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The present invention is directed to a method for preparing polyolefins

containing a high percentage of exo-olefin chain ends. The method involves
ionizing a polyolefin containing tert-chloride chain ends and reacting the

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

mixtures thereof.

BACKGROUND OF THE INVENTION

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

potential for further reactions.

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

groups.
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A further development is the cationic quasi-living polymerization systems
using conventional monomers. Quasi-living polymerization requires certain
restrictive conditions, for example anhydrous reagents. Cationic quasi-living
polymerizations differ from truly living polymerizations in that, although the
20  rate of chain transfer approaches zero, chain termination is p‘resent but
reversible. One important example of a cationic quasi-living polymerlzatlon is

the cationic quasi-living polymerization of isobutylene.

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

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

On the other hand, there are two major olefinic isomers produced during
conventional polymerization of isobutylene with BF3, for example, the highly
30 reactive exo-olefin isomer and the relatively unreactive 2-methyl-1-propenyl
isomer, also referred to as the "tri-substituted" isomer or "endo olefin" isomer.
Furthermore, conventional polymerizations of isobutylene yield polymers with

broad molecular weight distributions or polydispersity indices.
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15  Polyisobutylene polymers containing more than one exo-olefin end group may

be prepared using the above methods by the use of a multi-functional initiator.

The preparation of polyolefins, including polyisobutylene polymers, is well

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

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

aromatic ring compound or a hindered secondary or tertiary amine.

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

25 approaches 1.

U.S. Patent No. 4,152,499 discloses isobutene polymers having a mean
degree of polymerization from 10 to100 and where the proportion of
theoretically possible terminal double bonds is greater than in conventional
products. The patent also discloses the method of making the isobutene

30  polymers using boron trifluoride as the initiator.

U.S. Patent No. 4,342,849 discloses the synthesis of polyisobutylene carrying
either unsaturation or hydroxyl groups at both ends, in the case of a linear
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case of a star polyner. The method involves the steps of refluxing a
sol ution of tﬁl echelic di-hal ogen_ pol yi sobutyl ene, adding a
-S. Patent No. 4,758,631 discloses a method of preparing allyl-terminated
polyisobutylene by allylation with allyltrimethylsilane of tertiary chloro-capped
15 polyisobutylene by electrophilic substitution. The synthesis begins with the
boron trichloride catalyzed mono- or oligo-tertiary chloride "inifer" initiated
polymerization of isobutylene, followed in the same reaction vessel by the

addition of hexane, allyltrimethylsilane and titanium tetrachloride.

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

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

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

disclose polymers of different molecular weights having useful end groups

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

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

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

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

U.S. Patent No. 5,219,948 discloses a method for preparing elastomeric

polymers comprising alpha-olefins or conjugated alkadienes by cationic
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U.S. Patent No. 5,428,111 discloses a process for the living polymerization of

aromatic, preferably styrenic monomers initiated from a living polyolefin,
15  particularly polyisobutylene, chain end for making block copolymers having

polyolefin mid-blocks and styrenic end-blocks.

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

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

the sulfonation.

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

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

U.S. Patent Application No. 10/433,439, Publication No. 2004/0015029 A1,
discloses a process for the preparation of polyisobutylenes in which at least
60 percent of the polymer chains have at least one olefinically unsaturated

30 terminal group, by cationic polymerization of isobutene or isobutene-
containing monomer mixtures in the condensed phase and in the presence of

an initiator system.
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form the pol ymecationid pe§ehebiyation wherein a living carbocationic polymerization
15 system is reacted with one or more aromatic ring systems, and the use of
substituted or unsubstituted reaction products of said process in lubricating oil
or fuel compositions and additive concentrates, for example as dispersants,
detergents or antioxidant additives or VI improvers.

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

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

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

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

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



the sulfonation. U S. Patent Nos. 5,637,647 and 5,677,386 disclose the
capping of a living polynmer with one or nore cappi nhg conpounds conpri sing
non- pol ynwoi2a@dni3g7seononer sel ected from a group consi st ipog/usbosswbssts t ut ed
or unsubstituted di phenyl al kyl ene, nethoxystyrene, trans-stil bene,
1-i sopropenyl napht hal ene and 2, 4-di nethyl styrene. U S. Patent Application
No. 10/ 433 43ellpfiubFirally theyNsaummanzédmoaate daper By salingeratther ocess for
the preparati f .pol vi sobutyl enes in which at | east 60 percent of the
pol yner chai n@”nﬁeggﬁﬁqc@ggts%@k@ @Y@'H\fg\gﬁ@ﬂ RP%H%PW@&P'} RYIPORES, gr oup,
by cationic pathomi iiﬁﬁgtﬁﬁa@ﬁtatéﬂ‘@%;@é&r‘él‘nérﬁ%PH%%H@?:%’(@%%%QH?‘?S:”QVWEH
m xtures in the condensed phase and in the presence of an initrator
system U. S. Hapeeion ghiplination shouskbeaivoNed faOIHBOSn89ssis Bfilwkell-ciatines No.
2004/ 0260033 A_1, discl ose e. met hod for manufacturing and producing
nonodi sper se TQF@@H@PF@eﬁdfQ@F‘Qnﬂﬂ’%ﬁbﬁp@ﬁ PIOREES pan Presiiondy, itdnapf
sui t abl e 1monoeYidensREvalinvEtREd RS LY EBIIERKiAL t %Qi ' E ng the
pol yreri zat i gérravm th an N-substi tutfe%-lpyréolﬁ)%?s e"%&@@ﬁf%ﬁg}/‘??gﬁ% %I yners
cont ai ni ng Nsfi@Btwhich abisolpie piopegatiaty rdie conpliantecbudd bewaliciastgiti ves and/ or
| ubricating oil additives. PCT International Application No. PCT/EP/ 05472,
I nternational Publication No. S \%/ Qgp T | o process for
functionalizing polynmers prep Mﬁ—m& i zation wherein a
| i ving carbocationic polynerization

The present invention is directed to a method for preparing polyolefins

containing a high percentage of exo-olefin chain ends. The method involves
15 ionizing a polyolefin containing terminal tert-chloride chain ends and reacting

the ionized polyolefin with one or more nitrogen-containing five-membered

aromatic ring compounds or one or more hindered secondary or tertiary

amines, or mixtures thereof.

More specifically, the present invention is directed to a method for preparing a
20  polyolefin product containing exo-olefin chain ends on the polyolefin polymer
chain, which method comprises:

(a) ionizing a polyolefin containing terminal tert-chloride chain ends
on the polymer chain in the presence of a Lewis acid; and

(b) reacting the ionized polyolefin with one or more nitrogen-
25 containing five-membered aromatic ring compounds selected from
' pyrroles and imidazoles having at least two hydrocarbyl
substituents on the ring, or one or more hindered secondary or
tertiary amines containing only carbon, hydrogen, and nitrogen
atoms, or mixtures thereof, provided the nitrogen containing five-
30 membered aromatic ring is not:

()  2,4-dimethylpyrrole;

(i)  2-phenylindole;
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(v) 2-phenylpyridine;

15 (vi) 2,3-cyclododecenopyridine;
(vii)  Di-p-tolylamine;
(vii)  Quinaldine; and
(ix) 1-pyrrolidino-1-cyclopentene;

to thereby obtain the polyolefin product containing exo-olefinic end groups on
20  the polyolefin polymer chain.

Preferably the polyolefin is polyisobutylene.

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

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



el im nation process should be avoided for polyner preparation purposes,
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or nore nitrogencontaining five-nenbered|aromatic ring conpounds sel ected
frompyrroles and i m dazol es having at | gast two hydrocar byl

wherein:

10 (a) Rjand Ry are independently an alkyl containing one carbon
atom to about 20 carbon atoms, R, and Rj3 are independently
hydrogen or alkyl containing one carbon atom to about 20
carbon atoms, cycloalkyl of about 3 to about 7 carbon atoms,
aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to

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

atoms; or

(b) R4 and Rp form a fused aromatic ring of from 6 carbon atoms to
10 carbon atoms or aliphatic ring of from 4 carbon atoms to
about 8 carbon atoms, Ry is alkyl containing one carbon atom to
20 about 20 carbon atoms, and R3 is hydrogen or alkyl containing
one carbon atom to about 20 carbon atoms, cycloalkyl of about
3 to about 7 carbon atoms, aryl of about 6 to about 30 carbon
atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of

about 7 to about 30 carbon atoms; or

25 (¢) Rzand Rsform a fused aromatic ring of from 6 carbon atoms to
10 carbon atoms or aliphatic ring of from 4 carbon atoms to
about 8 carbon atoms, and Ry and R4 are independently an alkyl

containing one carbon atom to about 20 carbon atoms; or



substituents on the ring, or one or nore hindered secondary or tertiary
am nes containing only carbon, hydrogen, and nitrogen atons, or m xtures
t her eof , woQuesszsbhe nitrogen containing fivenenbered aConakes/orIsss i s
not: (i) 2,4-dimethylpyrrole; (ii) 2-phenylindole;(iii)

2- met hyl benzi m dazole; (iv) 1,2-dinethylimdazole; (v) 2-phenylimdazole;

and (vi) 3 4, 5-trighenyhdiidage| R PERY| ?\%kb_l?_?n Bhnganggosreagary or

tertiary amnes are'not: (i) Tri e%’hy am ne; (I i -n-butylamne; "(iii)
Tri hexyl am ne; (iv) Trifosoecarpheticriing ¢hiora-Gotarhgh gjomselin@l) carkgn atoms

G0 opyrror rai ne. 1- g lohal bndor FohPhteBRy Shria's e it *

product contai ni ng exo-gbgisi ni ¢ end groups on the polyol efin polynmer chain.

Preferably Ry and R4 are methyl and Rz and Rj are hydrogen.

10  In another preferred embodiment of the above method R+, Ry, Rz and R4 are

methyl.

In another preferred embodiment Ry and Ry are methyl and Rz and R4 form a

fused benzo ring.

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

q H H I

AL

Y
H
o H

15
The nitrogen-containing five-membered aromatic ring employed in another
embodiment of the present invention is a substituted imidazole.
The substituted imidazole in the method of the present invention has the
general formula:
Ro
B
R4 N)\R3
20 H

wherein Rj is branched alkyl containing from about 4 carbon atoms to

about 20 carbon atoms, and wherein

10



Preferably the polyolefin is polyisobutylene. Preferably steps (a) and (b)
are independently carried out at a tenperature in the range of from about
-1300C t owehoes033BOC. Mre preferably steps (a) and (b) rarascodepsssient |y
carried out at a tenperature in the range of from about -80C to about QOC.
Yet nore preferably steps (a) and (b) are independently carried out at a

tenperature in theggyang sydHde - f |y
steps (a) gnd (b) gfpe iﬁafgggrr?fgﬁt%ﬁéd%%rri ggyggtgﬁgienéé%ﬁ%fe%E?@bﬁnaq{)@g
range from about -60C tt® ahmit20-GOD@) btorseyelaatyil obabouif3 tchabaticve net hod

the one or nore nitrogen-containin lve- er ed matic ring c ounds
in step (b) is a substit¥tel- W?oggrﬂgé?%%é%ﬁgﬂéﬁﬁar?% ﬁ%ﬂngs %EI n:
(a) R and R4 are indepgnstssiltl7ytoadborlt BYcafsut afofid) @r @pfikgiasrhpaugt om to
about 20 carbon atons, R2 and R3 are independently hydrogen or al kyl

cont ai ni ng one car bon at érabeulaldaarbRo ademBodr at ons, cycl oal kyl of about 3
to about 7 carbon atons, aryl of about 6 to about 30 carbon atons, al karyl

of about fot0 abouk)30 RALRATL ALANS: fu8kd AFdhkNL riflh of RBHE 6 Cahf PR 120
%) R an % {9 g o rom

carbon atons; or ( orma fused aronatic rin 0 car bon

atonms to 10 carbon at on$0 carbaln gtbatsiar dliphgtiofing vbfrofh 4 aalsyn atoastot o about
8 carbon atons, R4 is al kyl con%ai ni nr%Sone carbon atomto

about 8 carbon ato
In another preferred embodiment of the above method R, is methyl, R is

hydrogen and Rj is tert-butyl.

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

20 hetero-aromatic has from about one carbon atoms to about 4 carbon atoms.

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

25  donor, common ion salt or its precursor, and the quenching agent or

quenching agents.

The hindered secondary or tertiary amine in step (b) in the above method may
be a linear secondary or tertiary amine, a cyclic secondary or tertiary amine or

an aromatic secondary or tertiary amine.

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

amine in step (b) has the general formula:

11



about 20 carbon atons, and R3 is hydrogen or al kyl containing one carbon
atomto about 20 carbon atons, cycloal kyl of about 3 to about 7 carbon
atons, arwb 2066¢/8bout 6 to about 30 carbon atons, al karylpcofusaiswtesgst o
about 30 carbon atons, or aral kyl of about 7 to about 30 carbon atons; or
(c) R and R3 forma fused aromatic ring of from®6 carbon atons to 10
carbon atons or aliphatic ring of Rqog;l carRon atonms to about 8 carbon
atons, and R and R4 are independently Nﬁkyl cont ai ni ng one carbon atom
to about 20 carbon atons; or(d) both RL and R2, and R3 and R4, taken in
pairs, independently forma aromatic ri n3 of from6 carbon atons to 10
carbon atons or aliphatic ring of from4'carbon atons to about 8 carbon
atons. Preferably RlL and R4 are nethyl aRg R2 and R3 are hydrogen. In
anot her preferred enbodi nent of the above method R1, R2, R3 and R4 are

methyl. I n another preferred e I ment , Rland are nmethyl and R3 and R4
forma fused benzoWF' hﬂn &agaédﬁr?éﬁdeé?%gﬁﬂﬁéhyd@@@nsﬁ%ﬂ‘FQ'U@@dﬁQbyrroI e

has the ol | ow ng b0 miai oFbR: 8 U0 A EBIIY of EIPSRALER 0T ©

ring enployed in another enbodi nent of the present Tnvention 1s a

substituted i m dazabeut 7Ttarbeniaterns uarytof abald fdbebiont BAeansdrhatbned, t he

present invention Qlﬁgryli gFabout 7 to about 30 carbon atoms, or aralkyl of about

10 7 to about 30 carbon atoms; or at least one of Ryand Ry, R; and Rj
and Rz and Ry, taken in pairs, independently form a fused aliphatic ring

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

provided that no more than one of Ry, Rz and R3 is hydrogen, and
provided that R4, Rz, and Rs are not all linear alkyl of about 3 carbons

15 or less.

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

the general formula:

R N R,

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

20 4 carbon atoms each of which may be substituted with an alkyl group
having one carbon atom to about 6 carbon atoms, and R4, R, R3, Ry,
and Rs are independently hydrogen, alkyl containing one carbon atom
to about 20 carbon atoms cycloalkyl of about 3 to about 8 carbon
atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of

25 7 to 30 carbon atoms, or aralkyl of 7 to 30 carbon atoms; provided if R,
Ro, Rs, and R4 are hydrogen, then Rs is a branched alkyl from about 4
to about 20 carbon atoms, aryl of about 6 to about 30 carbon atoms, or
araltkyl of about 7 to about 30 carbon atoms, and provided if R5 is

hydrogen, then R4, Rg, R3, and R4 are not hydrogen, unless one of R;

12



general formula: wherein R3 is branched al kyl containing from about 4
carbon atons to about 20 carbon atons, and wherein(a) R and R2 are

i ndependenblagodnssrsogen, al kyl of one carbon atomto abowtTAB20030b9383 at ons,
cycl oal kyl of about 3 to about 7 carbon atons, aryl of about 6 to about 30
carbon atons, al karyl of about 7 to about 30 carbon atons, or aral kyl of
about 7 t about 3 a t tic
ring of f?éom 6 car@roﬁzgpgﬁgstdg Oor%rléabgpgﬁnggglﬁl fwé\ﬂﬁ%ﬁo@\’??ﬁ%@% from4
carbon atons to abaut@(cearbomatdross. | n anot her preferred enbodi nent of

t he above nethod R is nethyl, R2 is hydrogen and R3 is tert-butyl.
Preferably the al kyl group on the nitrogen-containing five-nenbered
aromati ¢ ri ngin anpehieuteelyhrdfenfedt drabpdiasesh of thwabmua)meﬁam thedimédredt one
carbon atomto about 20 carbon atons. Nbre era |y the al kyl group on
the al kyl - sub3THNGEISH& ?WQWWW@"H%W * one carbon atoms to
about 12 carbon atons. Mst preferably the al kyI group on the

al kyl -substituted hetero-aromatic has fronRgbout one carbon atoms to about
4 carbon atons. Preferably the Lewis acid |ln step (a) is a halide of
titaniumor boron. Mre pref erab|_|th he Lewijs acid a titanium hali de.
Most preferably the Lewis acid issStiNaniu Al°0r%i de. Preferred
concentrations of the titaniumtetrackle

HaC

CHa

10 wherein Rs is hydrogen or methyl.

In another preferred embodiment of the above method the hindered

secondary or tertiary amine has the general formula:

OO

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

7. carbon atoms.

In a particularly preferred embodiment of the above method the hindered

secondary or tertiary amine has the formula:
CH,

N

20 In afurther preferred embodiment of the above method the hindered amine is

a secondary amine of the formula:

13



exceed 2 times the conbi ned concentrations of protic inpurities, electron
donor, common ion salt or its precursor, and the quenching agent or

guenchi ngwegesw®3739he hi ndered secondary or tertiary ampog/uspossioegsfb) in
t he above nethod nay be a |linear secondary or tertiary amne, a cyclic
secondary or tertiary amne or an aromatic secondary or tertiary amne. In
an enbodi nent of the above nethod_the hindered secondary or tertiary am ne
in step (b) has the general for/, a:R 3 m@ iN RI\NR2 and R3 are

i ndependent |y hydrogen, al kyl cg@ntai nhng

atons, cycl oal kyl of about 3 to about/7 carbo 5, aryl of about 6 to
about 30 carbon atons, al karyl of—=about 7 to about”30 carbon atons, or

aral kyl of about 7 to about 30 carbon atons; or at |east one of Rl and R2,
R2 and R3 andiR8nathdr REfeirad embodimentraf thé abepe nisthod yhe bindesed aséte is

al i phatic ring of fron1ab .%13 carbon atons to about 8 carbon atons;

provi ded t hat aAe" AR 8MHNEAT HAJOBRURL, R2 and R3 is hydrogen, and provi ded
that Rl, R2, and R3 are not all |inear alkyl of about 3 carbons or less. In
t he above nethod the hindered amne is a tertiary or secondary am ne has

t he general fornula: wherein R6 is a div nt hydrocar byl group of one
carbon atom to about

N

JSAST

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

10 s a tertiary amine of the formula:

The hindered secondary or tertiary amine in another embodiment of the

15  method of the present invention has the general formula:

Ro Ry
Rs Ry Ry
R )
! Re H R Re

wherein Ry is a divalent hydrocarbyl group of one carbon atom to about
4 carbons and Ry, Rs, R4, Rz, Rs, and Rg are independently hydrogen,
alkyl containing one carbon atom to about 20 carbon atoms, cycloalkyl

20 of about 3 to about 8 carbon atoms, aryl of about 6 to about 30 carbon

14



4 carbon atons each of which may be substituted with an al kyl group having
one carbon atomto about 6 carbon atons, and Rl, R2, R3, R4, and RS are

i ndependewblayodnpgarzogen, al kyl contai ni ng one carbon at orctrassaémsutesg89 car bon
atons, cycloal kyl of about 3 to about 8 carbon atons, aryl of about 6 to
about 30 carbon atons, alkaryl of 7 to 30 carbon atons, or aralkyl of 7 to

30 carbon ?tom; péfo‘ﬁ'lsd%%(arflld?dbou@ to@%ou %@c%oﬂrﬁoﬁﬁdbfgﬁé}kyﬂ&?%ﬁogp Is a
a 0 of

branched kyl from abdut 4’to about carbon atons, ary about to
about 30 carbon atismoabout%@aanbpln aibmsboud ofletod Ratendt R3S Im;ifb@en andrifse and
provided if RS is h nd R4 ar

unl ess one of Rior® g g'ﬂ"é&ﬁéﬁlﬁyﬂﬂﬁ? ghe ﬁgfrbog agorgrtgrﬁgoéngQ%tallp &ﬁﬂ% from

about 4 to about 20 carbon atons. In a particularly preferred enbodi nent of

the above mst 1) Paerreu%%&mn@m aﬁthb%b%vé%aﬂearohe%f RSaid RLYs am ne of the
f or mul a: ﬁz §§ > hydrogen or methyl. In another pref erred enbodi ment
th t he

of the above hi nder ed secondary or tertiary am ne has the

R e A e Y

about 7 carbon atonms. In a parti cuI arIy preferred enbodi nent of the above
met hod the hindered secondary or tertiary a{n ne has the formula:

H H
N

H H
HHH

In yet another preferred embodiment of the above method the hindered amine
15  is a tertiary amine of the formula:

Rs N R

X
R4 = Ry

R3

wherein one of Ry and Rs is hydrogen and the other is a branched aikyl
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; Ry, R

20 and Ry are independently hydrogen, alkyl of one carbon atom to about
20 carbon atoms, cycloalky! of about 3 to about 7 carbon atoms, aryl of
about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30
carbon atoms, or aralkyl of about 7 to about 30 carbon atoms; or at
least one of Ry and Ra, R and Rs, Rz and Ry, and R4 and Rs, taken in

25 pairs, independently form a fused aromatic ring of from 5 carbon atoms
to 7 carbon atoms or aliphatic ring of from about 4 carbon atoms to

about 8 carbon atoms,

15



In a further preferred enbodi nrent of the above nethod the hindered amne is
a secondary amne of the fornula:ln another preferred enbodi nent of the
above netwododdsstsbndered amine is a tertiary am ne of trhe/fsesoswbasss | n yet
anot her preferred enbodi nent of the above method the hindered amne is a
tertiary amne of the formula: The hindered secondary or tertiary amne in

anot her enbodi ment o s eral

f or mul a: ﬁerel n B @ege[ggﬁt\&é%{'a fd@ocar%@ga a“ ﬁ%t?d; %@g@%@o&ﬁ tg%gm to
about 4 carbons ar%@ab%.ohé’éall&?ofﬁbcut% ﬂg)LaQe danbepatuestdryl dfydr ogen,
al kyl contai ning one carbon atomto about 20 car l?o)gogt gms, ,g}/cl Oaltﬁ!ﬁ' of
about 3 to about gRRAHHOHORAOEHE30 £AIRONALORIS. G afRlkY ohB8AYt BH1eaPBN ons

al karyl of about 7é oﬁ‘lé %\ gggeéd%g R, Yndat 24K aﬁfse@béP‘tha’?ch about

30 carbon atons, one dr ogen and the ot I'1 near
al kyl from one cara'mmairccrmgt thexbBuyts Qbrarwhladralleyﬂ ofrabouﬂrﬁ 0 pbaiter( earbon

cbodi el of ¢ he ARBTasRRORBEORND Bt Ao en Biatke.at TR yer
anot her preferred f/ﬂppgg)(g[ﬁrgo &eréH%t&ﬁ@VG met hod the hindered amine is a
t

tertiary amne of or mul a: erein one of R and R5 is hydrogen and the
other is a branched al kyl of about 3 to about 20 carbon atons, aryl of
about 10 to abcufurereatmsimanioefghe @boxe anaihed &, Rodit and Re@ratydiogsm

car bon atons; RP. 'i?sg’tert-butyl-

In another embodiment of the method of the present invention the hindered
15 amine is nitrogen containing hetero-aromatic ring having the following

formulas, (a), (b) and (c):

R4 N\ R4
=
R3 N R2
(a)

wherein in formula (a)

one of Ry and Ry is hydrogen and the other is alky! of one carbon atom

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

25 atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to
about 30 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms;
or at least one of Ry and Rz and R3 and Ry, taken in pairs,

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

16



and R4 are independently hydrogen, alkyl of one carbon atomto about 20
carbon atons, cycloal kyl of about 3 to about 7 carbon atons, aryl of about
6 to abouwo0oess13oNn at ons, al karyl of about 7 to about p8@/usasdsomsas ons, or
aral kyl of about 7 to about 30 carbon atons; or at |east one of R and Rz,
R2 and R3, R3 and R4, and R and R5, taken in pairs, independently forma

med aromt e 6Bl G Sy SRR AR oot g aBOlo Ao o

R and R2 form a fembBonakeémpbatic or aromatic ring, then R5 is a branched

al kyl of about 3 to about 20 carbon atons, aryl of about 10 to about 30
carbon atons, or aral kyl of about 11 to qgout 30 carbon atons, and provided
that if R4 and R5 forma fused al i phatic aromatic ring, then Rl is a
branched al kyl of about 3 to about 20 car on atons, aryl of about 10 to
about 30 carbon atons, or aral kyl of about 11 to Rpout 30 carbon atons. In
a further enbodi nent of t he above net ;7 R3 and R4 are hydrogen and
R5 is tert-butyl. In another enbodi nemt of the nethod of the pr esent

i nvention the hindered amne is nitro kn cont @i ni ng hetero-aromatic ring
having the follow ng formulas, (a), and (a) wherein in formula (a)

R N R4

(b)

wherein in formula (b)

R1, R2 and R4 are independently hydrogen or alkyl of one carbon atom

10 to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon
atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to
about 30 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms,
R3 is hydrogen, alkyl of one carbon atom to about 20 carbon atoms,
cycloalkyl of about 3 to about 8 carbon atoms, aryl of about 6 to about

15 30 carbon atoms, alkaryl of about 7 to about 30 carbon atoms, or
aralkyl of about 7 to about 30 carbon atoms; or at least one of R, and
Rs or Rz and Ry, taken in pairs, independently form a fused aromatic
ring of from 5 carbon atoms to 7 carbon atoms or aliphatic ring of from
about 4 carbon atoms to about 8 carbon atoms,

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

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

17



one of R and R4 is hydrogen and the other is alkyl of one carbon atomto
about 20 carbon atons, cycloal kyl of about 3 to about 8 carbon atons, aryl
of about Wot200el3sd 30 carbon atons, al karyl of about 7ptoabast2a383 carbon
atons, or aral kyl of about 7 to about 30 carbon atonms, one of R and R3 is
hydrogen and the other is alkyl of one carbon atomto about 20 carbon
atons, cy@ o | of about 3 to about- 8 carbon atons, aryl of about 6 to
about 30 carbon atons, al karyl of about 7 to about 30 carbon atons, or
aral kyl of about 7 to about 30 carbon atons; or at |east one of Ri and R2
and R3 and R4, taken in pairs, independenfly forma fused aromatic ring of
from5 carbon atons to 7carbon atons or aliphatic ring of from about 4
carbon atons to about 8 carbon atons; (b erein in fornmula (b) R, R2 and
R4 are independently hydrogen or alkyhdof\Bhu carbon atomto about 20
carbon atons, cycloal kyl of about 3 tqg|about |8 carbon atons, aryl of about
6 to about 30 carbon atons, al karyl ofllabout |7 to about 30 carbon atons, or
aral kyl of about 7 to about 30 car a ; As hydr ogen, al kyl of one
carbon atomto about 20 carbon atois, cycloal kyl “of about 3 to about 8
carbon atons, aryl of about 6 to about %g%carbon atons, al karyl of about 7
to about 30 carbon atons, or aral kyl of out 7 to about 30 carbon atons;
or at |east one of R2 and

wherein in formula (c)

R4, Rz and Rj3 are independently hydrogen or alkyl of one carbon to
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

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

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

XX

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

formula:

formula:

»

N

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

20 has the formula:

18



R3 or R and R4, taken in pairs, independently forma fused aromatic ring of

from5 carbon atons to 7 carbon atons or aliphatic ring of from about 4

car bon atwowmodemsaizout 8 carbon atons, provided that if RtTits:20paemgen t hen

R2 and R are independently al kyl of one carbon atomto about 20 carbon

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

about 30 carbon atons, al karyl of about . o0 about 30 carbon atons, or
‘om;

aral kyl of about 7 to about 30 carbon af and further provided that if R
or R4 is hydrogen, then R is al kyl of Qne gar bon atomto about 20 carbon
atons, cycloal kyl of about 3 to about 8 Tafbon atons, aryl of about 6 to
about 30 carbon atons, al karyl of about 7|to about 30 carbon atons, or

aral kyl of about 7 to about 30 carbon Nand (C wherein in fornmula (c)
R1, R2 and R3 are independently hydrogén orjjal kyl of one carbon to about 20

carbon atons, cycloal kyl of about t o.“aboy arbon atons, aryl of about
6 to about 30 carbon atons, alk @ abdut bout 30 carbon atons, or
w 9
e“has the formut'a: In a further

aral kyl of about 7 to about 30 d referred enbodi nent of
t he above et hod the hi ndered am™ '
enbodi nent of the above nethod the hindered am ne has the

In the above method the exo-olefinic end group on the polymer chain of the
polyolefin product in step (b) is present in the range of about one percent to
about 100 percent of the total olefin yield. Preferably the exo-olefinic end
group on the polymer chain in step (c) is at least 3 percent of the total olefin
10  yield. More preferably the exo-olefinic end group on the polymer chain in step
(c) is at least 20 percent, still more preferably at least 50 and most preferably

at least 70 percent of the total olefin yield.

A further embodiment of the present invention is directed to a method for
preparing a polyolefin product containing exo-olefinic end groups on the

15  polyolefin polymer chain, which method comprises:

(a) ionizing a polyolefin containing terminal tert-chloride chain ends on

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

(b) reacting the ionized polyolefin with one or more nitrogen-containing

five-membered aromatic ring compounds selected from pyrroles
20 and imidazoles having at least two hydrocarbyl substituents on the

ring, or one or more hindered secondary or tertiary amines

containing only carbon, hydrogen, and nitrogen atoms, or mixtures

thereof, wherein the nitrogen-containing aromatic amine

compounds or the hindered secondary or tertiary amines are pre-
25 reacted with a Lewis acid, provided the nitrogen containing five-

membered aromatic ring is not:

(i) 2,4-dimethylpyrrole;

(i)  2-phenylindole;

19



formula: In yet another preferred enbodi nent of the above nethod the
hi ndered am ne has the formula:ln the above nethod the exo-ol efinic end

group on wbeogizyrser chain of the polyol efin product inpstras2¢is)29s83 present
in the range of about one percent to about 100 percent of the total olefin
yield. Preferably the exo-olefinic end group on the polyner chain in step

(c) is at | east 3 percent..of the al_.olefjn yield. Mire preferably the
exo-ol efi fi ¢ end gr oup o@f')t heé’&'%tb%?n%ﬁé(f#qﬁ]% step (c) is at least 20
percent, still nore prefgrably.,.at |east .50 and nost preferably at |east 70
percent of the total ol efifhn yr’gf‘{ﬁmeﬁ?yﬁm%?@?e’enbodi ment of the present
invention is directed to a nethod fordgg(ggari ng a polyol efin product

cont ai ni ng exo-olefinic &hd &-angyl'tsw 'p%rl‘@ol efin polymer chain, which

met hod conprises: (a) ionizing a polyolefin containing term nal
tert-chloride chain ends(vbn tﬁé,ﬁjglpiﬂﬁéyhfﬁlﬂaiﬁlein the presence of a Lewis
acid; and (b) reacting the ionized polyolefin with one or nore

ni t rogen- cont ai ni ng and@ronvddect thedhinderedt saconiay edepsuyasiges et adt:f r om
pyrrol es and i m dazol es having at |east two hydrocarbyl substituents on the

ring, or ,ane or nore hingdered. ndary or tertiary am nes containing only
¥ 0¥ ooiFtiianie:

car bon, drogen, and ni or m xtures thereof, wherein the

ni trogen-containing aro ;i am ne compounds or the hindered secondary or
tertiary amnes are pr e?@' thl'eran-bu?ylam €;

(i) Trihexylamine;
(iv) Triisooctylamine;
(v) 2-phenylpyridine;

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

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

20  the polyolefin polymer chain.

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

Lewis acid is Titanium tetrachloride.

In a preferred embodiment of the above method the Lewis acid is titanium

25 tetrachloride and the hindered amine is 1,2,2,6,6-pentamethylpiperidine.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

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

expressly stated to the contrary:

20



with a Lewis acid, provided the nitrogen containing fivenenbered aromatic
ring is not: (i) 2,4-dinmethylpyrrole; (ii) 2-phenylindole;(iii)

2- et hyl beozoesdamel e; (iv) 1,2-dinethyliniclazole; (v)perTpisesglorssssiazol e;
and (vi) 2,4,5-triphenylimdazole; and provided the hindered secondary or
tertiary amnes are not: (i) Triethylamne; (ii) Tri-n-butylamne; (iii)

2 5 cyel ododelEHsR FEER iosd P ferelSloiuRARRE B ot BEMhEENAD ana
(i x) 1-pyrroldAdireedalighicapenpsnpicdly hakipigefom avieaoralidue 2pdayiobef i n _
product contai ning _exo-olefinic end_@glroup_s on the polyolefin mer chai n.

The ni trogen &emsabAMeyexarelematisti tﬁ?@ﬁeﬁﬁdcbrﬁﬂﬁ@e@éhﬁiﬁlﬁ?@li’%% preferred
embodi ment  of e ABPY S ELNALHVE ethyt; SHoBFL Byl R¥SEBLGI, MdbulyiSsec-butyl,

tert-butyl, and the like.

10 The term "aromatic or aliphatic fused ring" as used herein refers to the ring
formed by two adjacent carbon atoms on the pyrrole or imidazole ring, and the
ring thus formed is fused to the pyrrole or imidazole ring. An example of a
fused aromatic ring is a benzo group fused to the pyrrole ring or imidazole
ring. A fused aliphatic ring may be any cyclic ring structure fused to the

15  pyrrole ring or imidazole ring.

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

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

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

carbon” as used herein refers to a carbon atom that is attached to three other
20 carbon atoms. The term “quaternary carbon” as used herein refers to a

carbon atom that is attached to 4 other carbon atoms.

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

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

orbital.
CHs CHg
Ho l ® ©
PIB C (lZ CHZ—T X
CHj CH3
25 PIB Carbenium lon

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

chain.

The term "common ion salt" as used herein refers to an ionic salt that is

30 optionally added to a quasi-living cationic polymerization mixture to prevent
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Lews acid is Titaniumtetrachloride. In a preferred enbodi ment of the
above nethod the Lewis acid is titaniumtetrachl oride and the hi ndered

am ne i s Wwo20@/B3B9pent anet hyl pi peri di ne. DETAI LED DESCRCRTISEHs0B9sSIHE
| NVENTI ON Definitions As used herein, the following ternms have the
fol | ow ng neani ngs unl ess expressl y stated to the contrary: The term "al kyl "

as used herein refers t strai ght.. cha and branched chain satu ed
al i phat i c%ro‘éﬂﬁ%o‘f' IR\ tp? TS @g%'npr%B%WHm[ ign &A4idl (0 r"gpk?(ﬂﬂlsaﬁﬁﬁs Sone
exanpl es of Séﬁl@h%'ﬂhecé@fhmoaﬂdn@éﬂ@f@%@lh@zﬁlﬁbmhéaémﬁtét—%sadﬂthbatlC gr oups

are nethyl, ethyl, tp yl, butyl, isop rg{g% | sobutyl, sec-butyl
tert-butyl, ap@pegating Rfeamﬁmds@hwpamrb ﬁcc%mmanﬂ%a@l’rtsw yaifay as

used herein r ) r“ﬂ_{}ﬁh on the
pyrrol e or inﬁ%@%@aﬁra%?ﬁ'wﬁ%{t engg%lgg :t%ﬂs)a ?H‘mgﬁuse;br? e pyrrole
or imdazol e gdrfers gululsiktgrim ke Orfgaaldm&dm.arorrat icring is a benzo group
fused to the pyrrole ring or im'dazole ring. A fused aliphatic ring may be

any cycllcrln strulturefus role_ri or imdazole ring, The
term "bral arQ:heEg%F@(m pcoé.@' H%tr é‘ﬁﬁ‘sﬁg%%'ntrﬁfeéﬁ&gf 8!"66@‘0"1‘&66?{?8‘1 t he
carbon atom r?@ﬂ@%&‘ﬁﬁlhﬁlﬁ’céﬁ@mﬂm iBh 18T BB &c15RAA cﬂ%uﬁ&?d ANl Prodiftr est
of the nolecule 1s eit tertiary or quaternary carbon atom The term

"tertiary carhani mmbmwer@eamnlawf&fmlgmtlaatlaratmmmmamw ihaticei thatoftthehed

to three other
main polymer product.

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

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

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

20  propogation, chain transfer and chain termination.

The term "di-EAS product" as used herein refers to the product which results
when two separate polyisobutylene terminal carbenium ions react to form a
covalent bond with a single quenching agent molecule. Di-EAS product

contains in its structure a residue from the quenching agent.

25  The terms "di-substituted olefin" or "exo-olefin" or "methyl vinylidene" as used
herein refer to an olefin polymer chain containing an exo-olefin chain end as

shown below.

CHy  GHy
PB—CH,—G~CHp—C
) CHs CHj

The term “di-valent hydrocarbyl” as used herein refers to a hydrocarbyl group
30 which possesses two points pf attachment to the rest of the molecule.
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carbon atons. The term "quaternary carbon” as used herein refers to a
carbon atomthat is attached to 4 other carbon atons. The terns "carbenium
ion" or "werbemssizon" as used herein refer to a positivety/ushasgesssar bon
atom bearing three sp2-bonded substituents and an enpty p orbital. PIB
Carbenium lon The term "chain transfer” as used herein refers to the

e o5 o P A PocRiRl YIRS rh Ehéteo hd Brddifes RS istits

initiatio_ﬁ of "anot her YyNeri1 zation chaln “conmon 1on salt" as
used herein ngier sné podisobuibylene trmindi arbenioption neddty taftaeda covalent

quasi-living catjonic polynmerization mxture t event di sspci ati.on of the
pr opagat i ng d%ﬂﬂﬁ’e‘ﬁiﬂﬂjﬁﬁ“ﬁﬁ{ggHﬁn%[]ﬂla@PD @ﬁ;ﬁ i'ef'%’&)é'ﬁéo%?(gﬂn ng We'P ommon
on salt s igeRhied rdsRidForfaHEGBENEIAAS a@knt Ne pPropagating chain ends.
The cation of the conmon 1on salt 1s typically a fatty quaternary anmoni um

cation, such as tetra-n-butyi ammoniumion, which confers solubility in the
or gani ¢ nedi alheTtasmt "elentroncinsiostap ueediberein sefatsdle sbasic andégrdiusieaphilice

pr oduct addi, t i on of Pl iy ' Lan. t - in
Chai n end0 Caufae it oriag PaRkRafCh R bl B SHIRER ' 1
appr oxi mat el WyithmHeeL dWtachf of fufly Fehrtopepbigxes with daeitbwisTaeid! Ehen " coupl i ng”
as used herein refers to the addition of a g?O' yi sobutyl ene term nal

car beni um i orrangeatrptioy pEelsatrgn dproEsresdsthe ceRegHration. of the protic
impurities, for example water.

The term "electrophilic aromatic substitution or EAS" as used herein refers to

15  the process by which the EAS product is produced.

The term "gem-dimethyl carbons" as used herein refers to the two methyl
carbons alpha to the carbenium ion or the chloride bonded carbon of the
polyolefin polymer chain end as depicted in the structure below.

CH CHs
Ho l I

CHj CHs
PIB tert-Chloride

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

25 halogens, such as chlorine.

The term "hindered secondary or tertiary amine" as used herein refers to a
compound that is appropriately substituted such that it is sufficiently sterically
hindered to be not fully complexed with the Lewis acid, yet sufficiently
sterically hindered to allow its reaction with the carbenium ion. Preferably the

30 hindered amine is a tertiary amine.
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The term "conventional polynerization" as used herein refers to

pol yneri zati on wherein the chain-reaction polynerization involving ol efins
proceeds wibt2006/38®9as chain carrying particles, either ®oir@s2008/02983i ons.
Pol ynmeri zati on proceeds through the steps of chain initiation, chai n
propogation chain transfer and chain term nation. The term'’ d|

pr oduct " ﬁ%f)é}ﬁ/ il ,g ?Eﬁ" %stl{%eca‘:ebé)iﬁ?gfé% AV RN éfo‘?ﬂd'th?t WQC&%@ A ont

separate polyls eniumions redact to forma c
bond with a spaigbkelgotrondtofpragendvalentdmride. Di - EAS pr oduct contains inits
structure a residue fromthe quenching agent. The terns "di-substituted

| ef i ef j 1" th d.h f
ol o1 i 0 pol yrmel N T 0I5t KT oo etk 1o BT Sond bYA= BRR . e

term "di - val efiat BistieRaan e ab@éwdésﬁ%@@é&éﬁlercﬂmfaﬂ{ﬁahﬁeﬁah&@h@ﬁﬁf byl group
whi ch possesses two points pf attachnment to the rest of the nol ecul e. The

term " EAS prouinaties. used herein refers to the product which results when
one polyisobutylene termnal carbeniumion reacts to forma coval ent bond

with a sipgle .|. a i
structurd 0y B PRI G et B 2 e PP R b elidor +
used herein ref@ssotpyrdldzaaidingtdzsles sostahngat ue@ssurbéhm‘axg@naaidﬁdntthet he
pol ymeri zati on reactlon that is either fully conplexed with the Lewis acid

or fully non-©mAteig and A reedMUSHPE? ATQgETHRMEIR dad RFUTRIMIIRG, @ckct r on
donor exceedsplhe, GORFEHLGERS LR Fbupffo BBt £alkyl groups containing from

about one carbon atom to about 20 carbon atoms attached to the ring. Some
15  examples of nitrogen-containing five-membered aromatic ring compounds
contemplated for use in the present invention are substituted-pyrroles.

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

irreversible chain termination and chain transfer approaches zero.

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

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

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

exclusively or nearly exclusively one of several possible isomeric products.

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

chain end.

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

the Lewis acid.

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

terminates polymerization process or the quenching reaction, but may not
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impurities, for exanple water. The term "electrophilic aromatic
substitution or EAS' as used herein refers to the process by which the EAS
product iwopoedussd. The term "gem di met hyl carbons” aspgsas268nedsssrefers
to the two nethyl carbons al pha to the carbeniumion or the chloride bonded
carbon of the polyolefin polymer chain end as depicted in the structure

bel ow. PIB teff- | gle: ; N L C
radi cal p% rragrnltnlufleg é%%gggggg? taggér%gﬁwgﬁég%ﬂé@ g\grél#lrﬁ\tf)ﬁtlt ?:%élrer%@aggﬁ%fi?%hat ic,
alicyclic, argygwtastepmireaomsi nations thereof, e.g., aralkyl or alkaryl. Such

hydr ocar byl groups may al so contain aliphatic unsaturation, i.e., olefinic

or acetylenic_unsaturatipp,..apd m nt.ai,n_mnor unt s _of roat ons,
such as oxyge ‘*?)fe”ﬁ’i F‘?%‘&gﬁf‘d& rq{gf%’[ggﬁg?-gﬁ%rﬁ—g-gn%ﬁ%ﬁhyi_enqlggg szﬁ@

"hi ndered sec¢sefin Bblyhfirichal, am ne” as used herein refers to a conpound
that is appropriately Substituted such that it is sufficiently sterically
hi ndered to be not fully conplexed with the Lewmi s acid, yet sufficiently
sterical |y hidalessatheswise sprciftes!, pb RefGentadas: 3retin avaightRairent i on.
Preferably the hindered amine is a tertiary amne. The term"Lewi s acid" as

used herein r ; K ; L to
Lo, o S, RS Sak SRR ieheas Sstenbin el Rl eslanas,
refers to therimptompoirnds,isaok astabstituterepyrroles thd saibsttuted-ohideeakear abd e
chain transfer. and chain . . . .
hindered secondary and tertiary amines used as reacting agents in the
preparation of polyolefin polymers of the present invention are capable of
quantitatively converting polyolefin polymer endo-olefin chain ends and tert-
15  chloride chain ends to the exo-olefin chain ends. Without being bound by any
theory it is believed that these reacting agents selectively catalyze the
elimination of a proton exclusively from the gem-dimethyl carbon of the

ionized polyisobutylene chain end as shown below.

CHs CHs CHg CH,
H2 ® o H2 ||
PB—C——C—CHy—C X° 3=  PIB—C——C——CH,—C

CH3 CH3 CHa CHj
PiB Carbenium lon Exo-Olefin PIB

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

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

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

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

30 minutes after addition of the reacting agent.
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term nation. The term "nitrogen-containing five-nenbered aromatic ring" as
used herein refers to pyrroles and i mdazol es containing at | east one

ni t rogen wb@md/03313pe aronmati c ring and a maxi num of 2 niptragensatwss in the
aromatic ring, and having from about 2 al kyl groups to about 4 al ky! groups
cont ai ning fromabout one carbon atomto about 20 carbon atons attached to
the ring. Sonme exanples of nitrogen-cgntainin ff n‘%red aromatic ring
corrpounds5contenpl at al Rig ‘ RVEN HogTers

substi tuted-pyrrol es. Toﬁh{mc’jﬁs@%’leﬁﬂ Eha@aragb@sarthé@riaw" as used herein

operable, but irreversible chain term nation and chain transfer approaches

ror o ol of i ne . Abifie EoGdp AN iR Rl Br b ch P B TR s%etl” T

term "regi ospagéhtich isdfversissloper ein refers to chemcal reactions that give
exclusively or nearly exclusively one of several possible isoneric
products. The term "reacting agent" as used herein refers to a cheni cal

conpound hi cFhe medfirbarl the ReSHtIRVEIRNSBRY BF SPNAUEIEArASR PalRN RTOPERS:i%oni zed
pol yol efin chalfinBBfls priRstes g{aﬁﬁ-%ghyn@be&'oﬁﬁ%agfgrws%owtws to the

chem cal reaction es p rrzatio cess or the ‘quenching
reaction by destonsskibed of theret.Lewi s aci d.

.........

The polymerization reaction is carried out under inert gas and in a
substantially anhydrous environment. The reactor is charged with the

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

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

super-atmospheric pressure.

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

reaction mixture to react with the ionized polyolefin chain end.

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

30 the exo-olefin chain ends on the polyolefin polymers. The reaction is
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The term"term nator” as used herein refers to the chem cal conpound that
term nates pol ynerization process or the quenching reaction, but may

not si nul twoeowslzy7bni ti ate a new pol ynmer chain. A nunbercofusadosobsbs may be
used as termnators. The term"tert-chloride" refers to the

2-chl or o- 2- met hyl propyl end group on a polyolefin polynmer chain. Unless

ot herwi se specifjed, all percentages are in weight percent. It has been

det ermi ne@ t HEIMREEhIN 3lbieiguek sAmPplRg andvibe remBEt A reacdramiiue ngth
conpounds, S%haﬁﬁrogﬁai%télEb'ﬁcﬂ%;gﬂ)fibFéﬂs&%t YRS fehitieidalrgl dazol es, and

hi ndered secondary tertiary amnes used as reacting agents in the
preparation of polyolefin polyners of the present invention are capabl e of
quant i t at i velAltremghethda capgeotrativre df thepebgiants maydavaridditoodtdain tbeds and

tertchloride chain ends .to , the exo-olefin chain ends. Wthout being bound
by any ¢ heor Y AaTeRTOarte 0 SaS RSN ToiEinal eBHATa TG Bhine Tedblas ot 3

catal yze the igipoffaRéfdr@btfthing HRjIPERSLoRNRI dhity 8hd yidI@NThE@atiyad met hyl
carbon of the ionized polyisobutyl ene chain end as shown bel ow. CH3 CH3 CH3

CH Q Q H1PI B-desgrped gejpwr| BCH3 CH3 CH3 CH3 PI B Carbeni um lon Exo-O efin PIB
This result was unexpected since the reacting agents used in the

preparati on The molar ratio of Lewis acid to chain ends is in the range from about 0.1:1 to
about 2500:1. Preferably the molar ratio of Lewis acid to chain ends is in the
range of about 2:1 to about 200:1. More preferably the molar ratio of Lewis
acid to chain ends is about 2:1 to 15:1.

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

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

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

ratio of Lewis acid to reacting agent is about 2:1 to 15:1.

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

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

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

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

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

Compounds suitable for use in the preparation of the polyolefin polymers of
the present invention are given below:
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of the polyolefin polynmers of the present invention are known to quench
l'iving polynerizations by an addition mechanism Conpounds which provide

t he hi ghewo 28etriissizen yi el ds are typically substituted wpth/uskesirdss
donating groups | ocated at strategic positions on the ring. It is believed
that these substituents provide stabilization for the Friedel-Craft

I nt er nedi %t ei .!f or ged when, for exanple polyisobutylene, carbeniumions
react Wt in the ring. The reacting agents used in the present
i nvention are able to quantitatively convert polyolefin polynmers containing

tert-chlori d@ll@@ﬁiﬁnﬂtﬂl&%émetlbmzam etysifibria aharates mdexcharigiofgnouing

conver sion was observed within 15 nmi nutes fte i on,, of e react
agent . Gener alsSppeige daroughtteir ppiapiy, é[‘fh"éfhcﬁﬂ @magﬁ hoﬁ’bﬁh? g8 @%‘ﬁt ;I Imngg

Exo-olefin .E:;Elggaﬂ%b‘?% W?élp 1€ sGhBht Iﬁﬁ?@ﬂbﬁﬁéle@cﬂﬁ?&ﬁﬂs@aﬁt@%ré ffregar ation

of pol yol efi oryners present vention is given below The nethod
of the IOFese@indeﬁwﬁrpfairemramsstxesmmedt Sditaklessabnds innlunse $uit are Boht i nuous

Phe art. 10he ptieprer IP2bPBRO AaBes SAG LR BRFTCE BOthg s P hEeoga and i n”
i
2. a di | uent Jllustrative solvents inciude alkanes (generally C, to C1p alkanes, including
normal alkanes such as propane, normal butane, normal pentane, normal
hexane, normal heptane, normal octane, normal nonane and normal decane,
15  and branched alkanes including isobutane, isopentane, isohexane,
3-methylpentane, 2,2-dimethylbutane, 2,3-dimethylbutane and the like),
alkenes and alkenyl halides (such as vinyl chloride), carbon disulfide,
chloroform, ethylchioride, N-butyl chloride, methylene chloride, methyi
chloride, 1,2-dichloroethane, 1,1,2,2-tetrachloroethane, sulfur dioxide, acetic
20 anhydride, carbon tetrachloride, acetonitrile, neopentane, benzene, toluene,
methylcyclohexane, chlorobenzene, 1,1-dichloroethane, 1,1-dichloroethene,
1,2-dichloroethene, n-propyl chloride, iso-propyl chloride,
1,2-dichloropropane, or 1,3-dichloropropane, nitro-alkanes (such as
nitropropane) to name a few of the representative liquid diluents or solvents
25  useful in cationic polymerizations. Mixed solvents (for example combinations

of those listed above) can also be used.

Electron Donors

Electron donors have been shown to convert traditional polymerization

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

particular compound or class of compounds. Examples include pyridines and

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

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

include 2,6-di-tert-butylpyridine, 2,6-dimethylpyridine, 2,4-dimethylpryidine,
35 2,4,6-trimethylpyridine, 2-methylpyridine, pyridine; N,N-dimethylaniline,
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3. an electron donor or comon ion salt, 4. nononers, and 5. a Lewi s acid,
whi ch typically conprises a halide of titaniumor boron; The reaction

m xture iwoeqesdsdwated at the desired tenperature, rangcmgsbésmsbove
-1300C to about 1Q0C. The nethod of the present invention nay be carried
out at any desired pressure at nospheric, sub-atnospheric or

super - at pher .C p ur e, re nit en-cont a

five-menb edarlJI "ﬁ% %ggwgogpg)ﬁfr}eﬁgen@ I@Q th?é& Edt qu'gry am ne
reacting agengigdthylasstashide N Nedieeftddetamibie LAY @xérﬂpreeé\ﬁ‘é siifd>tidé he 1 oni zed
pol yolefin chain end. Additi onal al’i quots are renoved fromthe reaction

m xture at vagQrepgund Kéedlmﬁ'”éﬂ @dtf@(l@@t Biethdrthenis asf exanaplecdan ¢fjeagent to
Goter e S ) 508 41 b s Dol Yol of

pol ymers. al i quo
remai ni ng rea@dmp@umdsxtRah@ptuatélCMpapndmeaaetrahemlybbh@sphdte Jaribtgt at the
desired terrperature Al t hough, the co ration of the reactants nay be

vari ed t ol bbt Rigshheée, ddam ReFRIBY! PHP§P 8 MReAISP hgRMPIexEdcertain rati os
f th t f d
o o 1 22 RO SRR Aok i BB BT,

yield. The rati are he molar rat

chai n ends i susefutdseleaingedbnomm about 0.1 : 1 to about 2500:1 . Preferably
the nolar ratio of Lewis acid to chain ends is in the range of about 2:1 to
about 200:1 . More preferably the nolar ratio of Lew s

The concentration of the electron donors in the total reaction mixture may be
15 in the range from about 0.001 moles per liter to about 0.1 moles per liter.
Preferably the concentration of the electron donors is in the range from about
0.001 moles per liter to about 0.05 moles per liter. More preferably the
concentration of the electron donors is in the range from about 0.002 moles
per liter to about 0.02 moles per liter.
20
Common lon Salts and Common lon Salt Precursors

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

25  beneficially interact with ligand exchange. Particularly preferred are common

ion salt precursors, for example tetra-n-butylammonium chloride (n-BusNCl).

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

about 0.007 moles per liter.
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acid to chain ends is about 2:1 to 15:1 . The nolar ratio of Lewis acid to
el ectron donor is in the range fromabout 1. 1 : 1 to about 10,000:1 .

Pr ef er ablwotb&/oxsizar ratio of Lewis acid to el ectron dorgm/ussoosnzdsee range
of about 2:1 to about 100:1 . More preferably the nolar ratio of Lewis acid
to electron donor is about 4:1 to 30:1 . The nolar ratio of Lews acid to
reacting ent IS 'ndthe range fromabout 1. 1 :1 to about 2500:1 .

Pr ef er abl tR%%LA}ﬁJ—?atio of Lewis acid to reacting agent is in the range
of about 2:1 to about 100:1 . Mre preferably the nolar ratio of Lewis acid

to reacting agemis doidsthelbre?suitabie é§cétalysﬁlﬁ)rrpnirpdisdsaéfithemiverrmanti ng agent
to chain ends, |s in the ran?e from about to about . Preferably

the nol ar ratineluge. pekaie ey lattedtto: Hapia an@ﬁer%halrdqsmeaft&ﬁb?é Ytha'&'HHht
0.5:1 to abo 0
chain end |sutte @Ioaldgbi['% w@f‘ ?ﬁ&%{%deet %@r@kﬁ{%@ﬁ@rﬁﬂgf {'rt] F\%@(leea I N cha| n
ends, al ong wehlbridéesthgrateminuat dichlooiietemel cﬁhdm— olUsé Dﬁtrmrwamam haldew | de
chain ends, is quantified usin VR. ined to
ual 1t at 191 yonelbaieH e A TuIERPCIPTR S BRI bALES StenatcR IBRE M bduc
and the coupl gdq rneqfécéonc%ﬁ{?ﬁﬁﬁﬂ‘g?olﬂﬁ"b%aéHJ@stéQrfoHﬁé ga?tlcﬁh&' Mbﬁ@ﬁ{e@t ion of
the polyolefin polyners o resent invention are given below D luents
Di | uents inf IAédlﬁenalhethe)a’urermth @ﬁtl’e&_qﬁl llevids iaaidsrehrT lae: adjustedensin@nge of
glr g\IMe(r:]tgr ;s(r:)em r?&cléc%h%gadél \?elsr | gcl)r%relntlgténces %ese%_evxllalg a%%ts angta sqo Féfgl%é hei r

to as co-initiators.

15

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

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

achieve an appropriate rate of'polymerization and quenching. The Lewis acid

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

20  The concentration of the Lewis acid in the total reaction mixture may be in the
range from about 0.001 moles per liter to about 3.0 moles per liter. Preferably
the concentration of the Lewis acid is in the range from about 0.005 moles per
liter to about 1.5 moles per liter. More preferably the concentration of the
Lewis acid is in the range from about 0.05 moles per liter to about 1.0 moles

25  per liter.

Reacting agents

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

compounds such as substituted-pyrroles and substituted imidazoles.

30 The substituted pyrrole employed in the present invention has the general

formula:
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constants. Typically, solvents having |ow dielectric constants are
preferred since ion pairs are |l ess dissociated. Suitable solvents include,
but are mwo 2beemizsd to, | ow boiling al kanes and al kyl mpowe/usRoosobosBal i des
with reasonably |ow freezing points to be used at the preferred

pol yneri zation tenperature. Illustrative solvents include al kanes
(generally C to G 0 al kanes, inckgudi ng normak, al kanes such as propane,
nor mal butane, nornal pentane, nor malNQexanes” nor mal hept ane, nor mal

oct ane, normal nonane and normal decang d branched al kanes i ncl udi ng

i sobut ane, isopentane, isohexane, 3-n®j ant ane, 2, 2-di net hyl but ane,

2, 3-di nret hyl butane and the |ike), al gackal kenyl halides (such as
vinyl chloride), carbon disulfide/chlorgform “&hyl chloride, N-butyl

chl oride, nethylene chloride, nethyl chldride, 1,2-dichloroethane, 1,1

, 2, 2-tetrachl oroet hane, sul fur dioxide, dcetic anhydride, carbon
tetrachl od de, acetonitrile, neopentane,kbenzene, t ol uene,

met hyl cycl ohexane, chl orobenzene, 1, 1-dichl oroethane, 1, 1-dichl oroethene,
1, 2-di chl or oet henewhergin BpyR., Y and Be areé asdpsojhdd lodlbar i de,

1, 2-di chl oropropane, or 1, 3-dichl oropropane, nitro-al kanes (such as

nitropropane) to na a few of fhe representative, liquid diluents or

sol vents useful in gg‘ﬂ 0 F‘S%%ﬁ?@@ﬁ@%ﬁ%ﬂ@@%@%@éy @@Htcgntjqd@pg%m e
conbi nations of those |ighdnalead Hait 2d sardem atorkh, FElRelRPAIONOr S

El ectron donors have been shown to convert traditional polynerization

independently hydrogen or alkyl containing one carbon atom to

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

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

or

(c) Rz and R;form a fused aromatic ring of from 6 carbon atoms
to 10 carbon atoms or aliphatic ring of from 4 carbon atoms to
25 about 8 carbon atoms, and Ry and R4 are independently an

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

(d) both Ry and Ry, and Rz and Ry, taken in pairs, independently
form a aromatic ring of from 6 carbon atoms to 10 carbon
atoms or aliphatic ring of from 4 carbon atoms to about 8

30 carbon atoms.
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systens into living and/or quasi-living cationic polynerizations systens.
The proton trap used in the present invention is not specifically limted
to any pawbiedis7ssonpound or class of conpounds. Exanplpes/uspaisuosss

pyridi nes and n-al kyl am nes, aprotic am des, sulfoxides, esters, netal
conpounds havi ng an oxygen atom bonded to a metal atom and others.
Pyri di ne conmpounds include 2,6-di-terf-hutylpyridine, 2,6-dinmethylpyridine,
2, 4- di met Byl ptRa ﬂﬂb’ﬁé'tUthﬁmﬁiqZPi%Wyﬁﬁrm m%@resﬁf‘ﬁ@ﬁ’ﬁw%P?ﬁlﬂ?\%ge'ﬁ?ﬁail di ne;
N,N—dinethqughhmge ani |l ine. Am de conpounds include N, N-dinethyl formam de,
N, Ndi net hyl acetam de, N, N-di et hyl acet am de. An exanple of a sul foxide '
conpound is dinethyl sulfoxide. D ethyl ether is an exanple of an ether
conpound, and nethyl acetate and et acetate are exanples of ester
conpounds. Phosphat e conpounds such as t hyl phosphate, tributyl
phosphate, triam de hexamnet hyl phosphat § mayw\ al so be enpl oyed.
Oxygen-cont ai ni ng netal conpounds such/as tgtrai sopropyl titanate are al so
useful as electron donors. The conc ti t he el ectron donors in the
total reaction mxture may be in Rfe rang¢ fromBbout 0.001 noles per liter
to about 0.1 noles per liter. Preferably|the concentration of the electron
donors is in the range from about 0.001 |l es per liter to about 0.05 noles
per liter. More preferably the concentrati on of the electron donors is in
the range from about 0.002 noles per liter to about 0.02 noles per liter.

Cormon on Salts gk EMRPR BraAcR8d hIkDY &SiHaiRRigSrom about 4 carbon atoms to

.about 20 carbon atoms, and wherein

10 (@) Rjand R; 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 aralkyl of about

7 to about 30 carbon atoms; or

15 (b) R;yand R;form a fused aromatic ring of from 6 carbon atoms
to 10 carbon atoms or aliphatic ring of from 4 carbon atoms to

about 8 carbon atoms.

Structures of other nitrogen-containing five-membered aromatic ring
compounds that may be employed in the method of the present invention are
20  given below. The given structures are only intended as examples and in no

way limit the scope of the present invention.

CHs

\ CHs

T N
H H
2,3-dimethyl indole Carbazole
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Common ion salts or salt precursors may be optionally added to the reaction
m xture in addition to or replacenent of the electron donor. Typically,

t hese salwe 28663836d to i ncrease the ionic strength, supprassodEnesss ons,
and beneficially interact with Iigand exchange. Particularly preferred are
common ion salt precursors, for exanple tetra-n-butyl anmoni um chl ori de

(n-BudNCl )z T, &%ﬁ i i | t r. sors in
t he total 5reallgg ?on gégrﬁgéb'ﬁr%y I%tre?ﬁofﬁ%grﬁf;%ﬂgggpﬁ@)&o;g@%toﬁgo&;@gﬁﬁﬁ%es per
liter to aboupreBefSinuenhtizs meay bei irdereBrsgicendbyyortibeiaepanimnd cepoands, t he

common ion salts or_salt precursors is,in the range from about 0.0005 nol es
per liter to %Hﬁ?)\ﬁs %&@i@“&o‘?yé@'%ﬁ‘ﬁ”ibf‘g’ﬂ@mm &4 85%-papiamethy RIBAYEREr at i on

of the comongh®N-$at |d?f5he§§,l|§mp,re_ecursors is in the range from about 0.001
nol es per liter to about 0.007 noles per liter.Lewis Acids Lew s acids that

are suitable as catal ysts for purposes of the invention include, but are

not limted t ' ' rllE'f ;i [ I J ' :

tetrachl ori deﬁg%glnggrgo&n%@gﬁﬁgé?%e} laﬁﬁ]ﬁ%l?ﬁrﬁléy(egﬁ%gr%i rég{:ﬁr%qa%béﬂ?m the

t et rachl dO depreséentinedritioni ks, thetdepnlerallfamulam di chl ori de and ot hers. Use of
the titanium halides and particularly titaniumtetrachloride is preferred.
The strength of the Lews acid and its concentration should be adjusted for
the particular nononer. Additi on&iﬂ\x%t he &eorength of these Lewis acids can
be adj usted using nucleophilic additi - In sonme instances these Lew s
acids are also referred to as co-initi altors.

R;

wherein R1, Rz and R3 are independently hydrogen, alkyl containing
one carbon atom to about 20 carbon atoms_ cycloalkyl of about 3 to
about 7 carbon atoms, aryl of about 6 to about 30 carbon atoms,

15 alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about
7 to about 30 carbon atoms; or at least one of R1and R,, R, and Rj
and Rj and Ry, taken in pairs, independently form a fused aliphatic ring

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

provided that no more than one of Ry, Rz and Rj is hydrogen, and
20 provided that R4, R, and R3 are not all linear alkyl of about 3 carbons

or less.

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

Rs N R

XX
Ry TR,
Rs
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The amobunt of the Lewis acid present in the initiator systemmy vary.
However, it is desirable that the concentration of Lewis acid is sufficient
t o achi ewsoanocapprepri ate rate of pol ynerizati on and queachisp@s/oIdzes Lewi s
acid concentration should not be so high as to precipitate the forned

pol ynmer. The concentration of the Lews acid in the total reaction m xture

nmay belntheranefromabo 0, . r.liser sper
liter. &f er abl yq‘m egbﬂ%eeﬂfﬁé?p(g%ldgﬂg/ﬁfgq%gﬁ@ %‘gloéﬁ& |§|%ﬁbj]{a gh(g%%

about 0. 005 ol es dgfeibolut BE6 ab@ulﬁQ@UérbbnEatmﬁsﬁaryDef abouiter0 toiait B0ef er abI y
the concentration of the Lewis acid is in the range_ from about 0 _05_ nol es

per liter to aboutcarbon gies Ofﬁékfalk}"tcl-fraboRE&&tt‘P ﬁéoﬂb@}%rbﬂé‘ﬁ?'ﬂﬁg%g@m s
contenplated Tor gy k2R fRBREAAATHHydFIGrR AR bELNE chibdrtoR RPaut

invention are nitr ar omat1c ring conpounds
such as substitut @G @a’nbbﬁlmnamycmmls}l iof abedt 3 to daautl esarb®hatcmssaiyl of ed

R R HS ant R ahaut B<OE0Et PR Ao Bamsy KNS SPROK tnbomeGr e o
| ndependent |y an a&éf%bngfq?ﬁ@'d?daa gnﬁéb%w?no%em 80 cafmt atdsS af Bpn at ors,

R2 and R3 are independent n or al kyl contalining one carbon atomto
about 20 carbon atleast, orw@ﬂlﬁﬁ&lrkd/Rz,ORz abd ks, Bs roddbeand RiahBs takemdn aryl

of about 6 to abouéalgsomcd%%ggger?ﬁy forh 3 }uiéedye{romfatlc ring of from 5 carbon atoms
to 7 carbon atoms or aliphatic ring of from about 4 carbon atoms to

15 about 8 carbon atoms,

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

11 to about 30 carbon atoms.

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

R4 N\ R1
=
R3 N Ro
(a)

wherein in formula (a)

one of Ry and Ry is hydrogen and the other is alkyl of one carbon atom
to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon
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about 7 to about 30 carbon atons, or aral kyl of about 7 to about 30 carbon
atons; or (b) R and R2 forma fused aromatic ring of from 6 carbon atons
to 10 carwonoaymsseor aliphatic ring of from4 carbon arorustesabses S
carbon atons, R4 is al kyl containing one carbon atomto about 20 carbon
atons, and R3 is hydrogen or al kyl containing one carbon atomto about 20

carbon atans, cycl gal kyl of _apout t.0 ut 7 carbaon 0 f about
6 to about® 30 car b%ﬂ"ﬁ@ﬁgpfﬁg?gjtr@% %o@%@lﬁargoq 5’E%§)’ﬁk@&l38%%%h7g ons, or
aral kyl of about T7aidut @b afcid) DR 2R4IRIEGT abouf 7)o BBoan8o Baror sfoms|, used
aromatic ring of from®6 carbon atons to 10 carbon atons or aliphatic ring

of from 4 carbon el Roaad&atis Bydraops @ngttbametherrig afyl ahanggagion atom

i ndependent|ly an al t al 0l e on atons;
or (d) both Ri ango%ouggg C%@Bamn%toﬁ%’ C?Qégfr%gllﬁté%q@gtg%%&éﬁé%&iﬁ'?y forma
aromatic ring of fatemsfaphobabodt®tsalicut B0 cabbwataheaikanyl of ahutito ri ng

of from4 carbon atons to about 8 car boa a]togg Ths substituted-i mdazol e
enpl oyed 10n t he praastB0;carkon pioms £ arglkylqd aboyt 7 e aRaHE30 GRS {ORS: | s

branched al kyl con§aiiii g JneUPRMHY RS aR@ RIUhPRYTEKERin pairs,
independently form a fused aromatic ring of from 5 carbon atoms to 7
carbon atoms or aliphatic ring of from about 4 carbon atoms to about 8

carbon atoms;

15

wherein in formula (b)

R1, Rz and Ry are independently hydrogen or alkyl of one carbon atom
to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon

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

25 aralkyl of about 7 to about 30 carbon atoms; or at least one of Rz and
R3 or Rz and Ry, taken in pairs, independently form a fused aromatic
ring of from 5 carbon atoms to 7 carbon atoms or aliphatic ring of from

about 4 carbon atoms to about 8 carbon atoms,
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about 20 carbon atons, and wherein (a) R and R2 are independently

hydr ogen, al kyl of one carbon atomto about 20 carbon atons, cycloal kyl of
about 3 twoabewatszidocar bon atons, aryl of about 6 to abowtTAB32003/0b9383 at ons,
al karyl of about 7 to about 30 carbon atons, or aral kyl of about 7 to about
30 carbon atons; or (b) R and R2 forma fused aromatic ring of from®6

carbon algne Lo AQGRBPTRYIRP LR AT N A0SR L [ABCAcBTOBIG] o Lo

about 8 carbon at ructures ni trogen- cont al nber ed
aronmati c ring conpbondsatiat atoay tdhabart0ogerton atdrhe, eyetdadid/| of abbet Ptesent

i ti i b . Th i t | y intended
exanpl es and i 5 nEDRRyS BN TRETS EBpe abouts Brrbad A wiveRcians.
2, 3-di et hyl i ndol @Reaciap8uRYeH bBoGCR BaRLALAEMEhr H8fkyl Bf BbERAT ati on of

the polyolefin in the present invention nay be hindered ‘secondary or
tertiary am ne corfpowist 38 warbersatemssanddusthemyrovidieddhahif ReidsiRyisan ne,

secondar J00r 't o't Mt dn AlgrEkofe kY dioMe'Rtheh BRI 370 (aboB: cent
i nvention has the gg&Asr @cidMeyrel abolR IkeaisIUY 8drbofRAtéid, &9 8f Sbout

i ndependent |y hydrogen, "al kyl” cont ai ni nﬂ(
6 to about 30 carbon atoms, alkaryl of about 7 to about 30 carbon

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

and

R1

N'/KN
)\
R3 N Ro
15 (c)

wherein in formula (c)

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

20 30 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms.

Structures of other hindered secondary or tertiary amines that may be
employed in the method of the present invention are given below. The given
structures are only intended as examples and in no way limit the scope of the
present invention.
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one carbon atomto about 20 carbon atons, cycloal kyl of about 3 to about 7
carbon atons, aryl of about 6 to about 30 carbon atons, al karyl of about 7
t o about 80 20@wd3smseoat ons, or aral kyl of about 7 to aboutc3Wscashosssat ons;
or at least one of R and R2, R2 and R3 and R3 and Ri, taken in pairs,

i ndependently forma fused aliphatic ring of from about 4 carbon atons to
about 8 carbon atons; provided that no nore than onegof RIR R2 and R3 is
hydr ogen, and provrded t hat R R2, and R3 are pot al|l lingar al kyl of
about 3 carbons or |es$ I'n aRy preferred enbodi men [ e abave net hod t he
hi nder ed secondar g or A has the gene ‘ erein one of
Ri and R5 is hydrogdg is a brancheg )
20 carbon at ons, of about 10 to about 30 cH or aral kyl of
about 11 to about . AN R2, R3 and R4 are|indepandently

hydr ogen, al kyl of one carbon at om0 about 20 car bor® at ong; cycl oal kyl of
about 3 to about 7 carblon atons, aryl of about 6 to about 30 carbon atons,
al karyl of about 7 to éboqmn@ﬁmcarbon atons, or aral kyllsogfinofitpout 7 to about
30 carbon atons; or at |east one of Rl and R2, R2 and R3, R3 and R4, and R4
and R5, taken in pairs, independently forma fused aromatic ring of fromb5
carbon atons to 7 carbon atons or aliphatic ring of from about 4 carbon
atonms to about 8 carbon atons,

Acridine
R R R
R \\\ R
/
R N R
R R
10
R N R
AN
R N R

Pyrazine



provided that if RL and R2 forma fused aliphatic or aromatic ring, then RS
is a branched al kyl of about 3 to about 20 carbon atons, aryl of about 10

t o about 80 20@wd3smsoat ons, or aral kyl of about 11 to abowrtTdZ2e030b9383 at ons,
and provided that if R4 and R5 forma fused aliphatic or aromatic ring,
then R-i is a branched al kyl of about 3 to about 20 carbon atons, aryl of
about 10 to about 30 carbon atoms, orRaral kyk of about 11 to about 30
carbon atons. The hindered am ne enplpyed infthe method of the present
invention may be a nitrogen coR a|n|no het er p-aromat Rc ring having the
following formulas, (a), (b) anc 1 @) _AhE
and R4 is hydrogen and the ot her of ong carbon atomto about 20
carbon atons, cycloal kyl of about gar bonat ons, aryl of about 6
to about 30 carbon atons, al kar .-out 30 car bon atons, or
aral kyl of about 7 to about 38 carb0‘<atons, one of \R2 and R3 is hydrogen
and the other is al kyl of one carbon aton1thabout 20 carbon atons,

cycl oal kyl of about 3 to about 8 carbon atons, aryl of about 6 to about 30
carbon atons, al karyl of about 7 to about 30 car bon at &®&rs, or aral kyl of
about 7 to about 30 carbonfatons; or at |east one of and R and R3 and
R4, taken in pairs, Rgndepepdently form arfused gromatig ring of fromb5
carbon atons to 7

Pyrimidine Pteridine

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

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

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

Terminators

15 Any soluble alcohol may be used to terminate the polymerization reaction in
the present invention. Preferred are mono-alcohols containing from about one
carbon atom to about 8 carbon atoms.
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carbon atons or aliphatic ring of from about 4 carbon atons to about 8
carbon atons; wherein in formula (b) R, R2 and R4 are independently

hydr ogen wo 288dw08b730f one carbon atomto about 20 car bonpatrwsseoseyskoal kyl

of about 3 to about 8 carbon atons, aryl of about 6 to about 30 carbon
atons, al karyl of about 7 to about 30 carbon atons, or aral kyl of about 7
to about %9 carbon atons, R3 is hydroggzgugl | of one carbon atomto about
20 carbon *at onms, cycl oal kyl of about & t 8 carbon atons, aryl of
about 6 to about 30 carbon atons, al karyl of about 7 to about 30 carbon
atons, or aral kyl of about 7 to about 30 carhon atons; or at |east one of
R2 and R3 or R3 and R4, taken in pairéffiﬂﬂ%gendently forma fused aromatic
ring of from5 carbon atonms to 7 carbon atons or aliphatic ring of from
about 4 carbon atopg to about 8 ca bon ato JfOVIdEd Lha Lf Ri is
hydrogen then R2 ahiSRefaloRo e NOR$XQs LNSHReBE$Hm t 0 about
20 carbon atons, cycloalkyl of aQQMb:ﬁSkﬁné@&HNn%k§arb0n atons aryl of
about 6 to about 30 carbon atons, alkaryl of about 7 to about 30 carbon
atons, or aral kyl of about 7 to about 30 carbon atons, and further provided

e R Sligraoan GOt BiBa L G or "
about 6 to ab@gthaAcalatineR aAt Pkinuh kaisthn€d tibRidnetet. OTRR AU cADIFEAEHRON

immersed into a heptane bath at -62°C under dry nitrogen gas in a

substantially inert atmosphere MBraun glovebox. The flask was then charged

with the following reactants:

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

20
0.23 milliliters 2,6-dimethylpyridine equilibrated at room temperature.

The contents of the round-bottom flask were equilibrated.

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

25  bottomed flask was charged the reacting agent, 0.40 milliliters 2,5-
dimethylpyrrole (neat and at room temperature). After the addition of the 2,5-
dimethylpyrrole, aliquots, approximately 5-10 milliliter, were removed from the
flask using a glass pipette and charged into a scintillation vial containing 4

milliliters anhydrous methanol equilibrated at -60°C to terminate the reaction.

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

dimethylpyrrole.
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atons, or aral kyl of about 7 to about 30 carbon atons; and wherein in
formula (¢) RL, R2 and R3 are independently hydrogen or al kyl of one carbon
t o about WO 20@wd3smseoat ons, cycl oal kyl of about 3 to aboutrc®/usasdsomsas ons,
aryl of about 6 to about 30 carbon atons, al karyl of about 7 to about 30
carbon atons, or aral kyI of about 7 to about 30 carbon atons. Structures of

ot her hi nder eﬁhé%ﬁ §‘ Tes &id {r%rﬁné}%rprﬁ@atlteg%a rt?l%(tlgrrg\;vgyeegl (M)% ar e

nmet hod of the pres |nv ntlon are gl ven glv ruc
only int endedoa/sarexmndoastanpbmturao Ny the volttikchonsmormemtovetdevapesesd.

i nvention. Acridin razi nePy. Pt eridi ne The concentration of the
reacting agen 0 Pﬁgﬂ ﬁgq‘{%tsémﬁl%acé Fg'hﬂﬁf BXANE Wa§ agded andiibe Pohgeer Wasn about
0. 0001 nol es RakiplthieRl intrRctRBAM! ﬁol?sﬁﬁu Eén%%aé F®Verdd ifif out%bjbgm ol es

concentration of the reacting agen n he range from
per liter to saopie andmgitakessinpevolttéx with sthengﬁhahermtrlema\/eearqommhn@tl on

of ther ctl ent 1S | theranefr | es liter to
about 0. cg)g'nt%gp’la‘n 5 and emﬂh?a[‘to %ddhog”%ﬂwpeﬁﬁﬁ‘%%s used to
term nat e t here@@\l/é’réﬂﬁm &ath Qrtqdcﬂalﬁét’e%adzéﬁ in a vacuum oven at room temperature

for at least 24 hours to remove any remaining solvents.

Tables | and Il below summarize the reaction conditions and the molar

quantities of the reactants used in Example I.

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

below:
TMPCl is an abbreviation of 2-chloro-2,4,4-trimethylpentane.
25DMPYy is an abbreviation of 2,5-dimethylpyrrole.

The diluent used in Example 1 was a mixture of hexane and methy! chloride in
20  avolume ratio of 60:40.
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the present invention. Preferred are nono-al cohols containing from about
one carbon atomto about 8 carbon atons. EXAMPLES Exanple 1 Preparation of
pol yi sobuypl2es3sgwat ai ni ng exo-ol efin chain ends using Bcraghemsiosspyrrol e
A four-neck 250 mlliliter round-bottomflask was equi pped with an overhead
mechani cal stirrer and platinumresistance thernoneter. This assenbly was

imersed into a heptane bath at -62C under d y, Ni TTOgefr gas in a
substantially ine t?t nospher e{ MBraun gl oveb)>g The flask|was then charged
with the follow ny reagtants, ¥5 milliliters|fethyl chlgrlde equi | i brat ed
at -600C. 113 nmillildters|h&ane equilibrateg St £600C €603 grams
pol yi sobut yl ene contgi ni ng 100| percent tert- CHg ori de chal n ends with a
mol ecul ar wei ght of Fapproxi mately 2,000 grans Fper nol e equilibrated at
-60C. 0.23 mllil{ters Z,6-dinethyl pyridi ne eguitibrated—at room
tenperature. The orﬁents of the round-bottomd|ask were equilibrated. Wth
continued stirring, e 1.8 mlliliters ti F&hi n tetrgehl ori de was
charged to the flas Fﬁfie@ seconds | ater, 1%) tdhe reagt on mxture in the
roundbot t oned fl askanas charged the reacting| agent, 0.40 pilliliters 2,5-
di met hyl pyrrol e (peit _and|at rpomtenperaturg}s After |the|addition of the
2, 5- c c
S S
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w o
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di met hyl pyrrole, aliquots, approximately 5-10 mlliliter, were renoved from
the flask using a glass pipette and charged into a scintillation vial

cont ai ni ngo4oewd3bizbi t ers anhydrous net hanol equili brat egdcatus268088®
termnate the reaction. Next to the remaining reaction mxture in the
round- bottom fl ask was charged an appropriate anount of anhydrous nethanol
equilibrated at -600C to term nate the react. on, at 3m after the
addi tion 8f tRlyisobtylgnaSEmAIeS ekt @P?M%ecg}l?‘aaoﬁz‘\‘@ﬁﬁ?g‘%% he fi nal
term nated reachiody pLiviwur e were allowed to warmto roomtenperature. Next
the volatile conponents were evaporated. To each aliquot sanple 1-2

mlliliter hexane was added and the polymer was precipitated in nmethanol.
Pol yi sobut yl ene was recover Brdedueafdi Gallegiinrg Hia\BABeD_ ARDAARY agitated in a

vortex with fresh nmethanol to renpbve any renmining contam nants and the

were placed i e g e el s o S L Rer ACTRE LML 0, Pour's 1o
o 1 o A e et ant & usee L0 Bxamale T r "
The 1 ol | 38 nWeishHAGHT oD "HUMR 1oCR 8 EHEERIOL SnAVE BTG Pdind |
e ooy idiBues: FRBBSY g}é@tnﬂgfm,?érfaaﬁ-aéﬁq,ﬁgﬂdﬂéﬁaé@mw@eaQmﬁm 25D\Py

i s an abbrevitati'on o ne pyrrol e. di luent used In Exanple 1
was a ni xt ur ehefn dedaweraobtairechysing AHdtVIBeniegration as described in the

following section.

Procedure for Collecting GPC Data

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

Procedure for Calculating the Fractional Amounts

of Chain Ends on the Polyisobutylene product

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

25  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

30 absent.
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a volune ratio of 60:40. Table 10 Table Il Polyisobutyl ene 2, 6-D net hyl

Ti C1 4 Reacting Quenching Total Reaction Total Diluent Tenperature pyridine
Agent Agewd 2v@gasssoExanpl e (noles per liter) (moles (i tera)s2qo569sesol es
per per (noles per liter) (liters) liter) liter) 1 0.537 0.010 0.083 25DWwWy
0.0196 0.200 0.189 -60Poly sobutyl ene sanpl es were anal yzed using 1H NWR

and GPC as d%%%riizé}e;qog&k&y Procedure for Collecting 1H NVR Data 1H NMR
spectra were ng

a Bruker AC-300 (300MHz) spectrophotoneter
usi ng sanpl es concentratlons of 3 percent to 5 percent (weight/weight) in
CDCl 3. 1H NI\/tharﬁmc:tioaalweoler agwdint of eactatypsiaf chhin éred wad aptainpd usfhgaan i ons

of exo-olefin, endo-olefin, tert-chl.oride olefip chain ends
ver e opt ai neBaMEOTLA ISR 1oHPESLRION chEndude EaSienming T PabeE
section. Progglneof &%o-Gkfihecting GPC Data GPC data were used to determ ne
nunber average nol ecul ar wei ght (IVh) wei ght average nol ecul ar wei ght (M)
and Pol ydi spersity_i ndex APDI) e. MV Mh. GPC was al so used to
qual itatively det etexe) & d&p*oeﬂ/\pfdmlﬂlfaértzm *+ Agas + 2Agieas + 2Acoupied) (1)

10  where Aendo is the area of the single olefinic resonance at 5.15ppm, Aexo i the

area of the exo-olefinic resonance 4.63ppm, and Agr.ci was calculated as

follows:
Atert-ct = (A1.65-1.72/6) - Aendo (2)

where A4 65172 is the integrated area of the convoluted peaks associated with
15  the gem-dimethyl protons of the endo-olefin and the tert-chloride chain ends.
The integrated area of EAS or di-EAS product, when present, was evaluated
on a situation-by-situation basis; the integration was determined based on a
peak that is not convoluted by other peaks, and the area was normalized
based on the number of protons that have that characteristic peak. It will be
20 noted that a co-efficient of 2 appears in equation (1) for both di-EAS and
coupled product, to account for the fact that creation of either of these
products consumes 2 polyisobutylene chains. Acoupled Was calculated as

follows:
Acoupled = (As.0.4.75— A45.4.75)2 (3)

25 where As.4.75is the integrated area of the convoluted peaks associated with
one of the exo-olefin protons and the two identical protons of the coupled
product, and where A4 5475 is the integrated area of the peak associated with

the other exo-clefin proton.
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Procedure for Calculating the Fractional Anpbunts of Chain Ends on the

Pol vi sobut yl ene product The fractions of exo-olefin, endo-olefin, and

t ert - chl owodeosa3aizn ends, and EAS, di-EAS, and coupl ed pcoaisesis/obssss he

pol yi sobutyl ene sanples were quantified using 1H NMR integration. It was
assuned that these six species represent 100 percent of the chain ends. In

sone instgnce§ > j eS’ and coupl ed products were deened to be absent
by qualit tivﬁ@g&%ﬁof the 1H NWVR spectrum and for di-EAS and
coupl ed products, by confirm ng the absence of a shoul der on the | ow
el ution vol ura teé dealibtivdebseice icdoppiad prediaci, the frectr@l cinlanamognted  Two

procedures are given below. The " eral Procedure’. was used coupl ed
product was d%ﬁcgbtf/@@,O?P%%‘”‘@S%?%%&’F&L%P%'an\ﬁe?é‘aag@@r\?ﬁf’@r?ug%glﬁ%d pr oduct
was deered t dieBR3An COBRITBH d BRI McThsetionarhirenat odlaiesmount of

each type of was obtal ned using an equation anal ogous to the

equation given below for determ ning the fractional anount of exo-ol efin,
F(eXO = (Ae co) / (Aex&(exddendex)! el Aendalt AehcEABEss R2Addhs) EAS (1)2 A
CQupled) (1 ) where Aendo is the area of the single olefinic resonance at

5. 15ppm ,Aexq i s the t - ieni nd

at et ot S b A e ftad offne SRl BleficrebgigRanaes Jo TapRBerll 1 ()
million, Aexo is the average area of the two exo-olefinic resonances at 4.63
and 4.85 parts per million, and Asr.ci , Aeas, and Agieas were calculated in the

same manner as described in the "General Procedure."

Table Il below summarizes the 'H NMR data obtained on the polyisobutylene
15  product of Example I. The chain ends are given as mole percent of the total

chain ends.
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where A1.65 - 1.72 is the integrated area of the convol uted peaks
associated with the gemdi nethyl protons of the endo-olefin and the

tert - chl owodeosi3aizmn ends. The integrated area of EAS or pdiraSA®speadsict ,
when present, was evaluated on a situation-by-situation basis; the

i ntegration was determ ned based on a peak that is not convol uted by ot her
peaks, and the area was nornalized based on the nunber 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 coupl ed product, to account for the
fact that creation of either of these products consunes 2 polyisobutyl ene

chains. ACOU pi el was calcul ated as follows: Acoupled = (A5.04.75- A4
.5-4 .75)/2 (B) dere A3.0-14.75 is the integrated area of the convol uted
peaks associatqumjth one of the exo-olefin protons and the two identical
protons of the aoupled grgduct, and where A4.5-4.75 is the integrated area
of the peak ass¢hiaé§d w®h the other exo-olefin proton. Special Procedure
In the qualitptige abserce |of coupl ed product, the fractional nolar anmpunt
of each type pf #hain end was obtained using an equation anal ogous to the
equation given &l ow forj determ ning the fractional amount of exo-ol efin,
F(eXO = (Aexp) ¥ (Aexo |+ Aendo + Atert-Cl + A EAS + 2 Adi- EAs) ( 1)
where Aendo ip Q?e area jof the single olefinic resonance at 5.1 5 parts per
3
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mllion, Aexo is the average area of the two exo-olefinic resonances at
4.63 and 4.85 parts per mllion, and Atbrt-ci . AEAS, and Adj-EAs were

cal cul at egloi2n0di3g738ane manner as described in the "Genepal/Udnaseosse. "
Table 111 bel ow summari zes the 1H NVR data obtai ned on the pol yi sobutyl ene
product of Exanple |. The chain ends are given as nole percent of the total
chain end$. TANFATNSMBAAIVEDISAI MED |'S: 1. A nethod for preparing a

pol yol efin product containing exo-olefinic end groups on the polyolefin

pol ymer chain, which nethod conprises: (a) ionizing a polyolefin containing
termnal tert-thl ohimishetirpreparinga polyelgitl preducienitaining @X@eol@flém of a

ni 1 ogencont af ni n PREECRSREPARILR Bebier Paff, Ehieh aliho 2Budloc” o

pyrroles and imdazoles having at |east two hydrocarbyl substituents on the

ring, or one or nogag Ytbrﬂﬁﬁg@(lbcﬂﬁﬂeﬁldamytaaﬁng ea’rtmmlyeanhlm&ieocmmaendsg only
carbon, hydrogen, and nitrogen atons, m Xt ur es ftrﬁ)ﬁreOf Aded t he

ni trogen containi ng f ORAE POBITERS Cé}edfh‘é‘ttf'é HP#Y1GEs0 ews; gcid;
2,4-dinmethyl pyrrole; (ii) 2-phenylindole; (iii) 2-methyl benzim dazole; (iv)

1, 2-di meylpyl i m dazg) €yeacting the ionized polyolefin with one or more nitrogen-
containing five-membered aromatic ring compounds selected from
pyrroles and imidazoles having at least two hydrocarbyl
substituents on the ring, or one or more hindered secondary or
tertiary amines containing only carbon, hydrogen, and nitrogen

15 atoms, or mixtures thereof, provided the nitrogen containing five-
membered aromatic ring is not:
(i) 2,4-dimethylpyrrole;
(i) 2-phenylindole;
(i) 2-methylbenzimidazole;
20 (iv) 1,2-dimethylimidazole;
(v) 2-phenylimidazole; and
(vi) 2,4,5-triphenylimidazole;

and provided the hindered secondary or tertiary amines are not:

(i) Triethylamine;
25 (i) Tri-n-butylamine;
(ii) Trihexylamine;
(iv) Triisooctylamine;
(v) 2-phenylpyridine;
(vi) 2,3-cyclododecenopyridine;

30 (vii) Di-p-tolylamine;
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(v) 2-phenylimdazole; and (vi) 2,4,5-triphenylimdazol e; and provided the
hi ndered secondary or tertiary amnes are not: (i) Triethylamne; (ii)

Tri - n- butwbaosens3736i i i) Trihexyl amine; (iv) Triisooctyl 20rns2005029583
(vi) 2,3-cycl ododecenopyridine; (vii) D -p-tolylam ne;

2- phenyl pyri di ne;
(viii) Quinaldine; and (ix) 1l-pyrrolidino-1 -cyclopentene; to thereby

obt ain thﬁ

pol yol ef i

are independently carried, out at tenperature in the range of about
(3a "o 2oy

to about 100C. 3. The net

i ndependently carried out at a terrper%re in the range o
about 00C. 4. Thetorihenohy ebtal ferRayol

i ndependent |y car

about

10

15

20

25

pol yrmer chai n.(\”f‘

i Hbg:
d 19
e pEdhs bona 5 SxmaISIRYC and

pol yol efin product. contai ni exo-ol efinic end groups on the
| yol efi d ﬁgz 0 [ 'Bg | efini d h
8 claim1l1, wherein steps (a) and (b)

-1300C

BPRIGMSst eps (a) and (b) are
bout -80 Cto

b;&ﬂnsoéﬂth%tpcﬁyélgﬁ‘ipﬁﬁl@h\%r%hia\’h.t he range of about -700C to

The method of claim 1, wherein steps (a) and (b) are independently
carried out at a temperature in the range of about -130°C to about
10°C.

The method of claim 2, wherein steps (a) and (b) are independently
carried out at a temperature in the range of about -80°C to about
0°C.

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

The method of claim 4, wherein steps (a) and (b) are independently
carried out at a temperature in the range of about -60°C to about
-20°C.

The method of claim 1, wherein the one or more nitrogen-containing
five-membered aromatic ring compounds in step (b) is a substituted-

pyrrole having the general formula:

wherein:
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-100C. 5. The nethod of claim4, wherein steps (a) and (b) are
I ndependently carried out at a tenperature in the range of about -600C to

about - 20&0 2606/0BBs9met hod of claim 1, wherein the one orcIs2005/029583
nitrogen-containing five-nmenbered aromatic ring conpounds in step (b) is a
substitutedpyrrole having the general fornmula: wherein:(a) R and R4 are

i ndependegtly an al kyl cquail:\nli RPﬁréiﬂHP%ﬁ]@%@ﬁ/‘é@alﬂﬂ%téﬁﬂir@%r@n at ons,

R2 and R3 are independently hydrogen or a tal nihg one carbon atomto
about 20 carbon atons, cycl o&lakydn atonatmaibod 20ocarbonaidngadiband &dz@are, aryl
of about 6 to about 30 carbon

tons, al karyl of ahout 7 to about 30 carbon
atoms, or aralkyl of about 7'Q%%@ﬁpﬁggy@égﬁar?rfmg'ﬁﬁ?nt@fn”e%gnﬁicaﬁﬁ%R2
forma fused aromatic ring ofatdrha8abotrpd @BrEIrCABNs) c¥SlosRySMBIYLA B0  an
aliphatic ring of from4 carbon atons to about 8 carbon atons, R4 is alkyl

contai ning one carbon at om t @bgbbicapworcaionis agyl eiebodhel irabpdt #dr ogen or
al kyl " coppai ni ng one carbon QLA | & AROWAN FRR7 B BBBut SYEHARAYT of

about 3 about
atoms, or aralkyl of about 7 to about 30 carbon atoms;

or

(b) R4 and Ry form a fused aromatic ring of from 6 carbon
atoms to 10 carbon atoms or an aliphatic ring of from 4
15 carbon atoms to about 8 carbon atoms, Ry is alkyl
containing one carbon atom to about 20 carbon atoms,
and Rj is hydrogen or alkyl containing one carbon atom
to about 20 carbon atoms, cycloalkyl of about 3 to about
7 carbon atoms, aryl of about 6 to about 30 carbon
20 atoms, alkaryl of about 7 to about 30 carbon atoms, or

aralkyl of about 7 to about 30 carbon atoms; or

(¢) Rzand Rsform a fused aromatic ring of from 6 carbon
atoms to 10 carbon atoms or an aliphatic ring of from 4
carbon atoms to about 8 carbon atoms, and R and Ry
25 are independently an alkyl containing one carbon atom
to about 20 carbon atoms; or '

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

30 from 4 carbon atoms to about 8 carbon atoms.

7. The method of claim 6, wherein Ry and R4 are methyl and Ry and R3

are hydrogen.

8. The method of claim 6, wherein R4, Rz, Rz and R4 are methyl.
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7 carbon atons, aryl of about 6 to about 30 carbon atons, al karyl of about
7 to about 30 carbon atons, or aral kyl of about 7 to about 30 carbon atons;
or (c) Ravendodr3sfserm a fused aromatic ring of from6 cachas@isonssso 10
carbon atons or an aliphatic ring of from4 carbon atons to about 8 carbon
atonms, and R1 and R are independently an al kyl containing one carbon atom
to about 80 aar borTige @ietriods ddlin BkAeBin ek RRiasdlptoR Wadthe taken in
pairs, independently forma fused aromatic ring of fron16 carbon atons to
10 carbon atons oﬁOénmagﬂyﬁaﬂac ring of from4 carbon atons to about 8
carbon atonms. 7. The nmethod of claim®6, wherein R and R4 are nethyl and R2
and R3 are hydrogen. 8. The nethod of ¢laim,/6, wherein Rl, R2, R3 and R are
met hyl . 9. The nmethod of claim®6, i sulisti t ut ed- pyrrol e has the
followi ng fornmula: 10. The netho erein the

ni trogen-containing five-nmenbered 3 is a substituted i mdazole.
11. The method of claim 10, whereiA i m dazol e has the
general formula: wherein R3 is Br =0 ontaining from about 4
carbon atons

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

aromatic ring is a substituted imidazole.

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

general formula:

wherein Rj is branched alkyl containing from about 4 carbon atoms

to about 20 carbon atoms, and wherein

15 (a) R4 and R; are independently hydrogen, alkyl of one carbon
atom to about 20 carbon atoms, cycloalkyl of about 3 to
about 7 carbon atoms, aryl of ébout 6 to about 30 carbon
atoms, alkaryl of about 7 to about 30 carbon atoms, or

aralkyl of about 7 to about 30 carbon atoms; or

20 (b) R4 and R, form a fused aromatic ring of from 6 carbon
atoms to 10 carbon atoms or an aliphatic ring of from 4

carbon atoms to about 8 carbon atoms.
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to about 20 carbon atons, and wherein (a) R and R2 are independently
hydr ogen, al kyl of one carbon atomto about 20 carbon atons, cycloal kyl of
about 3 twoabewatszidocar bon atons, aryl of about 6 to abowtTAB32003/0b9383 at ons,
al karyl of about 7 to about 30 carbon atons, or aral kyl of about 7 to about
30 carbon atons; or (b) R and R2 forma fused aromatic ring of from®6

carbon at qns carb or . an all atic r of m 4 car on atons
to about cai QQP %102’%%% ’h\HBer@l’ il Pﬂeillyq Oﬁoga“ Aed Rat gy | |
R2 is hydrogen anqeﬁq)u@_tert butyl. 13. The nethod of cI aiml, wherein in
step (a) the Lews acid is a halide of titaniumor boron. 14. The nethod of
claim 13, wherein in step 2 the Lewis acid is a titaniumhalide. 15. The
met hod of claldn 14Them@itfmd10 daigt dpwhalein iestep i sthediewis sicid isanhalide of

tetrachl ori de. 16. of claim1, wherein the polyolefinis
pol yi sobut yl ene. t';émiﬁﬂr&l&ﬁaod of claim1, wherein in step (b) the ionized

polyolefin is reacted with one or nore hi ndered secondary or tertiary
am nes. 18. The nelfhwetifodcdfagianil?3, wherein im dtbpe (4) thddieavls sieitios datitgniim
terti ary1%m' ne ha%at”t(}g general formul a:

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

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

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

15 reacted with one or more hindered secondary or tertiary amines.

18.  The method of claim 17, wherein the hindered secondary or tertiary
amine has the general formula:

R1\ R
N

R3

wherein R4, Rz and R3 are independently hydrogen, alkyl
20 containing one carbon atom to about 20 carbon atoms, cycloalkyl
of about 3 to about 7 carbon atoms, aryl of about 6 to about 30
carbon atoms, alkaryl of about 7 to about 30 carbon atoms, or
aralkyl of about 7 to about 30 carbon atoms; or at [east one of R;
and Ry, Rz and Rs and Rz and R4, taken in pairs, independently
25 form a fused aliphatic ring of from about 4 carbon atoms to about

8 carbon atoms;

provided that no more than one of R¢, Rz and R3 is hydrogen, and
provided that R4, Ry, and R3 are not all linear alkyl of about 3

carbons or less.
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R wherein R-i, R and R3 are independently hydrogen, al kyl containing one
carbon atomto about 20 carbon atons, cycloal kyl of about 3 to about 7

car bon atwgmoocisyizoof about 6 to about 30 carbon atons, paltkgbysoedssaibout 7
to about 30 carbon atons, or aral kyl of about 7 to about 30 carbon atons;

or at Ieast one of R and R2, Rand R3 and R3 and R-i, taken in pairs,

i ndep n a,.fu aJ| C Il f ro about 4 carbon atons to
about Aébontri'f’ thoﬁf‘ae‘?' B efﬁi"ﬁ@?@'m{%ﬁ GRangis ptertiang agHEeR3 | s
hydrogen, and pfehs figghudliisat R-i, R2, and R3 are not all linear alkyl of

about 3 carbons or less.19. The nethod of claim 18, wherein the hindered
amne is a tertiary am ne of the forrmhlq: 20. The nmet hod of cIa|m18

wherein the hindered am ne i Rrtiafy
met hod of claim 18, wherein A w% p
formula: 22. The nethod of c 8

tertiary am ne of the fornmul a3/ The rreth

hi ndered amne is a tertiary or secondary am ne has the general

i gr nul a: waer ei ThR methddofueaiant 8 hwiersiativy hirticve adbiineeatemtiep apiing t o
about

of the formula:

. OO0

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

N.

LT

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

\N/

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

51
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4 carbon atons, each of which nmay be substituted with an al kyl group having
one carbon atomto about 6 carbon atons, and R, R2, R3, R4, and Rs are

i ndependewdlayodngsrsogen, al kyl contai ni ng one carbon at orctrasadwswtesg® car bon
atons, cycloal kyl of about 3 to about 8 carbon atons, aryl of about 6 to
about 30 carbon atons, al karyl of about 7 to about 30 carbon atons, or

aral kyl of about 7 to about 30 carbons; provided if R. R2, R3, and R are
hydrogen, then R5 is a branched Ry.kyl Rlaav'l?ﬁlg from about 4 to about 20
carbon atons, aryl of about 6 to M 2<carbon atons, or aral kyl of about
7 to about 30 carbon atons, and Bgovided iR2 R5 is hydrogen, then R, R2,

R3, and R4 cannot be hydrogen unless @ther R or R2 and either R3 or Ris
a brdnched al kyl from about 4 to about 20 carbon atons. 24. The net hod of
claim 22, wherein the hindered amne is a secondary or tertiary am ne of

the formul a: whareinRES a divajehtdydnocarbylegroyp of one garboraiedo@battai m 17

wherei n the hindered ndar r riian ' ;

for mul a: wher ei*® °P53§§'%§7 93?%9?“’@@}'ﬁ@g,%y@%#&%aéﬁ"hgﬁg cgr Bgélu%t omto
aP(Izult 4 car bom@v&iyblfﬁcagﬁbn &ém Wab&gﬂdatﬁgnaategimm@dm R&i Ry.drkot;;en],c

a cont ai ni ng_ one carbon gtom { o, about car.bon atoms, .cyvc 0
aboﬁt 3to ab(ﬁﬁl% i arg \ngpPEPaRRLY Bydroggh, a h?orgaﬁgn%ggﬁtda%a/r&g nyatom;,

al kajyl of abqytanhut 202BREN BfbrAd dyeRalkyl of about 3 to about 8 carbon
atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about
7 to about 30 carbon atoms, or aralkyl of about 7 to about 30 carbons;
provided if Ry, R, Ra, and R, are hydrogen, then Rs is a branched alkyl
having from about 4 to about 20 carbon atoms, aryl of about 6 o about

15 30 carbon atoms, or aralkyl of about 7 to about 30 carbon atoms, and

provided if Rs is hydrogen, then R, Rz, Rs, and R4 cannot be hydrogen
uhless either Ry or Rz and either Rz or Rq is a branched alkyl from
about 4 to about 20 carbon atoms.

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

Rs

HsC CHj

N

H3C CHg

wherein Rs is hydrogen or methyl.

25.  The method of claim 17 wherein the hindered secondary or tertiary
25 amine has the general formula:
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atons, or aral kyl of about 7 to about 30 carbons, and one of R5 and R6 is
hydr ogen and the other is linear alkyl fromone carbon atomto about 20
car bon atwomRoocAB3739he net hod of claim 24, wherein one ofcRusandoRsss
hydrogen. 27. The nmethod of claim 22, wherein the am ne has the fornula:
28. The nethod of claim 17, wherein the hindered amne is a tertiary am ne
of the general fornula:wherein one of R and R5 is hydrogen and the other
is a branched al ky! of about Rgtoabout 20 capbon atons, aryl of about 10
to about 30 carbon atons, or arsal kyl of about;¥l to about 30 carbon atons;
R2, R3 and R4 are independs of one carbon atomto about
20 carbon atons, cycl oal ky bout 3 to Bar bon at ons, aryl of
about 6 to about 30 carbon at¢
atons, or aral kyl of about 7 sout M0 carben _atoms; or at |east one of
R and R2, R and R3, R3 anByR4, ahd R/and b5, Rgn in pairs, independently
forma fused aromatic ring of froRe5 rbd@g atonms to 7 carbon atons or
aliphatic ring of fromabout 4 carbon atons to about 8 carbon atons,
provided that if R and R2 forma fused aliphatic or aromatic ring, then R5
is a branched al wherain Fabs @ disalest hydiacarty! ghiowe of ane@arben aforatoabout 10
to about 30 carb Ky 0 bon atons,
and provi ded tha?glo@tﬁgg lél‘:r]ogl%@cfg?,nﬁ{ %iq%“h;ﬁe)?d%él %%%gg%gégﬁHép é@de‘?ﬁl@

hydrogen, alkyl containing one carbon atom to about 20 carbon

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

10 o about 30 carbon atoms, alkaryl of about 7 to about 30 carbon
atoms, or aralkyl of about 7 to about 30 carbons, and one of Rs and
Rs is hydrogen and the other is linear alkyl from one carbon atom to
about 20 carbon atorns.

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

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

H H
H H H H

H

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

R5 Rq

N
X

R TR,

20 Ra

-53 .

53
SUBSTITUTE SHEET (RULE 26)



aromatic ring, then RL is a branched al kyl of about 3 to about 20 carbon
atons, aryl of about 10 to about 30 carbon atons, or aral kyl of about 11 to
about 30 wenrbemsatens. 29. The net hod of claim27, wher ecmuskoos®295gsir ogen
and R5 is tert-butyl and R2. R3, and R4 are hydrogen. 30. The method of
claim17, wherein the hindered amne is a ni trogen contai ni ng het ero-ar omat
cring hawngthefollovmn formul as é (b) and (c): wherein in fornmula
(a)on® of R1 anwhﬂiﬁms’nﬁﬁf Rads py l'Qﬁleﬁe’#nd Hepibgr inp bsarchad bon at om

Lot apous 6T & Bt R0 ARl a0 odtboftafotns PatyP of A8k Fo 55 pBAIK &' O

aryl of about 6 out to about 30
car bon at omns, oBOaasbckyatOUis a:ma:alkyl mfoabmndt‘l t@()ahmﬂtﬁﬂwcmbomtomse of R2 and

R3 is hydrogen nd,t he al k f e _car tomto t 20 carbon
atoms, cycl oal keFd%?agg G‘:? |{1§e a.lﬁnt@rbyéﬂ aﬁgﬂs&"é’}ey?argf’gaag%mt 6 to
about 30 car bontoaé@dsm 20p¢4rb oY atoinsa Bpslbalkyt 6F AUt BDalsEUItObamiops, or

aral kyl of about to about 30 carbon atom; or at least one of R and R2

and and R4, ?@Ué?w g ?feﬁwqtﬁﬂ%ﬂé‘@rﬁqrbof'@ftﬂﬁ“& alkapd ci@brit i c ri ng of
from 5 carbon a*rceg%gtbagio%a[)maﬁrﬁ%ﬁ{gggl orado 7t ?b&.(lt gd egfpRout 4

carbon atons to a car In1n
atoms; or at least one of Ry and Rz, Rz and Rs, Rz and R4, and R,
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

15 4 carbon atoms to about 8 carbon atoms,

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

20 aromatic ring, then R, is a branched alkyl of about 3 to about 20
carbon atoms, aryl of about 10 to about 30 carbon atoms, or aralkyl of
about 11 to about 30 carbon atoms.

29, The method of claim 27, wherein R is hydrogen and Rg is tert-butyl
and Ry, Ra, and R4 are hydrogen.

25 30. The method of claim 17, wherein the hindered amine is a nitrogen
containing hetero-aromatic ring having the following formulas, (a), (b)

and (c):
R, N\ R4
/
R3 N R2
(@

wherein in formula (a)
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R1, R2 and R are independently hydrogen or aikyl of one carbon atomto

about 20 carbon atons, cycloal kyl of about 3 to about 8 carbon atons, aryl
of about Wwotwoelsub 30 carbon atons, al karyl of about 7pteabast2a83 carbon
atonms, or aral kyl of about 7 to about 30 carbon atonms, R is hydrogen, alkyl
of one carbon atomto about 20 carbon atons, cycloal kyl of about 3 to about
8 carbpn at ons t o abou ar bon al karyl of about

7 to about 30 %%Hrﬁhﬁﬁﬁﬁ '5PVQF%QW“‘§)W%B ‘sial'l% 9{)%&? ctharb@eFh at ons:
or at |east onqoeihoBR20nshEh atorfRs, cyetbaRdyl df%b%ﬂtsﬂol%bb%s daigependent Iy

forma fused aromatlcrlgpg of from5 carbon atons to 7 carbon atons or

ali phatic ring Femsy gl £habeulS tapbeut 3@ sadhanvatamirmliarybehapout Toivs
provi ded that idhott 30caEN t&yesy @pﬁg
one carbon atomto aboscu%} 20@‘£1r:I on ataﬁ%s%gb@)ﬁ %?BQ w@?@hﬁ%out 8
carbon atons, 4&mgofdRz apdis is hvdrcwmmndsme:aﬂm:ts alkyhef oré karbydn sormabout 7
to abgut 30 car, y { Ocrbon at ons,
and further pr o§| egt‘ ?Egﬁa”?‘?” %ﬂh%( ’%E?‘?as!ﬁ)ﬂfz 88L8 t?%@#“hﬁ %' kyl of one
carbon atomto aibmst a0 of abbo6 & absut WQémﬂrka‘ﬂom‘é syt oﬁatﬁ@taibwt S
carbon atons, a abpu to abou rbon, at ons | kar of about 7
to about 30 parsn%’h'ft gboqﬁfgo%ﬁ AP erqlrahqy 8566?“77 f%agﬁ'&ﬁg %@H‘Sat ons;
and wherein in dreittadst drof Ry and Ry and R; and Ry, taken in pairs,

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

15 carbon atoms or aliphatic ring of from about 4 carbon atomns to about 8
carbon atoms;

Rz

R3

N’ X

)\ /
Rq N R4

(b)
wherein in formula (b)
20 R4, Rz and Rsare independently hydrogen or alkyl of one carbon atom

to about 20 carbon atoms, cycloalkyl of about 3 to about 8 carbon
atoms, aryl of about 6 fo about 30 carbon atoms, alkaryl of about 7 to
about 30 carbon atomns, or aralkyl of about 7 to about 30 carbon atoms,
R3 is hydrogen, alkyl of one carbon atom to about 20 carbon atoms,

25 cycloalkyl of about 3 to about 8 carbon atoms, aryl of about 6 to about
30 carbon atoms, alkaryl of about 7 to about 30 carbon atoms, or
aralkyl of about 7 to about 30 carbon atoms; or at least one of R; and
Rj or R3 and Ry, taken in pairs, independently form a fused aromatic
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Ri, R2 and R3 are independently hydrogen or al kyl of one carbon to about 20
carbon atons, cycloal kyl of about 3 to about 8 carbon atons, aryl of about
6 to abowwo30osBs3on at ons, al karyl of about 7 to about p8@/usasdsemses ons, or
aral kyl of about 7 to about 30 carbon atons. 3 1. The nethod of Caim1l,
where the hindered am ne has the formula: 32. The nethod of O aim 29, where
t he hindered am ne Fas he fornul a: 33, The nethod of C aim29, where the

hi ndePed ani nefif@8f {rREN P SaRRPm atotas tory capkamatpras of Riphatic ring ef oM t he

exo-ol ef i ni ¢ eagb@PEaR ABMPG AMAT carBbAdsing] S present in the range of
(0]

one percent to about 100 percent the total end' groups. 35. The nethod of
claim 33, wherein_ the polyolefin product has at | east 3 percent exo-olefin

end groups. 3eprovidedihab R ois hvdipgsrstheniRe aaHR4 ke dependently alk@duct has
t | t 20 = | | m 35,
Sherein the porbopARrCat b ABGEbon HpmEl 6y BRBRIR P apged 8.3

groups. 38. Thabostthodrboh atbaienadyd,of wbeubb o bboup 80yaredh atgmsduct has at
| east, .70 percep 0+0 j p.en s, 39.. A nmethod for_preparing a
pol ygpef in pr oﬁ%@ﬁ)fc?gﬁb%t?ﬁ% agggf gq)lgﬂtmrta@%s,gqroqmg(ygﬂf pol yol ef i n
pol ynmer chai n, 7 ¢ iabbut'®0 Batharoawms, efid fusther provided tikatiPRY ofF gfiie cont ai ni ng
termnal tert-chloride chaﬁn_enlgs qfn the polyner chain in the presence of a
Lewi s aci d: hydrogen, then Ry is alkyl of one ¢arbon atom to about 20 carbon

atoms, cycloalky! of about 3 to about 8 carbon atoms, aryl of about

6 to about 30 carbon atoms, alkaryl of about 7 to about 30 carbon

15 atoms, or aralkyl of about 7 to about 30 carbon atoms;

R4
L,
/k Z
Rs N Ra

(©)

and

wherein in formula (c)

R4, Rz and Rj are independently hydrogen or alkyl of one carbon to

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

31. The method of Claim 1, where the hindered amine has the formula:
N
AN
r
N
25 32, The method of Claim 29, where the hindered amine has the formula:
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and(b) reacting the ionized polyolefin with one or nore nitrogencontai ning
five-nenbered aronmatic ring conpounds selected frompyrroles and i m dazol es
havi ng atwbeas#to3swo hydrocar byl substituents on the ringcTws2@8029383 NOr e

hi ndered secondary or tertiary am nes containing only carbon, hydrogen, and
nitrogen atons, or mxtures thereof, wherein the nitrogen-containing
aromati ¢ am ne conpounds or the hindereq secondary or tertiary amnes are
pre-reacted with a Lewis acid, provide nitrogen contai ni ng
five-menbered aromatic ring is not: -di nmethyl pyrrole; (ii)
2-phenylindole; (iii) 2-rnethyl benzi e; (iv) 1,2-dinethylimdazole;
(v) 2Bphenylimdazole; and (vi) 2,4¢5-tNphenylim dazole; and provided the
hi ndered secondary or tertiary amines are not: (i) Triethylam pe; (ii)

Tri - n-butyd aniTigs mdthod of OlAIAKZY AWhERS thel ihderdd Saar NS M Brmiu:;
2- phenyl pyri di ne;

34. The method of claim 1, wherein the exo-olefinic end group on the
polyolefin product is present in the rahge of one percent to about 100
10 percent of the total end groups.

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

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

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

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

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

(a) ionizing a polyolefin containing terminal tert-chloride chain
ends on the polymer chain in the presence of a Lewis acid;
and
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(vi) 2,3-cycl ododecenopyridine; (vii) D -p-tolylamne; (viii) Quinaldine;
and (ix) 1-pyrrolidino-1 -cyclopentene; to thereby obtain the polyolefin
product owoteenizBgoexo-ol efinic end groups on the pol yolrefrius2@sioysses

chai n.40. The nethod of claim 39, wherein the Lewis acid i titanium
tetrachl oride and the nitrogen containing five-nmenbered aromatic ring
conpound is 2,5-dinethyl pyrrqole. 4 1, The neéhod of claim 39, wherein the
Lewi sBacid is tifBhi rAGticthelpaized polyoleTimuits ang ok Wé%“glme&re is

2, 3-di methyl indole. céﬁtalﬁrhg fﬁélrhéﬁlb%fed?h?ﬁﬁhﬁ@nn 'dl.lﬂdiesélé&lfea acid is

tltanlumtetrachlorlde and hi ndered am ne_ is 2,
pent amet hyl pi peri di né‘omlBleCﬂfﬁé anst Midazales havingsst, |e§)ﬁ7eW9 hyqfﬁéal_tléﬁh s acid

5, 1 ani um et ach! o bgucfi o e M Wb of htheiSherdh eBblaaffor

ni t rogen- cont ai ni ng |verre tic ring co
2, 5-di met hyl pyrrol e. tertiary amines containing only carbon, hydrogen and nifrogen

10 atoms, or mixtures thereof, wherein the nitrogen-containing
aromatic amine compounds or the hindered secondary or
tertiary amines are pre-reacted with a Lewis acid, provided the
nitrogen containing five-membered aromatic ring is not:

() 2,4-dimethylpyrrole;

15 (i) 2-phenylindole;

(i) 2-methylbenzimidazole;
(iv) 1,2-dimsthylimidazole;

(V) 2-phenylimidazole; and
(vi) 2.4,5-triphenylimidazole;

20 and provided the hindered secondary or tertiary amines are not:

(i) Triethylamine;
(i) Tri-n-butylamine;
(i) Trihexylamine;
(iv) Triisooctylamine;
25 (v) 2-phenylpyridine;
(vi) 2,3-cyclododecenopyridine;
(vii) Di-p-tolylamine;
(vii() Quinaldine; and
(ix) 1-pyrrolidino-1-cyclopentene;

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

41,

42.

43.

44,

The method of claim 39, wherein the Lewis acid is titanium
tetrachloride and the nitrogen containing five-membered aromatic ring
compound is 2,5-dimethyl pyrrole.

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

The method of claim 39, wherein the Lewis acid is titanium
tetrachloride and the hindered amine is 1.2,2,6,6-
pentamethylpiperidine.

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

The method of claim 39, wherein the nitrogen-containing five-
membered aromatic ring compound is 2,5-dimethylpyrrole.
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