents having low
dielectric constants are preferred 16 since ion pairs are less dissociated. Suitable solvents include,

but are not 1 linjited talow-Hoig, Alkaremanskislkyh 81ane reivialide 2 witcrepasiablya 18 low

freezing points to be used at the preferred polymerization temperature. 19 lllustrative solvents include
alkanes (genéralljaOHNeCCRPHIRGRBS? PRINHHFCD BTREASRPAIRAARY NRRESS SRPUHEY normal butane,

normal pentagie, parRLdxle¥pnenhaaimal heptane, normal octane, normal nonane and normal
decane, 22 and branched alkanes including isobutane, isopentane, isohexane, 23 3-methylpentane,

2’Z_dimethyl%uta%ezp?é'l%rneﬁg H%%“%QSC%R @%A‘#@d out under inert gas and in a
10  substantially anhydrous environment. The reactor is charged with the

11  following reactanis:

12 1. a diluent,

13 2. an initiator,

14 3. an eiectron donor or common ion salt or its precursor,

15 4. one or more monomers, and

16 5. a Lewis acid, which typically comprises a halide of titanium or boron;

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

20 super-atmospheric pressure.

21 The progress of the polymerization reaction is monitored in sifu by

22  determination of the amount of monomer remaining in the reaction mixiure.
23  After high conversion of the monomer is observed, an aliquot is removed for
24  determination of the pre-quench chain end composition before addition of the
25  guenching agent. The polymerization reaction in the aliquot is terminated with

26 an appropriate alcohol equilibrated at the desired temperature.
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24 alkenes and alkenyl halides (such as vinyl chloride), carbon disulfide, 25 chloroform, ethylchloride,
N-butyl chloride, methylene chloride, methyl 26 chloride, 1,2-dichloroethane, 1,1,2,2-tetrachloroethane,
sulfur dioxide, acetic 27 anhydride, carbon tetrachloride, acetonitrile, neopentane, benzene, toluene,
28 methylcyclahexane;sghlorobenzene, 1,1-dichloroethane, 1,1-dichloroetbeng;s®9s/n30160
1,2-dichloroethene, n-propyl chloride, iso-propyl chloride, -27 WO 2006/023988 PCT/US2005/030160
1 1,2-dichloropropane, or 1,3-dichloropropane, nitro-alkanes (such as 2 nitropropane) to name a few of

the representative liquid,diluents or_solv ulincatianic erizations-Mixechaglents (for
example corribinagtions ﬁqaﬂ%%?eg I?S%%%@%&é)ﬁ%ﬁ also be used. 5 Initiators 6 Initiator compounds for
living and quasi-living céstpenisnibpoiimestasierndRachiorell known in the art. Initiators may be

mono-functional or multi-functional 8 depending on the desired product. Mono-functional and
di-functional initiakgkso are-erepleysshehen shehdesisethpelynzsrtie wetiediteabtiortheaking star 10

polymers the initiator should haye more than two reactive moieties. T 1 d initiator
compounds éan g@?@ﬁ%@%ﬁ{ﬁﬁﬁg Bgﬁ‘élf%‘%%ﬁﬁéc a&r %?gﬁgiﬁéé%vghgégrg?ﬁ a, Rb and R, are
independently compisemiaideabtaitingriaghf aloshlafonchil athylvietsinatie griopsrand can be the
same or 14 cgffer gt G%rgceic?(' gs,oew, acetate, etherate, hydroxyl group, or a halogen. Rc has 15 a
valance of n,"and n'is an integer of one to 4. Preferably Ra, Rb, and R. are 16 hydrocarbon groups

containing one carbon atom to about 20 carbon atoms, 17 preferably one c%}:_)b%%it(ﬁ)m %) apout 8
carbons atorfs. PFERFARR Xaiie L1 B pamsaeniaitRigid HiR oA AP eRIAGE2 fY Y nGANEes it is

preferable tog 19 sgleghthe shariuispfifdanRaraaddss tnonniethe ipitstingspetiesar0ahonomer,
e.g. a 1-phenylethyl derivative for palystyrene,or 2,4 4-trimethyl 21 phntyl. detivati r polyisobutene.
Suitable con%ouﬁ Q,UE%I&%?BP@%%%%? Z@QWP%@?My and r?crurrﬁ%ﬁl?ﬁall éﬁ?ﬁ%ﬁf@%laﬂy the
chlorides, i.¢Q 2-GhitMitoRis about 10:1 to 150:1. The mole ratio of monomer to initiator controls

11 the final molecular weight of the polyolefin.

12  The molar ratio of Lewis acid fo chain ends is in the range from about
13 0.1:1 to about 2,500:1. Preferably the molar ratio of Lewis acid to chain ends
14 is in the range of about 2:1 to about 200:1. More preferably the molar ratio of

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

16  The molar ratio of Lewis acid to electron donor is in the range from about

17 1.1:1 to about 10,000:1. Preferably the molar ratio of Lewis acid to electron
18  donor is in the range of about 2:1 to about 100:1. More preferably the molar
19 ratio of Lewis acid to electron donor is about 4:1 1o 30:1.

20  The molar rafic of Lewis acid to guenching agent is in the range from about
21 1.1:1 to about 2,500:1. Preferably the molar ratio of Lewis acid to quenching
22 agent is in the range of about 2:1 to about 100:1, More preferably the molar
23 ratio of Lewis acid to quenching agent is about 2:1 to 15:1.

24  The molar ratio of quenching agent to chain ends is in the range from about
25  0.25:1 to about 20:1. Preferably the molar ratio of guenching agent to chain
26 endis in the range of about 0.5:1 to about 5:1. More preferably the molar

27 ratio of guenching agent to chain end is about 0.5:1 to 4:1.
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23 phenylpropane, i.e., cumyl chloride; 1,4-di(2-chloro-2-propyl)benzene, i.e., 24 di(cumylchloride);
1,3,5-tri(2-chloro-2-propyl)benzene, i.e., trilcumylchloride); 25 2,4,4-trimethyl-2-chloropentane;
2-acetoxy-2-phenyl propane, i.e., cumyl 26 acetate; 2-propionoxy-2-phenyl propane, i.e., cumyl

propipnate; [o2imneihexsy-2-phenylpropane, i.e., cumylmethyl ether; 28 per/es2o00s/630166
1,4-di(2-methoxy-2-propyl)benzene, i.e., di(cumylmethyl ether); 29
1,3,5-tri(2-methoxy-2-propyl)benzene, i.e., trilcumylmethyl ether), and similar 30 compounds. Other

suiable exaplos s 4 (AR UrS RIS 3\ 20080239 BT SAAN 3R100 1 Mo

4,946,899. Particu preferred examples are 2-chloro-2,4,4-trimethyl 2 pentane (TMPCI), 1,3,5
tri(2-chloro-RpropyBbee éfier addition It e wmprbindreph IS deieMiRfIBRARMNC BRI 4

1,3-di(2-acetgxy-grRropysSstenk iR eRERNeh thd Sorliieme Rmeneror omi) fokatidhizbbanzene and
6 1,4-di(2-methoxy-2-propyl)benzene. 7 The concentration of the chﬁl}? ends in the totgl reaction

mixture maybe ifGREIH EHGEHBAISHHA DD ST HITIcamaiaRaE MSolR A REIEAGEP Nter. 9

Preferably the copgeniatiom eitepsipinceadtcisiisl truliingeiiemiab desidaiGdngemsies. per liter to
about 1.0 moles per liter. More preferably the 11 concentration of the chain ends is in the range from

about 0.005 moles, 12 petliier i, Aot 02 moles PATIFE-LS FIRFEPRiIAARE"soHberastign Donors
po

have been shown to convert traditional polymerization 15 systems into living and/or quasi-living

cationic polyherizghtivhergetelnln Bhe ie6-clietion etribnssd hHa R HEIRGe MDYVIR not
specifically ligiitegsiocagys difPadicilar SQaneuns Qitlass ol carnavngsnExampiesdnclude pyridines

and 18 alkyl amines, aprotic amides, sulfoxides, esters, metal compounds having an 19 oxygen atom
bonded to a thetdtBIRC Biecsifters. Pyridine compounds 20 include 2,6-di-tent-butylpyridine,
2,6-dimethylpyridine, 2,4-dimethylpryidine,

10 Compounds suitable for use in the preparation of the polyolefin polymers of

11 the present invention are given below:
12 Diluents

13 Diluents infiuence the ionization equilibria and rates of exchange of growing
14  species through their polarity, which can be estimated from their dielectric
15  constants. Typically, solvents having iow dielectric constants are preferred
16  since ion pairs are less dissociated. Suitable solvents inciude, but are not
17  limited to, low-boiling alkanes and alkyl mono or polyhalides with reasonably
18  low freezing points to be used at the preferred polymerization temperature.
19 llustrative solvents include atkanes (generally C; to Cqo alkanes, inciuding
20 normal alkanes such as propane, normal butane, normal pentane, normal
21 hexane, normal heptane, normal octane, normal nonane and normal decane,
22  and branched alkanes including isobutane, isopentane, ischexane,

23 3-methylpentane, 2,2-dimethylbutane, 2,3-dimethylbutane and the like),

24  alkenes and alkeny! halides (such as vinyl chloride}, carbon disulfide,

25 chloroform, ethylchloride, N-butyl chloride, methylene chloride, methyl

26 chloride, 1,2-dichloroethane, 1,1,2,2-tetrachlioroethane, sulfur dioxide, acetic
27  anhydride, carbon tetrachloride, acetonitrile, neopentane, benzene, toluene,
28  methylcyclohexane, chiorobenzene, 1,1-dichloroethane, 1,1-dichioroethene,
29  1,2-dichlorosthene, n-propyl chloride, iso-propyt chioride,
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21 2,4,6-trimethylpyridine, 2-methylpyridine and pyridine. N,N-dimethylaniline 22 and
N,N-dimethyltoluidine may also be employed. Amide compounds include 23 N,N-dimethylformamide,
N,N-dimethylacetamide and N,N-diethylacetamide. 24 An example of a sulfoxide compound is

dimethyl sulfeuddeblietbyl ether is an 25 example of an ether compound, magyxsiiwagstate and
ethyl acetate are 26 examples of ester compounds. Phosphate compounds such as trimethyl 27

phosphate, tributyl phosphate, triamide hexamethylphosphate may also be 28 employed.

Oxygen-containing maial cOmROUALS SUEan EAISnBiaRY, ARSIEARIA RalIpaiselU as election

donors. -29 WO 20 005/030160 1 The concentration of the electron donors in the

total reactior2mixtitepragene) dimanesrarige PhiarRiEerotaliMblicdiser Harts eIt 8 Smoles per
liter. 3 Prefergbly, thesGopceRiFRIOBAths-elagiran daresssisveibe fangrdrameakmnbideOd@l moles

per liter to about 0.05 moles per liter. More preferably the 5 concentration of the electron donors is in
the range frofn asBihas®020ABREHERNERR 2B B8%.02 moles per liter. 7 Common lon Salts and
Common lon Salt Precursors 8 Common ion salts or salt precursors may be optionally added to the
reaction 9 mixturiniife&adition to or replacement of the electron donor. Typically, these 10 salts are
used to increase the ionic strength, suppress free ions, and 11 beneficially interact with ligand

exchange. ParticylainarefarssLAR Gonmueg ohd Qnesalhmigauesssationexpoipteerization are
tetra-n-butylammonium chloride (n-Bu4NCIl). 13 The concentration of the common ig)n sqlts or salt
efa Iﬂogsx netiona

cl)
precursors in'the YRRIKD2WERIEHE Rt RHAIGTS BRAK D MaRgEHHS: Bt 8'0005 oS per liter to 15
about 0.05 mplespgiditaind sefealizdhecoretitationofihetorahamd ighubeeia srttivisrecursors

oo R AR G AR R eple i el o
liter to 19 about GORTheeltsepeitiiter. should have more than two reactive moieties. The
11  contemplated initiator compounds can be represented by the general formula
12 (X-CRaRp)Re Wherein R, Rp and R are independently comprises at least
13 one of alkyl, aromatic, alkyl aromatic groups, and can be the same or
14  different, and X' is an acstate, etherate, hydroxyl group, or a halogen. Rchas
15 avalance of n, and n is an integer of one to 4. Preferably Ra, Ry, and Rq are
16 hydrocarbon groups containing one carbon atom to about 20 carbon atoms,
17  preferably one carbon atom to about 8 carbons atoms. Preferably X'is a
18  halogen and more preferably chioride. In some instances it is preferable to
19  select the structure of R, Ry and R, to mimic the growing species or
20 monomer, e.g. a 1-phenylethyl derivative for polystyrene or 2,4 4-trimethyl
21  pentyl derivative for polyisobutene. Suitable compounds, include for example,
22 cumyl, dicumyl and tricumyl halides, particularly the chlorides, Le., 2-chloro-2-
23 phenyipropane, i.e., cumyl chloride; 1,4-di(2-chloro-2-propyl}benzene, i.e.,
24  di(cumylchioride); 1,3,5-ri(2-chloro-2-propyl)benzene, i.e., tri(cumylchloride);
25 2.4 Atrimethyl-2-chloropentane; 2-acetoxy-2-phenylpropane, i.e., cumy!
26  acetate; 2-propionoxy-2-phenyt propane, i.e., cumyl propionate;
27  2-methoxy-2-phenylpropane, i.e., cumylmethy! ether;
28 1 4-di(2-methoxy-2-propyl)benzene, ie., dicumylmethyi ether);
29 1,3,5-tri{2-methoxy-2-propylibenzene, i.e., trifcumyimethyi ether), and similar
30 compounds. Other suitable examples can be found in U.8. Patent
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20 Monomers 21 Suitable monomers for use in the method of the present invention are 22
hydrocarbon monomers, i.e., compounds containing only hydrogen and 23 carbon atoms, especially
olefins and diolefins, and normally those having from 24 2 to about 20 carbon atoms, but preferably
from about 4v@abaisi3egarbon 25 atoms. The process can be employed fegthespalmerigation of such
26 monomers to produce polymers of different, but uniform molecular weights, 27 for example, from
about 300 to in excess of a million g/mol. Such polymers 28 can be low molecular weight liquid or

viscous polymersjaving,8 eplesUiAf, AW BIRLALIRLARML 200 10-HA0D @/meksiRglid waxy to

plastic, or -30 WO 20 5/030160 1 elastomeric materials having molecular

weights of frém apeufead 60\00 0! 2 B H0ECHPEMaPrerYhBRNZ80RaBRAmonomers include such

compounds as 34isphuitylens,-styleRsHyIRts-RiRenGiBERLRMNe @iatdigne, substituted 4 compounds of
the preceding types, and others. Particularlg r[Iareferre 5 monomers are isobutylene, 2-methyl-butene,

3-methyl-1-bfitand AAERERIPXE SRS - e bRUYIABAR %N even more preferred monomer is
isobutylene. 57 MixBug@ahatapoyis ops))BeasaditGidzenacentration of the monomers in the total

reaction mixture ﬁyé)@in the 9r DH%S fr eﬁggHte0.0l moles per liter to about 5.0 moles per liter.
Preferably 10 the €6 RS G REMGhoMmers s in the range from about 11 0.1 moles per liter to
about 2.0 moles per liter. More preferably the 12 concentration of the monomers is in the range from

about 0.3 mdles phelitenceptativinaf the Aal eERE ISR E38FA0N TRXIEER B BRIR Bkthe 14
monomers isg0.5 mQlesigr, 48k deyvisdridsEP lkewis asiila thetrasrs\ialileas catalysts for

purposes of the invention 17 include, but are not limited to, titanium and borop halic}ze:%s,éparticularly
r

titanium 18 fetraSHRIRERPKNAS GRATERTIAERIST tReCORRE BRI HIRi RIS IPAR

10 0.001 moles per liter to about 1.0 moles per liter. More preferably the
41 concentration of the chain ends is in the range from about 0.005 moles

12 per liter to about 0.5 moles per liter.

13 _Eleciron Donors

14  Electron Donors have been shown to convert traditional polymerization

15  systems into living and/or quasi-living cationic polymerizations systems. The
16  electron donor used in the present invention is not specifically limited ’;o any
17  particular compound or class of compounds. Examples inciude pyridines and
18  alkyl amines, aprotic amides, suifoxides, esters, metal compounds having an
19 oxygen atom bonded to a metal atom, and others. Pyridine compounds

20 include 2,6-di~terf-butytpyridine, 2,6-dimethylpyridine, 2,4-dimethylpryidine,

21 2.46-trimethyipyridine, 2-methylpyridine and pyridine. N,N-dimethylaniline
22  and N,N-dimethylioluidine may also be empioyed. Amide compounds include
23 N,N-dimethylformamide, N,N-dimethylacetamide and N,N-diethylacetamide.
24  An example of a sulfoxide compound is dimethyl sulfoxide. Diethyl ether is an
25  example of an ether compound, and methyl acetate and ethyl acetate are

26 examples of ester compounds. Phosphate compounds such as frimethy!

27  phosphate, tributyl phosphate, triamide hexamethylphosphate may also be
28  employed. Oxygen-containing metal compounds such as tetraisopropyl

20  titanate are also useful as electron donors.
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19.titanium tetrachloride is preferred. The strength of the Lewis acid and its 20 concentration should be
ad!usted for_the particular monomer. Additionally, the 21 strength of these Lewis acids can be
adjusted using nucleophilic additives, in 22 some instances these Lewis acids are also referred to as

co-initiator_s._% g;_@g,l’djg)@nount of the Lewis acid present in the initiator Sygigrichay/céaisn 25
However, it is desirable that the concentration of Lewis acid is sufficient to 26 achieve an appropriate

rate of polymerization and quenching. The Lewis acid 27 concentration should not be so high as to

precipitate the formed pol [ ' t ' To ¥ @gquem t
may be in thh(::-F 29%%8@%%?%%%%&5&%‘(?%1 ﬁﬁé{ﬁ&%ﬂfgﬁ ?f?ggéﬁgg%%ﬁﬂ?ﬁ{g Preferalg))l(yurgl

WO 2006/023988rF0a faszn e/ Fhmet 0108k reelricReiich tor ahetidvisaeiasPsi Hierange from

about 0.005 moles 2derditeiio A k-iRtolasmeslisrJMersnprefarablidhasgneentrationtof the 3
Lewis acid is in the range from about 0.05 moleﬁer liter to about 4 1.0 molg?fﬁ%r liter. 5 Quenching

agents 6 Quénph%@%g@ﬂ@%@ﬁféﬁ%lﬁ?&?%@ ITRIER REiER o R HBITERAR N MG 7 present
invention areshinqeyieshE660RAJMIRE EiARPMINErsMIRahadangedio® abdutertbutyl pyridine,

n-tributylamine, 1,2.2.6,6-pentamethyl piperidi nd_9 N-methyldiphenylamine. 10 The hindered
secondary oﬁtertpa'gpgrﬂ? @E\rﬂ?ﬁf\%ﬁ‘géﬂ? %@ﬁ‘}g]fﬂa %B@ﬁ{?ﬁpé&'l the present invention has the
general formula: R1-,~/R2 N 112 R3 13 wherein R1, R2 and R3 are independently hydrogen, alkyl
containing ofe 1Z4ecmnon kobatisatingCRNCARBoRhitedrs, BRUSEIKS| of about 3 to about 7
Common ion salts or salt precursors may be optionally added fo the reaction
mixture in addition to or replacement of the electron donor. Typically, these
10  salis are used to increase the ionic strength, suppress free ions, and
11 beneficially interact with ligand exchange. Particularly preferred are common
12 jon salt precursors, for example tetra-n-butylammonium chioride (n-BusNCI).

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

14 reaction mixture may be in the range from about 0.0005 moles per fiter to

15  about 0.05 moles per liter. Preferably the concentration of the common ion

16  salts or salt precursors is in the range from about 0.0005 moles per liter to

17 about 0.025 moles per liter. More preferably the concentration of the common
18  ion salt or salt precursors is in the range from abdut 0.001 moles per liter to

19 about 0.007 moles per liter.
20 Monomers

21  Suitable monomers for use in the method of the present invention are

22  hydrocarbon monomers, i.e., compounds containing only hydrogen and |

23 carbon atoms, especially olefins and diolefins, and normally those having from
24 2 to about 20 carbon atoms, but preferably from about 4 to about 8 carbon

25 atoms. The process can be employed for the polymerization of such

26 monomers to produce polymers of different, but uniform molecular weights,
27  for example, from about 300 to in excess of a million g/mol. Such polymers
28  can be low molecular weight liquid or viscous polymers having a molecular

29  weight of from about 200 to 10,000 g/mol, or solid waxy to plastic, or
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15 carbon atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 16 7 to about 30 carbon
atoms, or aralkyl of about 7 to about 30 carbon 17 atoms; or at least one of Ri and R2, R2 and R3 and
R3 and R1, taken in 18 pairs, independently form a fused aliphatic ring of from about 4 carbon 19
atoms to abayb@marematoms; 20 provided that no more than one of R1 pRZ/asmdR83im dsydrogen, and
21 provided that R1, R2, and R3 are not all linear alkyl of about 3 carbons or 22 less. 23 In a preferred
embodiment of the above method the hindered secondary or 24 tertiary amine has the general

forgnula: -3h2 wo ?&Qﬁg%%%&ﬁﬁéh T%ﬁ%ﬁ@%@&l lnmf ‘i%ﬂté cRﬁ&Zb abhii aZMkE),&I@ﬂﬁt@ne of Fli, f
and R5 is hydroge the other is a branche 3 of about 3 to about 20 carbon atoms, aryl o
hout 10 (0 out b EBH G0 RS GRS TR 15 ADUHE ST RBSH . s and R4
5 are indeperlentisobytiegen salkyhof bma parbos, aoprdéa s inithaR G atlimifatiens, cycloalkyl of
about 3 to abqut 7_carbon ato aryl of 7.about 6 to a 30 _carho s, alkaryl pf about 7 to
about 30 carb%n gga ogmg?é?gﬁ k?/l 6?%%%5?#0%%83?%%# car 'Zﬁé a g’%@;@rp&{? fggbsétagne of 9 R1 and
R2, R2 and R3, R8wandfetsatd RabaidaRs, xkestiinidaitsne0dnvependebtiefornd arfetudt Bromatic

fing of from Separlgm g o beld: AN AlomBATANRbAlkrg ok EREKARIIA BRFbRR LS 10

about 8 12 carbon atoms, 13 provided that if R1 and R2 form a tfused aliphatic or aromatic ring, then
R5 14 is a brancHébiNga of Banmeis arbubPeeeatbon atoms, aryl of about 15 10 to about 30 carbon
atoms, or aralkyl of about 11 to about 30 carbon

8 The concentration of the monomers in the total reaction mixiure may be in the

9  range from about 0.01 moles per iiter to about 5.0 moles per liter. Preferably
10 the concentration of the monomers is in the range from about
11 0.1 moles per lifer to about 2.0 moles per liter. More preferably the
12 concentration of the monomers is in the range from about 0.3 moles per liter
13 to about 1.0 mole per liter. Most preferably the concentration of the

14 monomers is 0.5 moies per liter.
16  Lewis Acids

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

17 include, but are not limited {o, fitanium and boron halides, particularly fitanium

18 tetrachioride and boron trichloride. Use of the titanium halides and particularly
19 fitanium tetrachloride is preferred. The strength of the Lewis acid and its

20 conceniration should be adjusted for the particular monomer. Additionally, the
21 strength of these Lewis acids can be adjusted using nucleophilic additives, In

22 some instances these Lewis acids are also referred 1o as co-initiators.

23

24 The amount of the Lewis acid present in the initiaior system may vary.

25 However, it is desirable that the conceniration of Lewis acid is sufficient to

26  achieve an appropriate rate of polymerization and quenching. The l.ewis acid

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

28  The concentration of the Lewis acid in the total reaction mixture may be in the
29 range from about 0.001 moles per liter to about 3.C moles per titer. Preferably
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16 atoms, and provided that if R4 and R5 form a fused aliphatic or aromatic 17 ring, then R, is a
branched alkyl of about 3 to about 20 carbon atoms, 18 aryl of about 10 to about 30 carbon atoms, or
aralkyl of about 11 to about 19 30 carbon atoms. 20 In a preferred embodiment in the above method
R, is hydrogefandsRsigdert- 21 butyl and R2, R3 and R4 are hydrogen. 22Whehingared amine
employed in the method of the present invention may be 23 a nitrogen containing hetero-aromatic ring
having the following formulas, (a), 24 (b) and (c): -33 WO 2006/023988 PCT/US2005/030160 ::xx: 1

() 2 wherel n il (23006 o 53 00 43 Ty enen-and s ol it e carbon atom

4 to about 20 carbon atoms, cycloa 0 to about 8 carbon atoms, 5 aryl of about 6 to about

30 carbon a@mspaikiieyliofaissiit 7S orairsupa0litercdissr aismsally dhaspnseabisle? & Wisout 30
carbon atomg, 01%6?1{5%31? and R3 ishydraganandihestheids plkyhieh enasaibon atom to about 20
8 carbon atoms, cycloalkyl of about 3 to about 8 carbon atoms, aryl of 9 about 6 to about 30 carbon
atoms, alkar§l of ASotiCetBeiBER: 30 carbon 10 atoms, or aralkyl of about 7 to about 30 carbon atoms;
or at least one of 11 R1 and R2 and R3 and R4, taken in pairs, independently form a fused 12

aromatic ring of fuechith@yatdens to 7 carbon atoms or aliphatic ring 13 of from about 4 carbon
atoms to about 8 carbon atoms; 14 2 R3 N RIN R4

Quenching agents contemplated for use in preparation of the polyolefin in the

present invention are hindered secondary or tertiary amine compounds, such
as 2-tertbutyl pyridine, n-tributylamine, 1,2,2,6,6-pentamethy! piperidine and

w o~ O

N-methyidiphenyiamine.

10 The hindered secondary or tertiary amine employed as a quenching agent in

11 the present invention has the general formula:

R~ R

N
12 Rs
13 wherein R4, Rz and Rj are independently hydrogen, alkyl containing one
14 carbon atom to about 20 carbon atoms cycloalkyl of about 3 to about 7
15 carbon atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about
16 7 to about 30 carbon atoms, or aratkyl of about 7 to about 30 carbon
17 atoms: or at least one of Ryand Rz, Rz and Rz and Rz and Ry, taken in
18 pairs, independently form a fused aliphatic ring of from about 4 carbon
19 atoms to about 8 carbon atoms;
20 provided that no more than one of Ry, Rz and Rj is hydrogen, and
21 provided that R4, Ry, and Rs are not all iinear alkyl of about 3 carbons or

22 less.

23 {n a preferred embodiment of the above method the hindered secondary or

24  tertiary amine has the general formula:

.32



15 (b) 16 wherein in formula (b) -34 WO 2006/023988 PCT/US2005/030160 1 R1, R2 and R4 are
independently hydrogen or alkyl of one carbon atom to 2 about 20 carbon atoms, cycloalkyl of about 3
to about 8 carbon atoms, 3 aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30 4
carbon atoms;mem@ratksdsef about 7 to about 30 carbon atoms, R3 is 5 hydragars2adkyiefsone carbon
atom to about 20 carbon atoms, cycloalkyl 6 of about 3 to about 8 carbon atoms, aryl of about 6 to
about 30 carbon 7 atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about 7 8 to about
30 carbon atoms; or at least one of R2 and Rg.or R3 ahd R4, 9faken in pairs, independently form a

independently alkyl of 13 one carbon atom to abetlt 20 carben_gtoms, cycloalkyl of about 3 to 14
about 8 carbon atoms, aryl of about 6 to abbt 30 carbsh atoms, alkaryl 15 of about 7 to about 30
carbon atoms, or aralkyl of about 7 to about 16 30 caron atoms, and further provided that if R2 or R4
is hydrogen, then 17 Ri is alkyl of one carbon atom torgbout 20 carbon atoms, cycloalkyl of 18 about
3 to about 8 carbon atoms, aryl of about 6 to about 30 carbon 19 atoms, alkaryl of about 7 to about 30

carbon atoms, or aralkylof.ahout. 20 7 19 APRIY3A LALRRM AAECUANINN B AR 3RF) 23

wherein in formula (c) 24 R1, R2 and R3 are independently hydrogen or alkyl of one carbon to

3 of about 3 to about 20 carbon atoms, aryl of about 10 16 about 30 carbon
4 atoms, or aralkyl of about 11 to about 30 carbon atoms; Rz, Rz and R4
5 are independently hydrogen, alkyl of one carbon atom to about 20
B carbon atoms, cycloalkyi of about 3 to about 7 carbon atoms, aryl of
7 about 6 to about 30 carbon atoms, alkaryi of about 7 to about 30 carbon
8 atoms, or aralkyl of about 7 to about 30 carbon atoms; or at least one of
9 R+ and Rs, Ry and Rs, Rz and Ry, and Ry and Rs, taken in pairs,
10 independently form a fused aromatic ring of from 5 carbon atoms to 7
11 carbon atoms or aliphatic ring of from about 4 carbon atoms to about 8
12 carbon atoms,
13 provided that if R; and R; form a fused aliphatic or aromatic ring, then Rs
14 is a branched alkyl of about 3 to about 20 carbon atoms, aryl of about
15 10 to about 30 carbon atoms, or aralkyl of about 11 to about 30 carbon
16 atoms, and provided that if Ry and Rs form a fused aliphatic or aromatic
17 ring, then R4 is a branched alky! of about 3 to about 20 carbon atoms,
18 aryl of about 10 to about 30 carbon atoms, or aralkyt of about 11 to about
18 30 carbon atoms.

20 In a preferred embodiment in the above method R4 is hydrogen and Rs is tert-

21 butyl and Re, Rs and Ry are hydrogen.

22  The hindered amine employed in the method of the present invention may be
23 a nitrogen containing hetero-aromatic ring having the following formuias, (a},
24 (byand (¢}
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-35 WO 2006/023988 PCT/US2005/030160 1 about 20 carbon atoms, cycloalkyl of about 3 to about 8
carbon atoms, 2 aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 3 30 carbon
atoms, or aralkyl of about 7 to about 30 carbon atoms. 4 5 Structures of other hindered secondary or
te_rtiary amingsdhaigmmydae 6 employed in the method of the present invepkaxasegiveisbelow. The
given _7 structures are only intended as examples and in no way limit the scope of the 8 present
invention. RR RRR/I\R RRNRR 9R Quinoline Isoquinoline I0RRR RR RNRR 11
Acridine12RRR RR IRNR 13RR -%ﬁ WO 2006023988 R¢T/US2005/030160

15

16

X

=~

R4 N Ro
(a)
wherein in formula {(a)

one of R and Ry is hydrogen and the other is alkyl of one carbon atom
to about 20 carbon atoms, cycioalkyl of about 3 to about 8 carbon atoms,
ary! of about 6 to about 30 carbon atomns, alkaryl of about 7 1o about 30
carbon atoms, or aralky! of about 7 to about 30 carbon atoms, one of Rz
and Rg is hydrogen and the other is alkyl of one carbon atom fo 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; or at ieast one of
R; and Rz and 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 to about 8 carbon atoms;

Re
Rs
NN
Py
R; N Ry

wherein in formula (b)
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IRNR IRNR 2Pyrazine RRR 3R R RNRR RNRN\N RRRR 4 Pyrimidine Pteridine 5
Structures of other hindered secondary or tertiary that may be employed in 6 the method of the
present invention may be obtained by substitution of the 7 nitrogen atoms with phosphorus atoms.
The given stcturessasesenly 8 intended as examples and in no way limit terscapesofdhe present
invention. 9 The concentration of the quenching agent in the total reaction mixture may be 10 in the
range from about 0.0001 moles per liter to about 2.0 moles per liter. 11 Preferably the concentration of

the quenching agent isin theangs firabauhdehia3k malas sellliig bionbdrbdh melestper liter.
More preferably the -37 WG 2006/023988 PCT/US2005/030160 1 concentration of tq uenching
B 394

agent is in thé range frRRAEESUES" ’@qffo%t%egﬁ‘é‘?qﬂﬁ' i &5 abgtt B ¥ bR Fminators 4
Any soluble gjcohol m@yyb@fuﬁﬁﬁ:t@wgm@teameaa@hmmﬁmmk@@cuoammne pbesertinvention.

Preferred are, mono-alcghols containing. M Ao 1S SHBASH QS AERHE Farkon atoms.
5 hydrogen, alkyl of one carbon atom to about 20 carbon atoms, cycioalky!
6 of about 3 to about 8 carbon atoms, aryl of about 8 to about 30 carbon
7 atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about 7
8 to about 30 carbon atoms; or at least one of Ry and R or Rz and R,

9 taken in pairs, independently form a fused arcmatic ring of from 5 carbon
10 atoms to 7 carbon atoms or aliphatic ring of from about 4 carbon atoms
11 o about 8 carbon atoms,

12 provided that if Ry is hydrogen then Rz and R4 are independently alkyl of
13 one carbon atom to about 20 carbon atoms, cycloaikyl of about 3 to

14 about 8 carbon atoms, aryl of about 6 fo about 30 carbon atoms, alkaryl
15 of about 7 to about 30 carbon atoms, or aralkyl of about 7 to about

16 30 carbon atoms, and further provided that if Re or Ry is hydrogen, then
17 R, is alky! of one carbon atom to about 20 carbon atoms, cycloalkyt of
18 about 3 to about 8 carbon atoms, aryl of about 6 to about 30 carbon

19 atoms, alkaryt of about 7 to about 30 carbon atoms, or aralkyl of about
20 7 to about 30 carbon atoms;

21  and

A,
A

22 ©)
23 wherein in formula (c)
24 R+, R, and R; are independently hydrogen or alkyl of one carbon to
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7 EXAMPLES 8 Example 1 9 Preparation of PolyisobutVlene Using a Mono-functional 10 Initiator and
1 2 2 6 6-pentamethyl piperidine 11 A four-neck 250 milliliter round-bottom flask, equipped with an
overhead 12 mechanical stirrer and platinum resistance thermometer, was fitted to the end 13 of a
ATR-FTIR profeiehieiiqstconnected an FTIR spectrometer via a light 14 qsiidui2éssééwsfibed in R. F.
Storey; Q. A. Thomas, Macromolecules, 2003, 15 36, 5065-5071. This assembly was immersed into a
heptane bath at -60C 16 under dry nitrogen gas in a substantially inert atmosphere MBraun glovebox.
17 An air bagkground gpegireorcaes Reauined artbatityirat tasbirointalbh8Laubsedendicoullected
spectra. The flask was t n_char with the .19 fo(%)ow reac ég égi%@‘gl % xane
equilibrated at -60C, A E%Rﬁh% rtg %%?H;f;l% 18R Ge eq l'Brértéé?gzi%’I Zli %Ibr?r)l lliters
2-chloro-2,4 a-trimethydperstdoe etprititr ateatatkyd ofre RBtENp @eutslRda02EReMBers
2,6-dimethylpyridine equilibrated at room temperature. -38 WO 2006/023988 PCT/US2005/030160 1
The contents of the round-bottom flask were equilibrated and 2 Fourier Transform Infrared
spectroscopy (FTIR) data were continuously 3 acquired for rou 10 mi sto stabllsh a reference
absorbance &t 887rYcEres ¢ihes hindrsd &%@Hﬁfﬂl%&e@@%ﬁéf’@ﬁg%ﬁlﬁﬁmgy Fat -60C. 5 With
continued stlerlngeﬁ@régeaamﬂbllmwwmw@mormmmmargwnaamahe Tlaslgitire reaction

as allowed oproceed to nversion, 7ap ro matel 5 percent r sit
\Ilivourrer ¥vran fornT THIr &S %9%8@%{\{5'&' oer‘i%(r‘rI 8 égfw " %‘??h% %Bﬁige%e@ﬂé .

procedure Qwseﬂﬁmeth’enﬁmrmelﬂransform Infrared spectroscopy monitoring is given 10 below. A
pre-quench aliquot, approximately 5-10 milliliter, was removed from

R R
R R
R
/ N
R
R
9 R Quinoline Tsoquinoline
10
11 Acridine
12
R R R
R N R
/'
R N R
13 R R



11 the flask using a glass pipette and charged into a scintillation vial containing 12 4 milliliters
anhydrous methanol equilibrated at -60C to terminate the 13 polymerization reaction. The aliquot was
used to determine a baseline for the 14 quenching reaction with the 1,2,2,6,6-pentamethyl piperidine
and to provideGzms/Fefeience for structural and molecular weight charactefizatigpmrtsaestbsence 16
of quenching agent. 17 The polymerization reaction in the round-bottom flask was quenched by the 18
addition of 0.71 milliliters 1,2,2,6,6-pentamethyl piperidine at an isobutylene 19 conversion of 99
percent. Post-quench aliquots, approximately 5-10 milliliters, 20 were terminated at various time
intervals after the addition of the 21 1,2,2,6,6-pentamethyl piperidine by being placed in scintillation
vials 22 containing 4 milliliters anhydrous meathanol eqyjilibrate¢rat -60C. 23 The round-bottom flask

warm to room temperature, which allowed th atl portents to 29 evaporate. To each aliquot
sample 1-2 milliliter hexane was added and the -39 W& 2006/023988 PCT/US2005/030160 1
polymer was precipitated in methanol. Polyisobutylene was recovered in 2 each aliquot sample and
agitated in using a vortex mixture with fresh 3 methanol to.remove any remaining contaminants, and
the methanofwas 4 decanted. Polyisobutylene samples recovered in each aliquot were placed in 5 a
vacuum oven at room temperature for at least Zéﬁhours to pemove any 6 remaining solvents. 7 The
diluent used in Examples 1-5 and Comparative Examples A-E was a 8 mixture of hexane and methyl
chloride in a volume ratio of 60:40. 9 Polyisobutylene samgles were aralyzed using Nuclear Magnetic

P . FNF N
4 Pyrinudine Pteridine

Structures of other hindered secondary or tertiary that may be employed in
the method of the present invention may be obtained by substitution of the

nitrogen atoms with phosphorus atoms. The given structures are only

o ~ o

intended as examples and in no way limit the scope of the present invention.

9  The concentration of the quenching agent in the fotal reaction mixture may be
10  in the range from about 0.0001 moles per liter to about 2.0 moles per liter.
11 Preferably the concentration of the quenching agent is in the range from about
12 0.001 moles per liter to about 1.0 moles per liter. More preferably the
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10 Resonance Spectroscopy (‘H NMR) and Gel Permeation Chromatography 11 (GPC) as described
below. 12 Procedure for Fourier Transform Infrared 13 Spectroscopy Monitoring of Isobutylene 14
The polymerization reaction was followed by Fourier Transform Infrared 15 spectroscopy monitoring of
isobutylene pegled@k @84 1. This procedure is 16 described in R. F. Stareyirohs/dsoamas,
Macromolecules, 36, 5065-5071, 17 2003. 18 Procedure for Collecting 1H NMR Data 19 1H NMR
spectra were collected using a Bruker AC-300 (300MHz) 20 spectrophotometer using samples
concentrations of 3 percent.to 5 pger el [ ] I spectra were used for
analysis of tf?e en%"%f’%%&‘%@. %ﬁ%&%ﬂ%@&%ﬁ%ﬁ%ﬁ%&%tﬁﬁrﬁ%i and coupled olefin 23
chain ends ware 68 meiesimgrHitRNIRaPEY AETAASSIRRCHISEd in the 24 following section. 25 26
-40 WO 2006/023988 PCT/US2005/030160 1 Procedure for CollectingGPC Data 2 GPC data were
used to determinerisgmaeksr¢erage molecular weight (Ma), 3 weight average molecular weight (M,w)
and Polydispersity index (PDI), 4 i.e. MW/M,,. GPC was also used to qualitatively detect olefin coupled
product. 5 Procedure. f I ' [ j isobutylene
Product 7 Th{zé fra%ﬂgnss& (9?%%((%%%&%?@%%@%%‘%@%mﬁﬁgﬁe%@rﬁ%ﬁ&gﬁ%%g cgkfg di-EAS,
and coupled proderprasnet powistivuy Rintesampres e dleRRE R BERPIPRIE e gration. It
was assumed that thesesix, Spssias ifbierresemnladparcent of the chain ends. In some instances,

EAS, di-EAS, 11 and coupled products were deemed to be absent by qualitative inspection of

7 EXAMPLES
8 Example 1

Preparation of Polyisobutviene Using a Mono-functional

10 Initiator and 1.2.2.8.6-pentamethyl piperidine

11 A four-neck 250 milfifiter round-bottom flask, equipped with an overhead

12 mechanical stirer and platinum resistance thermometer, was fitted to the end
13 of a ATR-FTIR probe which is connected an FTIR spectrometer via a light

14  conduit as described in R. F. Storey; Q. A. Thomas, Macromolecules, 2003,
15 36, 5065-5071. This assembly was immersed into a heptane bath at -60°C

16 under dry nitrogen gas in a substantially inert atmosphere MBraun glovebox.

17 An air background spectrum was acquired and subtracted from all
18  subsequently collected spectra. The flask was then charged with the

18  following reactants:
20 113 milliliters hexane equilibrated at -60°C,
21 75.7 milliliters methylchloride equilibrated at -60°C,

22  0.477 milliliters 2-chioro-2,4 4-trimethyipentane equilibrated at room

23  temperature,

24 0.233 milliliters 2,6-dimethylpyridine equilibrated at room femperature.
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12 the 1H NMR spectrum, and for di-EAS and coupled products, by confirming 13 the absence of a
shoulder on the low elution volume side of the main polymer 14 peak in the GPC chromatogram. Two
procedures are given below. The 15 "General Procedure" was used when coupled product was
detected; thew®GdBpesnied Procedure" was used when coupled product wascdasovesicmfse 17 absent.
18 General Procedure 19 The fractional molar amount of each type of chain end was obtained using
an 20 equation analogous to the equation given below for determining the fractional 21 amount of

exo-olefin, 23 F(exq) SHABKR) AR REAENSIRM At Gt AEARiNrandidAS + 2Acoupled) (1) 23
where Aendo is the area of the single olefinic resonance g%_?éi Aexo is the 24 area of the
ALY

exo-olefinic résorHEEn BEPsIATANATRIET HSFHOTHAN e 'Wf?r’f—sé?':
(A1.65-1.721%) - AeqdeePior4duiHD 2006/02R3288 BEFWISA050RMIE0absdheandels5B8T.72 is the

integrated area of the convoluted.peaks associated wit t -di | pr of the endo-olefin
and the tert-Chlorfd8 cREH g%ag.g‘g"i’-‘h%% f%?e&%{égrgrg%@%%gﬁ%@%{%o%L]céte,rvt?hen present, was
evaluated 4 on a situation-by-situation basis; the inteiﬁg‘ltion was determined based on a 5 peak that is

not convolutdd by Gtheopéakedstiring ad a3 militisrs dtenva delashigidG WB&CORMBHNS that

have that chgyactgyigticspaak. thwikhensmpirdaiasice-eftciest e Biapnearsisieguation (1) for both
di-EAS and 8 coupled product, to account for the fact that cr,eationliof eith% of these E rodgcts
BB b IR

consumes 2 polyRBRONIBAEENSMBEHEHt AR ATV AY Y Y Rt HRE
(A5.0-4.75 - A4.5hdEtAE3h 3 nuhrsefbod#he/ 853 the integkaté thaberyiditbe Thavwhtedyreaks

associated wii 13 Of OLARe. £1 910 BOton ALFLIE S AP hRISRAR S R epupled
10 below. A pre-quench aliguot, approximately 5-10 miliiliter, was removed from
11 . the flask using a glass pipette and charged into a scintillation vial containing
12 4 milliliters anhydrous methanol equilibrated at -60°C to terminate the
13 polymerization reaction. The aliquot was used fo determine a baseline for the
14 guenching reaction with the 1,2,2,8,6-pentamethyl piperidine and to provide a
15  reference for structural and molecular weight characterization in the absence

16  of quenching agent,

17  The polymerization reaction in the round-bottom flask was quenched by the
18  addition of 0.71 milliliters 1,2,2,6,6-pentamethyl piperidine at an isobutylene
19  conversion of 99 percent, Post-guench aliquots, approximately 5-10 miliiliters,
20 were terminated at various time intervals after the addition of the

21 1,2,2,6,6-pentamethy! piperidine by being placed in sciniliation vials

22  containing 4 milliliters anhydrous methanol equilibrated at -60°C.

23  The round-bottom flask was next charged with an appropriate amount
24  methanol equilibrated at -60°C to terminate the remaining polymerization
25  reaction mixture at 90 minutes after the addition of 1,2,2,6,6-pentamethyl

26  piperidine.

27  The aliquot samples and the final terminated reaction mixture were allowed to
28  warm to room temperature, which allowed the volatile components fo
29  evaporate. To each aliquot sample 1-2 milliliter hexane was added and the
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14 product, and where A4.5-4,75 is the integrated area of the peak associated with 15 the other
exo-olefin proton. 16 Special Procedure 17 In the qualitative absence of coupled product, the fractional
molar amount of 18 each type of chain end was obtained using an equation analogous to the 19
equation givepdoainwfaggetermining the fractional amount of exo-olefin, 3Q-F(e8)0§6@%0) | (Aexo +
Aendo + Atert-cl + AEAS + 2Adi-EAS) (1) 21 where Aendo is the area of the single olefinic resonance
at 5.15ppm, Aexo 22 is the average area of the two exo-olefinic resonances at 4.63 and 23 4.85 parts
per million, apd Atert-c , AEAS Ad.- Ic i described in
the "General ro@ggpﬁnpéé.r' \%ST%%%(?REB%%%@?%?&%H%S%E@%E&%?ﬁaﬁa&%}gigﬁﬁnﬁéxamples 1-15
and 26 Comparatiee Blavplicanit e aaiziet#105088 Perioy SPIYE?04tR 665 Table 11 below

summarizes the molay drantities, 9 dhe i EACRTYEhIBRIFAANAR Indhrnadiempasative Examples
A-E. 3 Table Ill below summarizes the €xo-olefin content of the_polyiso%@ﬂene 4 samp!%fﬁrepared in

Examples 1-#5 af@®@staparBabaseRahines sampasdesaeed i G H%I}S"%r@r@é%cf e total

end groups. § TaledM, belowsymmesizes comRRie éhein RrCRIIRSIIens@hdvedlyigobutylene
samples prepared in Examples 1-15 and Comparative 8 Examples A-E. 9 The following abbreviations
are used for the rE2{PRIRESSIHBIEE 1, 11, 111, and 10 IV below: 11 TMPCI is an abbreviation of
2-chloro-2,4,4-trimethylpentane. 12 12266PMPip is an abbreviation of 1,2,2,6,6-pentamethylpiperidine.
13 NMDPA i§ an AbbrditietibnesdNmietapaiphdn§lantieornaaaivedas apineviakioreste

2-tert-butylpygiding45 TBAvS AHaLHE HRIAR ShERRIMBTBI AikEpbisamers).

9 Polyisobutylene samples were analyzed using 'H Nuclear Magnetic
10 Resonance Spectroscopy ('H NMR) and Gel Permeation Chromatography
11 (GPC) as described below.

12 Procedure for Fourier Transform Infrared

13 Speciroscopy Monitoring of Isobutviene

14 The polymerization reaction was followed by Fourier Transform Infrared

15  spectroscopy monitoring of isobutylene peak at 887 cm™. This procedure is
16 described in R. F. Storey; Q. A. Thomas, Macromolecules, 36, 5065-5071,
17~ 2003.

18 Progedure for Collecting ‘H NMR Data

19 'H NMR spectra were collected using a Bruker AC-300 (300MHz)

20  spectrophotometer using samples concentrations of 3 percent to 5 percent
21 (weight/weight} in CDCla. H NMR spectra were used for analysis of the end
22  groups. Fractions of exo-olefin, endo-olefin, tert-chloride and coupted olefin
23 chain ends were obtained using *H NMR integration as described in the

24 following section.
25

26
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16 DPA is an abbreviation of diphenylamine. 17 TTA is an abbreviation of tri-p-tolylamine. 18 DMA is
an abbreviation of N,N-dimethylaniline. 19 BET is an abbreviation of N-benzyl-N-ethyl-m-toluidine. 20
2,3DMQ is an abbreviation of 2,3-dimethylquinoxaline. 21 DDA is an abbreviation of
10,11-dihydre:5Hedibesyzb,flazepine. 22 4,6DMP is an abbreviation of 4,@cinsthyspyoirmidine. 23
246TT is an abbreviation of 2,4,6-triphenyl-1,3,5-triazine. 24 THA is an abbreviation of
tri-n-hexylamine. 25 2PP is an abbreviation of 2-phenylpyridine. -43 WO 2006/023988

PCT/US2005/030160 1 DTA is an abprguiatio %%Qﬁggggm' ~2YERBA is an abbreviation of
tri-n-butylamine. 3 2266 TMPip is an abbreviation Tor 2,2,6,6-tetra methyl pipe radine. 4 NNDIPPA is
an abbreviation of N,N-diisopropyl-3-pentylamine 5 12266 TMPIip/TiCl4, is iation for the
mixture of 1,3,2,6%-6 %ﬁt&’ﬁf@?ﬁ&ﬂ%ﬁg@r SO Hfﬁﬂ%&rﬁ‘éﬁ%ggﬁo‘"ﬂ E.“?@%@%ﬁ%@om%s
PCT/US2003/03Q/5hY {9erh S enbl2u B O/ AN, Ca i G Qydispgreitydodax dbi@b.co ca co co co ~ ~

- =~ 0~ % B d ) G L6001 b MM AU ERM IRk Qe SHifed SRR 0 0 0 0

0102000 06

5 Procedure for Calculating the Fractional Amounts

8 of Chain Ends on the Polyisobutylene Product

The fractions of exo~oieﬂh, endo-oiefin, and teri-chioride chain ends, and
EAS, di-EAS, and coupled products in the polyisobutylene samples were
guantified using "H NMR integration. It was assumed that these six species
10 represent 100 percent of the chain ends. In some instances, EAS, di-EAS,
11 and coupled products were deemed to be absent by qualitative inspection of
12 the 'H NMR spectrum, and for di-EAS and coupled products, by confirming
13 the absence of a shoulder on the low elution volume side of the main polymer
14  peak in the GPC chromatogram. Two procedures are given below. The
15 “General Procedure” was used when coupled product was detected; the
16  "Special Procedure" was used when coupled product was deemed to pe
17  absent.

18  General Procedure

10 The fractional molar amount of each type of chain end was obtained using an
20 equation analogous to the equation given below for determining the fractional

21 amount of exo-olefin,
22 F(ex0) = (Aexo) | (Pexo * Aendo + Aterci + Azas + 2Adieas + 2Acoupies) (1)

23 where Aendo is the area of the single olefinic resonance at 5.15ppm, Aexo is the
24 area of the exo-olefinic resonance 4.63ppm, and At was calculated as

25  follows:

26 Agertcl = (A1.85-1.72/8) - Aendo (2)
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000000 0D owhere Ass_1.7; is the integrated area of the convoluted peaks associated with

2 the gem-dimethyl protons of the endo-olefin and the tert-chioride chain ends.
The integrated area of EAS or di-EAS product, when present, was evaluated
on a situation-by-situation basis; the integration was determined based on a
neak 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
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. Aceupes Was caiculated as

O N O W

follows:

—

11 Acoupled = (As.04.75= Aasa.75)/2 (3)

12 where Asp47sis the integrated area of the convoluted peaks associated with
13 one of the exo-olefin protons and the two identical protons of the coupied
14  product, and where A4 5475 is the integrated area of the peak associated with

15  the other exo-olefin proton.

16  Special Procedure

17  In the qualitative absence of coupled product, the fractional molar amount of
18  each type of chain end was obtained using an equation analogous to the

19  equation given below for determining the fractional amount of exo-olefin,
20 F(EXO) = (Aexo) / (Aexo + Aeﬂdo + Ater?—Cl + AEAS + 2AdimEAS) (1)

21 where Asdo is the area of the single olefinic resonance at 5.15ppm, Aexs
22 is the average area of the two exo-olefinic resonances at 4.63 and
23 4.85 parts per million, and Aol , Asas, and Agizas were calculated in the

24  same manner as described in the "General Procedure.”

25  Table | below summarizes the reactant quantities used in Examples 1-15 and

26  Comparative Examples A-E.
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20
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Table Il below summarizes the molar quantities of the reactants used in

Examples 1-15 and Comparative Examples A-E.

Tabie 11l below summarizes the exo-olefin content of the polyisobutylene
samples prepared in Examples 1-15 and Comparative Examples A-E. The

data are given as mole percent of the'total end groups.

Table IV below summarizes complete chain end compositions of
polyisobutylene samples prepared in Examples 1-15 and Comparative

Examples A-E.

The following abbreviations are used for the reactants in Tables |, I, I, and
IV below:

TMPC! is an abbreviation of 2-chloro-2,4 4-trimethylpentane.
12266PMPip is an abbreviation of 1,2,2,6,6-pentamethylpiperidine.

NMDPA is an abbreviation of N-methyidiphenylamine.

2tBP is an abbreviation of 2-tert-butylpyridine.

TPA is an abbreviation of tripentylamine (mixture of isomers).
DPA is an abbreviation of diphénylamine,

TTA is an abbreviation of tri-p-tolylamine.

DMA Is an abbreviation of N,N-dimethylaniiine,

BET is an abbreviation of N-benzyl-N-ethyl-m-toluidine.
2.3DMQ is an abbreviation of 2,3~-dimethylquinoxaline.

DDA is an abbreviation of 10,11-dihydro-5H-dibenz[b,flazepine.
4,6DMP is an abbreviation of 4,6-dimethylpyrimidine.

24B8TT is an abbreviation of 2,4,8-triphenyl-1,3,5-triazine.
THA is an abbreviation of tri-n-hexylamine.

2PP is an abbreviation of 2-phenyipyridine.
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DTA is an abbreviation of di-p-tolylamine.

TnBA is an abbreviation of tri-n-butylamina.

2266 TMPip is an abbreviation for 2,2,6,6-tetramethylpiperadine.
NNDIPPA is an abbreviation of N,N-diisopropyl-3-pentylamine

12266 TMPip/TiCls is an abbreviation for the mixture of 1,2,2,6,6-
pentamethylpiperadine and titanium tetrachloride.
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p=LLIL 6anNMNtU) GO ho)0) ILI WO 2006/023988 PCT/US2005/030160 1 Example 2 2
Preparation of Polyisobutylene Using a Mono-functional 3 Initiator and N-methyldiphen laymine 4
Polyisobutylene was prepared as described in Example 1 and using the 5 conditions listed in table 1.
Example 2 comitoas2argsidentical to Example 1 6 conditions except that 2@/ fagnshatgeagent was
N-methyldiphenylamine in 7 stead of 1,2,2,6,6-pentamethylpiperidine. 8 The polyisobutylene samples
were collected and analyzed as described 9 above for the Example 1 polyisobutylene samples. 10
Table Il below summarizes the data obtained at vagigysitinges intervals after 11 the addition of the
guenching agents The actual time for collecting the 12 aliquots samples, in minutes, was within a few

mintes, 1-5,minutes, of theo3 time giverin Table ot EXAIRIa 248 Preapiation of
Polyisobutyléne Usmg aM _ yridine olyisobutylene was
prepared as 8lescribed in Example | andtiatingrheNtme sshmfﬂ?:ﬁofu&lm-i‘n i table 1. Example 3 conditions

are identical to Example 1 19 conditions except that the quenching agent was 2-tert-butylpyridine

instead of 29 1 %&@.&Bgm@m@m&mwﬂw;ﬂahamp@@/mmm samplesngetecollected and
analyzed as g esccrcls%ed?ttoznzsaag%/denfwotr E)e %X%rnggﬁp}epfgé?w%io Iseg%slgmrﬁlgg; t2 3E>%am%?e 1
6 conditions except that the quenching agent was N-methyldiphenylamine in

7  stead of 1,2,2,8,6-pentamsthylpiperidine.

8  The polyisobutylene samples were collected and analyzed as described

above for the Example 1 polyisobutylene samples.

10 Table I below summarizes the data obtained at various fimes intervals after
11 the addition of the quenching agents. The actual time for collecting the
12 aliquots samples, in minutes, was within a few minutes, 1-5 minutes, of the

13 time given in Table HlL.

14 Example 3
15 Praparation of Polvisobutviene Using a Mono-functional
16 initiator and 2-Tert-butyipyridine

17 Polyisobutylene was prepared as described in Example 1 and using the
18  conditions listed in table 1. Exampie 3 conditions are identical to Exampie 1
10  conditions except that the guenching agent was 2-tert-butylpyridine instead of

20  1,2,2,6,6-pentamethyl piperidine.

21 The polyisobutylene samples were collected and analyzed as described

22  above for the Example 1 polyisobutylene samples.
23
24

25
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-49 WO 2006/023988 PCT/US2005/030160 1 Example 4 2 Preparation of Polyisobutylene Using a
Mono-functional 3 Initiator and 2,2 ,6 6-tetramethyl pipe ridine 4 Polyisobutylene was prepared as
described in Example 1 and using the 5 conditions listed in table 1. Example 4 conditions are similar to
example 1 6 wongdisianssexcept that the quencher was 2,2,6,6-tetramethyipiperidinasendds 7 was used
at a concentration two times that of the chain end concentration. 8 9 The polyisobutylene samples
were collected and analyzed as described 10 above for the Example 1 polyisobutylene samples. 11
Table IlI belova summarizes the data obtained at vgﬁ@q@gs intervals after 12 the addition of the
guenching agents. 13 Example 5 14 15 Preparation of PolVisobutylene Using a Mono-functional
initiator and 16 1 2 2 6 6-pentamethylpiperi n¥amethylpiperidine
with Titaniunf Tetrachloride PRIRRPERRR SRRl SR AP REERMATR-FTIR probe and
conduit, FTIR spectrometer 20 andsfietiresudpie fétimiccanstfanailyskiioenstant-temperature
heptane bath, 21 and glovebox were the same as described in Example 1. A 250-milliliter 22 reactor

flask was Ch%rge%wgf]léé%%t%ﬂngg%%@a&% 23R4 Smadillitisers hiexane eauilgrajed at -60C, 25
57 milliliters methyl chloride” equilibrated at -60C, 26 0.23 milliliters 2,6-dimethyl pyridine equilibrated at

room temperatur€Cadiions Gsisdimiaes b-cRisERIa 4 oerdliRgF fuREag iRivFamEIS room 28

temperature.g  conditions except that the gquencher was 2,2,6,6-{etramethyipiperidine, and it

7  was used at a concentration two times that of the chain end concentration.

8
9  The polyisobutylene samples were collected and analyzed as described

10 above for the Example 1 polyisobutylene samples.

14 Table Il below summarizes the data obtained at various times intervals after

12  the addition of the quenching agents.

13 Example

14

15 Preparation of Polyisobutyiene Using a Mono-functional Initiator and
16 1.2.2.8.6-pentameathvipiperidine — Pre-reaction of 1,2.2.6 6-

17 pentamethvipiperidine with Titanium Tetrachioride Prior to Quenching
18

18 The reactor configuration, ATR-FTIR probe and conduit, FTIR spectrometer
20  and spectroscopic method and analysis, constant-temperature heptane bath,
21 and glovebox were the same as described in Exampie 1. A 250-millititer

22  reactor flask was charged with the following reactants:

23

24  85.5 milliliters hexane equilibrated at -60°C,

25 57 milliliters methyl chloride equilibrated at -60°C,

26 0.23 miliiliters 2,6-dimethy! pyridine equilibrated at room temperature, and
27 (.48 milliliters 2-chioro-2,4,4-trimethyl pentane equilibrated at room

28  temperature.

29
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29 -50 WO 2006/023988 PCT/US2005/030160 1 A reference absorbance at 887 cm-' was established
and then 8.18 milliliters 2 isobutylene equilibrated at -60C was charged to the 250-milliliter reactor 3
flask. 4 A separate 2-neck 500-milliliter flask was charged with the following reactants: 5 28.5
milliliters hexgneaguibagted at -60C, 6 19 milliliters methyl chloride equili#rateshets/6fdesoand 7 1.02
milliliters 1,2,2,6,6-pentamethylpiperidine equilibrated at room 8 temperature. 9 Both flasks were
equilibrated in the -60C heptane bath. 10 Next, 1.2 milliliters titanium tetrachloride was charged to the

250- millliter , 11 reagiof flask, J1en 0 82 muliliters tipnium talRrplouda wanahamedlilndRe 12 500-

milliliter flask. 13 After a polymerization time of 33 minutes, a pre-quench aliquot (5-10 milliliter) 14
was removedfrofsehstyiite eeuditrrierset WRlikerae sbRipRade St A3 EhiRateqaf 10-15

milliliters per-ghillgddpethanol, and then the 16 polymerization was quenched by pouring the contents
of the 500- milliliter 17 flask into the 250- milliliter reactor flask. Aliquots were removed at 1, 3, 5, 8,

18 15, and 3Q minutes and terminat Itk -chi e T : jeactor
contents Wasg'terr%\]rlsdet%%fagte _rrlneﬁ%g?%@?r@%?é%%sﬂ%%gm%%@#gl‘n gﬁ@ﬁﬁ%@?ggﬁh%?ene samples
were collected and analyzed as described 21 above for the Example | polyisobutylene samples. 22

Example 6 28 Prep8atoHiiersonasanagriidadaty® {Brfo-functional 24 Initiator and Tripentylamine

Composed ofMixegl Asaimers (1&A) 216rkes epemk2snalllieTaornd-bottom flask was equipped with
an overhead_26 mechanical stirrer and, platinum resistanc thermqrgegﬁer. This assembly was 27
H}é? flibrated

immersed intb a HeBtafl bkt at-26E P ARPHI GRS gACIRY &d at room
8

temperature.
g  Both flasks were equilibrated in the -60°C heptane bath.

10 Next, 1.2 milliliters titanium tetrachloride was charged to the 250- milliliter
11 reactor flask. Then, 0.62 milliliters titanium tetrachloride was charged 1o the
12 500- milliliter flask.

13 After a polymerization time of 33 minutes, a pre-quench aliquot (5-10 miliiliter)
14 was removed from the contents of the 250- milliliter reactor flask and

15  terminated with 10-15 milliliters per-chilled methanol, and then the

16  polymerization was quenched by pouring the contents of the 500- milliliter

17  flask into the 250- milliliter reactor flask. Aliguots were removed at 1, 3, 5, &,
18 15, and 30 minutes and terminated with pre-chilled methanol. The balance of
19 the reactor contents was terminated at 60 minutes using pre-chilled methanol.

20  The polyisobutylene samples were collected and analyzed as described
21  above for the Example 1 polyisobutylene samples.

22 Exampie 6
23 Preparation of Polvisobutylene Using a Mono-functional
24 Initiator and Tripentvlamine Composed of Mixed Isomers (TPA)

25 A four-neck 250 milliliter round-bottom flask was equipped with an overhead
26  mechanical stirrer and platinum resistance thermometer. This assembly was
27 immersed into a heptane bath at -60°C under dry nitrogen gas in a
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-51 WO 2006/023988 PCT/US2005/030160 1 substantially inert atmosphere glovebox. The flask was
then charged with the 2 following reactants: 3 108 milliliters hexane equilibrated at -60C, 4 72
milliliters methyl chloride equilibrated at -60C, 5 0.48 milliliters 2-chloro-2,4,4-trimethyl pentane
equilibrated sigoomsodztesnperature, 7 0.23 milliliters 2,6-dimethyl pyridinepequiliasatadoeasaroom
temperature, 8 16.4 milliliters of isobutylene equilibrated at -60C. 9 The contents of the round-bottom
flask were equilibrated at -60C. 10 With continued stirring, next 1.82 milliliters titanium tetrachloride

was charged, 11 o fe;fiask, ThsaarHepHuas ahowsskiorRiorssd e miriten atddnemans 2

milliliters of the polymerization solution was charged to 4 separate 60 milliliter 13 test tubes, equipped
with threaded capella¥inhEss6kAMErization was allowed to continue in each test tube for 4 additional
15 minutes (16 total reaction minutes) at which point 1 of the 4 tubes was 16 terminated with 5
milliliters of methanal tailfiirklbexenmpauditivetedainie° Ty prior to addition of quenching agents . The
remaining 3 solutions were 18 allowed to proceed 8 minutes with intermittent shaking (24 total reaction

19 minutes), at which, lifie R 134 dramsHieRbyiRmiRg @ taktare of isomers) 20 was added to one of
the test tubes containing a reactivé polymerization. After 21 addition of TPA, | of the remaining

polymerizations was terminated,with 5 jlljliters,of, methanol to provi comparative
example. ThE TPk 9@‘2{%&%& Pl A %Wéﬁ?@%‘r’&%@%ﬁi %%%m%%%&%?ﬁwhich time 5 24
milliliters of niethé&m@ipwexunizarged in order to terminate the reaction. The 25 final non quenched

polymerization test tube was then terminated with 5 26 milliliters of methanol to provide a final

comparative examps. Nefl:guenehemaih GoNANng searticawaredtyaddmpeeyidea comparative

baseline for the -52

8  16.4 milliliters of isobutylene equilibrated at -60°C.
¢ The contents of the round-bottom fiask were equilibrated at -60°C.

10 With continued stirring, next 1.82 milliiiters fitanium tetrachioride was charged
11 to the flask. The reaction was aliowed to proceed 12 minutes and then 20
12 milliliters of the polymerization solution was charged to 4 separate 60 milliliter

13  test tubes, equipped with threaded caps.

14  The polymerization was allowed to continue in each test tube for 4 additional
15 minutes (16 total reaction minutes) at which point 1 of the 4 tubes was

16 terminated with 5 miliiliters of methano! to provide a comparative example

17 prior to addition of quenching agents . The remaining 3 solutions were

18  allowed to proceed 8 minutes with intermittent shaking (24 total reaction

18 minutes), at which time 0.1270 grams tripentylamine (a mixiure of isomers)
20 was added to one of the test tubes containing a reactive polymerization. After
21 addition of TPA, 1 of the remaining polymerizations was terminated with 5 ‘
22  milliliters of methanol fo provide another comparative example. The TPA

23 guenching reaction was aliowed to proceed 15 minutes at which time 5

24 milliliters of methanol was charged in order to terminate the reaction. The
25 final non quenched polymerization test tube was then terminated with 5

26  milliliters of methanot! to provide a final comparative example. Non-guencher
27  containing reactions were used io provide a comparative baseline for the

-52-



WO 2006/023988 PCT/US2005/030160 1 quenching reactions and to provide references for structural
and molecular 2 weight characterization in the absence of a quenching agent. 3 The molar quantities
of the reactants in the final reaction mixture are given 4 below in Table Il and the exo-olefin results for
various time yingervrls2a6es5 summarized in Table Ill. 6 Examples 7-14 7 Prepaustmos@ioRolyisobutylene
Using a Mono-functional 8 Initiator and Various Quenching Agents 9 Polyisobutylene was prepared
according to the procedure described in 10 example 6 above but using various quenching agents other

than TPA. The 11 faliow MSH@QW&\%@W@%%&%&%@&Y@HW ansladglded exo- 12
olefin PIB: deghenylamlne PA), tri-p-tolylamine (TTA), N,N- dlmethylanlllne 13 (DMA),

N-benzyl-N-ethy! Wﬁ‘@l‘ilﬁ"\?éa(‘ﬁ@“ﬁa mﬁﬁ‘&rﬁﬂaﬁw&%ﬂ@ﬁ"@@m@
10,11-dihydro-5H-dlbenz[b,flaze pine (DDA) 4,6-dimethylpyrimidine 15 (46DMP), and
2,4,6-triphengl-1,3,betrizaimec( 2A6TER Q"ﬂ:ﬁ'@emimﬁmﬁﬁebfﬁa@mmﬁﬁs%’E-aiﬁéﬁé&isted in Table
1. The molar 17 i I t in 18 Table Il
and the exo- oleflhB %ﬁﬁ:{ﬁ%%ﬁoﬂqﬁ% ;é%@i%ﬁ%@ﬁ%@é%ﬂ%@@g@e 'lrg%gblli%eé%évExample 1521
Preparation ¢f PotyiguhatigedénUsitedl Mono-functional 22 Initiator and N
N-diisopropyl-3-pentylamine 23 Polyisobutylene was prepared according to the procedure of Example
1 using 24 tige conditions listed in Table 1. Exarfpleriiegondiions are identical to 25 Example 4
conditions except that the quencher was N,N-diisopropyl-3- 26 pentylamine. 27 -53 WO 2006/023988
PCT/U82005}4030160

Preparation of Polyisobutylene Using a Mono-functional

8 Initiator and Various Quenching Agenis

9 Polyisobutylene was prepared according to the procedure described in
10 example 6 above but using various quenching agents other than TPA. The
11 following quenching agents (examples 7-14) were evaluated and yielded exo-
12 olefin PIB: diphenylamine (DPA), tri-p-tolylamine (TTA), N,N-dimethytaniline
13 (DMA), N-benzyl-N-ethvi-m-toluidine (BET), 2,3-dimethylquinoxaline
14 (23DMQ), 10,11-dihydro-5H-dibenzb flazepine (DDA), 4,6-dimethylpyrimidine
15 (46DMP), and 2,4,6-friphenyl-1,3,5-triazine (246T7T).

16 The reactant quantities for examples 7-14 are listed in Table 1. The molar
17  quantities of the reactants in the final reaction mixture are given below in
18  Table I and the exo-olefin results for various time intervals are summarized in

19  Tabie Hl.

20 Example 15

21 Preparation of Polyisobutylene Using a Mono-functional
22 Inifiator and N N-diisopropvl-3-pentviamine

23  Polyisobutylene was prepared according to the procedure of Example 1 using
24 the conditions listed in Table 1. Example 15 conditions are identical to

25 Example 4 conditions except that the guencher was N,N-diisopropyl-3-

26  pentylamine.

27

-53.



| The polyisobutylene samples were collected and analyzed as described 2 above for the Example 1
polyisobutylene samples, 3 Table 11l below summarizes the data obtained at various times intervals
after 4 the addition of the quenching agents. 5 Comparative Examples A-E 6 Preparation of
Polyisobutyleng idginasashlono-functional 7 Initiator and Various Quenching-Agents $haelyisobutylene
was prepared according to the procedure described in 9 example 6 above but using various quenching
agents other than TPA. The 10 comparative examples represent secondary and tertiary amines which

e e s SHRESINEIR AR LRLAINGRIT ARIGAIEA I O aldubel? The teactary

guantities for exam are’listed in e 1. The molar 13 quanfities of the reactants in the final
reaction mixtlre aeoykvéer BetomxammieT hBrEVisaREWRNE&RBIBRF results for various time intervals are
summarized in 15 Table Ill. -54 WO 2006/023988 PCT/US2005/030160 Table 11l Example Quenching
Agent Quench Timsy{Eminwenaftarihe-ecdiion oftheoateneting wgenty Hried ini8oralbatics0 - 60 -75
-90 -180 Exo-olefin g/ of tota%3 hain enc}?ﬁl 1,2,2,6,6-pentamethyl eridine 1 79 81 90 87 93 91 N/A
N-methyl 0 8% ea%ﬁ édét&)ﬁf ﬁ‘ez“dﬁar?é’ 4IRS 2-tertbutyl 3 62 65 69 66 67 68 N/A pyridine 4
2'2'6'6 3 96 96 N/A 96 N/A | N/A N/A

5 Comparative Examples A-E
8 Preparation of Pelyisobutylene Using a Mono-functional
7 Initiator and Various Quenching Agents

8 Polyisobutylene was prepared according to the procedure described in

9 example 6 above but using various quenching agents other than TPA. The
10  comparative examples represent secondary and tertiary amines which did not
11 vield exo-olefin PIB above that of the PIB generated in the control aliquot.

12 The reactant quantities for examples A-E are listed in Table 1. The molar
13 - quantities of the reactants in the final reaction mixture are given below in
14  Table Il and the exo-olefin results for various time intervals are summarized in

15 Tablelll.
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tetrameth | i eridine 5 12266PMPip/T1Cl4 11 76 76 N/A 76 N/A N/A N/A 6 TPA 7 NIA NIA 22 NIA N/A
N/A N/A 7 DPA 7 50 N/A N/A N/A N/A tN/A N/A 8 TTA 7 70 N/A N/A N/A N/A N/A N/A 9 DMA 7 61
N/A N/A N/A N/A N/A N/A 10 BET 7 63 N/A N/A NIA | N/A N/A N/A 11 213DMQ 7 94 N/A N/A N/A
N/A N/A N/AwkR d 709 N/A N/A NIA N/A N/A N/A 13 4,6DMP 7 69 N/Achds NAMNANIA N/A 14
246TT 7 67 N/A N/A N/A N/A N/A N/A 15 N,N-diisopropyl-3- 0 N/A 10 ( N/A N/A N/A N/A N/A
pentaylamine A THA 7 7 N/A N/A N/A tN/A N/A WA B 2PP 7 7 N/A N/A N/A N/A N/A N/A Quinaldine
7 7 NIA NIA %/A N/A NIA N/A D DTA 7 7 NIA N/A NJAN/AN/A N/A E TnBA 7 7 NIA N/A N/A N/A N/A
N/A 2 -55 WO 2006/023988 PCTIUS2005/030160 26000000 00000106d .. CO CO CO CO

CO CO COCOCOCOCOCO rCOmMY Vol V- COMNVv-O-9+HY-~a-a-tL
Exampie Quenching Agent Quench Time
{minutes afier the addition of the quenching agent)
‘ | _
0 | 15| ~30 | ~45 | ~50-80 | ~75 00| 180
Exo-olefin
{% of total chain ends)
1,2,2.6,6-pentamathyl |
1
piperidine 1 79 81 g0 87 g3 91 N{A
N-methyi 84
2 diphenyiamine 0 85 | 88 84 85 84 B84
2-tertbutyt - 7 58 A
3 oyridine 3 62 | 65 69 86 8 N/
4 2.2,6,6- 3 {96 | 96 | NA | 95 | N/A | NA| A
{etramethyipiperidine
5 12266PMPITICH | 41 | 75 | 78 | NA 76 | NA | NIA | N/A
6 TPA 7 U NA L NA | 22 NIA N/A | NJA | N/A
7 DPA 7 | 50 | NIA | NIA N/A N/A | NA | NIA
8 TTA 7 70 | NIA | NIA N/A NA | NJA L NJA
9 DMA 7 81 | NA | NA N/A N/A | NJA | NUA
| :
10 BET 7 83 | N/A | N/A NIA NA | NIA | NIA
11 2,3DMQ 7 | ¢4 | NIA | NA N/A N/A | NAA | NJA
12 DDA 7 89 | NIA | NA N/A N/A | NJA | NJA
13 4,80MP 7 B2 | N/A | N/A NIA N/A | NFA | N/A
14 248TT 7 | &7 | NvAa | NA N/A N/A | NA L NIA
N, N-diisopropyi-3-
15 pentaylamin o | NA 10 | NA N/A NA | NfA | NJA
A THA 7 7 | N/A | NA NIA. N/A | NIA | N/A
B 2PP 7 7 | N/A | NA N/A NIA I NAA L NIA
C Quinaldine 7 7 | NIA | NA N/A NIA | NJA L N/A
D DTA 7 7 | NA | N/A N/A N/A T NIA | NA
E TnBA 7 7 | NA | NA N/A NIA | NIA | NIA
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cONhN._ H({D-C)Co-trt ZaGNcoCl)CCl) Z~sm'5UCDCD EEEEErrQfoauoww
C00CmUUUUC) CCCCCCHNNNU4CCC77 C70-cr0-C7 ZRm0a0<-NC)
"It IC) CC)r-03 m | 1 WHAT IS CLAIMED IS: 2 1. A method for preparing a polyolefin containing one
or more exo-olefinic 3 end groups on the polymer chain, comprising quenching a cationic 4
uasi-living polyolgf ith one or more hindered 5 secondary or tertiary amines

2ontaininggoglyycamgﬁﬁﬁ%%%nghitrogen atoms, provided the hindered secondary or tertiary
amines are 7 not: 8 (a) Triethylamine; 9 (b) Tri-n-butylamine; 10 (c) Trihexylamine; 11 (d)
Triisooctylasine?- 12 (&) mptheripyatrpering Hppiydsingontaiomgidheesrmgry eipasitimine; 15

(h) Quinaldige; and  end groups on the polymer chain, comprising quenching a cationic

4 quasi-living polyolefin polymer system with one or more hindered
5 secondary or tertiary amines containing only carbon, hydrogen, and
8 nitrogen atoms, provided the hindered secondary or tertiary amines are
7 not:
8 (a) Triethylamine:
9 (b} Tri-n-butylamine;
10 (c) Trihexylamine;
! {d} Triisooctylamine;
12 {(e) 2-phenylpyridine;
13 () 2,3-cyclododenopyridine;
14 (g) Di-p-tolylamine;
15 (h} Quinaldine; and
16 (i) 1-pyrrolidino-1-cyclopentene.
17 2. The method of claim 1, whe.rein the guenching of the cationic
18 quasi-living polyolefin polymer system is at a temperature in the range
19 of -130°C fo 10°C.

20 3. The method of claim 2, wherein the quenching is carried out at a
21 temperature in the range of -80°C to 0°C.

22 4. The method of btaim 3, wherein the quenching is carried out at &
23 temperature in the range of -70°C to -10°C.

24 5. The method of claim 4, wherein the quenching is carried out at a
25 temperature in the range of from -80°C 1o -20°C.

26 6. The method of claim 1, wherein the polyolefin is prepared in situ.
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16 (i) 1-pyrrolidino-1-cyclopentene. 17 2. The method of claim 1, wherein the quenching of the cationic
18 quasi-living polyolefin polymer system is at a temperature in the range 19 of -130C to 10C. 20 3.
The method of claim 2, wherein the quenching is carried out at a 21 temperature in the range of -80C
to 0C. 22 4. The method of claim 3, wherein the quenching is carried out at a 23 temperature in the
range of -70C to’-10C] ba Befhed sk Hatmot crhearaindhe silymefindn solisebulyiengout at a 25
temperature in the range of from -60C to -20C. 26 6. The method of claim 1, wherein the polyolefin is
prepared in®itu.§-58 Ifﬁefhetmfm@ﬂafrﬁlalrwﬂemhﬁﬁmHhﬁiéﬁéﬁ@éﬁﬂﬂ&@?‘ﬂﬁ@ﬂwne 28.The
method of claim 1, wherein the hj ered secondary or tertiary 3 amine has the general formula: R~\
R2 4 R3 5Wwherein Rﬁnﬂ‘f% g@ﬁ@g tIy hydrogen, alkyl 6 containing one carbon atom
to 20 carbon atoms, cycloalkyl 7 of 3 to 7 cargn atoms, ary] of 6 to 30 8 carbon atoms, alkaryl of7to
30 carbon atoms, or 9 aralkyl of 7 to 30 carbon*&toms; gr-at ¥east one of R; 10 and R2, R2 and R3 and
R3 and R,, taken in pairs, independently 11 form a fus¢d aliphatic ring of from 4 carbon atoms to 12 8
carbon atoms; 13 provided that no more than one of R,; R2 and R3 is hydrogen, and 14 provided that
RI, R2, and R3 are not all linear alkyl of 3 15 carbons q Iess 16 9. The method of claim 8, Whereln the
hindered ardine is a tertiary amine 17 of the formula:

5 wherein Ry Rz and Rs are independently hydrogen, alkyl

6 containing one carbon atom to 20 carbon atoms, cycloalky!

7 of 310 7 carbon atoms, aryi of 6 to 30

8 carbon atoms, alkaryl of 7 1o 30 carbon atoms, or

9 aralkyl of 7 to 30 carbon atoms; or at least one of R,
10 and Ry, Ro and Rs and Rs and Ry, taken in pairs, independentiy
11 form a fused afiphatic ring of from 4 carbon atoms to
12 8 carbon atoms;
13 provided that no more than one of R4 R, and R is hydrogen, and
14 orovided that Ry, R, and Rs are not all linear alkyl of 3
15 carbons or less.

16 9. The method of claim 8, wherein the hindered amine is a tertiary amine
17 of the formuia;

18

- 18 10. The method of claim 8, wherein the hindered amine is a secondary
20 amine of the formuiza;
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.18 19 10. The method of claim 8, wherein the hindered amine is a secondary 20 amine of the
formula: -59\ H _ 2 11. The method of claim 8, wherein the hindered amine is a tertiary amine 3 of the
formula: a N 45 12. The.method of claim 8, wherein the hindered amine is a tertiary amine 6 of the
formula: 7 8 13. The method of claim | wherein the hindered amine is a tertiary or 9 secondary amine
having the general formula: R4 R6 R R~ x 10 Rs 11 wherein R6 is a divalent hydrocarbyl group of
one carbon atom to 4 12 carbon atoms, each of whichHmay be substituted with an alkyl group 13
having one carbon atom to 6 carbon atomg; arn R', R2j R3, R4areh 14 R5 are independently
hydrogen, alkyl containing one carbon a A 3
aryl of 6 to 30 16 -60 1 carbon atoms, alka , or aralkyl of 7 to 30 2 carbons;
provided ifR,,R2, R3, and R4 are hydrogen; R5 is a 3 brareked alkyl having from 4 to 20 carbon
atoms, aryl gf 6 to 30 carbon 4 atoms, or aralkyl of 7 to 30 carbon atoms, and provided if R5 is

3

hydrogen, % theh'R,, R3E RethAd Riceaiim8: wmm'gmthnmaimnm,iammg amine

of the forrmuia:

-
4 | .

12.‘ ‘The.method of claim 8, wherein the hindered amine is a tertiary amine
of the formula: ' '

Ot

\N/

_,, C

13.  The method of claim 1 wherein the hindered amine is a terfiary or
-secondary amine having the general formula:

- Re R K
R3><1;T><Rz

10 Rs

11 wherein R is a divalent hydrocarbyl group of one carbon atom to 4
12 carbon atoms, each of which may be substituted with an alkyi group
13 having one carbon atom to & carbon atoms, and Ry, Ry, Ry Reand
14 Rs are independently hydrogen, alikyt ccntaining one carbon atom to
15 - 20 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, aryl of 6 to 30
16
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6 either R3 or R4 is a branched alkyl from 4 to 20 carbon atoms, 7 9 14. The method of claim 13,
wherein the hindered amine is a secondary or 10 11 tertiary amine of the formula: R5 H3C F CH3
H3C CH3 12 13 wherein R5 is hydrogen or methyl. 14 15 15. The method of claim 8 wherein the
hindered secondary or tertiary amine 16 has the general formula: R9 R2 R3 N R7 AP14 17 R3HR5
- 18 wherein R, is a divalent hydrocarbyl group of one carbon atom to 19 4 carbons and R2, R3, R4,
R7, R8, andIR9 are indepérateatigrnz) Mvgaﬁ?&kﬁ&m@lﬂr@m Qafbwi@twmcarbm 61 1
atoms, cyclealkyl of 3 t karyl.of 7 to 30 carbon
chésgﬁ%r%ﬁgg%%hfﬁﬁe 66%5’5 and rﬁ}’ Hthﬁfl Giffer is linear 4

atoms, or araIkyI of 7t
alkyl from ohe carbon aﬁ%@%@%bﬁ@gﬁsmamommmt al&lmfﬁtommmm@me of R5

and R6 is hydrogen. 7 i, ddemethed 8F 61 d 2 anrain e 2y ?ov?dge@ ¥ tf’Qr ydrogen

5 then Ry, Ry, Rs, and R4 cannot be hydrogen uniless either R4+ or Rz and
6 either R3 or Ry Is a branched alky! from 4 to 20 carbon atoms.

7

10 14, | The method of claim 13, wherein the hindered amine is a secondary or
oy tertiary amine of the formula:

Rs
HsC ‘N CHj
HaC CHg

12

13 wherein Rs is hydrogen or methyl.

14

15 15. The method of claim 8 wherein the hindered secondary or tertiary amine
16 has the general formula:

Rg | Bo
Rg ST
AT
&
Ry
4 Ra

- Re Rs
18 wherein R, is a divalent hydrocarbyl group of one carbon atom to
19 4 carbons and R Rs; R4 Ry, R and Ry are independently
20 hydrogen, alkyl containing one carbon atom to 20 carbon
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HHHHHH1/N HI HHH 9 18. The method of claim 1, wherein the hindered amine is a tertiary
amine 10 of the general formula: R5 N R, R4/ R2 11 3 12 wherein one of R, and R5 is hydrogen and
the other is a branched 13 alkyl of 3 to 20 carbon atoms, aryl of 10 to 30 carbon atoms, or 14 aralkyl
of 11 to 30 carbon atoms; R2, R3 and R4 are independently 15 hydrogen, alkyl of one carbon atom to

20 carbon atoms, cycloalkyl 16 of 3 to 7 carbon atoms, aryl of 6 to 30 carbon atoms, alkaryl of 7to 17
30 carbon atoms, or aralkyl 3PMe SpciealivhaiidissB sesbametane, agoti iR and R3, 19

/621 R3 ang R4, and R4 anghis ahan s SERRMLBINRTR A2 NGRY rpagic ing of from 5

carbon atoms to 7 carbon atoms or 3 aliphatic ring of from 4 carbon atoms to n atoms, 4 5

provided that if R, and R2 fSfaReREs@Ra Ane-atRyanefade hvdrosanantihe eiheaischreralkyl of 3 to
20 carbon atoms, aryl of 104fkyT @SheaiNe BatsRGEtenMBIRY ehidolp AdsRrbon atoms, and 8 provided
that if R4 apd R5 form a fused aliphatic or aromatic ring, 9 then R, is a branched alkyl of 3 to 20
carbon atoms, aryl of 10 to 10 30 carbon atoms, or aralkyl of 11 to 30 carbon atoms. 11 12 19. The
method of claim 18, wherein R, is hydrogen and R5 is tert-butyl and o

6 16. The method of claim 15, wherein one of Rs and Rs is hydrogen,

7 17. The method of claim 15, wherein the amine has the formula:

8 18. The method of claim 1, wherein the hindered amine is a tertiary amine
10 of the general formuia:

R4
1
12 wherein one of Ryand Rs is hydrogen and the other is a branched
13 alkyl of 3 to 20 carbon atoms, aryl of 10 to 30 carbon atoms, or
14 aralkyl of 11 to 30 carbon atoms; R, R; and R, are independently
16 hydrogen, alkyl of one carbon atom to 20 carbon atoms, cycioalkyl
16 of 3 to 7 carbon atoms, aryl of 6 to 30 carbon atoms, alkaryl of 7 to
17 30 carbon atoms, or aralky! of 7 1o 30 carbon atoms: or at least one
18 of R1 and Ro, Rg and R3,
19
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13 R2, R3 and R4 are hydrogen. 14 20. The method of claim 1, wherein the hindered amine is a
nitrogen 15 containing hetero-aromatic having the following formulas, (a), (b) and 16 (c): ::xx:: 17 (a)
18 wherein in formula (a) 19 one of R, and R4 is hydrogen and the other is alkyl of one carbon 20
atom to 20 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, aryl of 21 6 to 30 carbon atoms, alkaryl of
7 to 30 carbon atoms, or aralkyl of 22 7 to 30 carbon atoms, one of R2 and R3 is hydrogen and the.
other 23 is Alkyl of one carddnR«RDd BarBon Brotakepyinpaiks) brzpesdentlytiosrcarbon atoms,
anyl of 6 t0 930 carbon atormscllgRAAHE [ LFAIALLAIBANUcH ARy Qlidg ApsarBen atoms; or
t a

at least one of R1 4 and R2 and R3 and R4, taken in pairs, independently form a fuse aromatic
ring of from3 carbon atomsPPAFERG &Bﬁ%ﬂ@ﬁ%ﬂ%@%@@fﬁ@ B¥fisaitoms to 8 carbon 7
atoms; RZBs RIN R4 8 (b) 9 wherein in formula (b) 10 R1, R2 and R4 are independently hydrogen
or alkyl of ope carbon 11 atomvideDtioat ifdRainth R distnaliidsetiXipibatierbparatagi® dRy, of 12 6 to
30 carbon atoms, alkaryl of arhon atoms, ar ar | of .13 7 to 30 carbon atoms, R3 is
hydrogen, a8kyl of one carb ﬁé&tﬁ%oébm%ncgeé aﬂcy?o% 5}4(0 £0 carbon atoms, ary?oﬂ B to

30 carbon atoms, or aralky! of 11 to 30 carbon atoms, and

7
8 provided that if R4 and Rs form a fused aliphatic or aromatic ting,
g then Ry is a branched alkyl of 3 to 20 carbon atoms, aryl of 10 fo
10 30 carbon atoms, or aralky! of 11 to 30 carbon atoms.
11

1219, The method of claim 18, wherein Ryis hydrogen and Rs is tert-butyl and
13 Rz, Rs and R4 are hydrogen.

14 20, The method of claim 1, wherein the hindered amine is a nitrogen

15 containing hetero-aromatic having the following formulas, (a), (b) and
18 {c):
Ra N R«
X
P
Rg N RZ
17 ' (a)
18 - wherein in formula (a)
18 one of Ry and R, is hydrogen and the other is alkyl of one carbon
20 atom fo 20 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, aryl of
21 6 to 30 carbon atoms, alkary! of 7 to 30 carbon atoms, or aralky! of
22 7 to 30 carbon atoms, one of R, and R; is hydrogen and the other
23 is alkyl of one carbon atom to 20 carbon atoms, cycloalkyl of
24
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14 20 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, aryl of 6 to 30 15 carbon atoms, alkaryl of 7 to
30 carbon atoms, or aralkyl of 7 to 30 16 carbon atoms; or at least one of R2 and R3 or R3 and R4,
taken in 17 pairs, independently form a fused aromatic ring of from 5 carbon 18 atoms to 7 carbon
atoms or aliphatic ring of from 4 carbon atoms 19 to 8 carbon atoms, 20 21 provided that if R1 is
hydrogen then R2 and R4 are independently alkyl of one carbon atom to 20 carbon atoms, cycloalkyl
of 22 23 -64 1 3 to 8 carborPdRMSaERYNAETS38 ARG 8toms, alkaryl of 7 to 2 30 carbon atoms, or

aralkyl of 7 tp 30 carbon atoms canshfsaehs Samavidef thatib RarbbR4tisy/degen, then R1 is alkyl of
one carbon 4 atom to 20 carbon a(g)%ns, c:ﬁloal yl of 3 to 8 carbon atoms, rél 5 of 6 to 30 carbon

atoms, alkaRy/l of 7 to 30 carBEHYhE, 183 SHRNAP 36" At LebRmS’ 718 9 and /mar Rz 10 (0)

11 wherein in formula (c) 12drt R2amad R 3redeRindseniiepdyshystiegendentikidraf afeseadrbon to 13
20 carbon i#oms, cycloalkyl of 3 tc% 8 carb atorc‘)%i arr%/l of ? Ot{% 33?0 4Cgagbon {altoms,ralkaryl of 7 to 30

carbon atons, or aralkyl of 1836 Iq NG AR na roon aioms o
6 aliphatic ring of from 4 carbon atoms to 8 carbon
7 atoms;
Re
Ra

Ry R4

8 (b)

9 wherein in formula (b)

10 R1, Rz and Rsare independently hydrogen or alkyl of one carbon
11 atom to 20 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, aryl of
12 6 to 30 carbon atoms, alkaryl of 7 to 30 carbon atoms, or aralkyl of
13 7 to 30 carbon atoms, R; is hydrogen, alkyl of one carbon atom to
14 20 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, aryl of 6 to 30
15 carbon atoms, alkaryl of 7 to 30 carbon atoms, or aralkyl of 7 to 30
16 carbon atoms; or at least one of R; and R; or R; and Ry, taken in
17 pairs, independently form a fused aromatic ring of from 5 carbon
18 atoms to 7 carbon atoms or aliphatic ring of from 4 carbon atoms
19 to 8 carbon atoms,
20
o1 provided that if R1 is hydrogen then R; and R, are independently

alky! of one carbon atom to 20 carbon atoms, cycloalky! of

22
23
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17 21. The method of Claim 1, where the hindered amine has the formula: 19 22. The method of
Claim 20, where the hindered amine has the formula: -65 WO 2006/023988 PCT/US2005/030160 1 N
2 23. The method of Claim 20, where the hindered amine has the formula: N="-N 3 4 24. The method
of claim 1, wherein the polyolefin is prepared by 5 quenching a quasi living polyolefin polymer product
containing te{mlnal 6 tert- chg)[ % ds ora ix%r? erm nal tert- chlgariﬁ P %ends 7 and
terminal olefinic chain ends it the pc);lae %Pg [BWig'aeid. ﬂa HRMBOFHLRA C\Nhereln the
quasi-living @olyolefin polyme0 qulwatcomatamsrcaikmimﬁl?temtmbmderclaalmendsd ¥0rPfer The
method of claim 24, wherein [ ju ro alide 1 7 The ethod of
claim 26, Wh‘aerein the Lewis étcjggl}]s%\g tﬁ%ﬁﬁﬁ? F%éll@g ﬁ%{%rg%% 3 frlr?e}tf% Ky o?' Ya|m reBreln the
Lewis acid igtitanium 14 tetrabhioiiplé0 xsdeT: a’r@mmwmmm 3 twﬁmrbaheatpms;-twhg
polyolefin payymer is 16 formyed by soriaeiccas resi Rar Fafionicaly aohanetigable gronomer 17
with an initiator, in the presence of a Lewis acid under reaction 1 con tlons suita Ie or quasi-living
polymerizatién. -66 1 30. Tharalethet otcRing@baRERsMFthe at least one cationically 2
polymerizable monomer comprises at least one of isobutylene, 2- 3 methyl-l-butene,
3-methyl-l-butene, 4-methyl-1-pentene, and beta- 4 pinene. 5 31. The method of claim 30, wherein the
at least one @atlonlcally 6 polymerizable monomer is isobutylene.

9 and

Ry

P

i

/"\\\QN
//\\ "A
Ry

10 (o)
11 wherein in formuia (¢)
12 R4, Rz and Rs are independently hydrogen or alkyl of one carbon to
13 20 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, aryl of 6 te 30
14 carbon atoms, alkaryl of 7 to 30 carbon atoms, or aralkyl of 7 to 30
15 carbon atoms.
16

17  21. The method of Claim 1, where the hindered amine has the formula:

AN
NN

19 22. The method of Claim 20, where the hindered amine has the formula:
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7 32. The method of claim 31, wherein two or more different cationically 8 polymerizable monomers
are employed. 9 33. The method of claim 29, wherein the initiator is multi-functional. 10 34. The
method of claim 33, wherein the initiator is di-functional. 11 35. The method of claim 34, wherein the
di-functionalvinitistencssprises at 12 least one of 1,3-di(2-chloro-2-propfFBLHEHRBGEENzene, 13
1,4-di(2-chloro-2-propyl)benzene and 14 1,4-di(2-acetoxy-2-propyl)benzene, 15
1,3-di(2-acetoxy-2-propyl)-5-tert-butylbenzene, 16 1,3-di(2-methoxy-2-propyl)-5-tert-butyibenzene and
17 1,4-di(2-methoxy-2-propyl)benzene. 18 36. The method of claim 29, wherein the initiator is
mono-functional. 19 37. The method of claim 36, wheret mono-functional initiator comprises 20 at
least one of 2-chloro-2-phenylpropane; 2-acetoxy-2-phienylpropane; 21
2-propionoxy-2-phenylpropane, 2-methoxy-2-phenyl , 2-ethoxy- 22 2-phenylpropane,

- 2-chloro-2,4,4-trimethylpentane, 2-acetoxy-2,4,4, 2 trimethylpentane,
2-propionoxy-2,4,4-trimethylpentane, 24 2-methoxy-2,4,4-tyim entane, an
2-ethoxy-2,4 - trlﬁi’ethylﬁéﬁtmﬁh%@@@ﬁbm% ahﬂ%e \%ﬁ@?&ﬂ%ﬁ‘(ﬁn cu'l-g}uvx?elght

~distribution, 26 MW/M,,, of the polyolefin polymer is present in the range of 27 1.01 to 3.0. -67 1 39.

The method of claim 38, wherein the molecular weign@bution, 2 MWI/M,,, of the polyolefin

polymer is present in the range of 3 1.1 to 2.0. 4 40. [The njiethod of claim 39, wherein the molecular
weight distribution, 5 MW/M,,, of the polyolefin poly ess than 1.5. 6 41. A method for preparing
a polyolefin containing one or more exo-olefinic 7 end roups on the polymer chain, comprising
guenching a cationic 8 quasi-living polyolefin polym% %fn with one or more hindered

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

quenching a quasiiving polyoiefin polymer oroduct containing terminal
tert-chioride chain ends or & mixiure of terminal tert-chioride chain ends

~ o o b

and terminal olefinic chain ends in the presence of a Lewis acid.

55 The method of claim 24, wherein the quask-living polyolefin polymer
product coniains terminal tert-chloride chain ends.

10 28. The method of claim 24, wherein the Lewlis acid is a titan'ium or boron
11 halide.

12‘ 27.  The method of claim 26, wherein the Lewis acid is a fitanium halide.

13 28. The method of claim 28, wherein the Lewis acid is fitanium
14 fetrachioride.

45 20. The method of claim 1, wherein the quasi-living poiyolefin polymer is

16 formed by contacting at least one cationicaltly polymerizable monomer
17 with an initiator, in the presence of a Lewis acid under reaction
18 conditions suitable for guasi-living polymerization.
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9 secondary or tertiary amines containing only carbon, hydrogen, and 10 nitrogen atoms, wherein the
hindered secondary or tertiary amine 11 compounds are pre-reacted with a Lewis acid, and provided
the 12 hindered secondary or tertiary amines are not: 13 (a) Triethylamine; 14 (b) Tri-n-butylamine;

15 (c) Trihexylamine; 16 (d) Triisooctylamine; 17 (e) 2-phenylpyridine; 18 (f) 2,3-cyclododenopyridine;
19 (g) Di-p-tolylamine;_20 (h) Quinaldine; and 21 (i) 1-pyrrolidino-I-cyclopentene. 22 42. The above
method of cfhim 39, whéefeReHOdatisla3e Rl P tlsashRte capNEIb006/023988

PCT/US2005/030160 43T abRvmeneines aaiaied hubhsseintherintoromagioe is 12,2,6,6- 2

pentamethylpiperidine. 3 44. The method of claim 41, wherein the Lewis acid is titanium tetrachloride
4 and the hifdered sedBREEY P WenSnSdmaYis1oboiteres 4aiautiyREnSRnand Bstarne method of
claim 1, wherein the pelialgéin has at least 20 percent 7 exo-olefin end groups. 8 46. The method of
claim 1, wherein the polyolefin has at least 50 percent 9 exo-olefin end groups. 10 47. The method of

claim 1, wheyein e Produict ias £LIFSRIA SBeURNR thd hLL R dLaidRReaty
6 polymerizable monomer is isobutylene.

7 32. The method of claim 31, wherein two or more different cationically

8 polymerizable monomers are employed.
9 33. The method of claim 29, wherein the initiator is multi-functional.
10 34. The method of claim 33, wherein the initiator is di-functional.

11 35. The method of claim 34, wherein the di-functional initiator comprises at

12 ieast one of 1,3-di(2-chloro-2-propy[)-5-tert-butylbenzene,
13 1,4-di{2-chloro-2-propyhbenzene and

14 1,4-di(2-acetoxy-2-propyl)benzene,

15 1,3-di(2-acetoxy-2-propyl)-5-tert-butylbenzene,

16 1,3-di(2-methoxy-2-propyl)-5-tert-butyibenzene and

17 1,4-di(2-methoxy-2-propylibenzene,

18  36. The method of claim 29, wherein the initiator is mono-functional.

19 37. The method of claim 36, wherein the mono-functional initiator comprises

20 at least one of 2-chloro-2-phenylipropane; 2¥acetoxy~2-phenylpropane;
21 2-propionoxy-2-phenylpropane, 2-methoxy-2-phenylpropane, 2-ethoxy-
22 2-phenylpropane, 2-chloro-2,4,4-trimethylpentane, 2-acetoxy-2,4,4,-
23 trimethylpentane, 2-propionoxy-2 4 4-trimethylpentane,

24 2-methoxy-2, 4 ,4-trimethylpentane, and 2-ethoxy-2,4 4-trimethylpentane.

25 38. The method of claim 1, wherein the molecular weight distribution,
28 Mw/M,, of the polyolefin polymer is present in the range of
27 1.0110 3.0,
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10
11
12

13
14
15
16
17
18
19
20
21

22
23

38.  The method of claim 38, wherein the molecular weight distribution,
Mw/My, of the polyolefin polymer is present in the range of
1110 2.0.

40. The method of claim 39, wherein the moiecular weight distribution,
Mw/Mp, of the polyolefin polymer is less than 1.5.

41. A method for preparing a polyolefin containing one or more exc-olefinic
end groups on the pelymer chain, comprising quenching a cationic
guasi-living poiyolefin polymer system with one or more hindered
secondary or tertiary amines containing only carbon, hydrogen, and
hitrogen atoms, wherein the hindered secondary or tertiary amine
compounds are pre-reacted with a Lewis acid, and provided the
hindered secondary or tertiary amines are not:

{a) Triethylamine;

{b) Tri-n-butytamine;

{c) Trihexylamine;

(d) Triisooctylamine;

(e) 2-phenylpyridine;

() 2,3-cyclododenopyridine;
(g) Dip-tolylaming;

{n) Quinaldine; and

(i) 1-pyrrolidino-1-cyclopentene.

42, The above method of claim 41, wherein the Lewis acid is titanium
tetrachioride.
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e

10
11

43.

44,

45,

48.

47,

The above method of claim 41, wherein the hindered amine is 1,2,2,6,6-

pentamethylpiperidine.

The method of claim 41, wherein the Lewis acid is titanium tetrachloride
and the hindered secondary or tertiary amine is 2,2,6,6-
tetramethylipiperidine.

The method of claim 1, wherein the polyolefin has at feast 20 percent

exo-olefin end groups.

The method of claim 1, wherein the polyolefin has at least 50 percent

exo-olefin end groups.

The method of claim 1, wherein the product has at [east 70 percent exo-

olefin end groups.
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