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10 BACKGROUND OF THE INVENTION

11 Linear polyolefins made using a mono-functional initiator containing a single
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 multiple exo-olefinic end groups. Polymers containing specific end

16 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 electron 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.



4 pol ynerization proceeds in the absence of chain transfer and chain 5
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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-chloro-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 referred to as the "tri-substituted" isomer or "endo olefin" isomer.
28  Furthermore, conventional polymerizations of isobutylene yield polymers with

29  broad molecular weight distributions or polydispersity indices.
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4 only the exo-olefin end group. One nethod involves chemcal 5
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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
19  narrow molecular weight distribution, where the ratio of the weight average

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

21 approaches 1.

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

23  degree of polymerization from 10 t0100 and where the proportion of

24  theoretically 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.



7 U.S. Patent No. 4,393,199 discloses a nethod for carrying out cationic 8
pol yneri zation with nol ecul ar weight control in which a pre-initiator and a
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15  polymerization of isobutylene, followed in the same reaction vessel by the

16  addition of hexane, allyltrimethylsilane and titanium tetrachloride.

17  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 boron

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

21  disclose polymers of different molecular weights having useful end groups

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 can add olefin monomers to increase the molecular weight of the complex

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



9 polyneric materials functionalized with desirable nitrogen-containing 10
functional groups such as term nal azido, cyano, carbonylamno or 11

t hi ocar bowgl2aewsesgr oups. Pol yneri zati on and functi onal iPzatisesvsosmes i n a
12 substantially simultaneous manner. 13 U.S. Patent No. 5,428,111
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met hoxystyrene, trans-stil bene, 1-isopropenyl naphthal ene 26 and

2, 4- di metthy| have veyenarcav \morogerdel IagscriarveiiiehistiBetied 1 u. S. Pat ent
Application No. 10/433,439, Publication No. 2004/0015029 A, 2 discloses a
process for the preparation of polyisobutylenes in which at |east, 3 60
percent & tUeS gedtentNochAa36s74ndisclases aavethoddopihg direetaynihasisat urated 4

term nal group, by. catjonic. pol. I 1,0 | ene ' utene 5
cont ai ni nB&‘MW@F‘Crﬂ‘Q{%'PL%fUi”ﬁ{'%ﬁ'Zgéﬁ’@ghg%ﬁrapqggg%é?& clzcﬂ{t? @l’gr esence of
6 an inifj at RchYsaIYouds Sush aBadenihal@ntid cefanon caddnylariino dr0/ 600, 898,
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Al . Tet h
and prodiki nthioearbanypminegmups Behenerizatien anekfynctionalgatien ocer b a
pol ymerizati o f i tabl under living polynmerization
conditio aﬁ@b%ﬂ@%%ﬁ%uﬁﬁ@% yr?gg.'lg%ati on with 11 an N-substituted
pyrrole. The functionalized polyners containing N
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  particularly polyisobutylene, chain end for making block copolymers having

16  polyolefin mid-blocks and styrenic end-blocks.

17  U.S. 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 polyisobutylene 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, trans-stilbene, 1-isopropenylnaphthalene

26  and 2,4-dimethyl styrene.



12 substituted pyrroles nmay be enpl oyed as fuel additives and/or

| ubricating oil 13 additives. 14 PCT International Application No.

PCT/ EP/ 05%6200d/msessnat i onal Publication 15 No. W99/ 09@¢4/usdisoboses a
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avoi ded. 1X he stibstititepapyamiep may be Bmpiayecrasbus! additines and/adubrigatiogsil 7
"Finally stroa% bases may al so elinmnate f3-protons, which should be 8
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U posesl4 11PAIT IngergtpTaGICar AR NG £ e RS St brinr L PRR R ¢t
constant g5 " My W'099/09074, 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 oil

19  or fuel 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  [sobutylene, by Young Cheol Bae and Rudolf Faust, Macromolecules,

23 Volume 30, 7341-7344 (1997). The authors investigated p-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
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12 a-proton elimnation should be avoided for the synthesis of well-defined
13 macronol ecul es, if diffusion control of this process can be shown, it
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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 absolute propagation rate constants could be calculated.”

16 SUMMARY OF THE INVENTION

17  The present invention is directed to a method for the preparation of polyolefins
18  containing exo-olefin chain ends. The method involves quenching a cationic
19  quasi-living polyolefin polymer system with one or more hindered secondary
20 or tertiary amines. The method also involves use of Lewis acid and an

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

22  quasi-living polyolefin polymer to which is added the quenching agent to form

23  the polymer product.

24  More specifically, the present invention is directed to a method for preparing a
25  polyolefin containing one or more exo-olefinic end groups on the polymer

26  chain, comprising quenching a cationic quasi-living 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 tertiary amines are not:



12 tenperature of about -80C to about OC, even nore preferably the
quenching 13 is carried out at a tenperature of about -70C to about -10C
and nost WO 2pocaneesabl y t he quenching is carried out at a&crarspesasuse in the
range of from 15 about -60C to about -20C. 16 Preferably the polyolefin is
pol yi sobutylene. 17 In a further enbodi ment of the present invention the
polyolefin is prepared 8 in situ. 19 The hindered secondary or tertiary
am ne mayl be a |inedf) se%r MW'B?' 20 tertiary amne, a cyclic secondary or
tertiary amne or an aromati c secondary 21 or tertiary amne. 22 In a
preferred enmbodi rrent(b))f Tﬁt‘ﬁ-&ﬁt?mhei nvention the quenching agent is a 23
hi ndered secondary or” tertiary am ne having the general formula: -8 WO
2006/ 023988 PCT/ US2005/ 030160 Rj-,,~" R2 1 R3 2 wherein Rl, R2 and R3 are
i ndependént | y hydrodeh, HIi&AylaBieai ni ng one 3 carbon atomto about 20
carbon atons, cycloal kyl of about 3 to about 7 4 carbon atons, aryl of
about 6 to about 30 r ben alkaryl of about 5 7 to about 30 carbon
at ons, or40aral kyl o#agbgﬁéﬁs%?{g&(%%t 30 carbon 6 atons; or at |east one of
R and R2, R2 and R3 and R3 and R, taken in 7 pairs, independently forma
fused al ijphatic rindepf 2+pbenglpyciding; carbon 8 atonms to about 8 carbon
atons; 9 provided that no nore than one of RL, R2 and R3 is hydrogen, and
10 provided that R, R2,,and are not. .al| |inear al kyl of about 3 carbons
or 11 I&s. 12 In tRe a%g\'/@/‘:ﬁq%{?@of)#éd'ﬁ%hder ed amine is atertiary or
secondary amne 13 having the general formula: R4 REBX RL R3~ NR2 R5

7 (g) Di-p-tolylamine;
8 (h) Quinaldine; and
9 (i)  1-pyrrolidino-1-cyclopentene.

10  Preferably the quenching is carried out at a temperature in the range of from
11 about -130°C to about 10°C. More preferably the quenching is carried out at a
12 temperature of about -80°C to about 0°C, even more preferably the quenching
13 s 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 -60°C to about -20°C.

16  Preferably the polyolefin is polyisobutylene.

17  In a further embodiment of the present invention the polyolefin is prepared

18 in situ.

19 The hindered secondary 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 preferred embodiment of the present invention the quenching agent is a

23 hindered secondary or tertiary amine having the general formula:

-8-



14 15 wherein R6 is a dival ent hydrocarbyl group of one carbon atomto
about 4 16 carbon atons each of which may be substituted with an al kyl
group 17 Wwewnow26938 carbon atomto about 6 carbon at onspPCan$205/03R8) R3,
R4, 18 and R5 are independently hydrogen, al kyl containing one carbon atom
to 19 about 20 carbon atons, cycloal kyl of about 3 to about 8 carbon
atons, 20 aryl of about 6 to about 0 carbo atons, al karyl of 7 to 30
carbon 21 atoms, or aralkyl of 7 to Nbdn 2atom; provided if R, R2,
R3, and R4 22 are hydrogen, then R5 |s aNor anched al kyl fromabout 4 to
about 20 23 carbon atons, aryl of about 6I[to about 30 carbon atons, or

aral kyl of 24 about 7 to about 30 carbonRatons, and provided if R5 is
hydrogen, then -9 WD 2006/ 023988 PCT/ U82005/ 030160 1 Rl1, R2, R3, and R4
are not dr oge n f i Ae
branchedlazlll kyl Hﬂé@%ng%?o% gggllﬁg%j'e(?ﬁd out ggm‘?gﬁ)gc?r?za@tl g%t@ﬂLh?o
particul @ly preafszboedtemtiodboan20 cartidreatabts, eyclealkylof akoulidigeahaut 75 am ne

d f f 5
6 7 wherdn R (aarhonpiaiBY ab) WEARALE B FHPLDTason ATy ARelRL PR o
the abovg; met hod, g“sq%\)t%@ﬁgon%té%oaﬂéfwwa bBbb1 mda@mur@o bawonhe

gener al forrrula rein Ris hydrogen or al % cont ai ni ng one
carbon at®m to adtomts; BOat tezlstaneoﬁRataodﬂ?z;RzeandaRmﬁﬁdl and Bm takepiati c

a0, 2D SRR Bt R A 41

8 atoms fo about 8 carbon atoms;

9 provided that no more than one of R1, Rz and Rj is hydrogen, and
10 provided that Ry, Ry, and Rs 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 amine

13 having the general formula:

R4 Rs_ N1

R3>< '}‘)< Ry
14 Rs
15 wherein R 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 carbon atom to about 6 carbon atoms, and Ry, Ry, Rs, Ry,
18 and Rs are independently 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 Ry, Rz, Rs, and R4
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



15 amine is a tertiary amne of the fornmula: CHLO O N 16 17 In a further
preferred enbodi nent of the above nethod the hindered amine is 18 a
secondar ywermos26488t he forrmul a: -10 WO 2006/ 023988 PCT/ BE62032¢0688l60 H 1
ON-O 2 1In another preferred enbodi nent of the above nethod the hindered
amne is 3 atertiary amne of the formula: N 4 5 In yet another

preferred enbodi nent of th bove od the hindere

tertiary Tami ne dR1t %30?‘ arg norﬁggrogephgnrﬂsa@é}ee% @&Pﬁa;ﬁ‘ﬁ? o§1re ertiary
am ne in Anot heerBPR%gﬁE%aﬁ’éhé&ﬁ hegh SboutetopsiRaa®0 ¢arbent i on has
t he general fornu I% R4 11 R6 HR5 12 wherein RLis a
di val ent Ghydr ocaatoyis.gr oup of one car bon atomto about 4 13 carbons and
R2, R3, R4, R7, R8, and R9 are independently hydrogen, alkyl 14 containing
one carbon atomto about 20 carbon atons, Kcl oal kyl of - 11 WO

2006/ 023988 RO heRRANE O@iated emibdiment ofd a@@@wesn@f@psdheﬂmedar yl of

2?8‘;; 60';5061?5%@@ %8@ ggégﬂf{]ary orttertlal‘y arlnlfnaer gij the foﬁRt?l%F 7 to about 30 carbon

Rs
HsC N CHj
HsC CHj
6
7 wherein Rs is hydrogen or methyl.

In another preferred embodiment of the above method the hindered

secondary or tertiary amine has the general formula:

m OO

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:

CHs

N
16

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

18  a secondary amine of the formula:

-10 -



3 to about 30 carbon atons, and one of R5 and R6 is hydrogen and the 4
other is linear alkyl fromone carbon atomto about 20 carbon atons. 5 6
In a prefwonred/esdssdi nent of the above net hod where in eoe/ustoRbB3@End R6 is
7 hydrogen. 8 9 In an enbodi nent of the above nmethod the am ne has the
forrmlaz: HHHHHHHHNHHHHH 10 11 In yet another enbodi nent of
the nmethod of the present |nvent|on the 412 hindered amne is a tertiary
am ne of the general formula: 14 wherein one of Rl
and R5 is hydrogen and the ot hgf 15 of about 3 to

1 . n Rg R2 3
10 to \a 9 carbon 16 atons, or
aral kyl df about 11 to about 30‘\saon at ons; R2-R3 and R4 17 are

about 20 carbon atons, aryl of

independently hydr ogen, al kyl of one carbon atom to about 20 18 carbon
atoms, cycl ofldnginaf r%?é’r%d éﬁb@dﬁﬁ@h{toﬁhéaﬂbboe neétheE the hilderéd deniabdiit 6 to
about 30 car on aton% | karyl of about 7 to about 30 carbon 20 atons, or
aral kyl &f aa)t&maWamlrwo@flihej@fmldﬁbon atons; or at |east one of -12 V\D
2006/ 023988 PCT/ US2005/ 030160 | R, and R2, R2 and R3, R3 and R4, and R4
and R5, taken in pairs, 2 independently forma fused aromatic ring of from
5 carbon atons to 7 3 carbon atons or alliphatic ring of from about 4
carbon atons to about 8 4 carbon atons

4 SO MSN

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

6 is a tertiary amine of the formula:

o

The hindered secondary or tertiary amine in another embodiment of the

10  method of the present invention has the general formula:

Ro Ro
R
Re 1 Rs
\
R7 R4
RG H R5

11
12 wherein Ry is a divalent hydrocarbyl group of one carbon atom to about 4
13 carbons and Ry, Rz, Rs, R7, Rg, and Rg are independently hydrogen, alkyl
14 containing one carbon atom to about 20 carbon atoms, cycloalkyl of

-11 -



5 provided that if R and R2 forma fused aliphatic or aromatic ring, then
R5 6 is a branched al kyl of about 3 to about 20 carbon atons, aryl of
about 7 IWotwoo6aheess 30 carbon atons, or aral kyl of aboutrCTISb@saboee 30
carbon 8 atons, and provided that if R4 and R5 forma fused aliphatic or
aromatic 9 ring, then Rl is a branched al kyl of about 3 to about 20 carbon

atons, 10 aryl of about 10 tqg about 30 carbo t ons,, Or_ar I about 11
to about 1 11 30 abpubgrioaRaE S casbeya m%@m‘&qmtﬂﬁﬁo%gb%@g@ove
met hod Rb, R2, %i?ﬁmgda{ﬁ%‘?ﬂ%)ga%ﬂfﬁ?ﬁ’ﬁbod@e@ﬂé’rb@ﬁéténis?b?ak&lkylbf abéut T

o]

anot her énbodi nent of t the present invention the hindered 15
am ne i s 3nitrogdo about 30 mangpmetosns-aadomne PERs BRg Redsinvgragan and thsni ng 16

formul as,, (a), ( and. (c): . x:x: 17 enel -l a) 19 one
of RL and R4 is Q%Wr '63'@%%%“’{ ﬁ@mo?rf?e?é@ naﬁ*é?l%oébedéﬁezb Ebagrrgéﬁlég‘?géﬁ 20 to
about 20gcarbon atons, cycloal kyl of about 3 to about 8 carbon atons, 21
aryl of about 6 to about 30 carbon atons, al karyl of about t(] to gg%ut 30
22" car boi® at lora preferrad sindyodimenhpbine goqve mpkied wheelnsdle ek Badnd fisdSof R2
23 and R% i s, hydrogen and the other is alkyl of one carbon atomto about 20
24 carbord at 99%§'cloal kyl of about 3 to about 8 carbon atoms, aryl of -13
WO 2006/ @23988 PCT/ US2005/ 030160 1 about 6 to about 30 carbon atons,

al karyl of about 7 to about 30 carbon 2 atons, or ar Ig | qf about 7 to
about ~ 30 & ar lvoan ambesiment efithe abeve snethgd the apging igsipe %6“ “and R4, taken
in pairs, independently forma fused 4 aromatic ring of from5 carbon atons
to 7 carbon atons or aliphatic ring 5|qf I_1‘1rom about 4 carbon atons to

about 8 carbon atoms; RZ R3 N H H H H
N
H I'\l H
10 "R ;

11 In yet another embodiment of the method of the present invention the

12  hindered amine is a tertiary amine of the general formula:

Rs N R4

X

Ry = Ry

13 Rs

14 wherein one of R and Rs is hydrogen and the other is a branched alkyl
15 of about 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; R,, Rz and Ry
17 are independently hydrogen, alkyl of one carbon atom to about 20

18 carbon atoms, cycloalkyl of about 3 to about 7 carbon atoms, aryl of

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 -



RLNRA 6 (b) 7 whereinin formula (b) 8 Rl, R2 and R4 are independently
hydr ogen or al kyl of one carbon atomto 9 about 20 carbon atons,

cycl oal kywoabhocahieess 3 to about 8 carbon atons, 10 aryl pofi/tsb@an3@et o about
30 carbon atons, al karyl of about 7 to about 30 11 carbon atons, or

aral kyl of about 7 to about 30 carbon atons, R3 is 12 hydrogen, alkyl of

one carbon atomto about_20 r bon at , cycloal kyl, .13 .0f out 3 to

about 8 darbon dtoRd Rarke aeéﬁéb%e@néoéz%ﬁdﬁta% AR 'nfﬁlﬁgtoms, al karyl
of about 57 to a alf088d aRSmati@tiky bf AbnRbeudtboh atbnd t About 30
carbon atons; o?ﬁ)ap eae@???ﬁr‘gnof R2 gnd R3 oﬂﬁgRB and R4, 16 taken in pairs,

i ndependént | y f eranben btoses onalipheticaing effren ghasitrdsacbengipms o abews8t o 7
carbon atons or aljphatic ring of fromabout 4 carbon atons 18 to about 8
carbon aflors, 153 ?ﬁ?éﬂ‘s't hat if RL is hydrogen then R2 and R4 are

I ndependent |y al kyl of 20 one carbon atomto about 20 carbon atons,

cycl oal ky of ababyidddteatdiRaBALIR SopmrdRredtaliphatiaoy brahativing, thenRabout
30 carbon atons, alkaryl 22 of about 7 to about 30 carbon a otga?c&gr
aral kyl & aboutis @ hranaiedialkyBofabaud Bierahaub b caghen £ ff‘ﬁe@"yﬁ? d that

if R2 or R4 is r oge h - IQ30k668n 1 R
I s al kyl ‘of oneh'ébgﬁpb OQ&P@#?#@%%O%%?@%%@%?%&W cycl oal kyl ofr.1 2
about 3 tgo aboutat8meanhepreviess thatifiR, ahd &dotm @ fused liphatior ardyoaiicd
atons, al karyl of about 7 to about 30 carbon ns, O ral kyl of about 4
7 to abo® 30 cdﬂlﬁmiﬂ"%ﬂBmﬁa@rﬁwﬁalkﬂqna%%ﬁ?@b@%%ﬁCa‘?’%@&’é‘i‘% in
formula (f) aryl of about 10 to about 30 carbon atoms, or aralkyl of about 11 to about

11 30 carbon atoms.

12  In a further embodiment of the above method R4, Rz, Rz and R4 are hydrogen

13 and Rs is tert-butyl.

14 In another embodiment of the method of the present invention the hindered
15  amine is nitrogen containing hetero-aromatic ring having the following
16  formulas, (a), (b) and (c):

R4 N R4
XX
/
Rs N R,
17 (a)
18 wherein in formula (a)
19 one of Ry and Ry 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, alkaryl of about 7 to about 30
22 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms, one of Rz
23 and R; is hydrogen and the other is alkyl of one carbon atom to about 20
24 carbon atoms, cycloalkyl of about 3 to about 8 carbon atoms, aryl of

-13 -



8 Rl, R2 and R3 are independently hydrogen or al kyl of one carbon to 9
about 20 carbon atons, cycloal kyl of about 3 to about 8 carbon atons, 10
aryl of awoubvosd28msabout 30 carbon atons, al karyl of abeat/vs2es/0abeut 11
30 carbon atons, or aral kyl of about 7 to about 30 carbon atons. 12 In a
preferred enbodi nent of the above nethod the hindered am ne has the 13

formula: N N 14 15 | f h
o2 N N, BEEald ebt 3 RS RS
PCT/ US2095/ 0301%@0&13' & éﬁ%‘iky%%ﬁ@ut pfcﬁé@édt@b @éfb@ﬁllai@m'fs of at leestdie ef met hod

t he hi ndered am ne formul a: N N 34 In the method of the
present Bnventi dy airltbRpahgdd?fandwRi4stabet§mpétﬂs1b9daﬂ%mﬂﬁﬂﬂ¥gfor@ UgGEsi - | i vi ng

pol yol ef i n pol yner oduct |

or a mxfure corfPiné 'ﬁémgeqfr%{oﬁé% r@?”%?‘%”% ?rgagélésgm tbg(rgllnfn§n I‘ta,lﬁ;bends
tert-chlgride chaifpneaBsut thrsorhitorey it @netabynatorhey tiary amine in the
8 presence of a Lewis acid. 9 In yet another enbodi nent of the present
invention the polyolefin is prepared 10.by quenching a quasi-living

pol yol efin pol ymer product containing teﬁ% nal 11 tert-chloride chain ends
with a hindered secondary or tertiary anine in the 12 presence of a Lew s
acid. 13 Preferably the Lewis acid is a I|de oRstitani umor boron. Mre

preferably the
* P

6 (b)

7 wherein in formula (b)

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

9 about 20 carbon atoms, cycloalky! of about 3 to about 8 carbon atoms,
10 aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30
11 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms, Rs is
12 hydrogen, alkyl of one carbon atom to about 20 carbon atoms, cycloalkyi
13 | of about 3 to 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 Ry and R3 or Rz and Ry,
16 taken in pairs, independently 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 R4 is hydrogen then Rz and R4 are independently alkyl 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, alkaryl
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 Rz or R4 is hydrogen, then

-14 -



14 Lewis acid is a titaniumhalide. Mst preferably Lews acid is titanium
15 tetrachloride. Preferably the concentration of the titanium

t et r achl owodeocld3mrceeds 2 times the conbi ned concent r aPCoNS2@5/0pr16E i C
inmpurities, electron 17 donor, comon ion salt or its precursor, and the
guenchi ng agent or 18 quenching agents. 19 The pol yol efi n product obtained
using the nethod_of the present invention h 20 .exo-.0l ef i I nds in
the rangd of onéqp@rq{@ﬂp?PBeﬁ%b%?g’éﬂtto 899@612%93@9 atoms, gpgﬁggﬁg?ﬁ ends.
Preferably the ngloglabidhdet 8tufbolafords, drgReiiatiblR @ Beitioue 80 cfBon! ef i n
chain ends, nore preferably at |least 20 ' pércent exo-olefin chain ends, 23
even nor & pr ef eraibing, atkardadabb0ot péo abaut 3X cadiasfatamsh & aralkd<f about | nore
-16 WO 2006/ 023 PCT/ 005/030160. 1 preferably at |east 70 percent

exo- ol ef i*n chai ?f&?ﬂ%‘?“t%" nga?WBPe preferably 2 90 percent exo-ol efin
chain ends. Most preferably the polyolefin product has 3 at |east 99
percent exo-ghg&fin chain ends based on the total chain ends. 4 In the

nmet hod of the present invention the quasi-Iliving polyolefin polyner is 5
formed by contacting at |east one cation%pally pol ymeri zabl e nononer with
an 6 initiator, in the presence of a Lew's acid under reaction conditions
suitable for 7 quasi-living polynerizatijon. Preferably the at | east one
cationically 8 polynerizable nonomer cq ises at |east one of isobutylene,
2-methyl -1- 9 butene, 3-nethyl-1-bute t hyl - 1- pent ene, and

bet a- pi nene. Mdre 10 preferably the af| | east|one cationically polynerizable
nononmer i s isobutylene. 11 In the ne the present invention two or
nore different cationically 12 paok i mers may be enpl oyed. 13
In the nmethod of the present invention the initiator may be nono-functional
or 14 ti-functional. Preferably theiynitiator is nono-functional or

di -functional . 15 More preferably the initiator is nono-functional. 16 In

t he nethod of the present invention the nono-functional initiator conprises
17 at | east one whemich forowuis (Menyl propane; 2-acetyl - 2- phenyl propane; 2 18
propi onyl - 2- phenyl propane, 2-net hoxy-2-phenyl propane, 2-ethoxy-2- 19

phenyl pr gpane, 2RgRpoa0d Rsérd indapantenty bydmgen &-adkydoboneTashan 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 formula:

L
17 N
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20 tri et hyl pentane, 2-propi onoxy-2, 4, 4-trinmethyl pentane, 2-nethoxy-2,4, 4-
21 trimethyl pentane, and 2-ethoxy-2,4,4-trinethyl pentane. 22 23 In the
met hod ofwoheogmemsent i nvention the di-functional initi@cons2005080de 24
1,3-di (2-chl oro-2-propyl)-5-tert-butyl benzene, 25

, i (2-chloro-2- propyl)benzene 1 4-di (2-acet oxy- 2- propyl ) benzene, 26

1,4-d

1,3-di(2- acetoxy pr o 5- te bu nzepe, 27 . .

T3 di (2t Wos) oM ebogtigtistibe ABSis fretbd the hindered amine

1, 4- di (2vet haxyZiopmaRy! ) benzene. -17 WO 2006/ 023988 PCT/ US2005/ 030160
................................ , 1 1In the nethod of

the present i nvention an exanple of a nultl-functlonal 2 initiator is

1,3,5-tri(2-chloro-2-propyl)-benzene. 't he met hod of the present

invention the nolecul ar weight distrib 4 MN Mnh, of the polyolefin

polymer is present in the range of abot .01 to about 3.0. Preferably

t he nol ecul ar wei ght distribution, MWW\ J of the 6 polyolefin polyner is

present in the range of about 1.1 to abodt 2.0. Mdrre 7 preferably the

nol ecul ar wei ght distribution, MVM, g g polyolefin polymer 8 is |ess

than 1.5. 9 The present invention is also d|rected to a further nmethod for

preparing a 10 polyolefin contai e™~pre~exo-ol efi ni ¢ end groups

on the polymer 11 chain, conpris i ionic quasi-living

pol yol efin polymer system 12 dered secondary or

tertiary gamnes containing only carbon, hydrogen and nitrogen atons,

wherein the hindered secondary or 14 tertiary am ne conpounds are

pre-reacted with i i i
Pert! ary m e Aghipih o 6 fesdthRrRbh 360 colieris Hragaietopaafiing o
18 (c) Trg hexyjuasi-Mg8hg polyolefin polymer product containing termlnal tert-chlorlde

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 of the present invention the polyolefin is prepared
10 by quenching a quasi-living polyolefin polymer product containing 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. Most preferably Lewis acid is titanium

15 tetrachloride. Preferably the concentration of the titanium tetrachloride

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

18  quenching agents.

19  The polyolefin product obtained using the method of the present invention has
20 exo-olefin chain ends in the range of one percent to 100 percent based on the
21 total chain ends. Preferebly 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, still more
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19 (d) Triisooctylam ne; 20 (e) 2-phenyl pyridine; 21 (f)

2, 3-cycl ododenopyridine; 22 (g) Di-p-tolylamne; 23 (h) Quinaldine; and 24
(i) 1-pyrwol2oetin2s9sg- cycl opentene. 25 In a preferred enbedirrsaososoithe above
method the Lewis acid is titanium 26 tetrachloride. -18 WO 2006/ 023988
PCT/ US2005/ 030160 1 In a yet nore preferred enbodi ment of the above nethod

the L d 2
12, 2.6, 3 3 pefe@h aiepsptd Paiceet SHoPIPTEE PRt PORTERS B REHT of ¢ e
above net Odgég*bgré&we%oecﬂéﬁh tRaif éridtsaMdéfrEFéféfaMWde belgokfid prbeudtitrager ed

amne is tetranet hyl pi peridine DETAI LED DESCRI| PTI ON. OF THE
| NVENTI O 7 &elbasi 99 percerg eAg-alefirichain ends basedras thevipka chaim@ndsave t he

foI | owi ng neani ngs unless 9 expressly stated to the contrary: 10 The term

"al kyl " herein gmq% 11
saturated al frbﬁgtmgﬁ@poqﬁbgtp? é|681:;{I§rlﬁy %\B%G@%g% on Bbngégﬁchtﬂ I?‘h toS about
20 12 caH bomm@ucwsscorﬁgam@aﬂ@abmn@bamnmealwomnmermauadmnamenMhml n 13
saturated aliphatic awoups are net hyl

i sobutyl 6 1initiater, utha prasepce @ﬁ?)}-lew@ﬁﬂ'dt'-ﬁ/{@qr rﬁagg%cqw@%% %t ic or
al iphatic f u§§%sﬂh'v§ﬁ;ﬁp&§m‘é??9tn&? &'Fbrﬁﬁfy%é a&%éé?%nb'd%onﬂs@lliror med by two

adj acent ‘car formed ring fused™ 17 to the
ring. 18 grhe bl@/fﬂérlzbbmmdrﬁdrlcpMprsesmm;lasrhenemf|$d:iL§ylene;)2-aimefka§f-l gr oup

in which th 19 b t
o1 oup L0 & hebisge. rmemy it eI aprigor. a1 o8 BIE VElh or nary
car bon 04 P@fgrgbgfqtacﬁéé Ik t:ﬁi’onﬁ@eﬂl?%lyrﬁéné@(ﬂé nigicthar iedstiylbAea

car bon ree of her

11 In the method of the present invention two or more different cationically

12  polymerizable monomers may be employed.

13 In the method of the present invention 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 of the present invention 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-trimethylpentane, 2-acetoxy-2,4,4.-

20 trimethylpentane, 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 of the present invention the di-functional initiators 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-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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22 carbon atonms. The term "quaternary carbon"” as used herein refers to a 23
carbon atomthat is attached to 4 other carbon atons. 24 The terns

" car beni LWDI2006/026988" car bocat i on" as used herein refer teca/yse@ssouedy 25
charged carbon atom.beari.ng .three sp2-bonded substituents and an enpty 26 p
orbital. -19 WO 2006/ 023988 PCT/ US2005/ 030160 CH3 CH3 Is PIBC3 CCH2-CO

CH3 CH3 1 PIB Carb lon 2 The. t hain t f h
refers td 1 HB (66D 415 eSOk Entan e paty el PIRMIERIEREH i tht ne

possi bl eoi nijhiiatd JQﬁg%SQH@L@&d&QIWmH Bahkéie. 4 chain. 5 The term "conmon

ion salt™ as use rs to anionic salt that is 6 optlonally added
to a quasi-living cationic polynerization mxture to prevent

di ssoci aBi oﬁndhemhpd(ﬂﬁﬂmpreﬁ?@%m%q?wh@ Wl%ﬁ%ﬁ&:‘ﬁiﬁﬁhéﬁﬁtr&ﬁ‘r‘twv rs. The 8
f th f the 9
o opagat fing Wiiim SbHE o RTpRIMEEE Rzl e sEREEERARI®, UL caf1y o

fatty 1@ quﬁb‘?rtd?%bbu@m@mre'ﬁéh@lﬁﬂrtmmmhamei‘ght d&tmblanviiMnmﬁ then i on,
which 11 confers solubility int

e organic media, 1 e te common i on
sal t preéur spolyolafin pobtnerds dresentfie the [%’Q&rpf@g}ﬂuﬂ ﬁ bo“lté g]pMPB%aI ly

S 7%, B B AP RO HRBLESH MONE! 1 Kb pbframer ot e

ends, Vi & i ng3eddithapacsi on with the Lewis acid. An exanple is 16
tetra-n-butyl ammoni um chloride. 17 The term "control |l ed nol ecul ar wei ght

di stribution” as used herein.re t 8 pal.yol efin rs.-having a
desired ol et RreSRB! vendpads f ths@r??edT%) E@%I@%ﬂ@g%b\éwmgﬁst ribution
or pol ydjigs p%a}/&éﬂh ’&Qﬁﬁlﬁlﬁ?‘&fﬁf@ﬁ Bbfe &xo0-BR)iRI @i@grod Gyl polgineg t he
aver age nol ecuf ar wei e polymer chains by the nunber

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 (@)  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 titanium

26 tetrachloride.
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21 average nol ecul ar weight, MV K 22 The term "coupl ed product” as used
herein refers to the product of addition of 23 a PIB term nal carbenium
ion to a wWoBoem3wsBefin chain end. Coupl ed product 24 ra3/im20030BE60 aver age
nmol ecul ar . wei ght ..t.hat..i.s .appr.oxi.mately twi ce that of the 25 main poI ymer
product. -20 WD 2006/ 023988 PCT/ US2005/ 030160 1 The term "coupling"” as used
her ei n refers to the addition of a | ene 2 r.m nal eni um
ion to apol l)ﬂi%Mﬁhwr%ﬁ@f@%@d&’Tét?qqﬁ'%gﬁg?ﬁt?‘@rﬂ)t}/o@ nf‘ﬁword;tr%ﬁrrn%ﬁ\?@ﬁ{ l?’onal

pol yrrer i 22t i (i A% iedhdiRILaY RS AhActe dmitdl inEplzalsl on wherein t he

chai n-redction pol yherization 1nvolving olefins '5 proceeds with ions as
chain car¥ ylp@wtamdthydb@erldmet her ani ons or catr ons. 6 Polynerization
proceeds through the steps of chain initiation, chain 7 propogati on, chain
transfer and chain termnation. 8 The term "di-EAS product” as used herein
refers ta thg gictHecpreféired endmdirnent & theeboveonstbpdrthe é.epds 9Dk§idbut yl ene
term nal carbeniumions react for a , 10.cov ond |l e
quenchi ng agdanium tefeaghior @%\%P'& ggd ﬁT'%ﬁ%ﬁ%G Siramg @9'@%@#}3%

resr due fromthe quenching agent. 12 The terms "di-substituted ol efin" or
“exo-olefin" or "methyl vrn Irden-"
pol ymer ¢hai n contai ni BEL AL Dy > wn bel ow. CH3
CH2 PIB-CH2-C-CH2-C 15 CH3 CHB 16 The term d| vaI ent hydrocarbyl" as
used herein refers to a hydrocarbyl group . 17 which possesses two points pf
attachment to the rest of the nol ecul Befiniionse term "EAS product” as used
herein refers to the product which results 19 when one polyi sobutyl ene
term nal carbeniumion reacts to forma covalent 20 bond with a single
quenchi nd agAatused|heceine thecfatiopingdtesns devedhadoljawing sneanings pOESEr e a

resi due fromthe uenchr The term "el ectron donor" as used
herein r er@xﬁ’rgsﬁylﬁ éqgﬁ@%ﬁ‘"ﬁa [ eophi lic

10  The term "alkyl" as used herein refers to straight 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-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  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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23 substance added to the polynerization reaction that is either fully
conplexed 24 with the Lewis acid or fully non-conplexed wiwth the Lew s
aci d. Thewo2des$®806/ 023988 PCT/ US2005/ 030160 1 concemcratse@s/osdicel ectron
donor exceeds the concentration of the protic 2 inpurities, for exanple
water. 3 The term"electrophilic aromatic substitution or EAS" as used
herein refers to 4 the process by Wni@,t]athe EAgHproduct is produced. 5 The
term "gemdi net hyl carbons” as used hefein referls to the two nethyl 6
carbons al pha to the carbeniumiorHor the chlorild® bended carbon of the 7
pol yol ef i n pol yner chai n endPHEsadprcted ThHeheGst rict ure bel ow. CH3 CH3
H2 1 PIBCCCH2-CCO | CH3 CH3 8 PIBtert-Chlloride 9 The term
"hydrocarbyl"” refers to an organic radceal prinm@Hz;ly conposed of 10 carbon
and hydrogen which nmay be aliphatic, alicyclic, aromatic or 11 comnbi nations
thereof, 1e.g., aralkyl or alkaryl. PREHPERP&Par byl groups may 12 al so
contain aliphatic unsaturation, i.e., olefinic or acetylenic unsaturation,
and 13 may ?H%S&h?"dﬂaﬂ?fraﬁ%?“és%@éd Retcih AR theWdssatoR sy griwtarof
nitrogen, or al ogens, such as chlorine. 15 The term"initiator" as
used her @ n omd polyniarizatien chain with the pessibleHaitiation of anether pplymerization
pol yneri zati on .and satisfies the valence at the head of the polyner chain,
or 17 tHe neh&Rul e that provi des that noiety. Wien a nono-functional
initiator is 18 used, the chain end (CE) concentration equals the initiator
concent r af i ofpe ks "denMoRUbh salt'uss Lsed Akrdiniréfiesd trr an Wrdo salbéhdtusict i onal ity
of the initiator equals x, then 20 the chain end concentratjon egu l's X
times ini@ i aoplionadl@sikdeddeisotuasiHivingeationa chVW@é'?—%’%P%EE’GHE%hpW f‘grti ary
am ne " used herein f : §S_i rtigd el y
Subst i utfed SaeRcich Br & FonabRi cahefRIR RN any Polntsh G PR8I TS

8 anion of the common ion salt is identical to the counter-ions of the

9  propagating chain ends. The cation of the common ion salt is typically a fatty
10  quaternary ammonium cation, such as tetra-n-butyl ammonium ion, which

11 confers solubility in the organic media.

12  The term "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-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, Muw/Mn.

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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23 hindered to be not fully conplexed with the Lewis acid, yet sufficiently
-22 WD 2006/ 023988 PCT/ US2005/ 030160 1 sterically hindered to allow its
react i on wibt2hodrdzeosgsar beni umion. Preferably the 2 hindecedsamsnsoics a
tertiary amne. 3 The term"Lewi s acid" as used herein refers to a conpound
that can accept a 4 pair of electrons to forma covalent bond. 5 The term

“living polynerization" as, used herein refers.to J j 6

t hat prodeed! 1%tqAE %@B%@%PS%EQW%B?ér%{?aﬁhﬁ %‘iﬁﬁ%’fgté/?é!}} I%Cﬂg}ltﬂa@e

Ler m nat Lon. TR chifieRiGIAiE ko ipolyRDIBYIKAB @ailemthain amd herein refers
to living 9 polymerizations wherein reversible chain termnations is

operable, but 10 irreversible chain termnation and chain transfer
appr oach&s zEnetertrl"chmwentional pelemeriratignagentsedderad@ieiddai n refers to a

hem cal d. 12 which .j . iz gt : : t
Coact i i tRAYEEgaAfor Wheeih S LRRE e Rgticlr pBP Rt R g RIARTC |0
herei n ref ergrocBeds RthYiORS aBchdircesnting bheticlds; eitid thionsmoloatiens zat i on of
ore %17 the Pelymoeraation eracRaaeithiougthe e et a1 it (o hpur Lt ea
withint théf?rp%%lgéﬂ@ﬁlr%ﬁﬁ Rgnéﬁf‘%a%alﬁ t‘eéfrHﬁr?atfolﬁ‘?‘t contain acidi c hydrogen

atons in ure, ftor exanp water. 20 The term
"regiospecific" as used herein refers to chemcal reactions that give 21
exclusi vy Phe terai I'dl-EB48 Ipusduct! gs ased berainvefess tpthespiodect whiebrregults

ducts. 22 The t "t tion" d h ' f t i cal

eact | on & hathen e sRPREREPOpBaNPoaTe BN H) GRbELg) iRk lechinG " °°

reacti onypy Qﬁ‘\ﬁéléﬁioédrﬁﬂﬁﬁﬁ ﬁﬂgléft‘%eh@mng afdrfl malBcdIBEDI-BIS piogiuat nat or * as
e ca

a

used herein refers tot che | conpound that 26 term nates

pol yner itzat i contpinsdrsts shructure aresidite figmrtbasiiesshinglagefy not  -23 WO
2006/ 023988 PCT/ US2005/ 030160

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.

(|3H3 ﬁHz
PIB_CHQ—?“CHZ—?
CH;  CHs

15

16 The term “di-valent hydrocarbyl” 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 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.

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 complexed
24  with the Lewis acid or fully non-complexed with the Lewis acid. The
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1 simultaneously initiate a new polynmer chain. A nunber of alcohols may be
2 used as termnators. 3 The term"tert-chloride" refers to the

2- chl or o-wormsdadnebsopyl end group on a 4 polyol efi n polPgmarS2@5880M160 5

Unl ess otherw se specified, all percentages are in weight percent. 6 It has
been determ ned that sufficiently hindered secondary or tertiary amnes, 7

such as 1,2, 2,6, 6-penta hyl pjperidine, and N net .di 1.ne, used 8
as quencHi ncgeniration ﬁ&%ﬁ’@ ?593%‘43%%%{]?%{@%}%5@@ of the
present 59 Imﬁ%@ T ERafmReRb&eof quantitatively converting polyolefin
pol ynmer gndo‘- &l%ﬁ,;‘ffo?n gh In ends and tert-chloride chain ends to the

exo-ol efin chain ends. 11 Wthout being bound b%q\a'py thegry it itsq bel i eved
that thede dqUemtdrmiplegrnhilic ammasiceabsiibitionithyzas vaed SereNAsES P of a

proton exclusively from ' n of the polyisobutylene
chai n end ashEHs e%seﬁ%wﬁﬁ%ﬁ%ééa‘ié%? h&équ‘ﬂggo H2 I Il PIB-G i -CH2- i
X PIB-C i -CH2 CH3 CH3 CH3 CH3 14 PIB Carbeniumlon Exo-Oefin PIB 15 The

quenchi ng agems feripeferndirmbthybcarbent" aavsad ihereinrefead te theotvepuenethylat i vel y
16 convert pol yol efin polyner contai.ni ng endp- al ef i ndgﬂai n endf) nd

Cort-chl 6ri oearbans aiphaodhasareninG iBRE! dheFrRNERAAIERda ol titent | y of

whether & 18, Gpnerih R eréain Bnbi ! ddpiéted i @%b Sfrudufibblow.uncti onal .

Furt her era conversion Is the same for nono-functional and
di -functional initiators. A 100 20 percent conve[rsion was observed within
15 mnutes after addition of the 21 rmﬁUSfunctig‘%I initiator,
2-chloro-2,4,4-trinmethyl pentane. p;24 (WO 2006/ 23988 PCT/ US2005/ 030160 1
General Procedure for PreparaiuBea—o%——P@l—yol%%n—@d—y@ters 2 Containing a

Hi gh Percentage of Exo-olefin 3 End oups on tjhe Chain 4 A typical
procedure for the preparation of pol yobﬁgi n pol YIRS S of the present

8 PIB tert-Chloride

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., 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 refers to 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.

21 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 sufficiently
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5 invention is given below. 6 The nethod of the present invention may be
conducted as a batch process, a 7 continuous process, a sem -batch process
or by anywpnro@#rsssknown by 8 persons skilled in the art PC3/US@5/030160

pol ynmeri zation reaction is carried out under inert gas and in a 10
substantially anhydrous environment. The reactor is charged with the 11
followng reactants: 12 1. a diluent, . 13.2. an init.iator,

el ect ron%orﬁi?”@ﬁ”%ﬁﬂﬂ%rﬁdi tgrpllow '%JS gractipa “ﬂ&‘e@ﬁr%g?mu%%ﬁ: P%(%fg?’%brl?ﬂwoer e
nMoNoONer sy and,d&redr arfineSWisStedfdry amthech typical ly conprises a halide of
titani quor qﬂgr%r?; 1‘PleT§Ae reaction mxture is equilibrated at the desired
tenperature, ranging from 18 above -130C to about 10C. The nethod of the
present 3nveTité temmiewie acitt asarseddierein refarsdpy erspewrf fradganaecert a

at nospher,i c, sub:at npbspherjc or - at nospheric pressure. 21 The

pr ogr ess Jof FE%%‘%P%%‘F? g%tqrglna Pé\z%'?ﬁgﬁé?@ nonitored in situ by 22

determ nation of the anmount of nononer remaining in the reaction m xture.

23 After shi ghhé estenivingpeifmichigationtareuséd hetesrerafers toshegidlyroetizationsenoved
for 24 determ nation of the pre-quench chai em;[i co OSFH; on before

addi ti on6of thebpropsege HdPRgERERR meﬁfﬁ‘éfagfﬂ &?@Pi%ﬁ?‘%@ d@on in the

al i quot i7s t@&@r{:&%ﬁd with 26 an appropriate alcohol equilibrated at the
desired tenp dre. -25 WD 2006/ 023988 PCT/ US2005/ 030160 1 6. A hi ndered

secondary or tertiary amine is added to the reaction mxture 2 to quench

t he BOl yr&_ri'glaé 'te:rmb'rqimsi-livzing p3>|y(;lmelﬁzajig>h:' ashuseddereint iefersda livingt he reactants
may be varied to obtain the .4 desired pr.oduct. | f d t hat
certain fati B%'Y@@”Fﬁ@o'_?%‘é(g‘?%? §e‘éﬁr8'bF%C'5)%g‘?‘i”é'H?{"§%$%i%éoegrgﬁkengtjﬂi gh :
exo-ol efjgn Calar&hd chaf férmTﬁhﬂidn?éﬁc{Déh@hQra@sf&%p’drb@@hései@w 7 The nol ar

ratio of nonomer to initiator is in the range fromabout 3:1 to about
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, 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 or nearly exclusively one of several possible isomeric products.

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

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

26 terminates polymerization process or the quenching reaction, but may not

-23 -



8 20,000: 1. Preferably the nolar ratio of nmononer to initiator is in the
range of 9 about 5:1 to about 2,000:1. Mre preferably the nolar ratio of
nonomer two 28@/a28988i at or i s about 10:1 to 150:1. The nolpeTrmkeos/0adi6oron0OMEr
toinitiator controls 11 the final nolecular weight of the polyolefin. 12
The nolar ratio of Lewis acid to chain ends is in the range from about 13
0.1:1 to about 2,500:1. Preferably the lar ratiq of .Lewi,s aci o0 chain
ends 141 s simultaeepuslyinitatepaw b eCaG A DS of 9l @P&ré\% y the
nmol ar ratjo | idto chain ends is about 2:1 to 15:1. 16 The
mol ar ratio l%{edl_&es\?\}elsrﬁ‘\éﬁéa%tc'o el ectron donor is in the range from about 17
1.1:1 to about 10,000:1. Preferably the nolar ratio of Lewis acid to

el ectron3 18Timterm Mertichlarite" refege totheabshloro-2tmedhvapiepy! and 9FOURVBR @

pref erably tp?fﬁ qoﬁhar 19 rati.o of Lewis acid to electron donor is about 4:1
to 30: 1. 920 RAIREN RPVME DAY Lewi s acid to quenching agent is in the
range fromabout 21 1.1:1 to about 2,500:1. Preferably the nolar ratio of

Lewi s acigd tgnrdsthdritse 2PedBsmtall Sercontabes aee frewefghiipenter?: 1 t o about
100: 1. More preferably the nolar 23 ratio of Lewis acid to quenchi ng agent

is about 2:1 to 15:1. 24 The nolar ratio of enchi ng, agent t.o chai n_ends

: s in ;J hé ralfh@ésfble@md@i@mineé?sh@.W'Qﬂe’lﬁ@/ @Bga?ecg%gl@n%gpgpéiegh@v qrﬂl@%ﬁbl ar
rati o of _quepnchi o ﬁapﬁ‘é. ishdl STk Ouke®. 5:1 to
about 5:1. I\)?)Lf%' %?gg?g?(@bq @8{1 e %ﬁylﬁée@ﬁ?eﬁ%ﬁoﬂﬁ%&nchi r%érgﬁg%(r)# ?o chain
end is atgpoutadqbedching @génts—iaaga\?rametimagselypteﬁnwszmsrmbthsmreaent ,
Additional aliquots are r v rom.t he react.i on m ) vardous tinme
interval & af @égntzﬁﬂj?l’q W%@Pﬁgua{}@%ﬁax&o% ngtp@lwl%@ﬁ ﬁlo&gn%rﬂereﬂo%-

concent i | Ofterict Abirf AfLAAA Wik LhRriabrairtauss Rthehsxpolefinlohiimendd.y mer s.

The polymerization 4 reaction is termnated in all the aliquot sanples and
the rensifni nyitheatbeiog Bourickbyiary thedry iris hplie\ast ingt thesecaNChéRL P8 HPat ed

at the desired tenperature.,, 6 .The conc i.on .of.; | efin chain
ends, allhg %&?ﬁt"f%c%ﬁg@%Pﬁl'f‘Hﬂat'Of‘ ngbhggh%&(gﬁlgf\}gw Hgm%tiérqq- chlori de
chain engs, {indHAtdrbbs of td palyikbb ne éhdiensracsiiowmbeloa.so obt ai ned to
qualitatively determne the anount of 9 coupl ed product.

CHs CHgz CHs CH»
H2 ® © H2 |
PB—C—C—CH,—C X —_— PIB—C——C——CH,—C
CH3 CHj CHs CH3
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-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-chloro-2,4,4-trimethyl pentane.
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10 Conpounds suitable for use in the preparation of the polyolefin polyners
of 11 the present invention are given below 12 Diluents 13 Diluents

i nf | uencewoheod/mseszat i on equilibria and rates of exchangerafS:@soswing 14
species through their polarity, which can be estinmated fromtheir
dielectric 15 constants. Typically, solvents having |ow dielectric
constants are preferred 16 since i o QCl at ed. Suitable
sol vents 1 ncl ude, bJeeneral Rrgcedure for s and al kyl

mono or ppl yhal i des with CEﬁ%ﬂﬂﬁgla\/H@%r@wniarg%ﬁ% BRAiAt s to be used ai
the preferred pol ynerizat ustrative solvents include
al kanes (enerally C2 to Cl10 al KeamkSroupsbndher@ha0 nor mal al kanes such as
propane, normal butane, nornal pentane, normal 21 hexane, normal heptane,
normal oc

el udi ndk | SBHMPRALBrocE AR EsAL: PR BB Golsrf hofied Fr Prederanes

2, 2- di metdy| pivealsn iy ﬁeﬁlt@ﬂv{ﬁyl butane and the like), 24 alkenes and
al kenyl hali des (such as vinyl chloride), carbon disulfide, 25 chloroform

ethyl chl oride, N-butyl chloride, nethylene chloride, 6 chl ori de,
1, 2- di chifor oéhaanethod of the prasent invenyeo M3 R coadustsd %%ﬁ?  PIREESS@ 27

anhydrl d c r _ ne,
Ay der o ARhBIBERLE T . BREhORbLedd & SAP GRS APy
1, 1-di chlg)ro bhone,skillkd it tRe drtchl or oet hene, n-propyl chloride, iso-propyl
chI oride, -27 WD 2006/ 023988 PCT/ US2005/ 030160 1 1, 2-dichl oropropane, or

1, 3-di chl oropropane, nitro- alk nes suc nltropr to nane a few
of the repredBRIPAVORIIZAHAN r&ae P& %”'Sig Oé’ifj Ddgit Dertg QFE% qej?n?n cationic

pol yner i idghargea with Ble t hose
listed a ove?ﬂcﬁé%;[ﬁmé %@dﬁg%éngﬁﬁrpﬁﬂg?grbgegéﬁl ti atrgr conpounds for

l'i ving attl qfcllewing eéagjartar bocati oni ¢ pol ynerization are 7 well known in
the art. Initiators may be nono-functional or multi-functional 8 depending
on the df%rﬁd pr o&ﬁlgp%l\/bno functional and di-functional initiators 9 are

enpl oyed en- t he? d polynmer is to be linear. For making star
13 2. an initiator,
14 3. an electron 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 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  quenching agent. The polymerization reaction in the aliquot is terminated with

26 an appropriate alcohol equilibrated at the desired temperature.
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10 polyners the initiator should have nore than two reactive noieties. The
11 contenplated initiator conpounds can be represented by the general

formul a W 2006/028RaRb) nRc wherein Ra, Rb and Rc are i ndepenusesssiogoieonpri ses
at least 13 one of alkyl, aromatic, alkyl aromatic groups, and can be the
sanme or 14 different, and X is an acetate, etherate, hydroxyl group, or a

hal R h 15 I f f .

et or ablh R, RoA hingeRg Saeenaar tryanselAsinSas aRnSY B tsitih Skt bon

atomto a}t)out 20 R?% Qﬂiﬁh%%wméhﬁ(ﬁ{@a%%ﬁ one carbon atomto about 8
eféera

carbons atons. Pr bly X'1s a 18 hal ogen and nore preferably chloride.
In sone instances it is preferable to 19 select the structure of Ra, Rb
and Rc t @ ni Altbougte the oanngnisaiiar efstherreactantsmviaybe varigd t9 abtginethel et hy!

pol i sobif entosiih B Ithabdedrelind hAESan TRyBER! e R AE (00,

and tricuyl wﬁ;%r'té’rﬂsfor ngtra'imﬁ%h@i é’xd—bl%ﬂﬁfﬁhfam &ré yidld €T he Ebrtmlslareo 2- 23
phenyl propane, i.e., cunyl | ori de; 4-di (2-chl oro- 2- propyl ) benzene,

i.e., 246j|(deﬁ<i}dlzﬁﬂb¢|DWe) 1,3, 5- tr|(2 chl or o- 2- propyl ) benzene, i.e.,
tri(cunylchloride); 25 2,4,4-trinethyl-2-chloropentane;

2- acet oxy7 2- ?HS?X&IQF PRRSF mbn?mer @Iﬁ(t&atgﬁrs‘?ﬁ %é?&pq}@ﬁ@ﬁ%&ﬁ@(y t@aBheny!

pr opane, propi onat e hoxy- 2- phenyl propane, i.e.
cunyl met fB/| 20@@0 1.2Bréfefabdy (e nmidrcmye f pranpyngrieriaisater i insthe range of

d | ret hyl eth 2- b

tri (oumyltet éppﬁb@ﬁép)aboaré fio5] 1 bove pepteeabit i Bio s LA Bcarmpl s
can be f nd|rh ‘§ &HQW 12 P50®. ?QQ%&@?’%oPﬁHUnUﬁ?&Qéhﬁﬁth@@onﬂroNO
4,946, 899. Par arly pre erred exanples are 2-chloro-2,4,4-trimethyl 2

pent ane ’(TI'NPtEte) frneil rdolBotilar (@ighitlobtioe polyolslipl ) benzene, and 3
1,3,-di(2-chloro-2-propyl)- 5-tert-butyl benzene (bDCC), 4 1, 3-d

il( :2), S,C(et21o é;et ﬁ‘QE glgb%%t&@@f@w?gdd %ﬁ&?ﬁ%ﬁ%ﬂggﬁ%in trp& rapge from about

1, 4-di (2r3ret hoxy 1@ aBbaPy sbbenzrRgerablylite m@meattcr of Lenisadcid e chéiaiendsnds i n
the total reaction mxture nay be in the range from about 0. 0001 gPI es

per |itet4toisibdhe range pbabeutsdi toabept 200: 1 Morge preferably the molar ratio
15  Lewis 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 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 to 30:1.

20 The molar ratio of Lewis acid to quenching 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 quenching 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 quenching agent to chain end is about 0.5:1 to 4:1.
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9 Preferably the concentration of the chain ends is in the range from about
10 0.001 noles per liter to about 1.0 noles per liter. More preferably the
11 concemwoanicn3wsB the chain ends is in the range frompaastoo3/08060 nol es
12 per liter to about 0.5 noles per liter. 13 Electron Donors 14 El ectron
Donors have been shown to convert traditional polynerization 15 systens

into |ivi d/ i =11vi t ] oni | I zat | Th 16

el ect r on ‘donbAdiigaal ARUOERAY: BLAHE HBRDP SRET o HoPtuRLas RS BNe  nit ed 1o
17 i . ;

any par t 'wa%%awﬁ%n%f tAE 3R nLhing AHeRH B8l Setdprii@tRScotnt@eion

pyri di nes an m nes, aprotic am'des, sulfoxides, esters, netal
conmpoundss hawfi thg exo-ol&fn chamesnds amttwopelydlefio polyraets. Biepplyaaiizetiaer s.

Pyri di ne conmpounds .20 include 2 6-di-tert-but i, dl o :

2, 6- di rret"hylnpp?;ﬂcﬂa'i‘ ﬁ%?erﬁ‘,"b@"aa %?H@I’%?W%ﬂtr‘?’é?',mplé%Bé?iﬁ%?'?mﬁ%?%{ﬁa&ppdi ne,

2- et hyl pyr i giiAGreaWfh RYr dbrogriatd Acsharelqbiibedted iat ¢he désipeditemperature.

N, N-di net hyl t ol ui di ne may al so be enpl oyed. Am de conpounds include 23

N, N-d i net hyl formam de, N, N-di et hyl acet am de anﬁq N, N- di et%gl ac t%m' de. 24
An exanplée oThe ceuremrixatinn eidhpsuxedleln ahaiBiangds. alandowitidhe epreafiationner | s

an 25 exanp| f s C ; ; | ; 13 t cetate
are 26 e@m?@go%@éﬁlgﬂﬁgg%{gﬁ%ﬂ&‘dﬁg%ﬁ aﬁ]gg’clgﬁgounggdS’Eg}?ea@xwrl?het hyl
27 phosplgt eGRQ spedtyd arhalsplubtained to goblitatively aetarmine s phaust ohy al so be
28 enpl oyed. Oxygen-cont ai ni ng netal conpounds such as tetrai sopropyl 29
titanat e %hr eCeR)ed psduAt. as el ectron donors. -29 WD 2006/ 023988

PCT/ US2005/ 030160 1 The concentration of the electron donors in the total
reactio I X JIRY ; ' il B0y omoEU M%ﬁm@mgoﬁter to
about Omldnrm{:ggf\pper Isit%?g?.gl%ﬁlg?gfgleﬁ ablye ﬁgcmconceﬂ?r ation o II?he el ectron
donor s il i ntheheresangiavéntion atsogiven He®v001 nol es per liter to about 0.05
nol es per liter. Mire preferably the 5 concentration of the electron donors
isinth rapnge fromabout 6 0.002 noles per liter to about 0.02 nol es per
liter. 7'4Con®B¥eSn salts and Conmon lon Salt Precursors 8 Common ion salts
or salt precursors may be optionally added to the reaction

13 Diluents influence 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 low dielectric constants are preferred
16  since ion pairs are less dissociated. Suitable solvents include, 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 lllustrative solvents include alkanes (generally C, to C1o alkanes, including
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, isohexane,

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

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  methylcyclohexane, chlorobenzene, 1,1-dichloroethane, 1,1-dichloroethene,

29 1,2-dichloroethene, n-propyl chloride, iso-propyl chloride,
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9 mxture in addition to or replacenent of the electron donor. Typically,
these 10 salts are used to increase the ionic strength, suppress free

i ons, andwbXodsanedssci al |y interact with |igand exchangePcParskeosobass y
preferred are conmmon 12 ion salt precursors, for exanple
tetra-n-butyl ammoni um chl oride (n-Bud4NCl). 13 The concentration of the

conmpn ion salts or salt recu s in the tot reac xture may be
in the rangel&ZrdghiQrRRICPE! 90@5{ M'%OWO‘P?@% b@H&qag]OS nol es per

liter. Prg feﬁ%hYo%é?‘%ﬁQ'ﬁ%ﬁﬁé@éW%tﬁg rédﬂ@séﬁﬂa’(ﬁ@hqmﬂ dilléntadit solwentsal t

precursors is i ange om about 0.0005 noles per liter to 17 about
0. 025 nol3s pseful mt@a‘tlonksz@ymeerZé’ﬂ@!tﬂ vaW@l slyeafosexempie combinalipnsn 18

ion salt | t ur Sors.\is i ge from about 0.001 nol es per
liter to 190@5‘83@ F %)é@nfg?O B% 3?8 20 Mononers 21 Suitable nononers
for use in the nethod of the present invention are 22 hydrocarbon
nononer s,5 i . pitigtepounds cont ai ni ng only hydrogen and 23 carbon atons,

especially orefins and diolefins, and normally those having from 24 2 to

about 20 carbon atons, but pref erabl fram about 4 to about 8 carbon 25
atoms. TH pliescemRorads falkinsend AussiaVig SAIBPFItRTIE RO EEHIoD gré
TONOMErS 4 o Weﬂq(ﬁfﬁmﬁﬂlt%%rrgd@ tlafBrEfnﬁ’ée)?Bé m&*&de@;‘tlBﬁémmmFMh@f oM&i ghts,
27 for exanple rom ab I'n excess of l'1on g/nol. Such

pol ymer s 8 28dependiag IonWheweeUedqurod\mthpnbffqnctmrtai amdsbéuectmaymajorsaw ng

| | ht of f h 00 t
S heti o S amonBIever oo KSR RIYReT b1 Madt o mAKBRE, o i o
havi ng "R% Pbﬁhé?@&ﬂe“rﬁtléﬂ)\' QH&HH%%%&e]tﬂQnQ\Q@ rb8ctive AoitfbsO0theg/ Mol , or

nor e. e nononer s 1 nclude such conpounds as 3 isobutyl ene, styrene
beta pi nkthe, costepr@aied lblllatm‘lc@momdbmnthﬁ epraseieg dyribe gﬁ’ﬂeﬁil‘éom'\é'@edl ng

tzyﬁlee'tshyl{]gutbﬁeé§§?ﬁg% lejgfz'iri) eﬁ[b r%?wmﬁ%@'@%ﬁlxt gﬁedr%%g?tbe a- p| nene.

An even {Br eoREf alk f%rﬂ%@élkylsarbmwgrb@w .and’cav st Whesanfe omononer s nmay
be used. 8 The conc ntra}tl on of "the nononmers in the total reacti %1 hrg xture
may be it t hdifferent, and X' is an acetate, etherate, hydroxyl group, or a halogen

15 avalance of n, and n is an integer of one to 4. Preferably Ra, Ry, and R; 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' isa

18  halogen and more preferably chloride. 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, i.e., 2-chloro-2-

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., tri(ccumylchloride);

25 2,4 A-trimethyl-2-chloropentane; 2-acetoxy-2-phenylpropane, i.e., cumyl

26  acetate; 2-propionoxy-2-phenyl propane, i.e., cumyl propionate;

27  2-methoxy-2-phenylpropane, i.e., cumylmethyl ether;

28  1,4-di(2-methoxy-2-propyl)benzene, i.e., di(cumyimethyl ether);

29  1,3,5-tri(2-methoxy-2-propyl)benzene, i.e., trileumylmethyl ether), and similar

30 compounds. Other suitable examples can be found in U.S. Patent
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9 range from about 0.01 noles per liter to about 5.0 noles per liter.
Preferably 10 the concentration of the nononers is in the range from about
11 0.1 nowe=o@an3dsst er to about 2.0 noles per liter. MowreTpsedsnaky the 12
concentration of the nononers is in the range from about 0.3 noles per
liter 13 to about 1.0 nole per liter. Most preferably the concentration of

the 14 0. ] ' ] '
ar'e sui { dbl cNaed SH6aSP FeriGHBRLPIRIEEed SXamRLSs nusARoT AR but are
not |im ted éé) hégoro apg mgg)ggm(l)gd@r Pyl?@éﬁién‘é angy titanium 18

tetrachlorid I’ICh|O Use of “the titanium halides and
particul & | y1,31-91|(T2+¢rdm10bQFprmy|hcﬂaﬂmbmlheQmeQKbDegd The strength of the

Lewis acid and its 20 concentr d_bhe adjusted for the particular
nononer . 4Add1g'r@22§aﬁp9toxﬁ/%epr%ﬂ é'f%éi"&rbo? “Ffi€se Lewi s acids can be

adj ust ed gisi ﬁ‘,@-&ighﬁ&tﬁ&ﬂ bHraggiblieasbutyiBen2énsang i nstances these Lew s
acids are also referred to as co-initiators. 23 24 The anount of the Lew s

acid presﬁsnt1j%di(bmethbxy-atmopwfr@@?nﬁay vary. 25 However, it is desirable
that the concentration of Lewis acid is sufficient to 26 achi eve an

appropriaje te of ] zat
eoncont 1 o+ onfeRelFafatoTe €8 R, s (ARt doadkich hptip Mey e iRfhe
28 The cacepdrgatreh éﬁou&bﬂ)ﬂ(ﬂwmlwpd llt@thﬂathQaﬂ mades pepliteni xt ure nay be
in the 29 range from about 0.001 nol es%qﬁﬁt er to about. 3.0 rmkes per
/

liter. Pref ePéﬂ’J’BSﬂblyﬁp cogentiatiod 25 9usC 484 Bsorage fiompbou

concentrgf i o Lsahiifer6idbola? 110 Mol p&AE.{ R Bhsiutalfly 805 mol es 2
per lite toaa #]B%S m%leelisat db U§1ter l\/bée rrefKeArabP trFlae concentration
OL tPe4 1;1 léembrlscamaﬂlonaaflthe bhemremrgaelsfmtha mafr@n@)qmwﬁamoles ter to
abou nol e per n ng agents 6 Quenching agents
ponterrpl%&edpﬁblf'te b%”tdi'éﬁa@ﬁ?lp@ﬁ?{]ﬁ the polyolefin in the 7 present

i nvention are hindered secondary or tertiary anm ne conpounds, such 8 as
2-tertbyyl pydddnMBondyst ri butyl amne, 1,2,2,6,6-pentanmethyl piperidine and

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 to any
17  particular compound or class of compounds. Examples include pyridihes and
18  alkyl amines, aprotic amides, sulfoxides, esters, metal compounds having an
19  oxygen atom bonded to a metal atom, and others. Pyridine compounds

20 include 2,6-di-tert-butylpyridine, 2,6-dimethylpyridine, 2,4-dimethylpryidine,

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 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 trimethyl

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

290 titanate are also useful as electron donors.
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9 N-net hyl di phenyl am ne. 10 The hi ndered secondary or tertiary am ne

enpl oyed as a quenching agent in 11 the present invention has the general
formul a: WO 2R®B/02b98812 R3 13 wherein RlL, R2 and R3 are ipaaasesdosiiby

hydr ogen, al kyl containing one 14 carbon atomto about 20 carbon atons,
cycl oal kyl of about 3 to about 7 15 carbon atons, aryl of about 6 to about

30 carbon ato | k f ab 16 7
aral kyl of aEBngtCOgC@%rr%tlﬂfﬁ@f tggoeg%‘ft%hd(ﬁérgt”g ¥%$|0r§%%{'€rggq'%ﬁ%sn@yoéﬁ and
R2, R2 ang Rﬁﬁtﬂgqaﬁﬁe%% Rbout ®ls6H m&esf%rnﬁr"céabbﬂﬂﬁﬂ%éﬁ%téé/r liter. m a fused

al i phatic ring of om about 4 carbon 9 atons to about 8 carbon atons; 20
provi ded 3 haPreferatcby the tencentratioh okthe theca'nd dzmor%lmdh@game fram ahout

provi ded are n | i ne carbons or
22 | ezs b@%é rﬂ%ﬁ&%’i’@%ﬂtﬁ%’”ﬁ@rﬁ %]Pl%sh%e 3&%@ Iblétei ﬁFng%%ﬁ HiShder ed
seconaar il %f%h@@lé&%oh%ddﬂ@usgmﬁéabn @ ot aboui32 WO 2006/ 023988
PCT/ US2005 /og%ﬁée o3 & JRlneange frow &t R and R5 is

hydr ogen Gind0tQ02 mDI@srperélt@tbr&mwh@cD?alIﬂ@iﬂS P&y lger-about 3 to about 20 carbon
atons, aryl of about 10 to about 30 carbon 4 atons, or aral kyl of about 11
to about 730 arbon to 5 | hdependent |y hydrogen, al kyl
of one caf bo#® ' oal kyl of about 3 to
about 7 carbon atons, aryI of 7 about 6 to about 30 carbon atons, alkaryl
of about & t coalmuh i@sslts bosalt rexucsm's neay be apkighalbf addesito thetreagtiout 30

carbon atons; or at |east one of . 9 R R2
and R5, t%kemm’cﬁrq)m a@dltlon to or replacementaor}qhe elec"t?r%n‘fi(%jnol?.?’"l'y%?ca‘?l?,oI th'éée and R4

10 salts are used to increase the ionic strength, suppress free ions, and
11 beneficially interact with ligand exchange. Particularly preferred are common
12 ion salt precursors, for example tetra-n-butylammonium chloride (n-BusNCl).

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 liter 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 about 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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10 i ndependently forma fused aromatic ring of fromb5 carbon atons to 7 11
carbon atons or aliphatic ring of fromabout 4 carbon atons to about 8 12
car bon atwompocli@igsovi ded that if R and R2 form a fuse@caltispévasmoeor
aromatic ring, then RS 14 is a branched al kyl of about 3 to about 20
carbon atons, aryl of about 15 10 to about 30 carbon atonms, or aral kyl of

about L1 h0_ 0BTl el A8 nc T RGN T o Bbolda HogReR B2, O
about 3 te@ abD@OOZQ)OC@!hmrbrahomi Saiatsle Yhotdmakortlutie siu@haiwmfoo@{lisc@é bOﬂ

atons, or _aralk of about 11 to about 19 30 carbon atons. 20 In a
preferred3 enﬂ@@g'ﬁé{tﬁnei’ gtrere. diie inanten dwpprene sbqﬁ@ﬁﬁgeﬁuﬁﬂtﬂu’fﬁg is tert- 21

butyl and4R2, .45 @unﬁjd%ft‘?té rQéféJcﬁlﬁgy}Besz%Elgrtﬁh@r'anfér‘ﬁgulg %‘?et%?ﬂéldoyed in the

met hod of the pr sent I nve a nitrogen contarnin
het er o- ar &matmonomegs he isobutyiend, @-methyidputenend-aethyl-d)butedéd, the‘mlydﬂ c):

-33 WO 20 6/023988P 005/ 030 oxexs | 2 wherein.in fornula (a) 3
one of R1 ancpemf 3 ‘ﬂldig% NeAg: lp,gvgpﬁréqrelgreggr{&q MENORIR i3 lsobstyleR’em 4 to

about 20 gar bgR@e8 B mé&YShedl kil befysdyout 3 to about 8 carbon atoms, 5
aryl of about 6 to about 30 carbon atons, al karyl of about 7 to about 30 6

carbon atons, or aral kyl of about 7 to about 30 carbon atons, one of R2 7
and R3 ithyd'Fta@ecnnmratlhﬁe ajttihe manonagnsyin the talalreagtioo mistuoermay béouthe20 8

car bon at al kyl bout 3 te,ahout 8 bo ato

Choue st & analEe B APRuRO o dfkes har i i gbois S Mok P TRer B eBbbon 10
at oms, oroar ahkWoneén@dist ofthednehembers3i if ahd pdhgd ROM alsdutat | east one of
11 R1 and R2 and R3 and R4, taken in pairs, independently forma fused 12

aromat i ¢ i ndg-dfMeles pes liteste shout 3RsmplespearditeforMareprefesiabi thehat i ¢ ri ng
13 of Trqm aholcAtrEAsR 8RR ABRoMRr&ROH HE rSRSPABRPABIE: 0.3 moles per liter

13 to about 1.0 mole per liter. Most preferably the concentration of the

14  monomers is 0.5 moles per liter.
15 Lewis Acids

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

17 include, but are not limited to, titanium and boron halides, particularly titanium

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

20  concentration 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 to as co-initiators.

23

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

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 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 3.0 moles per liter. Preferably
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14 R R3 NRL NR4A 15 (b) 16 wherein in formula (b) -34 WO 2006/ 023988
PCT/ US2005/ 030160 1 R1, R2 and R4 are independently hydrogen or al kyl of
one car bowmoavev2s®ss 2 about 20 carbon atons, cycl oal kyl pafi/tsbest3@et o about
8 carbon atons, 3 aryl of about 6 to about 30 carbon atons, al karyl of
about 7 to about 30 4 carbon atons, or aral kyl of about 7 to about 30

carbon atons, R3 is 5 hydrogen, a] kyl of ope carbgn atomt out, 20 carb
atons, cykl ome@qnce@tr@iloa@éﬂie Bewis %&%tﬁ'nStP‘EéPB%%?r%ﬁsou%&gﬁg(f?mﬁﬁout 6 1(:) 2

about 30 far . abho t i or

ar al kyl o%: aggﬁlftgr??& gg% 13%@3‘?'}%8%&2‘%@0%{% gga@gyg?égggﬁﬁﬁtﬁ% and
R3 or R3 :andL&4is &citl dakmntherrapge from abodeiAbencles peolitardofabostl aromatic ring
of from5 carhon 10 a]tom; to 7 carbon atons or aliphatic ring of from
about 4 ¢hrbd® BEKREr €t o about 8 carbon atons, 12 provided that if RL is
hydrogen then R2 and R4 are independently al kyl of 13 one carbon atomto
about 20 %ar @Ql'én@ﬁﬂg?gé?ﬂ@ oal kyl of about 3 to 14 about 8 carbon atons,
aryl of abou 0 ou 0 carbon atons, alkaryl 15 of about 7 to about

30 carbon atons, or aral kyl of about 7 to about 16 30 carbon ?t ns, ,,.and
further i ovRuenchingtagentReortenmpiated fayuse frareparalipn afAhrPqlolelinin ther one

carbo t t : ] 8
carbon athmsprestt Hyehtlpf 3 BBhaf Becditiiry B Kitial amite ShfBbynas kROl B
7 to abowg 38s Qaehbutyporginepn-tabatylanhinef 1,20 616-pettaretbylahipendia® andr bon

atons; 21 and Rq . _
9 N-methyldiphenylamine.

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

11  the present invention has the general formula:

R1\N/ R
12 Rs
13 wherein R4, Rz and Rj3 are independently hydrogen, alkyl containing one
14 carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to about 7
15 carbon atoms, ary! of about 6 to about 30 carbon atoms, alkaryl of about
16 7 to about 30 carbon atoms, or aralky! of about 7 to about 30 carbon
17 atoms; or at least one of Ryand Rz, Rz and Rz and Rs 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 R3 is hydrogen, and
21 provided that Ry, Rz, and R 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 formula:
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NN R3NR2 22 (c) 23 whereinin formula (c) 24 RI, R2 and R3 are

| ndependent|ly hydrogen or al kyl of one carbon to -35 WD 2006/ 023988

PCT/ US20080Q861030988 1 about 20 carbon atons, cycl oal kyl eCTalseas/03016@ about
8 carbon atons, 2 aryl of about 6 to about 30 carbon atons, al karyl of
about 7 to about 3 30 carbon atons, or aral kyl of about 7 to about 30
carbon atoms. 4 5 Structures of ther hindered secondary or tertiary

am nes that nay be 6 enployed in N ob-1 he present invention are

gi ven bel ow. The given 7 structures
no way limt the scope of the 8 presgnt
RR 9 R Quinoline Isoquinoline _1

R RR

13
14
15
16
17
18
19

20
21

22
23
24

i nt ended as exanples and in
invgntion. RR RRRR RRTN N
gzNRR 11 Acridine 12 R R

wherein one of Ry and Rs is hydrogen and the other is a branched alkyl
of about 3 to about 20 carbon atoms, aryl of about 10 to about 30 carbon
atoms, or aralkyl of about 11 to about 30 carbon atoms; Rz, Rz and R4
are independently hydrogen, alkyl of one carbon atom to about 20
carbon atoms, cycloalkyl of about 3 to about 7 carbon atoms, aryl of
about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30 carbon
atoms, or aralky! of about 7 to about 30 carbon atoms; or at least one of
R+ and Ry, Rz and R3, Rz and R4, and R4 and Rs, 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,

provided that if Ry and R, form a fused aliphatic or aromatic ring, then Rs
is a branched alky! of about 3 to about 20 carbon atoms, aryl of about

10 to about 30 carbon atoms, or aralkyl of about 11 to about 30 carbon
atoms, and provided that if R4 and Rs form a fused aliphatic or aromatic
ring, then Ry is a branched alkyl of about 3 to about 20 carbon atoms,
aryl of about 10 to about 30 carbon atoms, or aralkyl of about 11 to about

30 carbon atoms.

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

butyl and R,, R3 and R, are hydrogen.

The hindered amine employed in the method of the present invention may be
a nitrogen containing hetero-aromatic ring having the following formulas, (a),
(b) and (c):
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|l RNR 13 RR -36 WO 2006/ 023988 PCT/ US2005/030160 1 RNR RNR 2
Pyrazine RR RCR RRN 3RR RNRM NI RRRR 4 Pyrimdine

Pt eri di newo2o0&@tmsassur es of ot her hi ndered secondary or temtisasog/oshiae may be
enployed in 6 the nethod of the present invention nmay be obtai ned by
substitution of the 7 nitrogen atons with phosphorus atons. The given
structures are only 8 intended 3ﬁtexanpl and iqgno way limt the scope of
the present invention. 9 The c guenchi ng agent in the
total reaction mxture may be 10 inTfihe range from about 0.0001 nol es per
liter to about 2.0 noles per liter. 11 Preferjably the concentration of the
quenching agent is in the range fromjabo 2 0.001 noles per liter to
about 1.0 noles per liter. Mre pr

ut

[é\);/le 37 WD 2006/ 023988
PCT/ US2005/ 030160 1 concentrati of thd& quenchify agent is in the range
fromabout 2 0.005 noles per liter to about 0.5 noles per liter.

1 (a)
2 wherein in formula (a)
3 one of R; and Ry is hydrogen and the other is alkyl of one carbon atom
4 to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon atoms,
5 aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30
6 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms, one of Rz
7 and R is hydrogen and the other is alkyl of one carbon 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, alkaryl of about 7 to about 30 carbon
10 atoms, or aralkyl of about 7 to about 30 carbon atoms; or at least one of
11 R, and R, and R3 and Ry, taken in pairs, independently form a fused
12 aromatic ring of from 5 carbon atoms to 7 carbon atoms or aliphatic ring
13 of from about 4 carbon atoms to about 8 carbon atoms;
14
Ra2

15 (b)

16 wherein in formula (b)
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3 Term nators 4 Any sol uble al cohol nmay be used to term nate the

pol yneri zation reaction in 5 the present invention. Preferred are

nono- al colol2so6ompdsai ni ng from about 6 one carbon at om traTAalseass/08016@r bon
atoms. 7 EXAMPLES 8 Exanple 1 9 Preparation of Polyisobutylene Using a
Mono-functional 10 Initiator and 1 2 2 6 6-pentanethyl piperidine 11 A

four-neck 250 mlliliter round-bottomflask, equippe ith an, overhead 12
nmechani cal stirr@r %man%lR&ﬁrﬁWW%QY]BE@‘?W@F%H%@E@PWO\%&%PW 3f]orpgot he
end 13 a ATR: i i via a
T ht 14 2ondui 1250 pLEAEEN bR, LGARAS uED 1 BbBUEBRErEGTBLGHS,

Macr onol egul es, 2603f abdik B albaEBGBEbon Eioms aglkanth of akast 7 trebeedd nto a

hept ane bath at -60C 16 under dr itro S it a S tig Ly inert

at nospher® MBr au?@%’l"&%‘&@?: or gra oglaf)o ggg%ggﬂwoég%@%?ltéﬁg&gs%é%ui red and
subtracteg from gldy &?n%&kﬂ?&ft&ﬁ@ééfrb@ﬁla&@fﬁtt@%b@aegpro@;bamgtdm@siycmw hen
charged with the 18 olTow ng reactants: 20 113 mlliliters hexane

equilibrabed at oba@utBltorahaut@ ¢arbpneéerssaivhol abewf Wealkelifidq ¢rrRpPRd at

-60C, 22 0.477 mJ)liliters, 2-¢hl -2 ri t id ted at
room 23 tenper a?'i?r"és:’ a%lg@r@sl_ %@g)%??ﬁpqu%gfgbfaggﬁé{eﬁ%%ﬁ?%ﬁ%ﬂ ABER 7
equi l i braged at {PawHRUtSBIPEIBbH Boms; SBatWehsisHE OPRY8Ad KT 2866130160 1
The contents of the round-bottom flask were equilibrated and 2 Fourjer

Tr ansf or n9 | nf r ar tekes e pairssivdppendanty) foaafused @rematic Aingu 1o Se38PPed
f 10 m t I f 1
et or CtoWai 01 optelr< B b SR PR oPalifisRe SRR aBBLES BlboiPdords

Wth con{{inued std asdutPB cavbeh ato®d, mlliliters titaniumtetrachl oride was
charged 6 to the flask. The reaction was allowed to proceed to high

conver'si on. 7 approxtmRely 95 pericent as det et neds Yy 0L Skt 54T bP"

13 one carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to

14 about 8 carbon atoms, aryl of about 6 to 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 R or R4 is hydrogen, then
17 R, is alkyl of one carbon atom to about 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 aralkyl of about
20 7 to about 30 carbon atoms;

21 and

R4
by
/k =
N Ra

R3
22 ()
23 wherein in formuia (c)
24 R4, R, and R are independently hydrogen or alkyl of one carbon to
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8 spectroscopy nonitoring of the 887 cm 1 peak of isobutylene. The
procedure 9 used for the Fourier Transform I nfrared spectroscopy

noni t ori yoiz2eoegizeess 10 bel ow. A pre-quench aliquot, appraxiusatsioyoise 10
mlliliter, was renoved from 11 the flask using a glass pipette and
charged into a scintillation vial containing 12 4 mlliliters anhydrous

t hanol ilibrated at -60C to termnate.t i zat i tion.
The al Lqdet vias e AraiBORARTE AR 05 aDPr 3R A IEE B AREN cact | on
wth thea, 2,2, 6 r&F?’lScﬁH%tt‘ayébdﬂt BerdHhos afsils | AkaPui Ao 7 Ehabelter ence

a

for structural and nolecul ar weight characterization in the absence 16 of
quenchi n@ agent .30 garbioa gtomgmor aralkyl of abestT t@abput 3¢ arumaopt-t om f | ask

was quen%Qed by the 18 addition of 0.71 milliliters 1,2, 2,6, 6-pentanethyl
pi peri di at an isobutylene 19 conversion of 99 percent. Post-quench
aliquots, approximately 5-10 mlliliters, 20 were termnated at various

time inteyvasguafures of bhenffiddred setordery 2t tdrtianamirfespitat atat by |
pi peridine by being placed in scintillation vials 22 cq;ﬂgl

nj 4

mllilitdrs anmpayesuis thermethed obtha praseat kyention arrgIves Wrtﬁ%@-’“&ﬁtom

fl ask was, nex e I f{Habr at ed
600 tho ¢ SRy TG aeas SRpircs BFHTho wit TR SR Scofibtine?! o
90 m nut e apkg@nth@eaddhlion of 1,2,2,6,6-pentanethyl 26 piperidine. 27
The aliquot sanples and the final term nated reaction m xture were all owed
to 28 warmto roomtenperature, which allowed the valatile conponents to
29 evaporate. To each aliquot sanple 1-2 mlliljiter hexane |[was added and
the -39 WD 2006/ 023988 PCT/ 52005/ 030160 1 pofynpr~was presipitated in

met hanol . ; g ecogwered in 2 each l|aliqug gl e and
agitated in using amvor e with fresh 3 ng grove any
remai ni ng contam nafts, et hanol was 4 g i sobutyl ene

sanpl es recovered_ ’ were placed in oven at room
tenperature for a Rburs tp renove any 6 rerdining, solvents. 7 The
di luent used in Exanplgs 1-5 and Conparative Exanples A-E was a
9 R Quinoline Isoquinoline
10
11 Acridine
12
R R R
R AN R
=
R N R
13 R R



8 m xture of hexane and nethyl chloride in a volunme ratio of 60:40. 9

Pol yi sobut yl ene sanpl es were anal yzed using 1H Nucl ear Magnetic 10
Resonancew@peatmoemsopy (1H NVR) and Gel Permneation Chromratrage@pshyoicdl ( GPC)
as described below. 12 Procedure for Fourier TransformInfrared 13
Spectroscopy Monitoring of Isobutylene 14 The pol ynerization reaction was
foll owed by Fourier TransformlInfrared 15 spectroscopy nonitoring of

i sobutyl ene peak at 887 cm 1. This procedure is 16 described in R F.
Storey; Q A Thomas, Macronol ecul es, 36, 5065-5071, 17 2003. 18 Procedure
for Collecting 1H NVR Data 19 1H MVR spe col | ected using a Bruker

| es concentrations of 3
percent to 5 percent 21 (weight/weight) i ] 3. 1H NWMR spectra were used
for analysis of the end 22 groups. i of exo-olefin, endo-olefin
tert-chloride and coupled olefin 2 wer e obtai ned using 1H NMR
integration as described in the 2R fol |l owgng secRion. 25 26 -40 WO

2006/ 023988 PCT/ US2005/ 030160 1 Procedure for Collecting GPC Data 2 GPC
data were used to determ ne nunber average nol ecul ar weight (M), 3 weight
aver age | ecul ar wei ght (Mwy) and Polyd@?gﬁi§ity index (PDI), 4 i.e. MN M.
GPC was so used to qualitatively detect olefin coupled product. 5
Procedure for Calculating the Fractignal Amunts 6 of Chain Ends on the

Pol yi sobutyl ene Product 7 The fracti gns of o-ol efin, endo-olefin, and
tert-chloride chain ends, and and coypl ed products in the
pol yi sobutyl ene sanpl es were dQ\ Qg 1 ‘BR integration. It was
assuned that these six species 8§ percent of the chain ends.
I n sone instances, EAS, di-EAS,

= - P a4

R

Pyrimidine Pteridine

N

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

0 N 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 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 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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11 and coupl ed products were deened to be absent by qualitative inspection
of 12 the 'H NMR spectrum and for di-EAS and coupl ed products, by
confirm ngo 20&/2Bmdsabsence of a shoul der on the | ow el urcomust@svsdesi de of
the main polyner 14 peak in the GPC chromatogram Two procedures are given
bel ow. The 15 GEneraI Procedure” was used when coupl ed product was

detected; the 16 "Special Procedure” s .u when_cou product was
deemed t ol beconGenirEion:of the akenehing quwﬁgdust@e i@”%@omg onal nol ar

anount of, ea f tggi Ng an 20 equat i on

anal ogous toe’lthhe @Bltj%t |%2ﬁ%ﬁ9gl%g£?§5wﬁﬂ% g%?:agm ning the fractional 21
anount of exo-ol efl n, 22 F(exo) _ (Aexo) / (Aexo + Aendo + Atert-cl + AEAS
+ 2Adi - EAB +Mbmj) (1) 23 where Aendo is the area of the single

ol efinic resonance at 5.15ppm Aexo is the 24 area of the exo-olefinic

(AL 5o 1.4 2] AP ORGSR i e Pt B el it eP bR o fher o
Al, 55_1. 73 i td proseht Raeatien. Prsfarel droenorrabhbidcqriakingfsmcalzntd wi t h
2 the gemdinethyl protons of the endo-olefin and the tert-chloride chain

ends. 3 Bheonawcagen awmieabest Eaarbon IPMBAS product, when present, was
evaluated 4 on a situation-by-situation basis; the |ntegration was
determn based on a 5 peak that is | ut ed by ot her peaks, and the
area maseﬁornallzed 6 based on the n&%%%MEggg%rotons t hat have t hat
characteristic peak. It will be 7 noted that a co-efficient of 2 appears
in equati®n (1) for both di-EAS and 8Examwled product, to account for the
fact that creation of either of these 9 products consunes 2 polylsobutylene
chai ns. oupl ed was
A4.5-4.75)/2 (3) 12 v

convol ut ggl peaks associ atlﬁmawathd 113 265 Jéntbh%tlﬂﬂ%@ér&flne protons and the
two identical protons of The coupled

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 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

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

22  0.477 milliliters 2-chloro-2,4,4-trimethylpentane equilibrated at room

23 temperature,

24  0.233 milliliters 2,6-dimethylpyridine equilibrated at room temperature.
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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
t he qual iwetnan2adssence of coupl ed product, the fracti omalr/usedoand@smunt of
18 each type of chain end was obtai ned using an equati on anal ogous to the
19 equation gi ven bel ow for determ ning the fractional anount of

exo-ol ef i exo Aex A Aend Atert.-cl AEAS
2Adi - EAS)?( 1)%.?'e g@f&&&q}}qcébé exglﬁég"%‘{]re%@ I@r%tr&fjeé:r}ﬂ Jerfl ni c :esonance
at 5. 15ppgm ?@ﬁﬂe??re\r&f&rﬂ?lrﬁ?ﬁéé% eé‘trré’ébdbg/ (TR} deraswereOt&itintioasiyesonances

at 4.63 and 4.85 parts per |on Atert cl , AEAS, and Adi - EAS
wer e cal cl akeduired fdreroughlyswmmtﬁﬁﬁm esteblishs arefesan¢eabserbansaai 8§87

Exanpl o5 . 167na0gg il ot S LIRS A B A BR A B0

PCT/ US2005/ 030160 1 Table Il bel ow sunmari zes the nolar quantities of the

react ant ss USWlth 60|2t|r@wmlrﬁﬁ? Inéd 16821nﬁlﬁlﬂtpm”ﬁlbhmn Eettaamkmdd\wﬁs Chafgdd e |11
bel ow surmarl zes the exo-ole

tent of th but vl
oparod ¥ it e resrdoDstRIRTeL! &%ﬁgéégh?% ST BNt a ar o
gi ven as t t ulF ITY: HreRy
conpl ete gﬁa? %X? n)gggl t|%é1@ %d@@ﬂn@%ﬂs buty elfl@rgeénpﬁh%ﬂ)ﬁelggr ed :ﬁes

Exanpl es 8- 15paﬁt¢bs§@wmahamltmmg ﬁftEEaﬁaﬂcem @eﬁkcﬁls'ldmjti/IeheoWh@garocedure
abbr evi atlons are used_f e reac n Tabl es and 10 1V

bel ow. 119 TvHegdifQr tag Fébmeé "%‘E‘ﬁrfBH“g‘f’ r@n’egmp@,c ogcq,psahmltpgpqﬁ gefbane. 12
12266PMPyp | $¢ Onﬂ%r@‘@ﬁdcﬁrﬁ igfjo gﬁp?@)@m@tél?'?ntmrﬁﬁmh‘tbpl\@% tétheed frém NVDPA

is an abbreV| a ylamne.” 14 2tBP i s an abbrevi ati on of
2 tert-bttyl phye flalslnesmg@ 91993 pspeéﬁe atisbelwrgadiinte ascintiigion yialeani@nng xt ur e

! sorrerf) 4 mﬁllllPPré an%ygpouasbr?lre Ve{n%li Iealr}mBFat(ejd %P%BU@{H {&fminate 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 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-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 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 to
29 evaporate. To each aliquot sample 1-2 milliliter hexane was added and the
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17 TTA is an abbreviation of tri-p-tolylamne. 18 DVA is an abbreviation of
N, N-di nethylaniline. 19 BET is an abbreviation of
N-benzyl -Woeabdwyi23esst ol ui di ne. 20 2,3DMQ i s an abbrevi aPrensedos/030160
2, 3-di met hyl qui noxaline. 21 DDA is an abbreviation of
Llloélé_-dl thlro-SH- di benz[ b, f]azepine. 22 4,6DVP is an abbreviation of

, 6-di met hyl pyri mdine. 23 2467TT is an abhrevi ation of .
2, 4, 6- t ri bheRplymervas Pﬁ%éﬁ%‘}-'” @@tﬁ%@?i E) 03’,1,30}55}(1180%{\{5}30?(’8%’ ered in
tri-n-hexyl api ‘ j g di h i -

2RRbIe Y AnRIEY irflsing OVorknPmpaiiedwith tesR. - 43 WO

2006/ 023988 %6&%@%5/ (5“3%160 ?L@DTA 'S anga_bbrevi ation of di-p-tolylam ne.
2 TnBA i s3 annadthamalitatremovefanyrremainiog goatamieants, 2pddiremnethpaoliyas

abbreviatjon for 2,2,6, 6-tetranethyl pi ' . :PPA j .
abbr evi at’ ondgFanieR: Cﬁ6 ‘?_'398%'?‘&%%”93%%’@@?5?%?8%&38%'ﬁéﬁ%%@/@&?ﬂa?%d ah
abbr evi atg on gf\fcutiffovBkbticRn®terhpdrature. for ablepen24 melirylopicpeovedame and
titaniumtetrachloride. 7 -44 WO 2006/ 023988 PCT/ US2005/030160 o 0 0 0 O

C) 0 0 0 & Or@meiningsalvents. 0 CO O CO CO CO CO CO CO CO CO CO CO CO CO CO
CLE O I- UCOCOcoCOCOco 00 COwWCACORO) ECOcocoOO) rrrrr

' EI’ee%ilﬁén{ uded il EiaerQSQ-Qaﬂd%QnSaFéth BxdmPle? LEWEEQ 000 0

rrr ror
oooodo
8  mixture of hexane and methyl chloride in a volume ratio of 60:40.

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 Spectroscopy Monitoring of Isobutylene

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 - 20083.

18 Procedure for Collecting '"H NMR Data

19 "M 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 CDCls. "H NMR spectra were used for analysis of the end
22  groups. Fractions of exo-olefin, endo-olefin, tert-chloride and coupled olefin
23  chain ends were obtained using 'H NMR integration as described in the

24  following section.
25

26
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10
11
12
13
14
15
16
17

18

19
20
21

22

23
24
25

26

rdr rrr RO..r MMMM(I\j/I
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welght average molecular weight (My) and Polydispersity index (PDl),
i.e. My/M,. GPC was also used to qualitatively detect olefin coupled product.

Procedure for Calculating the Fractional Amounts

of Chain Ends on the Polyisobutylene Product

The fractions of exo-olefih, endo-olefin, and tert-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
represent 100 percent of the chain ends. In some instances, EAS, di-EAS,
and coupled products were deemed to be absent by qualitative inspection of
the "H NMR spectrum, and for di-EAS and coupled products, by confirming
the absence of a shoulder on the low elution volume side of the main polymer
peak in the GPC chromatogram. Two procedures are given below. The
"General Procedure" was used when coupled product was detected; the
"Special Procedure" was used when coupled product was deemed to be

absent.

General Procedure

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

amount of exo-oléefin,
F(ex0) = (Asxo) / (Aexo * Aendo + Atert.cl + Agas + 2Adieas + 2Acoupied) (1)

where Aengo is the area of the single olefinic resonance at 5.15ppm, Aex is the
area of the exo-olefinic resonance 4.63ppm, and Agt.ci was calculated as

follows:

Agert-cl = (A1.65-1.72/6) - Aendo (2)
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peak that is not convoluted by other peaks, and the area was normalized
based on the number of protons that have that characteristic peak. It will be
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. Acouples Was calculated as

O © 0 N O O

follows:
11 Acoupled = (As.0-4.75— As.5.4.75)2 (3)

12 where Asg.4.75is the integrated area of the convoluted peaks associated with
13 one of the exo-olefin protons and the two identical protons of the coupled
14 product, and where A4s.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 given below for determining the fractional amount of exo-olefin,
20 F(ex0) = (Aexo) / (Aexo + Aendo + Atert-cl + Agas + 2Adiens) (1)

21 where Acngo 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, and Aswr.ci , Asas, and Agieas 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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Table 1l below summarizes the molar quantities of the reactants used in
2 Examples 1-15 and Comparative Examples A-E.
3 Table lll 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.
9  The following abbreviations are used for the reactants in Tables |, I, Ill, and
10 IV below:
11 TMPCIl is an abbreviation of 2-chioro-2,4,4-trimethylpentane.
12 12266PMPip is an abbreviation of 1,2,2,6,6-pentamethylpiperidine.
13  NMDPA is an abbreviation of N-methyldiphenylamine.
14  2tBP is an abbreviation of 2-tert-butylpyridine.
15 TPA is an abbreviation of tripentylamine (mixture of isomers).
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-dihydro-5H-dibenz[b,flazepine.
22  4,6DMP is an abbreviation of 4,6-dimethylpyrimidine.
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.
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1 DTA is an abbreviation of di-p-tolylamine.
2 TnBA is an abbreviation of tri-n-butylamine.
3 2266TMPip is an abbreviation for 2,2,6,6-tetramethylpiperadine.
4 NNDIPPA is an abbreviation of N,N-diisopropyl-3-pentylamine
12266 TMPip/TiCl, is an abbreviation for the mixture of 1,2,2,6,6-
pentamethylpiperadine and titanium tetrachloride.
7
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o UOWr CVcod IC Col co C W 2006/023988 PCT/ US2005/ 030160 1
Exanpl e 2w 2Bveapagsat i on of Pol vi sobutyl ene Usi ng a MonoeCuruskesnalico 3
Initiator and N-methyldi phenyl am ne 4 Polyi sobutyl ene was prepared as
described in Exanple |I and using the 5 conditions listed in table 1.
Exanple 2 conditions are identical to_Exanple 1 6 conditions except that

t he quenchi ng agent was N net hyl di phemg-%nz in 7 stead of

1, 2, 2,6, 6-pent anet hyl pi peri dine. 8 The pol yi sobutyl ene sanpl es were

col I ected, and anal yzesegs#88 of HdRfsoutpBA%RILiRY alen&Xangtional

pol yi sobutyl ene sanpfes. 10 Table TTT Dbelow sunmarizes the data obtained at
various t3 nes interval s aft dnitiafor aneeN=veihyldipheitylamiequenchi ng agents. The
actual time for collecting the 12 aliquots sanples, in mnutes, was within

a fewmnutes, 1-5 mnutes of ' ' ' .tha4 Exanpl
3 15 Prep ra?PM?o F%V%@gbﬁ?ﬁ%%ﬁea%éleén%@dq ‘r%{bfrhu@(e:;ﬁ?%hcgll,@i'n%ch nitig'[rgre
and 2- Terd - babnditorid pétae id fadke My i Beluplsl 2osndilensaepideatical o demenplédd i n
Exanple 1 and using the 18 conditions listed in tabI% . Exampl e 3

condi ti orfs agenditient empttﬂ@atékaarﬁwe@_cn{nglag%mstNéﬂ%t &bé%’?ﬁ”%%fnet'ﬁe
auenchi ng, aggat (5% 26 blsdMibfdigbiinenst ead of

The polyisobutylene samples were collected and analyzed as described

9 above for the Example 1 polyisobutylene samples.

10  Table Ill below summarizes the data obtained at various times 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 lIl.

14 Example 3
15 Preparation of Polyisobutylene Using a Mono-functional
16 Initiator and 2-Tert-butylpyridine

17  Polyisobutylene was prepared as described in Example 1 and using the
18  conditions listed in table 1. Example 3 conditions are identical to Example 1
19  conditions except that the quenching 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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20 1, 2, 2, 6, 6-pentanet hyl piperidine. 21 The pol yi sobutyl ene sanpl es were
col l ected and anal yzed as described 22 above for the Exanple |

pol yi sobuwgl2ess2smapl es. 23 24 25 -49 WD 2006/ 023988 PPTI/SIBR00HO30160
1 Exanple 4 2 Preparation of Polyisobutylene Using a Mono-functional 3
Initiator and 2, 2,6, 6-tetranet hyl pi peridine 4 Polyisobutyl ene was prepared
as described in Exanple 1 and using the 5 conditions listed in table 1.
Exanpl e Mconditions are similar to e%&ﬁgﬂi—% 6 conditions except that the
guencher was 2,2,6,6-tetranethyl piperidine, and it 7 was used at a
concentragion two ti mephRftlonddf RAIGis6P@yerRNdsifgReRhbIuneiondd 9 The

pol yi sobutyl ene sanpl™@s were collTected and anal yzed as described 10 above
for the Exanple 1 ponisobuﬂyﬂgnémiﬁﬁhﬁéﬁﬁﬂﬁmﬁﬁgﬂDHE¥W"EheIow sunmmari zes
the data obtained at various tines intervals after 12 the addition of the

guenchi ng, ag . e 4 i P | Usi

o Nono- f chot T oAoR VBT ETERS pivparé 8 SR ERatbie ot HlerCe T8! N0
_II3_‘r te- r eﬁICt 5 93 c@flg)di_iioﬂs fst@gﬁn H?]lpant @Ja_zgh’(lpgré gihcrwidﬁtidins&amd sﬁﬂn}ilﬁri toaeriample 1
etrachloride Prior to enchin e reactor c ' .ion, R-FTIR
probe andd coraoditionsexeeridbat ﬂ”@?ﬁ}twheéwaér?dzgp% tF%%@W}Fggé@'hgga%ﬁg

anal ysi s,-co ox | ; h
as descri ed%%%gﬂ%{ﬁ;@éﬁé%%@ﬁ%&@ﬁﬁ%@@ ?Eageeg@%g%rﬁ/as J\]ay@{lg?fgr Segame
3

with the 8ollowing reactants: 2
9 The polyisobutylene samples were collected and analyzed as described

10  above for the Example 1 polyisobutylene samples.

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

12  the addition of the quenching agents.

13 Example 5

14

15 Preparation of Polyisobutylene Using a Mono-functional Initiator and
16 1.2.2.6.6-pentamethylpiperidine — Pre-reaction of 1,2,2,6,6-

17 pentamethylpiperidine with Titanium Tetrachloride Prior to Quenching
18

19  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 Example 1. A 250-milliliter

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 milliliters 2,6-dimethyl pyridine equilibrated at room temperature, and
27  0.48 milliliters 2-chloro-2,4,4-trimethyl pentane equilibrated at room

28 temperature.

29
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24 85.5 mlliliters hexane equilibrated at -60C, 25 57 mlliliters nethyl
chloride equilibrated at -60C, 26 0.23 mlliliters 2,6-dinmethyl pyridine
equi | i br avedo@to2smem t enperature, and 27 0.48 mllilit@C3/US2005/030160
2-chloro-2,4,4-trinethyl pentane equilibrated at room 28 tenperature. 29
-50 WD 2006/ 023988 PCT/ US2005/ 030160 1 A reference absorbance at 887 cm'

bl hed dth 8.18 [ 1] b d
M RoC vee &harhEIoEBCe DS HANE 24847 P M PO AR ETS B AIRES o  neck
500-m I 1ibitel, bfultn)géﬁ%w PlllEPﬁé&%@ -8hichwhienk éoow t'ﬁ@ 25%ﬁﬁﬁlﬁl"tb§reao§or28 5

mlliliters hexa rate -60C, 6 I liters nethyl chloride
equi | i br aBedflask.- 60C, and 7 1.02 mII|I|ters
1,2, 2,6, 6-pent anet hyl pi peridi ne equilibrated at room 8 tenperature. 9 Both

e S LR RN T e

flask. Then, 0.62 mlliliters titaniumtetrachl oride was charged to the 12
500- mllglites, 5frhiiﬁml<ersh%xéﬁé@qumbmbwmrds@mi on time of 33 minutes, a
pre-quench aliquot (5-10 mlliliter) was renoved fromthe contents of

t he 250- 6n | I1|9|mt”éliterSéa@ﬂMCh'Pa@(ReQHH!b!LQie@@Fn@Q\&\t @&9ith 10-15 nmilliliters
hil | | hed b
Do ng the ded Atftier 12,4 B3 pbhamth A IRGTRIHL Ay iRtatetp alhRRT oS BY

mllilites re@mperatuﬂeask. Aliquots were renoved at 1, 3, 5, 8, 18 15, and
30 mnutes and termnated with pre-chilled nethanol. The bal ance of 19 the

reactor contents termnat.ed at.60 m_nutes usin re-chilled nethanol.
20 The poPyi thl\é%weﬁ%ﬁﬂw Ef%ﬁs@&ﬁﬁ@c‘{:zﬁp aﬂ@’l'yzed as described 21
above for the Exanple 1 polyisobutylene sanples. 22 Exanple 6 23
Preparat j@n Qfexo] Pintifitdry titdifuldstefraciioNBe dvdsietfdrge@ @ the 250- milliliter

11 reactor flask. Then, 0.62 milliliters titanium tetrachloride was charged to the

12  500- milliliter flask.

13  After a polymerization time of 33 minutes, a pre-quench aliquot (5-10 milliliter)
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. Aliquots were removed at 1, 3, 5, 8,
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 Example 6
23 Preparation of Polyisobutylene Using a Mono-functional
24 Initiator and Tripentylamine 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

-51-



24 Initiator and Tripentyl am ne Conposed of M xed |Isonmers (TPA) 25 A
four-neck 250 mlliliter round-bottomflask was equi pped with an overhead
26 mechamwoabosaaesser and pl ati num resi stance ther nonet ecT/UBkeos/0aEse bl y
was 27 imersed into a heptane bath at -60C under dry nitrogen gas in a
-51 WD 2006/ 023988 PCT/ US2005/ 030160 1 substantially inert atnosphere

| ovebox. The flask was then charged with t 2 fol | owi tants: 3 108
T ITT1 et s RuksiagtalneriGEesanate ditebos T Tash Wep R ARG AT ae

equi | i br & eds@owifdfeadafts48 mililiters 2-chloro-2,4,4-trimethyl pentane
equilibrated@t Wr"g@macg tenperature, 7 0.23 mlliliters 2,6-di nethyl
pyridine equilibrated at roomtenperature, 8 16.4 mlliliters of

i sobut yl éhe d§8imiltitexs dexane egolibratedias -6di.ent s of the round-bottom fl ask
were equilibrated at -60C. 10 Wth continued stirring, next 1.82

eact on has ‘AT DI rEeHEARAd Sl RAfE ¥ Gion 20 12 mi1iiitors of

the pol ynerization solution was charged to 4 separate 60 mlliliter 13
test tubes, oews pikidery 2-ohidro-2utldetrioagisyl phhtareegqoliprated abtoan was al | owed
to continue in each test tube for 4 additional 15 mnutes (16 total
reaction & niRMEB§raldreahi ch point 1 of the 4 tubes was 16 terminated with 5
mlliliters of nmethanol to provide a conparative exanple 17 prior to

addi ti on pf QUENGIIRGSASHimoth IRritMERdUINstafodsal bhPRmBeRuES al | oved to

proceed 8 mnutes wth intermttent shaking (24 total reaction 19 m nutes),
at which tine 0.1270 grans tripentylamne (a m xture of isoners) 20 was

added t o ®ne 16f4 utilliliterssof isabetsleperaquilfiratpdaatr-88c®i ve pol yneri zation. After
21 addition of TPA, 1 of the renaining polynerizations was termnated with

522 mlljiliters of t ' - i_4goxanpl e. The
TPA 23 engﬁlencé)?ﬂt%rg%tq?gﬁeob%}s!%éwtg%g%ts g%rggaqgg%i@%%%tu?gs@'at which tine
5 24 milliliters of nethanol was charged in order to term nate the
reacti on10 ThViti2boftirmed stivringuesd He8R pulliltees fitaatuno tetraciioridd wageahargech
termnated with 5 ) .

11 to the flask. The reaction was allowed 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 milliliters of methanol 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

19  minutes), at which time 0.1270 grams tripentylamine (a mixture 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 to provide another comparative example. The TPA

23 quenching reaction was allowed 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 methanol to provide a final comparative example. Non-quencher

27  containing reactions were used to provide a comparative baseline for the
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26 mlliliters of nethanol to provide a final conparative exanple.

Non- quencher 27 containing reactions were used to provide a conparative
basel i ne woroadne39s852 WO 2006/ 023988 PCT/ US2005/ 030160 PLTAIS2008/080160
reactions and to provide references for structural and nolecular 2 weight
characterization in the absence of a quenching agent. 3 The nol ar

titi f th t ant he f t
el ow i n_FablWenehBRdsrRPs @bl praydeuipEgces for drel iR iR o) ar e

5 summarized ydig H_ta&{a‘?aétbhzaﬁbrﬁmatﬁ@&)%eﬁcéﬁﬁ PRI Agshtof Pol yi sobutyl ene
Usi ng a Mono- functl onal 8 Initiator and Various Quenching Agents 9

Pol yi sobut yl ene was prepared according to the procedure described in 10
exanpl e 63abde matargsianttiesef hesega@ninimigediehtep@ioRePiHERIFEAVCTThe 11

|11 o o, Ugpedl h0T308T) Bl HEERL o BRI Rt ERAIh dod exo

N, N-di met Byl aammagzed i TaMB)IU. N- benzyl - N-et hyl - m t ol ui di ne (BET),
2, 3-di et hyl qui noxal i ne 14 (23DMQ), 10, 11-di hydro-5H di benz[ b, f]azepi ne

(DDA) 4, 6-di met hyl pyri mdine 15 (46DVP

2,4, 6- tn%henyl 1,3,5-triazine (246T§2}——é@§%ireactant gquantities for
exanples 7-14 are listed in Table 1. The nolar 17 quantities of the
reactantsyin the fingbyg {drPer Pl isBbatyise QEMQ% RRIRWunBtiddalTabl e 11 and
t he exo-olefin result I vari ous me-intervars are sunmmarized in 19
Table 1118 20 Exanpl e 15 2ilinPiaépr-ang 3 Qo sgbdsntene Using a
Mono-functional 22 Initiator and N, N-d| i sopropyl - 3-pentyl am ne 23

24 tho conui FroveonyREBE A pRERICH Ol B BEEENB RcTBBIME 1 ool o
25 g?m ge4 exafplé 6atoVeXAR Risidg AdriduequBrehiteagawts othédy-tliah SHX.opYE- 3- 26
pen

11

followmg quenching agents (examples 7-14) were evaluated and yielded exo-
12  olefin PIB: diphenylamine (DPA), tri-p-tolylamine (TTA), N,N-dimethylaniline
13 (DMA), N-benzyl-N-ethyl-m-toluidine (BET), 2,3-dimethylquinoxaline

14 (23DMQ), 10,11-dihydro-5H-dibenz[b,flazepine (DDA), 4,6-dimethylpyrimidine
15 (46DMP), and 2,4,6-triphenyl-1,3,5-triazine (246TT).

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 Il and the exo-olefin results for various time intervals are summarized in

19 Table lll.

20 Example 15

21 Preparation of Polyisobutylene Using a Mono-functional
22 Initiator and N,N-diisopropyl-3-pentylamine

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 quencher was N,N-diisopropyl-3-

26  pentylamine.

27
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-53 WD 2006/ 023988 PCT/ US2005/ 030160 1 The pol yi sobutyl ene sanpl es were
col l ected and anal yzed as described 2 above for the Exanple 1

pol yi sobuwgl2ess23mapl es. 3 Table 111 bel ow sumari zes t ireTadB2@s0bi180 ned at
various tines intervals after 4 the addition of the quenching agents. 5
Conpar ati ve Exanples A-E 6 Preparation of Polyi sobutyl ene Using a
Mono-functional 7 Initiator an Vari ousw% BChI ggq 39793% PoI obutyl ene
was prepaT ed TheqalispRptylenersany 8%@‘@5?@0 g # ?%ﬁﬁ bove but
usi ng var4 ou m %gﬁﬂ T e 10 conparative exanpl es
repr esentiseéoﬁg‘gry a% tertléZreégmbtr)lae V\/r%%ﬁnglll-gg not 11 yield exo-olefin
PI B above that of the PIB generated in the control aliquot. 12 The reactant
quantitied f a*abmalntmlew sinimarizes thet @@tambtenabd@t varigus timsisdntery@s after
guantitie TF ﬁi%eac g}gos in the fin reaction m xture are given bel ow
in 14 Tatte ihe afditipROrf B auenshing ?ggﬂsts for various time intervals are
summarized in 15 Table I11. -54 WD 2006/ 023988 PCT/ US2005/ 030160 Tabl e
|1l Exanpfe Quenching Agent Quegehphirative Exavapks AR er the addition of the
guenching agent) -0 -15 -30 --45 --50 - 60 --75 -90 --180 Exo-olefin (%
of total chain ends) 1 1,2,2,6, 6- e_ntarre hyl pi er'dl ne 1 79 81 90 87 93 91
NA 2 Nbrethyl 0 85 Repgration ¢fPalyisehutylgneddsing a.Monos @lbutyl 3 62 65

69 66 67 $8 N'A pyridine |nitiator and Varlous Quenchmq 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 yield 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 Table ill.
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A tetranethlipiperidine 5
ANANA 6 TPA7 NANA22 NANA
NANA 8 TTA 7 70prihitAishiiosodiieo N A N A
NA 10 BET 7 63 NA NA NANANA
wA NA 12 DDA 7 99 NA NA NA NA
NA 14 246TT 7 67 NA NA NA
- 3- I\lﬁﬂg—yﬁéﬂl\VA NANANANA
NANA B2PP7 7 NANANANA

4 2,2,6,6 3 96 96 NA 96 NA NA N
12266PMPi p/ TiCl4 11 76 76 NNA 76 N
NANA woDRbw023s8 N A NA N
NA 9 DVA7 61 NANANAN
NA 11 2,3DMQ 7 94 NA NA N
NANA 13 4,6DW 7 69 NA N
NANANMA 15 N, N- di i sopropyl -
pentaylamne A THA 7 7 NA NA NA N/

NANA CQunaftdine 7 7 NANANANANANA DDIA7 7 NANANA
N A N A N/| Axarhpld nBAuénching/ Agebd A NV A N A N A N ARuefich BaeWD 2006/ 023988
PCT/ US200%/ 030160 mc r R* 0 [0 O (imytey ?ﬂeﬂhW‘U‘"D‘ qf theugnehingagept) CD| CD
CcOCOhCbhgoChcp 0Oc Q11111111 EmE
~0 | ~15 | ~30 | ~45 | ~50-60 | ~75 | ~90 | ~180
Exo-olefin
(% of total chain ends)
1 1,2,2,6,6-pentamethyl
piperidine 1 79 | 81 90 87 93 | 91 N/A
N-methyl
2 diphenylamine 0 85 | 86 84 85 84 | 84 84
2-tertbutyl
3 oyridine 3 62 | 65 69 66 67 | 68 N/A
2.2.6,6-
4 tetramethvipiperidine | 3 96 | 9 | NA 96 NA | NJA | NA
5 12266PMPIR/TICL | 1y | 75 | 76 | NA 76 NA AT NA
6 TPA 7 | NA | NA | 22 N/A N/A | NJA | N/A
7 DPA 7 50 | N/A | N/A N/A N/A [ N/A | N/A
8 TTA 7 70 | NJA | N/A N/A N/A | NJA |  NA
9 DMA 7 61 | NJA | NIA N/A N/A | NJA | N/A
10 BET 7 63 | N/A | N/A N/A N/A | NJA| N/A
11 2,3DMQ 7 | 94 | NIA | NIA N/A N/A | NA | NA
12 DDA 7 990 | NJ/A | NA N/A N/A | N/A | NA
13 4,6DMP 7 69 | N/A | N/A N/A NA | NJA | N/A
14 246TT 7 67 | NIA | NA N/A N/A | NA | NA
N,N-diisopropyl-3-
15 pentaylamine o | NnATL 10 | NA N/A NA | NA | N/A
A THA 7 7 | NJA | N/A N/A N/A | NJA| NA
B 2PP 7 7 | NNA | NA N/A NA | NA| NA
C Quinaldine 7 7 | NIA | NA N/A NA | NJA | NA
D DTA 7 7 | NJA | NA N/A N/A | NJA | N/A
E TnBA 7 7 | NIA | N/A N/A N/A | NJA | NA

-55-



Z
o.%8
wwrm
> Yo
MMO
mer
gl %d
wqmwo
Owo
N@ [®)
N o=
Oww;CO
o0 w®
s °58
o |
o b
Ova(
o — '
Ooavf
oD, >Z2
ZE >
o \O)V\t
o~ —
CWWVO
= Vv@
> >
g >_=2
o. O
OZVOA
> =T
OMO__
>o0-0=
£~ 1
VOmV
VomR
) —~~
o
HOWL\W
ONDM
9528
oIl:
S o (@)
@Crlle

- mm -
09- 1> 0 0 1> 1> 66 ,vada cl
09- > VIN VIN 1> > ¥6 LONAE'Z L
09- > 0 0 o€ L> €9 L13d oL
09- 0 0 0 8e 1> 19 pVNQ 6
09- L 0 0 €z 1> 0L SVLL 8
09- e> 0 0 214 1> 0S .vdd L
09- 0 0 0 SL z> ze pVdl 9
09- £> 0 0 0C [ 9. S10IL/dIdNG99ZZ L S
suipuadidiAyiowens)
09- > 0 0 > 0 96 -9'9'2'2 %
09- 4> 0 0 0 0 89 suipuAdifing-pel-g €
09- L VIN Gl 0 0 78 autwelAuaydipjAuieuwi-N r4
09" o 0 0 & 0 6 sulppedidiAyiewe)usd sojdwexg
-9'9'2'e'L }

(%) (%) pu3g

(9.) (%) (%) (%) puz | pugueyy | ureyo
aimesadwa) | (%)3onpoid | puzg urey | pugureys | ureys uysjo uye|o
uonoeay psjdnoo SVIIp sv3 10-HaL -opug -ox3 Jusby Buiyouanp

PUIUDUSND JO SSYNUILIT 06 Jo)e SPUT Ureyd Jo topisodwod

ARSI LA




vz >
— >
° m W > LS-
> W e >
—— m >
0>
En m
s — "SojnuIW G| sem awipy Buiyousnb
' oHEo
2 00A
I~ "sejnuIW G sem awly Buiyoueanb o
Ry J—
ez _©° 'sejnuIW g sem awi Buiysusnb
No O o
CTZd .
2~ selnuiW g sem awi Buiyouaenb q
o
o
© O
—_ = "SeInuIW 0g sem awiy Buiyousnb
) o o : : : e
© C - o (@]
o o oo "8|ge|ieAe jou si sulwelAuaydiplAyiow-N Joj ejep pus uleyd Sy3-1p syl /N
o (&)
O M o
— o
o Zo
n o o
. z°o 09- z> 0 0 68 1> 8 vaul 3
T —
o, -38° 09- z> 0 0 68 V> 8 2v.1d a
~0Od4do o}
< S o 09- z> 0 0 68 > 8 Goulpleunp
Z ol
W 3 M N 09- > 0 0 68 1> 8 »ddZ g
o_,.~-8° 09- z> 0 0 68 b> 8 pVHL v
T % N
o r % o mmc_Em_b:mQ
oD m W o 09- L 0 0 z8 0 Ll -g-lAdoudosiip-N'N Si
Wos =¥ o 09- L> VIN V/N e L> 19 LL19ve 142
o ©
O °3 e 09- 9 0 0 vz 1> 69 -dNa9'y €l
1 W o O
o (48]
Luao
OI ~~ O
Z TS
© I s m N
O .0ON o



NC) ccO-->Cf> LVVO() ~. co(oC) EZ1N() 0 a) 16CCCcoo cc O
CEEOD0C O zCU U UU U cEEEEE:, P: Wma) U a) ucccc
U(~~ U UvO26/02388C C F- (1) a) a) a) CC QU U U pCT/us200543m60 C () Vv
O T- NC It LOCOf- 00 clr) T WO 2006/023988 PCT/ US2005/ 030160 1 WHAT
IS CLAI NEDI IfS_: 2 1. 3A met hod for preparing a polyol efin containing one or
nore exo-ol efinic e s on the polyner chain, conprisin uenchin
a cationit 4V¥3Ué§ilslgb)lg‘a€;§@3g§ol efin pol yner systemvvithngne orgngre )
hi ndered 5 secondary or tertiary am nes containing only carbon, hydrogen,

and 6 nityogan at QiEetiid aritRy AbBHRIAt RRAINARY dn®br hidrk iexbyolefimioes
are 7 noé. q (a) '?@Fethylz;%?%grn@ F%TI’I n- bultsfgz’an’?ner ' o |

end groups on the polymer cham comprising quenchlng a cationic

4 quasi-living polyolefin polymer system with one or more hindered
5 secondary or tertiary amines containing only carbon, hydrogen, and
6 nitrogen atoms, provided the hindered secondary or tertiary amines are
7 not:
8 (@) Triethylamine;
9 (b) Tri-n-butylamine;
10 (c) Trihexylamine;
11 (d) Triisooctylamine;
12 (e) 2-phenylpyridine;
13 (f) 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, wherein the quenching of the cationic
18 quasi-living polyolefin polymer system is at a temperature in the range
19 of about -130°C to about 10°C.

20 3. The method of claim 2, wherein the quenching is carried out at a

21 temperature in the range of about -80°C to about 0°C.

22 4. The method of claim 3, wherein the quenching is carried out at a

23 temperature in the range of about -70°C to about -10°C.

24 b5, The method of claim 4, wherein the quenching is carried out at a
25 temperature in the range of from about -60°C to about -20°C.

26 6. The method of claim 1, wherein the polyolefin is prepared in situ.
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10 (c) Trihexylamne; 11 (d) Triisooctylam ne; 12 (e) 2-phenyl pyridine;
13 (f) 2, 3-cycl ododenopyridine; 14 (g) D -p-tolylam ne; 15 (h) Qui nal dine;
and 16 (iwole@ymns®si di no- 1-cycl opentene. 17 2. The met hedTtafS2absasomsd,

wherein the quenching of the cationic 18 quasi-living polyolefin polyner
systemis at a tenperature in the range 19 of about -130C to about 10C. 20
3. The nethod of claim?2, wherein the uenchl i S carrlec{*ﬂut at a 21
tenperat ute 7n t hEne EeiRoGeT elBu(l W@@@'F(ﬁ‘%l@@ l&ftn is PoIViSOBYTUCRE hod of

claim 3, wherein the quenching is carried out at a 23 tenperature in the
range of pboyt - 7fy Fr%ﬂ%ﬁ)&lfclafhg@ whreln tH8 RiniRr8@debndargigntdrtianier ei n the
quenching is carried out at a tenperature in the rangé of from about
-60C to about - 20(nin2thds thehgenesalHodmola: cl ai m 1, wherein the polyolefin is
prepared in situ. -58 WD 2006/023988 PCT/US2005/030160 1 7. The nethod of
claim1l, wherein the polyolefinis Q@I yi sobut gl ene. 2 8. The nethod of
claim1, wherein the hindered secondam Kerti ary 3 am ne has the
general formula: R-'"," RR 4 R3 5 whereih RlL, R2 and R3 are independently
hydr ogen, al kyl 6 containing one carbon a’t_lomto about 20 carbon atons,
cycloal kyl 7 of about 3 to about 7 carbon atons, aryl of about 6 to about
30 8 carbpn atoms, al karyl of about 7 to Bgout 30 carbon atoms, or 9
aral kyl of about 7 to about 30 carbon atons; or at |east one of RL 10 and
R2, R2 and R3 and R3 and Rl1l, taken in pairs, &Igende tlg/ ]"% forma fused
n, aikyl

aliphati Bring of frowhamiuRi4Reanedte %\rtedﬁﬁei)%n lyhydrog
6 containing one carbon atom to about 20 carbon atoms, cycloalky!
7 of about 3 to about 7 carbon atoms, aryl of about 6 to about 30
8 carbon atoms, alkaryl of about 7 to about 30 carbon atoms, or
9 aralkyl of about 7 to about 30 carbon atoms; or at least one of Ry
10 and R, R, and Rs and Rz and Ry, taken in pairs, independently
11 form a fused aliphatic ring of from about 4 carbon atoms to about
12 8 carbon atoms;
13 provided that no more than one of Ry, Rz and Rs is hydrogen, and
14 provided that R4, Rz, and Rs are not all linear alkyl of about 3
15 carbons or less.

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

17 of the formula:

CH,

18

19 10. The method of claim 8, wherein the hindered amine is a secondary

20 amine of the formula:
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12 8 carbon atons; 13 provided that no nore than one of RI, R2 and R3 is
hydrogen, and 14 provided that RI, R2, and R3 are not all I|inear alkyl of
about 3 NMsocasdmsmsor | ess. 16 9. The nethod of clai m 8pCriuse@isn3dibe

hi ndered amne is a tertiary amne 17 of the formula: CHLO 18 \ 19 10.
The met hod of claim8, wherein the hindered amne is a secondary 20 am ne
of the fornula: -59 WO 2006/ 023988 PCT/ US2005/030160 H 1 ON-O 2 11. The

nmet hod of claim8, wherein the / de eda tertiary amne 3 of the
formula: N / I 4\ 5 12. The f In 8rein the hindered am ne
is atertiary amne 6 of the f¥y N 78 he nethod of claim1l
wherein the hindered amne is a ter ary or ondary am ne havi ng the

general fornmula: R4 R R R3~<N 1 R2 10 RS 11 vvhereln R6 is a dival ent
hydr ocar byl groupTRé rﬁé’:ﬁoé%"ft%ry}n% Wheréin tiha HRRstedarginehea t@l‘tm‘%anﬁﬁéh of
ar

whi ch may be substltute an 13 al kyl group having one c on atomto
about 6 carbon atoithe farrdulai4 R1, R2, R3, R4, and R5 are independently

hydr ogen, al kyl

N

JSASN

4
12. The method of claim 8, wherein the hindered amine is a tertiary amine
of the formula:
\N/
7
13. The method of claim 1 wherein the hindered amine is a tertiary or
secondary amine having the general formula:
R
R4 Rﬁx( !
R3>< ¥R
R.
10 >
11 wherein Rg is a divalent hydrocarbyl group of one carbon atom to
12 about 4 carbon atoms, each of which may be substituted with an
13 alkyl group having one carbon atom to about 6 carbon atoms, and
14 R4, R2, Rs, R4, and Rs are independently hydrogen, alky!
15 containing one carbon atom to about 20 carbon atoms, cycloalkyl
16 of about 3 to about 8 carbon atoms, aryl of about 6 to about 30

- 60 -



15 contai ning one carbon atomto about 20 carbon atons, cycloal kyl 16 of
about 3 to about 8 carbon atons, aryl of about 6 to about 30 -60 WO

2006/ 023986 22888005/ 030160 1 carbon atons, al karyl eCTalseas/0301s@ about
30 carbon atons, or 2 aral kyl of about 7 to about 30 carbons; provided if
Rl, R2, R3, and 3 R4 are hydrogen, then R5 is a branched al kyl having from
about 4 4 to about 20 carbon atons bout bout rbon 5
atoms, orlaralkyl of SH8GD aOMS QIBB[M] Ogébe‘étr%& ﬁ‘étn%d C%‘%&”@%&%v:&ged if RS
s hydrogen, then Rl a3 BPabaich Biabaits chbofis/miduraant Rl RsRelander K1
or R2 and either R3 or |s a branched al kyl from about 4 to about 20
carbon at®ns. 9 10 1By aﬁmbydr@glaodthﬂn R4 @arbmchwd@levlﬂi\awm fremcasd 4ani ne

is a secopdary or 11t rti ne,of t 3 N3
H3C CH3 42 13 whereii? t?%ﬁd%@@ﬁo%? 4 %@%W@P ofbqlf docarbth N o
claim8 wherein the haﬂa%%ﬁamkwtﬁ@b\ouwtb@bbuaw carbareatohts, sl t he
general fornula: RO NR7 1 R4 17 R6 HR5 18 wherefjn R is a

di val ent @ydrocar byl glfotymcbrf Perh%hrf@fpﬁ@ﬂ tesnRt, 6x2. o, aRd iR+ CBNOYE B8ns and
R2, R3, R/4 R7, R, aﬂydrgaeﬁruﬁlés%deqﬁl%?%%rlRyz and either R; or R4 is a branched

8 alkyl from about 4 to about 20 carbon atoms.
9
10 14. The method of claim 13, wherein the hindered amine is a secondary or
11 tertiary amine of the formula:
Rs
H3C N CHs
H3C CH3
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:
R9 R2
R
Re 1 Rs
"
R7 R4
Re H R
17 S
18 wherein R is a divalent hydrocarbyl group of one carbon atqm to
19 about 4 carbons and Ry, Rs, Rs, Rz, Rs, and Rg are independently
20 hydrogen, alkyl containing one carbon atom to about 20 carbon
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20 hydrogen, al kyl contai ning one carbon atomto about 20 carbon -61 WO
2006/ 023988 PCT/ US2005/ 030160 1 atons, cycl oal kyl of about 3 to about 8
car bon atworpocanyissof about 2 6 to about 30 carbon at omsT/tsbdanydicof about
7 to about 30 carbon 3 atons, or aral kyl of about 7 to about 30 carbons,
and one of R5 4 and R6 is hydrogen and the other is linear alkyl from one

carbon 5 atomto about 20 carbgn, afons., .6 16. t hod of i ,
wher ei n ohe of R5 and@i®N$. scyﬁ(?é‘ﬁiyb@ﬁabouf Stp a Gtﬁ%%nﬁ ag?mér §:’V§P%g"§“t
wherein the am ne haSesttB%bbafgylcarbdﬂ ﬁowamdm%f%bdm 7Holabdu8 36l ddrtibrd 18.

The met hod of claim 1, wherein the hindered anine is a tertiary amne 10
of the geberal fornul ator®s, ar aralkyRaf aout 71torRboLE 3Rareens.cns @fe gfiRand R5

i s hydrog n and the oth a branche Hﬂht
carbon at aryl of@ aﬁ(ﬁﬂ' Md{o(gef@rggméggl' @'Lbe%‘ﬁ m%nggbggrga

about 11 50 about 30 gaIHEE abdBt 20 e8MonRRomB3 and R4 are lndependently
hydr ogen, al kyl of one 16 carbon atomto about 20 carbon atons, cycl oal kyl

of about 3 to 17 about 7 carbon atons, aryl of_abo (gkg 590 about 30 carbon
atons, 18 allRar yThemeibedof glaim 1 wierein anerofdRe andRs,'s BYdE98ky| of about
7 19 to about 30 carbon atons; or at |east one of RL and R2, R2 and R3,

-62 VO 2096/ q%39%gﬁgtw§889§(a%q}5§%herein the amine has the formula:

H H
)

H H
HOH

9 18. The method of claim 1, wherein the hindered amine is a tertiary amine

8

10 of the general formula:

Rsg N Ry

X
R4 / R>

11 Rs

12 wherein one of Ry and Rs is hydrogen and the other is a branched
13 alkyl of about 3 to about 20 carbon atoms, aryl of about 10 to

14 about 30 carbon atoms, or aralkyl of about 11 to about 30 carbon
15 atoms; Ry, R3 and Ry are independently hydrogen, alkyl of one

16 carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to

17 about 7 carbon atoms, aryl of about 6 to about 30 carbon atoms,
18 alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about 7
19 to about 30 carbon atoms; or at least one of Ry and Rz, Rz and Rs,
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1 R3 and R4, and R4 and R5, taken in pairs, independently forma 2 fused
aromatic ring of from5 carbon atons to 7 carbon atons or 3 aliphatic ring
of from avouvosh28msbon atons to about 8 carbon 4 atons, pETIsesis@saet hat i f
Rl and R2 forma fused aliphatic or aromatic ring, 6 then R5 is a branched
al kyl of about 3 to about 20 carbon atons, 7 aryl of about 10 to about 30

carbon atons, or aral kyl of_abo 8 11 tqg about 30 carbon

provi ded that if R4 a‘ﬁ@lap{g Ff«ar"‘ﬁat%‘ &B@é&ﬁ%“ W EVSE dng?p%r}cﬁq{ﬁlgﬁgrrﬁ%ng, t hen
R Is a byanched al ky},sgf ar&ﬂaﬁ@?H%o?f&ﬁn Qwﬁoﬂgtcﬁﬁé BOT RArIS6R atomny br of
about 10 to about 30 fl carbon at , or aral kyl of about 11 to about 30
car bon at3)m; 12 109. almtlmtﬂgcmfme(abaUh’ﬂmerméﬁOéquaW%t hoabegen and R5
is tert-but 13 and R3 and R4 are hydrogen. 14 20. The net hod of
claim1, erel n the # 1iomise\red amne is a nitrogen 15 contai ning

het er o-aromatic havi ng the followng formulas, (a), (b) and 16 (c): ::x:X:

17 (a) 18 wherein i npfoRidad that h‘RﬂeQ\cDR@deﬁw Bfuﬁlﬂalﬁmats dnafongdio rmlgd t he
ot her is al kyl of one carbon 20 atomto about 20 carbon cgtoms écl oal kyl

of about 8 to about @heﬂlRmﬁr%bWr@héﬁ@'kYéPf/ﬁb‘éﬂ’t S abod 2Q,cakeRa8MSe ar bon
B ook 35 %0 cacaiR8thndu f oMt H) ang&%t&l%gnﬁvar%'i lyfbpbligit of about

7 to abo 23 30 car% one I's hydro and t he ot her

is 24 algyl of one CaTb@abaium@t:arb@lncmbrr%Oandrpbmndaddnm1foahd£skfwmof -63
WO 2006/ 023988 PCT/ US2005/ 030160 1 abou to, ab arb aryl
of about % to about Zaﬁéﬁevda?lf&?t'ﬁt%r?ﬁoméi'ﬁémgl tr@,nog Qtﬁl@)quoﬁo

carbon ajpns, 4 an g@})@ tooefxli}@ﬁ%ce?rbbﬁ §tat§/pof3§l5&ﬁrﬂ(ﬁfd3é'l§out(80 at

| east one” of R and and R4, taken in pairs, independently form
a fused 11 carbon atoms, or aralky! of about 11 to about 30 carbon atoms.

12 19. The method of claim 18, wherein R, is hydrogen and Rs is tert-butyl
13 and Rz, 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):
Ry N R4
X
/
Rj N R,
17 (a)
18 wherein in formula (a)
19 one of Ry and Ry is hydrogen and the other is alky! of one carbon
20 atom to about 20 carbon atoms, cycloalkyl of about 3 to about 8
21 carbon atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of
22 about 7 to about 30 carbon atoms, or aralkyl of about 7 to about
23 30 carbon atoms, one of Rz and Rz is hydrogen and the other is
24 alkyl of one carbon atom to about 20 carbon atoms, cycloalkyl of
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5 aromatic ring of from5 carbon atons to 7 carbon atons or 6 aliphatic
ring of from about 4 carbon atons to about 8 carbon 7 atons; R R3 N R N
R4 8 (b)wo2oadmesssn in forrmula (b) 10 Rl, R2 and R4 ar ecCirruse@snseEnd | y
hydrogen or al kyl of one carbon 11 atomto about 20 carbon atons,

cycl oal kyl of about 3 to about 8 12 carbon atons, aryl of about 6 to about

30 carbon atons, alkaryl of 13 ahout 7 t? about %g car.b g)r toLﬂs, or
aral kyl of about 7 tcRR@E: to abpuW® calbeBRtNSHRTY! a*P%Utng %%% . al kyl of
one carbop atom to 153@?8%!%0%%%{%, %rﬁtd?@bouw%%bhvho@ar@&pa@on%,t? about

8 carbon " 16 atons, ary to about 30 carbon atons, alkar of
about 1737 to about A@llchobaboult bisabout 3 carkph asemabeuat lrasbor®efiR130 18

carbon atonms; or at |east one of nd, R3.or R3 a i

pairs, independently ?ﬁ%é@ﬁ@ﬁ%#@ e "Pipﬁb’SongPgﬁr?%ﬁ@ﬁ@n&f%%atorrs
to 7 carbpn atons or algndiatiig bf MEMA chibm ABMEitod cabdaratodt ait ons to
about 8 carbon atons, 22 provided that if RL is hydrogen then R2 and R4 are
i ndependefit |y 23 al kgliphstticaing effrarombatibhoasbemaiametp abewichcatbons,

cycloal kyl of -64 WD 2006/023988 PCT/ US2005/030160 1 about 3 to about 8
carbon at'ons, aryl ofatgﬂbﬁjt 6 to about 30 2 carbon atons, al karyl of about
7 to about 30 carbon atoms, or 3 aral kyl of about 7 to about 30 carbon
atons, and further provided 4 that if RRor R4 is hydrogen, then R is

al kyl of one carbon atomto 5 about 20 cgrbon atons, cycloal kyl of about 3
to about 8 carbon 6 atonms, aryl of about to aqu{I:} 30 carbon atons,

al karyl of about
y N‘ \
/k Z
R4 N R4

8 (b)

9 wherein in formula (b)
10 R4, Rz and R, are independently hydrogen or alkyl of one carbon
11 atom to about 20 carbon atoms, cycloalkyl of about 3 to about 8
12 carbon atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of
13 about 7 to about 30 carbon atoms, or aralkyl of about 7 to about
14 30 carbon atoms, Rz is hydrogen, alkyl of one carbon atom to
15 about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon
16 atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about
17 7 to about 30 carbon atoms, or aralkyl of about 7 to about 30
18 carbon atoms; or at least one of R, and R; or Rz and Rg, taken in
19 pairs, independently form a fused aromatic ring of from 5 carbon
20 atoms to 7 carbon atoms or aliphatic ring of from about 4 carbon
21 atoms to about 8 carbon atoms,
22 provided that if Ry is hydrogen then Rz and Ry are independently
23 alkyl of one carbon atom to about 20 carbon atoms, cycloalkyl of
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7 7 to about 30 carbon atons, or aral kyl of about 7 to about 8 30 carbon
atonrs; 9 and RL NN R3 NR2 10 (c¢c) 11 wherein in fornmula (c) 12 Rl, R2
and R3 arwoinaepsssdent | y hydrogen or al kyl of one carbomrcTAB2005/080160mt 20
carbon atons, cycloal kyl of about 3 to about 14 8 carbon atons, aryl of
about 6 to about 30 car bon atons, al karyl 15 of about 7 to about 30 carbon

atons, or aral kyl of a 7t about 30 carbo to 17 2 The
rethod of 101 ai m 1, whHi9Ut Ado HORIBE Sarheh ARIEETVHE FSUG (8 2K 308 anD 19
22. The npthod of d ai e&awaﬁé %Iﬁéﬁlﬁé&ﬁﬁe’%%d‘u‘%b@:’%rwﬁaﬁ&ﬁé‘%rﬁ - 65
WD 2006/ 023988 PCT/ U82005/ 030160 N . The met hod of Caim 20,

wher e t he3hi nder ed anianalkilaaf abwtﬁdorahoejt Sowarbomatorasn, anthizirifer poavidgd cl ai m

ol yor ef 1 polymer pr At REGRTG R IGTaCEP I 1 § Ry AR afdinioenas
or a mxtgre of term r@out 20 cafBrPaiofss, %*yaio@n@naﬁabaut@da Hled i 18arbehef i ni ¢
chain ends in the presence of a Lews acid . The nethod of claim 24,

wherein t Re quasi-| i viaigmBoaybptabeutdhioakout 3@ Qﬂrbgudoménﬁlﬁﬁﬁéofébﬁuhal
tert-chl Or7I de chain e':?dt% about 30 carbon atoms, or aralkyl of about 7 to about

8 30 carbon atoms;

9 and
R1
PY
J\ /k
R N Ra
(c

10 )

11 wherein in formula (c)

12 R+, Rz and Rj3 are independently hydrogen or alkyl of one carbon
13 to about 20 carbon atoms, cycloalkyl of about 3 to about

14 8 carbon atoms, aryl of about 6 to 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.

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

L

19 22. The method of Claim 20, where the hindered amine has the formula:

18
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10 26. The nethod of claim 24, wherein the Lewis acid is a titanium or
boron 11 halide. 12 27. The nethod of claim 26, wherein the Lewis acid is
a titani uwohadadsess 13 28. The nmethod of claim 26, wherecm/usb@slosmses acid
is titanium 14 tetrachloride. 15 29. The nethod of claim 1, wherein the
quasi-living polyolefin polyner is 16 formed by contacting at |east one
cationically polynerizable nononer 17 with an initiator, in the presence
of a Lewis acid under reaction 18 conditio suitable for quasi-Iliving

pol yneri zation. -66 WD 2006/ 023988 PCT/ /030160 1 30. The nethod of
claim 29, wherein the at | east one catio ically 2 pol ynerizabl e nononer
conprises_ at | east one of isobutylene, hyl - 1- but ene,

3- et hyl - i but ene, 4-nethyl -1-pentene, ‘and "‘beta- 4 pinene. 5 31. The net hod
of claim 30, wherein the at |east one cationically 6 polynerizable nononer
is i sobutl edd. 7 3@ methochel Glaim &0, wr@rmtmhm@iﬁéetbamlm%a@fthmmtmffer ent
cationically 8 polynerizable nononers are enployed. 9 33. The nethod of

10 34. The nethod of

claim?29, wherein the initiator is nulti-functional. )
claim 33, wherein the initiator is di-f naI. 11 35. The net hod of

claim 34, wherein the di-functional inif conprises at 12 | east one of
1, 3-di (2-chl oro-2-propyl)-5-tert-butyl benzene, 13

1, 4-di (2-chl oro-2-propyl )benzene and 14 4 d|(2-acetoxy-2-propy|)benzene,
15 1, 3-di (2-acet oxy-2-propyl)-5-tert-but 16 1, 3-d

i (2-met hoxy-2-propyl)-5-tert-butyl ben £ne
1, 4-di (2- net hoxy- 2- propyl ) benzene,

the initiator is nono-functional . The 3 of cl ai m 36, "wher ei n
t he nono-functional initiator co one of
2- chl or o-2- phenyl propane; 2-aceto phenyl pr opanre€;

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

5 quenching a quasi-living polyolefin polymer product containing terminal

6 tert-chloride chain ends or a mixture of terminal tert-chloride chain ends

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

8 25. The method of claim 24, wherein the quasi-living polyolefin polymer

product contains terminal tert-chloride chain ends.

10 26. The method of claim 24, wherein the Lewis acid is a titanium or boron
11 halide.

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

13 28. The method of claim 26, wherein the Lewis acid is titanium

14 tetrachloride.

15 29. The method of claim 1, wherein the quasi-living polyolefin polymer is

16 formed by contacting at least one cationically polymerizable monomer
17 with an initiator, in the presence of a Lewis acid under reaction
18 conditions suitable for quasi-living polymerization.
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21 2-propi onoxy- 2- phenyl propane, 2-nethoxy-2-phenyl propane, 2-ethoxy- 22
2- phenyl propane, 2-chloro-2,4,4-trimethyl pentane, 2-acetoxy-2,4,4, 23

tri met hylwenb@mne39sk- pr opi onoxy- 2, 4, 4-tri nmet hyl pent ane, 24¢T1/US2005/030160

2- met hoxy-2, 4, 4-tri et hyl pentane, and 2-ethoxy-2, 4, 4-tri net hyl pentane. 25
38. The nethod of claim11, wherein the nol ecul ar wei ght distribution, 26
MWV Mn, of the oI oIef| oly rese in the range of about 27 1.01
to about 3.03 b@%b@a @%@ %W%%Q@dg?@gﬁ%sg ong (%3' Ymet hod of

cl ai m 38, whereln r fol he

pol yol ef i n pol ym?élp%é@éggﬁamwﬁrger ﬂi‘sé&g}tﬂ%ﬁ%ﬁ?eogll ldv?gngb%ut 2.0. 4
40. The n8thod of meittaylh- B@tenwhamhhyt-hé)ummae(ﬂm@ﬁhwldl pentetiesand beta-on, 5
MN Mn,  of the polgolefln polymer is less than 1.5. 6 41. A nmethod for
prepari ngta pol yoPBEPf: cont ai ni ng one or more exo-olefinic 7 end groups on
t he pol yner chain, conprising quenching a cationic 8 quasi-Iliving

pol yol efip pqhyrfmrhémétﬁadwmhanmrw WhereinghBizt e dn@ cRiodidlyy or tertiary
am nes containing only carbon, hydrogen and 10 nitrogen atons, wherein

t he hi ndefed secoﬂ@dmrﬁﬁbmnamréﬁrﬁsﬁbmyQ'DQ:orrpounds are pre-reacted wth
a Lewis acid, and provided the 12 hindered secondary or tertiary amnes are
not: 13 {a) I e I (CkinklAleXyl am ne;
16 (d) Trfl 4 g’?c’:ty?ﬁ% RthB8 fﬂ’% r§1@1 W]Heerge :}W&ﬁﬂb%?geﬁ%t Ghiohldall¢

2, 3-cycl oaodenopypolgimwzablbﬁnbgamﬁrs pra eimplayedne; 20 (h) Quinal dine; and 21
(i) 1-pyrrolidino-1-cycl opentene. 22 42. The above nethod of claim 41,

wherei n tge I’B%W S glrr?ethgdtolftc r'n , 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 least one of 1,3-di(2-chloro-2-propyl)-5-tert-butylbenzene,
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-butylbenzene 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, wherein the mono-functional initiator comprises

20 at least one of 2-chloro-2-phenylpropane; 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,
26 Mw/Mp, of the polyolefin polymer is present in the range of about
27 1.01 to about 3.0.
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23 tetrachloride. -68 WO 2006/ 023988 PCT/ US2005/ 030160 1 43. The above

nmet hod of claim41l, wherein the hindered amine is 1,2,2,6,6- 2

pent amet hwopo@ansssne. 3 44. The nmet hod of claim 41, wheceius2else3dieni s aci d
is titaniumtetrachloride 4 and the hindered secondary or tertiary am ne
Is 2,2,6,6 5 tetranethyl piperidine. 6 45. The nethod of claim11, wherein

rothod of 1ol At 1 Therer PR of ceiBold avharel B deChlelyEin igiBiner o> ™
exo-ol efip end grgmipg;, olthé_Z)o% Oimsélpmérw p@sehmnlthg\gaﬁgéidﬂabbat pr oduct

has at |east 70 percent exo efin end groups. -
3 1.1 to about 2.0.

4 40. The method of claim 39, wherein the molecular weight distribution,

5 Muw/M,, of the polyolefin polymer is less than 1.5.
6 41. A method for preparing a polyolefin containing one or more exo-olefinic
7 end groups on the polymer chain, comprising quenching a cationic
8 quasi-living polyolefin polymer system with one or more hindered
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 () 2,3-cyclododenopyridine;
19 (g) Di-p-tolylamine;
20 (h) Quinaldine; and
21 (i) 1-pyrrolidino-1-cyclopentene.

22 42. The above method of claim 41, wherein the Lewis acid is titanium
23 tetrachloride.
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1
2

10
11

43.

44,

45.

46.

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-

tetramethylpiperidine.

The method of claim 1, wherein the polyolefin has at least 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 least 70 percent exo-

olefin end groups.
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