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60/ 603, 423, filed August 20, 2004. FIELD OF THE
I NVENTI ON The present invention is directed to a

met hod for ' |

exo-ol efin “@%ﬁﬁgkgﬁyswp Eeﬁ)ﬁrr%%“ﬁk) |qem€g@qu@éﬂngﬁi ng a
cationi c quasi CONTAINING EXOsOLEFINICGHAIN ENDEM Wi t h
one or nore nitrogen-containing five-nmenbered aromatic

ds h hy. yl ..
<Dk ARUERLGR Blras Mo ROP oL U BnboleRarRR IS e Hoe
IWI%UEI@ lﬁlé?)eﬂu RQIobebhns made using a

rmno uncti onal n| t1ator contai ni ng a single
"exo-olefin", " 1 ,1-di-substituted" olefin, or
"met hyl vi nyl i dene, " RdBHDERBIIHERINVENIHQN precursors

for the preparation of polynmers containing specific

f | | ' . .
RBP4 BFoc BB S RER: R ften o polvolms
exontalrimgd Bike-otdfih ¢taimipads Phhey rmatlsoat mvbmelslq@rmpmg 4 cationic

end groups areleﬁseful as | ubricating oil ollt ve

cAdaglivifg Rolyeletin Polereioryatem Mithon RBMOLS A m%mgontammg
h oleIT
FrEerborER BB HR BRI Bt RRRY MG Hidrocartyl
pshlysnmésnt\snatﬂacpediwthean‘lng or further reactions.
Conventional ionic pol yrrerl zations can be anionic or
cationic. Anioni n the
presence of a ba i TC
nmononers havi ng el ectron wit hdravm ng groups Cationic
Linear polyolefins made using a mono-functional initiator containing a single

"exo-olefin”, "1,1-di-substituted" olefin, or "methylvinylidene," 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 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
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.

Similarly to the conventional polymerization systems, living polymerization

systems may be either anionic or cationic. The difference between
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pol yneri zati ons proceed, in the presence of an acid,
t hrough a carbocation, also called a carbeniumion,
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groups. Simlarly to the conventional polynerization
systens, living polynerization systens may be either

anjioni G. or ionic. T i.f.fer L . . .
oo iolr VPR g Ferzagonsys ot an oea g
Ppblyeirizatibh precdetistindite absértzadf dHaim trgnpfer pmdrdhaat i on
proceeds in the absence of chain trangfer and chain
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polyneérs retai'n their abil Iéd{ato add addi ti onal

ntheopelymess yetaintbeirability tq add pdditinnalimpapmers apygdime in the
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pol yneri zation systens using conventional nononers.
QuAairther devgopmientizrthe aationicroemsi-livsg petynaenzation systems
restrictive conditions, for exanple anhydrous . .
" B3B8 AOSVeBlena drenelials: - Rratiyngorg KEeTizaors rrauires csrtain
¢ _ C o . : ! ! L
 FESTIE dorldifr e eifle ERh ) MO Bt oS, CRonfe lesi-lving
t polynrextzations gliffer éroemtrutydivingpelygiesizetiomhin thap@lthangh the
exanpl.e, of a cationic quasi-livjin ol ynerizati '

C Fas it Enain EaniiatahroaPhES parel FhAR BRnERTgh 1€bhekent But

| pféiYleNOne TBbRAN dxar@iEiod R GatidnRShuddiviving polymerization is
pol ynmeri zations of isobutylene yield narrow nol ecul ar
megmthnl@quawdwnrmqpcdwmeaﬁ@tl%pﬁ\;ﬁolp@ﬂym pr oduct

contai ning the 2-chl oro-2-nmethyl propyl end group,

alr$Bichy, altibHic quat-itiRG polythériZitions of fsotkflene yield narrow
molecular weight distribution and one major polymer product containing the
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
reactive exo-olefin isomer and the relatively unreactive 2-methyi-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.

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

achieved under conventional polymerization conditions.
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group. Under certain conditions mnor amounts of
ol efinic isonmers may al so be produced. On the other
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during conventional polynerization of isobutylene with
BF3, for exanple, the highly reactive exo-olefin
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rohalogenation of tert-chloride term nated

. pMagremblecylesn89u€10d 1996assi um tert-butoxide in a

post pol ynerization reaction (U S. Patent No.

) 4 ' ' : . . _
BN p B4 cREARY 3R S Sinenc aroup may
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Rat h an . r, romol ecules ... 2 104. 1996) .
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I butyl ene. pol yoer.s, | , ' .
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unropean PatgenPNoy 341012 disclose>s/ a method t%r producing polymers with

narrow molecular weight distribution, where the ratio of the weight average

molecular weight, M(y), to the number average molecular weight, M(,),

approaches 1.

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

making the isobutylene 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
polymer, or at all ends in the case of a star polymer. The method involves the

steps of refluxing a solution of telechelic di-halogen polyisobutylene, adding a



ni trogen-containing five-nenbered aromatic ring
conpounds. European Patent No. 341012 di scl oses a
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I vl paent L. 376 Df dfsefdséslaﬂﬁemoﬁQbfLﬁrep@nm allyl-terminated
tel echelic di- halo en pol yi sobut yl ene,

apolyigobutylene by @llﬂaﬁen WitbralyErimethdsiiag qf t%ﬁta&k PG'@r%rﬁapped
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ecul ar _we
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t entreate |re Pat ent No. 4, 758, 631

di scl oses a net hod of preparing allyl-term nated
pbl.§i Batent Noené 990,321 gnchbi 182,94 2 disclose a catalyst composed of a

I sil ane of .ter p
PSPPI 9N Sivenis A Be et £TsR pERr Bfferaply boron
S‘.Vrf&h'ftﬁ&testhbegalﬁl%dwdléﬂd RRNBATEPS td rnceé‘asythé&nombalafmght of
nmono- or olig otertlarg chloride "inifer" initiated
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

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
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

polymerization in the presence of titanium tetrachloride and an electron pair



pol yneri zation of isobutylene, followed in the sane
reacti on vessel by the addition of hexane,
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ebéﬁtlc@fﬁﬂy CFb *l%b’tit?ll‘eﬁepomm ighidrfor alakiray blbek icopolymers having
con at ed. al kadi enes by cationic polynerization in

tﬁ@JYQ i8dmigebloeks ARG SIIGNIE ONORIALISTi de and an el ectron
pai rdonor sel ected from pyridine or a non-hindered
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t hi ocar bonyl'ani no groups. Polynerization and

f thecsultonatippat i on occur in a
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
dipheny! 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
terminal group, by cationic polymerization of isobutylene or isobutylene-
containing monomer mixtures in the condensed phase and in the presence of

an initiator system.



substantially simultaneous manner. U S. Patent No.
5,428,1 11 discloses a process for the living
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5 w34 e %601 oot PRSP brevara
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percent of the polyner chains have at |east one
oPstem isdeagtedyth aRaPEMare ARPANIC g systenys. @nd thRiuse of

pQl rd i o , ' " t af i g :
T
poefiuehcompbsiions aindi additivesgatoentrateS, fdtaample as dispersants,

2BBlerasso o8 smioxSel se Beesor YEMRBHYR 1 or

manuf acturi ng and produci ng nonodi sperse tel echelic

ﬁglr%ﬁgj;rﬁeﬁrhfn%gﬁ by rb8 B seBGh WELIVAR] ¢brkd PENeHHation of
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
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
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 p-protons, which should be
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under living polynerization conditions and quenchi ng
the polynerization with an N-substituted-pyrrole. The
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concentrates, for exanp a\s di spersants, g e

o PaReIaCH IS, a0 Bamies) OIS REp SR Gan BS BRGENt may
Erdvlé@k'n%r\‘/epbhe &?oﬁgsatﬁﬁl dhihd th% édrteeﬂﬂ'aﬁ@ﬁ of Ebﬁve centers,

ynerization o ene Young Cheol Bae and
Rrooi Whl%:hmhsolutacpromgaéml ratg cmtante @u)d besalcubatad.”

(1997). The authors investigated b-proton elimnation

from quasi-1living ' bser vi ng
exo-ol efin formati ol ENgioR

2,6-di-fe/t-butyl pyridine (DTBP) of |ow purity. They

ayeeigreserinveriiani i direotedrte epmesesttior die preﬁaeail@abf polyolefins.
hi ndered cyclic_ imne base_present |noshe DTBP, |

c6nai@ninaexerlefin enain ends. His Eethed iNvojwss, qurmsplng & cationic
S
Ry lvith BOYBICHERT e SRR vt} B¢ oPHor Mg Eontaining
t heeﬁwnberedaaromwcsrtmj ¢coropourids paNipgnat least tvem hyilroearbyl
Int res nao
v8veBas AHEched o T Fa3. The, Staddfispdnfiven,ues pkLewis acid
P A YrecIBXGoN 8bNEY, Yor @ @m@hBhiich sXbeRits ?eéi)fé@r”tb f8fm the

I'm nation had réached 20 percent or
scgmmc qaasi-living polyglefinpatiser t@e\dhrphasaradgeﬁ thesquenching agent

to form the polymer product.

More specifically, the present invention is directed to a method for preparing a
polyolefin containing one or more exo-olefinic end groups on the polymer
chain, comprising quenching a cationic quasi-living polyolefin polymer system
with one or more nitrogen-containing five-membered aromatic ring
compounds selected from pyrroles and imidazoles having at least two
hydrocarbyl substituents attached to the aromatic ring, provided the nitrogen

containing five-membered aromatic ring is not:
(@)  2,4-dimethylpyrrole;
(b)  1,2,5-trimethylpyrrole;
(¢)  2-phenylindole;

(d)  2-methylbenzimidazole;

-7-



NMR and GPC anal yses. Bae and Faust clearly considered
that elimnation by sterically hindered bases such as

wadBRemwasv4undesi r abl e and shoul d be avoi ded. TheCT/USENS5/029582

0o N O o b

10
11

12
13

14
15

16

17

18
19
20
21

par agr aph of the paper was sunmarized as foll ows:
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cycli c&ft} izggﬁ&bﬂpﬁﬁlpﬁgéﬂr n DTBP as "the cul prit”
Finally, they summarized the entire paper by saying
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pol ynmer pr epar ati on purposes, although it m ght
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exo-ol efin chain ends,_ The ne hoq I nv Iv nching a
clamperaturgadhe rangengf mﬂﬂoe Sem v ¢h
one or nore nltrogen containing five- nenbered aromati c
I PRgFeFABIP HENEISIyBRYIh T8 palyidodaglierero hydrocar byl
subssltuents aytachedptg theﬁalng The nethod al so

i nvol ves use of Lewis acid and an el ectron donor, or a
c tmaprefeedmbodiment of fecRrgseat inventias the: prlyelsfin émprepared
quast:unl i ving polyolefin polymer to which is added the
ing agent to formthe pol ynmer product. More

speC|f|caIIy, the present invention is directed to a
nFhB ettrdgen- pd)ma&rim@gv@cnmhbrMeeIfammauntrmgmmglonyad iman
nnre exo-ol efnic end groups .on the nmer chain,
c SMpodeNegt ¢f Jbﬁaﬁﬁwtaﬁ\e%{ﬁlpaﬁ$@%&9§gﬁ?¢<¥ pyigle.
pol yol efi n pol ymer system

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

the general formula:

R, Rs
Rq T R4
H
wherein:
(a) Ry and R, are independently alkyl containing one carbon atom to

about 20 carbon atoms, Rz and Rj are independently hydrogen or
alkyl containing one carbon atom to about 20 carbon atoms,

cycloalky! of about 3 to about 7 carbon atoms, aryl of about 6 to



with one or nore nitrogen-containing five-nmenmbered
aromati c ring conpounds selected from pyrroles and
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substituents attached to the aromatic ring, provided
the nitrogen containing five-nmenbered aromatic ring is

not: (a) 2,4-di e,
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100C. Mor ecfh6hH &6k Yor Hhda ig!éiﬁﬁ@hhg%f frontalcakissh atdméito about

a tenperature fromabout -380C to about 0C, and even
mor e pr ef B abtbonfatomsabaus alkybentainiigpome cadmo. atepsto about

preferably,the. .quenchi ng |,$ cartri L

t enper at ur?e(5 Fﬂrb?“ﬁ‘eaqu]’?ggn@%%'ggw%ﬁtg r_%%%%o%alrélgguqne
-20C. Pr ef g4rabh\atdiieo Rdo)PL@ chrbdrsatoasy icyolbaikyl engboudtrs to
a preferred enbodi nent of the present invention the

IO_0| yol ef i nalpqutﬁr @gp@@tcprﬁssawbpf ahyut 6 to about 30 carbon atoms,
ni L1 ogen- coph Ak Bt Bl W%‘@mﬁogééé%ﬁ%m& &t dMitkyl of about 7

enpl oyed ina ment resent rnvention iIs
a subst i t utoesbquyt B30adagbol bomesilat i t ut ed pyrrol e
enpl oyed in the nethod of the present invention has

t he gener f | a: i,n: I
(%) ahz a% 'ﬁ‘a f%rmméh%rsga rg:woma’uc 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 Ry and R4 are independently alkyl

containing one carbon atom to about 20 carbon atoms; or

(d) both Ry and Ry, and R; 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 from 4 carbon atoms to about 8 carbon

atoms.

Preferably in the above method R and R4 are methyl and R; and R3 are

hydrogen.

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

methyl.

In another preferred embodiment Ry and Rz are methyl and R3 and R4 form a

fused benzo ring.

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



wo n@epestdent | y hydrogen or al kyl

o

10
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(a) R and R4 are independently al kyl containing one
carbon atomto about 20 carbon atons, R2 and R3 are
cont ai ni ng ONPCT/ARMOF029582
atomto about 20 carbon atons, cycloal kyl of about 3
to about 7 carbon atons, aryl of about 6 toabout 30

carbon atons, al karyl of ahout 7_to about 30 carbon

atons, or aral kyl of gpout to apoutd 30 car bon at ons;

atons, Ris

al kyl cont ai ni ng oneHcary at o=y about 20 car bon
atons, and R3 is hydroge ont ai ni ng one
carbon atomto about 20-Carbog aton®, cycloal 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
cAHBOTtréder Bontalnivg fivéymember@dmrbmaticgingberaploged daahother
atons; or (c) R2 and R3 form a fused aropatic ring of
{ EBTROGIBaRtRN e REAEeNt dTVEIIOR B rSURSBIEED MidAZale: phati ¢
ring of from4 carbon atonms to about 8 carbon atomns,
a?ﬂg@ub@%t&f‘inﬁﬂézél@dﬁ REDARM Y ofINEYdreSORLiAVEM G RALthe
carbon atomto about 20 carbon atons; or (d) both Ri
agdné) famul&R3 and R4, taken in pairs, independently
forma fused aromatic ring of from®6 carbon atons to
10 carbon atons or an aligghatic ring of from4 carbon

atons to about 8 carbon at . Preferably in the above
method R and R4 are nethyl jand\R2 and R3 are
hydr ogen. f )\

N Rs

Ri

H

wherein Rj3 is branched alkyl containing from about 4 carbon atoms to about

20 carbon atoms, and wherein

(a) R 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 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) RjyandR;form a fused aromatic ring of from 6 carbon atoms to

10 carbon atoms or an aliphatic ring of from 4 carbon atoms to 8

carbon atoms.
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I n another preferred enbodi rent of the above nethod
Rl, R2, R3 and R4 are nethyl. In another preferred

wenwod2itent Rland R2 are nmethyl and R3 and R4 POT/IBZ2005/029582
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fused benzo ring. In a preferred enbodi nent the
substituted-pyrrole has the follow ng fornmul a: The

clrbn G988 PRteed aibodEnRIRE 5P Brdebldey o ety Reis

| RydrohbRANISRAIsteALUtyIUt ed | i dazol e. The substituted
|m dazole in the net hod of the present invention has
general fornmul a: rein R3 is branched al

cBFﬂfﬁ\'a’ﬂMH‘q allyh 91969@”4“65\"‘6‘29?"&?%"\"29 %%mefﬂ%efed aromatic

| n'égp er@é ntgﬁ]y (ﬁ&‘(}h é@érﬂ i k\?ﬁ)ntlgp !%dr%gro?grag{)oﬁlt one r%a{%on atom to
ahbout ZDcarzbob@omso rhsoreqyefe:uablwhe @lkyagmp an the apout

el R PraRodathiahid s atn B0 R R has fom

aéﬁbﬁft)’dn@f:ar%@ﬁ‘-ﬂtoﬁl tb @O YD ca%cﬁﬁémﬁs ak1e&B preférabhy thii alkyl

forma fused aromatic ring of from6 carbon
agm mmtrmalawrwtlmtmltmge@rpm aipat five-meampeyedarematic

SRR T B8y < piBER o S P 4 bR dthS L

hydrogen and R3 is tert-butyl. Preferably the al kyI
girpthe aibvieh@ethidd efghe-presertiimiengohithe potyotefineid prepared by
aromatic ring in the nethod of the esent inventi
A9ORING 255 s DHB0 PehGUR TR IHTeS PIFLER contag et Shioride
Fﬁé"fn rk%rd?r apﬁf?)ft FeBdniplisiRg e rkYihaldsiefiiic @Ralménds and terminal
stitut e ni trogen containing five-nmenbered
at&malnlondelchglrimsada‘ withrthe nitrogen-containing five-membered aromatic

ring in the presence of a Lewis acid.

In yet another embodiment of the present invention the polyolefin is prepared
by quenching a quasi-living polyolefin polymer product containing a terminal
tert-chloride chain end with the nitrogen-containing five-membered aromatic

ring in the presence of a Lewis acid.

Preferably the Lewis acid 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 donor,
common ion salt or its precursor, and the quenching agent or quenching

agents.

The polyolefin product obtained using the method of the present invention has
exo-olefin chain ends in the range of one percent to 100 percent based on the
total chain ends. Preferably the polyolefin product has at least 3 percent exo-
olefin chain ends, more preferably at least 20 percent exo-olefin chain ends,

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

-11 -



about one carbon atomto about 12 carbon atons. Mbst
preferably the al kyl group on the al kyl -substituted

woRaocogmz cont ai ni ng five-nenbered aromati c ri POI/N&R05/029582

from about one carbon atomto about 4 carbon atons. In
t he above nethod of the present invention the

Bg}‘%fgfag{ly'( Bt fe% P?G ?@pr nt ?%I'égﬂr;fff:‘ﬁé]ﬁ cAd9UaRd SLl? Eﬂrdl?g preferably

n po aining tert-c

2 cl@ﬁipreremtsemolaﬁmchalmr@dsoﬁﬂoéﬁpm(prabiyrthegjolyﬂleﬁri pioduct has
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haj d .t t - chl . Wt
¢ Ab <t B8 pertent RaraIP P DS B e P Rl ENBIT gt
the presence of a Lewis acid. In yet another

el imefHodPbf thBQ)r@é@:&Qmentﬁhecﬁé'cﬂ:@si—lhﬁn@@bmleﬁ‘fd polymer is

prepared by quenching a quasi-living polyol
p&oryast by cortacting ahlegishpng) catuwcaﬂyrmlym@flgalalm men@r@er with an

718 kb A B BB Bt o

Pgahsiclvng/ pbipmdrigation aPrefersbly tHeast ldastobnd cat&mmnyor
boron. Mre preferably the Lewis acid._ s a titaniu

hﬁF"yﬂ@”Z@@& MonEMér AOMMPTISRS At d&ass 0Aeial ISabUtyIeRR; Lamethyl-1-
t i t anl u%%bﬁ&lacmlﬁéﬁé £ %éfﬁﬂ%g&,&@hbogﬁ Bbtd- E@ene More

ori de exceed 2 tines t e Co
c preferahlyathecatdeast gnentatonicglympdyresrizatlle ooromeloisdsgbutylene.
common ion salt or its precursor, and the quenching

t i | ef
off e a1l Sigheinge et bterubnanB o e H e R e oAl
g@ry%eﬁ*fzaﬁléﬁﬁnﬁn%?@ﬁinéWbéBﬁuﬁl@@ﬁ_Of one percent to
0 "percent based on the total chain ends. Preferably

t he poI yol efin product has at |east 3 percent
eloBieamethadefi the drasentipyantiopdhe injlipter may ke srongefunctional or

pﬁﬁﬁf W%ﬂaﬁlﬁ%fe'?alﬁp%é‘ Sy isGHERo- g?ﬁcqlopéf{)te&%h&l(%al

| eas percent exo- oIe I'n chain en
mviarp peéferatily yhainitiatasis mMoOneéurmtionakxo- ol ef i n chain
ends, and still nore preferably

In the method of the present invention the mono-functional initiator comprises
at least one of 2-chloro-2-phenylpropane; 2-acetoxy-2-phenylpropane; 2-
propionoxy-2-phenylpropane, 2-methoxy-2-phenylpropane, 2-ethoxy-2-
phenylpropane, 2-chloro-2,4,4-trimethylpentane, 2-acetoxy-2,4,4,-
trimethylpentane, 2-propionoxy-2,4,4-trimethylpentane, 2-methoxy-2,4,4-
trimethylpentane, and 2-ethoxy-2,4,4-trimethylpentane.

In the method of the present invention the di-functional initiators include 1,3-
di(2-chloro-2-propyl)-5-tert-butylbenzene, 1,4-di(2-chloro-2-
propyl)benzene,1,4-di(2-acetoxy-2-propyl)benzene, 1,3-di(2-acetoxy-2-
propyl)-5-tert-butylbenzene, 1,3-di(2-methoxy-2-propyl)-5-tert-butylbenzene
and 1,4-di(2-methoxy-2-propyl)benzene.

In the method of the present invention an example of a multi-functional

initiator is 1,3,5-tri(2-chloro-2-propyl)-benzene.

-12-



90 percent exo-olefin chain ends. Mst preferably the
pol yol efin product has at |east 99 percent exo-olefin

wab@cn2zads based on the total chain ends. | n P&PUS2005/029582
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nmet hod of the present invention the quasi-Iliving
pol yol efin polynmer is forned by contacting at | east

ope,. cat i pnical ' '
R b PSS o PRIl prouton

r RRAVI, O the Paiyolafmspsiyinealy rebont ifuns iramges dhabout 1.01 to about
pgltqyrreri zation. Preferably the at | east

C .

driedenably e Deerkipa Weghhstigautien NMoeof e pelyalefin
3Bl S S he B hHbodt 1 145 SB6u 2. ore preferably he
b atcte quilaveneighMiisriutieheMaiVly, of tiee polyokedist palyraer is less than 1.5.
cationically polynerizable nononer is isobutylene. In
t t hod.of the. t i L t .
ot e drestntaderinnds P iR 5 sBhen Bafion™8t figpagios =
epBlyeNER- cdnfaihitg o HOshofd exbBlaTinRsend Pi’dl}{ﬁkbri\ e pdigmer

initiator may be nono-functional or multi-functional.
Pelaiar e@nprising quenchingdo cationie ABasidiving kelyeledp polymer system

b P Bte bR Ric bR i eisnBrbRred Bdithetcring
| By@RbLAds blectatomuetolenahd imidazelesrhavimpai leest &@to
| east one of 2-ch|oro-2-phen¥lpropane'

2hydrecary! QUBﬂEHWtﬁ@E&H@g te the aromatic ring, wherein the nitrogen-
p i o . 2_ _ L .
Zggﬂﬂ@ggyé g@ﬁ%eggﬁgﬁgm g Erpduds AREFLLIRECRRWith a

21 ewisoaicid 2ary gravidedttheyiittegem nentaihing Gve:nyernbaret) aromatic ring
trinethyl pentane, 2-propionoxy-2, 4, 4-trimethyl pentane,
2158 oxy- 2, 4, 4- trimet hyl pent ane, and
2-ethoxy-2,4,4-trinmethyl pentane. In the nethod of the

presenta)i nvent fpmethipydtblef unctional initiators include
1, 3- di (2-chloro-2-propyl)-5-tert-butyl benzene,

1, 4-di (2-chl oro-2- propyl)benzene, 1

,4-di (acefl (%(?‘-tﬁmﬁﬁlyﬂﬁwﬁ%nzene, 1, 3-di (2- acet oxy- 2-

(c)  2-phenylindole;
(d)  2-methylbenzimidazole;
(e) 1,2-dimethylimidazole;
) 2-phenylimidazole; and
(9) 2,4,5-triphenylimidazole.
In a preferred embodiment of the above method the Lewis acid is TiCls.

In a further preferred embodiment of the above method nitrogen-containing

five-membered aromatic ring compound is 2,5-dimethylpyrrole.
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propyl)-5-tert-butyl benzene,
1, 3-di (2- net hoxy- 2-propyl )-5-tert-butyl benzene and

wa 2eb6@23722 net hoxy- 2- propyl ) benzene. 1 n the netroTUS1005/029582
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the present invention an exanple of a multi-functional
initiator is 1,3,5-tri(2-chloro-2-propyl)-benzene.|In

t he hod of ' [

ol e Crtehd EaboutiiRhof Wi Mol shr R Biest Pbontaining
| ivérhesiabérednarbhmatic aimgecamhpalralis 2,3 dimethydibdole. 3. o
Preferably the nol ecul ar wei ght distribution, Mwv M,

of the polyolefin polyner is present in the range of

about 1. 1 to about 2.0. Mre preferably the nol ecul ar
wei ght distribution, Mv M, of the polyol efin polyner

is less thanDETﬂlLE@@ES@RWﬂTIOMWTHmN\ﬁEﬁT@N
directed to @ further nethod for preparing a

pol yol efin containing one or npre exo-ol efinic end
groups on the pol ymer chai Refiaigighsi si ng quenching a
cationic quasi-living polyolefin polymer systemw th

o;&g Red TRrEin"tHd RUER; A Wal8 thé YAITWHAR FiEhifg LIRS
ﬁﬂec{r@gﬂé |md'§goP§|s

I g corrpounds se rompyrroles an
haxpmegslqtstdatedstbtlhevuohyalnyocar byl substituents attached
to the aromatic ring, wherein the nitrogencontai ning

e TR 88T i B S BTRPABNR R A 5raRERL Enai
C@Qﬂﬁét@b%lpﬁbt{@gmﬁﬁggﬁaw ﬁﬁﬁh? ¢rdnh BBeicartssH atohd)to about 20
di met hyl pyriol e ri met hyl pyrrole;

2cpnbm§s|atom§| &om@lpxamw%ﬁsgﬂ sﬁwahtrﬁf@azan@ ranghed nin
Saturat l)f)lwa{% 890{%seare(r{1éth§f %WV;BHoBW QERJI ‘%so;%%w isobutyl,

sec-butyl, tert-butyl, and the like.

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

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
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.
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(9) 2,4,5-triphenylimdazole. In a preferred
enbodi nent of the above nethod the Lewis acid is TiCl

WO 2006/02872r t her preferred enbodi nent of the abPeBUS2005/029582
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nmet hod nitrogen-containing five-nmenbered aromatic ring
conpound is 2,5-dinethyl pyrrole.In another preferred
enbodi ment of the above metgpgd nitrogen- containing
five-menbered aromatic ringjconpound|is
2,3-dinethy|indol%5 DE LE DE§CRLE_I ©F THE

| NVENTI ON Defi ni tifdfis us&d hefeiny the fol | owi ng
terns have the foll ow ng neani ngs unljess expressly
stated to the contrary: TheCHgerm "al IOH:" as used
herein refers to straig&; 8h i n and branched chain
saturated aliphatic grodps ?%BW@BWVV havi ng from one
carbon atomto about 20 carbons atons. Sone exanpl es

ofTh&ttemh OEHaik ainefernds DE6d Glaasn eoferstesthielsesisation of growth of
al i phatic groups are nethyl, ethyl,. Frop |, g‘l%w L
i 908 PehyNerizalionahain Wil tbe pogsible ipitia 'BGP}/(?PO Pplygnerization
I l:h&n The term"aromatic or aliphatic fused ring" as

uSed herein refers to the ring formed by two adj acent
carbon atons on the pyrrole or imdazole ring, and the

r Thg teémuScdrnmondon safttias dsed hehain pelersieanionicisdt thrtds
ring. exanpl e of a fused aromatic ring is.a bepzo
GPBtanalieckioraauas MR tRAE Brvineriaagyl BfuRGR frevent
f yredcatibh RRHE pfdpagatify cA®enidm Goif bhé couRtersdm Balrsll Ehe
fused to the pyrrole ring or imdazole ring. The term

" pnigncdfdbie gbrynon ign salbig identisahta becgainter-igns Sf ke

opPafdalnda s, a5 lion 8 e, EBHEIGH i Galt B 1yhBafl a fatty
| guaidrhgy aminehiuraicrtion, slichtay tetyn-batybammbeiom Bhewhich

term"tertiary. . .
confers solubility in the organic media.

The term "common ion salt precursor” as used herein refers to an ionic salt,
optionally added to a quasi-living cationic polymerization mixture, which
generates counter-anions that are identical to those of the propagating chain
ends, via in situ reaction with the Lewis acid. An example is

tetra-n-butylammonium chloride.

The term "controlled molecular weight distribution" as used herein refers to
polyolefin polymers having a desired molecular weight distribution. The
molecular weight distribution or polydispersity index (PDI) herein is calculated
by dividing the average molecular weight of the polymer chains by the number

average molecular weight, M,,//Mx.

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

main polymer product.
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carbon" as used herein refers to a carbon atomthat is
attached to three other carbon atons. The term

wO queates7aary car bon” as used herein refers to BCT/ERINON029582
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atomthat is attached to 4 other car bon atons. The
terns "carbeniumion” or "carbocation" as used herein

t Rpadeisp oyliaanes fabe FRRUATEISIP B SR TEraPisobutytene
Otetiviigal-dBrFerffambienite & palyisdhetylederaxosdiafim cham‘eridar as
used herein refers to the cessation of growth of one

pal ynmerization chain wth the possible |n|t|at|on of

iy peAreBtipRa RAIMMEHEAYEN" AteISed RRTeLLIRI tPon

itRar t [
o BPhmeliS MREER e cRal fodcoft BoltfzciBh inicihg|defins
pptoceeds x&th ions rasmairecam)ylpg @aemulesil&t’@ec anionsrorafatiohs.

propagati ng carbenjumio coun ion irs, The
DBt atin bkl Pooridh e 5t6Sy Bt fhaibafggod fpal

?%Ho@ranbﬁnéhé?ﬁ trtahgfewa%aa@m fGnfifiaion. ends. The cation
of the common ion salt is typically a fatty quaternary

anmoni um cati on, such as tetra-n- but anmmoni um i on

Wﬁ hefewdicEAS pdust! as ysed hen@ndety&ﬁ F%thﬁe@rogucfrwblch results

| 51y AL AL AR 8oy Ratelttin
cabvalenicbgrad withra maglecquenchm@rmemﬁmnadhc@en@leliks product

counter-anjons that are id ntl% éhose of the

pFRp@AE Nl LrugtyredhErsidug Bomd §.WHF DG 3w th t he
Lewi s acid. An exanple is tetra-n-butyl ammoni um

clrhantbfifs "digivsafutad SFé'ﬁh“ 8 *S@-aBtifcer 'Qﬁeﬂ“@l @R Ildene" as used
di stribution™ as used herein refers to pol yole
be;amere;fehtwaln@Ieilndwymedch@hmﬂ%lﬂln@@rgﬁxo olefln chaln end as

tri |on The
own
o g
PIB—CHZ—(IJ—CHZ—(F
CHj CHs

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

structure a residue from the quenching agent.

The term "electron donor" as used herein refers to a basic and/or nucleophilic
substance added to the polymerization reaction that is either fully complexed
with the Lewis acid or fully non-complexed with the Lewis acid. The
concentration of electron donor exceeds the concentration of the protic

impurities, for example water.
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nol ecul ar wei ght distribution or polydispersity index
(PDI) herein is calculated by dividing the average

woredoeoed7az wei ght of the pol yner chai ns by thePemmbms/029582
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aver age nol ecul ar wei ght, Mv Mh. The term "coupl ed
product " as used herein refers to the product of

agdi tion, Ik J i i o ,
S0 Slcfalie ALy SRR ARASD S5 9By Fidoinrfers to
auRy proes® by wHieh theeEABtprobiatt is predupedki matel y twi ce

that of the main poI ymer product. The term "coupling”

as used herein re to the addition
p$h9ut§mugweqt@eﬂa§ BHRANSL FPLBRDLIAPDSIe5S 40 the two methy

PeLoRSibNA Fi‘ﬁteeé‘é?bé’rluﬁH BPn}ahe cﬁl?)‘ﬁde%db@rc!ﬁrbon of the

conventional polynerization” as used herein refers to
ppblyotsfingadlyroer ehaineind asdepibtedrin thastrueture below.
polynerlzatlon i nvol vi ng oleflns proceeds with ions as
chain carrying particles, eigiger aniqfg or cations.

Pol yneri zati on proceeds thrdugh the st eps of chain
initiation, chain ropo atli IJ{tran fer and
chain terntnation ern1 odudt” as used
herein refers to the product mhlch resgults when two
separate polyi sobutyl ene telOhgnal car@®&ni umions react
to forma coval ent bond w I ngl e quenchi ng agent
nol ecul e. Di - EAS product éﬁg 3(%””8% its structure a
residue fromthe quenching agent. The terns

" Thedohn Uhjdrbegrbyl"atiens toan oeganiolraadiball primatilyeomposed of
vi nyl i dene"” as used  herei ref to an gl efin pol yner
c raibenci BYFoagN yyhigk Hlaan Aliphatis; Alcysc. oG r

u tn
CRoRLinaloR LR 8, B O ale SRR ey
t alsol comtaioalipbatic tmsatnratmct e, tohafmm of aceitaleaicvelmsammon and
\émggiag/aéq@alpﬁntnpg lé\(rennocurttltsn 8\‘ ﬁgt%rr]ct)atgr%lse(s:ﬁjclzheas oxygé)n or n%rogen or

halogens, such as chlorine.

The term "initiator" as used herein refers to the chemical moiety that starts the
polymerization and satisfies the valence at the head of the polymer chain, or
the molecule that provides that moiety. When a mono-functional initiator is
used, the chain end (CE) concentration equals the initiator concentration. For
a multi-functional initiator, when the functionality of the initiator equals x, then

the chain end concentration equals x times initiator concentration.

The term “Lewis acid” as used herein refers to a compound that can accept a

pair of electrons to form a covalent bond.

The term "living polymerization" as used herein refers to the polymerizations
that proceed in the absence of measurable chain transfer and chain

termination.
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"el ectron donor" as used herein refers to a basic
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pol ymeri zation reaction that is either fully conplexed
with the Lewis acid or fully non-conplexed with the

Lew Wd, Th . at i ' _
o fronbf RO O Bl SE AR 806 oo rerry
f esfextairolegbad inildazbesrochtdinitigratdadtioneanitvogen atom in the

substitution or EAS' as ed herein refers to the .
pABRIBALC K9 AR AmeKe RSt §rraﬁaeen ptops Builneearomatis ring: and

n - | 1] r 1 "
 BSPRAE Bbu 2ShON5 08 LSRR B el S
clbout are tanbdadhtomrtb @boat 20 waripan gtoines attaghgdeetheding. "Some
end as, depicted in the . structure, belo

C BRRBlRS i HESaasCR ARGt SR BGTed FTaMLE ring Ggmeounds

OfgRtehipladif6Alisd® I thRrpre¥eMAARSRRM &t didsBRited@pdrroles.
hydr ogen whi ch may be ‘aliphatic, alicyclic, aromatic

or_ conbinations thereof, e, g., aralkyl or alkaryl.
Sliba teral ' avasibiyinggrabypsrizatipnaasd segdiaien r&mrﬁﬂa{wg

u N Y o et i Sl an:
RORPBIERS whsfpingBl S5 By, RS AIGTS B omgrabe, bt

h&teaiepsiblenghairs tarmidatiorxamgk ohain trartsferggoproachdsatergens,
such as chlorine. The term"initiator" as used herein

refers tg the chenmicg| noiety that start he .

oShe g SR A0S: pEfiset hekevafehte & shefmigalifogpound
OfyhicMeisRRIALARE thE BbimdtizatibR réBétRM4!t8 reBetwith e §@%wing chain
that noiety. Wen a nono-functional initiator is used,

tBedchain end (CE) concentration equals the initiator
concentration. For a nulti-functional initiator, when

¢ | it e
e A0t ¢ LobA el kel ol Z0UR)Rerroblet e
cadgiibhpatyraerization of one or more olefins, such as ethylene, propylene,

styrene, isobutylene, etc.

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

structure, for example, water.

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

exclusively or nearly exclusively one of several possible isomeric products.

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.

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

used as terminators.
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The term "Lewi s acid" as used herein refers to a
conpound that can accept a pair of electrons to forma
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used herein refers to the polynerizations that proceed
in the absence of measurable chain transfer and chain
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abi¥pssotheryise §ped! §gt%r%’8§f‘ta&e§|a%9l'” yiedfp percent.
contai ni ng from about one carbon atomto about 20

Cﬁfr%%fbégrpaéte%ké@hﬁfgt the ﬁiﬁﬁ%éﬁ-ﬁgntaﬁﬂﬁg fipERGNBEredf aromatic

m_trogen-contal ni ng |ve_-ms ered aronati cring .
c onpcompundst sugh as edbstiutedspyrrales pad substitnted-imidazoles,

i nvention are. substitut.ed- l.es.

. JHE8 P e REGnBA LG BbaGBh or dBflelToymers of the

| prdseant RRlentiBh k& thpalsie Wiguahtitatieslycdnbeginghsilyolefin polymer
term nations is operable, but irreversible chain _ .

t endpeigfinoehain @nepand tertahiaride ehain 6a6R&Q theexo-olgfip chain

t ! [ Y i ;

o 0 ARGl LRSI o ny Hpr RS bRIERE(E U< quenching
r egehisw?eét?epemalym ttne elvairgtionioi@ protomexcidsivalpdrom the
term "pol yol efjn" used herejn refers to a pol r
posaueEEethy careonaliha ealiseby 4 AN ESGHIoWSY OGN,

ol efins, such as ethyl ene, propylene, styrene,

i sobutyl ene,Cletc. Th&sterm "protic inpurity" asHysed CH,
herein referp to in‘ppéiti es within the pol yperilzation ”

I eaqgig-on chA-X¢-tH-gHs-had coht ain acigic hyd I orpg, L 0¢

their struct |Jre, forl exanpl e, water.
CHs CHs CHs CH3
PIB Carbenium lon Exo-Olefin PIB

This result was unexpected since the guenching agents with very similar
structures are known in the prior art to quench quasi-living cationic
polymerizations by an electrophilic aromatic substitution (EAS) mechanism as
disclosed in U.S. Patent Application No. 10/600,898. Compounds which
provide the highest EAS yields are typically substituted with electron donating
groups located at strategic positions on the ring. It is believed that these
substituents provide stabilization for the Friedel-Craft intermediates formed
when, for example, polyisobutylene carbenium ions react with olefins in the

ring.

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

mono-functional initiator is used or a multi-functional. Furthermore, the rate of

-19-



The term "regiospecific" as used herein refers to
chem cal reactions that give exclusively or nearly
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The term "term nation"” as used herein refers to the
chem cal reaction that term nates pol ynerization
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t eééct@hlt@ﬁm@mtgmmrm the yidie ot sro-olefin by shppressings.
W t hout bei ngﬁbound any theory it is believed, that

t Redelingsehed AR lag@ﬁt%tf@é Ieé%Q”t{Pé'b’;ﬂU@Qi'lﬁWﬁé"’PHérs'on to exo-
eble'?b % ﬁ@hx%@e@mﬁ’tﬁﬁt?@ nﬁﬁ&t‘eg%t"@dﬁC 551&’”‘56*@ ith no_coppling.

car bon e pol yi sobutyl ene c a|n
a&lo@\luvm émhemuﬂhlfg \@ai8 obsErved atey0°C irPthe- H:NMR:HquSPC
| ége%_éytéqhinlg |§,|sgen asa pecrs'l_llé3 centere(a_Bt Pég JUSt upgflelg“:%po'rrllJ He
exo-olefin peak at 4.85 parts per million peak in the 'H NMR spectrum and
also in the GPC spectrum, represented by a low elution volume shoulder on

the main peak.

In the method of the present invention, it is critical that certain principles be
observed when designing the conditions for quasi-living polymerization and
subsequent quenching. Without being bound by any theory, it is believed that
the desired elimination reaction is always in competition with the production of
coupled product through reaction of the carbenium ion with already-formed
exo-olefin. Therefore conditions must be sought that favor elimination and

disfavor coupling.

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

elimination and coupling to an equal extent. However, higher temperature
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This result was unexpected since the quenching agents
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an el ectrophilic aromatic substitution (EAS) mechani sm
as disclosed in U S. Patent Application No.
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mul ti-functional. Furthernore, the rate ofconversion

i end hewis aeidienncaptiation At aléﬁéarltlaﬂd Hipbeq chainiesgal

:Mgérﬁl#%h%g%ﬁls%&es a ter a%éc:ié%yac%f] gﬂluencﬂeﬁg@g erﬁhts 5

qtergetedi, prerfgremlbllybfn\mrmﬂfm coipling Isinee thhbproceisniis secad! order
with the npno-f Ctl% initiat

2incpplymer shaing. ¢ Opsawf‘*aﬁﬂ thegigsire domingnce qfdhe rate
oggéfc[ﬂfj\%tlﬁhl uérhﬁ\ rﬁ? %é‘ﬁ'tcédn%@ﬁ{rahéh Ehéfo?'temperature must be

ro-2- -5-tert-butyl benzene.
Teaiped. aBch@f(ﬂWWswhewebere hawve theundegirable effect of

e cetoet U of ol TR ARUHRIREORkhE' o)

t ESn\t/e%@n dfftﬂliaih eRdSto &ko- b@mnbeﬁéreé@mgctqmmrrgaagemg

the reaction t enper ature I ncreases t he
exonegrdrationiminiphesthel eanceptiptiomgf Lawis %Fa@ éh"PHGhé*é@ e

R toREd YR VbERLLYRCITRG WaRRt 8Rd Lewixaakebhd this

strongly diminishes carbenium ion concentration since the latter varies

approximately with the square of the Lewis acid concentration. Therefore,
recipes targeting low molecular weight must be formulated with higher
quenching agent concentrations and higher Lewis acid concentrations and
preferably run at higher temperatures. A expedient way to reduce coupling at

any target molecular weight is to dilute all reactants with additional diluent.

It has been found that in the presence of sufficient concentrations of a basic
electron donor, complete conversion to exo-olefin chain ends can be attained
when the quenching agent concentration is but a fraction of the quasi-living
chain end concentration. This suggests that under these conditions, the
quenching agent removes a proton from the carbenium ion and subsequently
transfers the proton to the electron donor, that is, the quenching agent acts

only as a catalyst for elimination, and the electron donor serves as proton
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was achieved within 15 mnutes at -60 C and -50 C with
no coupling. However, sone coupling was observed at
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and Lewi s acid toward un-conpl exed quenching agent,
withetmethodalifithe present iwentien mpnlbe caaduead #6: batch process, a

Ui m.nat i s . )
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however, because the exo-ol efin product

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

following reactants:

1. a diluent,

2. an initiator,

3. an electron donor or common ion salt, or its precursor,

4. one or more monomers, and

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

The reaction mixture is equilibrated at the desired temperature, ranging from

about -130°C to about 10°C. The method of the present invention may be
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begins to be contam nated with small fractions of endo
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way to reduce coupling at any target nolecul ar wei ght

[ i |.ut [ it.h _additi T .
 AuhBudh Hh Aot RRF A8 b Bal ek e bt
CEBSifed prsduRtiSt 9ds Bedr fdundethaEE&Ain Gatiss of themehetadits are
conversion to exo-olefin chain ends can be attai ned

witeportant fouebtaining higheexo-elefin shainendiieid Tha ratios are

fr 1O he quasi-living chain end concentration.
Tﬂggé@{?&g@%?@ that under these conditions, the

guenchi ng agent renoves a proton fromthe carbeni um

i Theanolas rdtkesfuaohbmyer to initiator is in the range from about 3:1 to about

20,000:1. Preferably the molar ratio of monomer to initiator is in the range of
about 5:1 to about 2,000:1. More preferably the molar ratio of monomer to
initiator is about 10:1 to 150:1. The mole ratio of monomer to initiator controls

the final molecular weight of the polyolefin.

The molar ratio of Lewis acid to chain ends is in the range from about 0.1:1 to
about 2,500:1. 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.

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.
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P >dur e, for, Preparation of Pol val efd .
CBEEl i Fpo e A BRI bR &L i bl LR fent to chain

t ¥Rd fin tﬁé%ﬁﬁé‘ beabeiit 0.58 tor vt 3t 1. WMok preférablyethermolar ratio
pol yners of the present invention_ is given below The

net Geenating pgepttoshiain end Enabai Gy teé:tonduct ed as a

bat ch process, a continuous process, a sem -batch
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one or nore nononers, an
mixture with an appropriate alcohol equilibrated at the desired temperature.

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
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:
Diluents

Diluents influence the ionization equilibria and rates of exchange of growing
species through their polarity, which can be estimated from their dielectric
constants. Typically, solvents having low dielectric constants are preferred
since ion pairs are less dissociated. Suitable solvents include, but are not
limited to, low-boiling alkanes and alkyl mono or polyhalides with reasonably
low freezing points to be used at the preferred polymerization temperature.
lllustrative solvents include alkanes (generally C, to C4g alkanes, including

normal alkanes such as propane, normal butane, normal pentane, normal
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titaniumor boron; The reaction m xture is
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agents | e reaction mxture to quench the
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chain end vi The ratios are described below The
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noner O I ni

abﬂt_ﬂfoséilil;tetd)amm)tcaa,a@ﬂﬂbéused/bre preferably the rml ar
rati o of nmononer to initiator is about 10:1 to 150:1 .

The . nole ratio of nononer to initiator controls the
flﬂﬂ;@t_oiﬁol ecul ar wei ght of the polyolefin. The nol ar
ratio of Lewis acid to chain ends is in the range from

anﬁt‘l’étopcémpo&néé’fcﬂbﬁhtg é’ncﬁ@@aé‘i Iwm@réﬁrﬁbééﬂdhlé pelyfdrixation are
ratio of Lewms acid to chain endsis in
well known in the art. Initiators may be mono—functlonal or multi-functional

depending on the desired product. Mono-functional and di-functional initiators
are employed when the desired polymer is to be linear. For making star
polymers the initiator should have more than two reactive moieties. The
contemplated initiator compounds can be represented by the general formula
(X'-CRaRp)nR: Wherein Ra, Ry and R are independently comprises at least
one of alkyl, aromatic, alkyl aromatic groups, and can be the same or
different, and X' is an acetate, etherate, hydroxyl group, or a halogen. R has
a valence of n, and n is an integer of one to 4. Preferably R, Ry and R are
hydrocarbon groups containing one carbon atom to about 20 carbon atoms,
preferably one carbon atom to about 8 carbon atoms atoms. Preferably X' is a
halogen and more preferably chloride. In some instances it is preferable to
select the structure of R,, Ry and R to mimic the growing species or
monomer, e.g. a 1-phenylethyl derivative for polystyrene or 2,4,4-trimethyl
pentyl derivative for polyisobutylene. Suitable compounds, include for
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range of about 2:1 to about 200:1 . Mre preferably
the nolar ratio of Lewis acid to chain ends is about
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aQt@ld@f@EﬁéhYlpfbpﬂ@u@Qrel Szuﬂiybdhloﬁdé 1,4-B@-&hlofde- nol ar
ratio o

Pabsntone £ G B0 ot sy e
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rE8 G Rafridsnt 8 Al fiohd) SoARTSbARaRE acehui e

tgbemlbmpametle oﬁmybacestam;lwprbplmyéﬁmhaml agmwel, ge., cumyl

about

AR R R i SR AT M
abw& é%éﬂoxfﬁegfrsba%éhzbhe @l a (cu@gwetﬁpl étHéE)Chl

ainendi1sS inth € range o about
amiu@ -t 2amethvixy2-pragybbabrgne, e rtﬂ(wmylmtnyl sther), and similar

hi
At ePuRds. i shiat g 2B lits ki PSR Vs dteEit
M\t 4IGRIG2899)/ a*arﬂuﬂaﬂy ﬁﬁafeﬂbdreWQhﬁ)I@é Hey 2-2atlbroia 4otimethyl
t he quenchl o determ ne_the concentration of

L RenRe-GMEGH. DAi2-anaE-GrromIGRAEBPel | n pol ynor s.
Thoy DAY ATRiORSS A0 IERRLEAR drty term nated in all the

al'l quot sanple he renal ni ng reaction m xture

W [3)-di(2-ciprosPprag @) -Bitert baitylpenedriedip&C@). at t he
desired tenperature. The concentration of the

eXBe 2ot Br S O e el BRI 8 B in e
APy fro@chnsut 00001 MYRs $&GitemBEbout IEmRE @lb“téi' ned
to dqualitatively determ ne the anount of the

pPoefeoably thﬁeC@‘Gefﬂﬂst'pmﬂﬂm chait engs i uumeer@ngedmtabout
Cgrf&gﬁﬁ% Spgeld'ltl t?@b%ytqﬁfmo%stﬁeerIﬁér‘?mr%tdrgfér%lyttng

concentration of the chain ends is in the range from about 0.005 moles

per liter to about 0.5 moles per liter.

Electron Donors

Electron donors have been shown to convert traditional polymerization
systems into living and/or quasi-living cationic polymerizations systems. The
electron donor used in the present invention is not specifically limited to any
particular compound or class of compounds. Examples include pyridines and
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,
2,4,6-trimethylpyridine, 2-methylpyridine and pyridine. N,N-dimethylaniline
and N,N-dimethyltoluidine may be also employed. Amide compounds include
N,N-dimethylformamide, N,N-dimethylacetamide and N,N-diethylacetamide.
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the present invention are given below D luents
Di luents influence the ionization equilibria and rates

wobtooeneitange of grow ng species through their pol/asiony)29582
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whi ch can be estimated fromtheir dielectric
constants. Typicall y, sol vents having | ow dielectric

' o | @ )
dﬁﬁi%%%ﬁg rag f?)&@ ol?(é/'“[ehn |§'oﬁrﬁgﬁﬁ) éﬁlf%@e. Syl ether is an
| eRbinplk 6fcan bther boponadabkdresthyrstetdt\dndnethyl acetate are

pol yhalides with reasonably | ow freezi oi nts
uS¥AMAtes: HfeSRTFURPRNGSo )2 yﬁﬁphatﬁtqwq%g?%@%{"metﬁw

[ L NG
S TR e A R o S e
Eemﬁdydmmygermnmihingene'@h eompounds kectane tetnaisapiopyl
tape, norm tan nor nonane and nor nal
dg%é‘ﬁge a'éﬁwalsﬂluﬁﬁgﬁé’a ei??é ‘gal‘?fél udi ng i sobut ane,
i sopent ane, isohexane, 3-nmethyl pentane,
2TRedoneehtratist eMhe electrah G@r‘id‘rﬁé'i@tﬂ@fdﬂal&@dcﬁdﬁrﬁnﬁ&f@ may be

al kenes and al kenyl halides (such as vi ne;% chl ori de)

calrtb@_rraagg drorm about,081 @m@empeé{iw FQ abeuid 1 molestRar Yter.
B LG A8 o BB e o aou

d 00 1deoleaqsdriliterato rabdiut 0&)5 mafdsqxertlﬁrr Mdre grefdeably the
acetonitrile, neoPent an benzene, tolu

€,
EORGATALIOBIRE B €N SIdNgER BRdné BRaRITFER| 3heslihagR moles
t | or oet hene, n-propyl
cﬁ%oﬁk}egem Qlf)g@dr;rg%m?lésﬁeglrn%ge 1, 2-di chl or opr opane, or
1, 3 d|chloropropane nltro alkanes (such as
heim &plts and LFammonda eCHEga8sent at i ve
liquid di luents or solvents useful in cationic

cGiobTiah A 888 on FULEoR ot bt S eckiag fo fhe goaction

| miiktupd Y &ddition to or replacement of the electron donor. TyplcaIIy, these

salts are used to increase the ionic strength, suppress free ions, and
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
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.
Monomers

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

hydrocarbon monomers, i.e., compounds containing only hydrogen and
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Initiator conpounds for |iving and quasi-Iliving
carbocationic polynerization are well known in the
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mul ti-functional depending on the desired product.
ano functional and di-functional initiators are

b%eﬁ }‘}4“39 gsﬁ@&alﬂ%l&eﬁﬁgaﬂaldﬁi&?ﬁné %gmcgﬁhéélygﬁan%? Qg\%g from

rra I ng <P yher’s rnrtra
t hbout 2wo abaﬁZW@uMpreféra&ﬁy fraheabmnt%mﬁmw@ ¢arbon atams. The

ounds can be re res nt e th I
C RIGKES ) Al PBI T 123 PR TEER IR GBI B PERAERIa

e

Xfronsalamutammtla exeeseoba eillibyp @ymwy | Suphcuglymers ean be Iow

. Rc. f f
T8 ar P o) Ragts s i S blaf B o rom
%959@2@@{6 0,000 %/PBE oF BOR® Wak %/Qmpia%t@bﬁﬂélagfbrﬁ@ﬁd)ﬁ@terlals
at ons, preferably one carbon afomto about

ahawslgamlﬁﬁulapmghta@f from abeuta 1he.888 k0 PP g/mol, or

oy St s 10Qu8 EPch eahBeEtR o ipfbutyieng, siyene.
ﬂbmanlhbﬁegBopMem\@ bpediere, tsubst!iiutymd:ompo@adsaof the preceding
1- phenyl et hyl derl vative for rene

2tyape§, hpd eiefs) P ’é'ﬁtlkﬂ”Yd)é?fe\/@ﬂ enP %ar%/isgeety!%neene

cfht r |Wb8féliﬁ%ggﬂﬂ§th¥| Ii]partl Clﬁ)arl %t%rlg?’%la%gb%%'ene

[ Asa evérmbfmpmf@;@quqmm‘panmbmylene Mu@ylescﬂﬁlrmmamers may
1,4-di (,2-chl oro-2- propyl)benzene, i.e.,

dPEUSEt chi ori de) :

1,3,5-tri(2-chloro-2-propyl)benzene, i.e.,

t ThéGemEbAhARIH Sfthe rﬂoﬂorﬁetsf ||nrtﬁé hotiat ?eatiﬂbﬁrrﬁlﬂméaﬁ@y be in the
2-acetyl - 2- phekél pr opane, acetate

2rghngspiremyabont § molqﬁ @%{ﬁ@r to at‘put%mqle% pgbfltgﬁaﬁr@ferably
tr?%lf@ﬁt%hﬁﬂ%@ h%%ﬂfe)r% is ﬁ1 theCrHHé'é B ¥boft 818 moles

dpéclitey torabbuti 2. etd‘il@e# ,per liter. More preferably the concentration of the

135tr|(2 net hox nzene, i

t mqugjnp@nsﬁ%tmghe r@p\ég,ﬁ)o Eéu%& imgles per litér'to about 1.0 moles

per liter. Most preferably the concentration of the monomers is 0.5 moles

per liter.
Lewis Acids

Lewis acids that are suitable as catalysts for purposes of the invention
include, but are not limited to, titanium and boron halides, particularly titanium
tetrachloride and boron trichloride. Use of the titanium halides and particularly
titanium tetrachloride is preferred. The strength of the Lewis acid and its
concentration should be adjusted for the particular monomer. Additionally, the
strength of these Lewis acids can be adjusted using nucleophilic additives. In

some instances these Lewis acids are also referred to as co-initiators.
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conmpounds. O her suitable exanples can be found in
U S. Patent No. 4,946,899. Particularly preferred

wex@apbys2 are 2-chloro-2,4,4-trimet hyl pent aneP(T/NPIOD3/029582
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3-di (2-chl or o- 2- propyl ) benzene, 1,3,5
tri(2 chl or o- 2- propyl ) benzene, and

hBe i 4FY B sradR g dselt I e BHalp Ry

I Biadldven itisxddsirablEanabhe corideatratiogef Lewin adid ig soffidieafto
noles per liter to about 2.0 noles per lit éﬁ
paehigya gnyanniePiia date Qfanqlwﬁea?-att%g%avﬁn pg: The |gwis acid

t Ny

LR HLRPRN oQp0 BTl 20BN Bl orBphmer

of the cha| nends is in the range from about 0.005
nbheopeentraticar of thedlewis adidsinhbe éstapreaction enixture awmy o in the

Donor s, El ecgtr nor hav n.,sh Q,CO

YA ey B R ol 81 TS B RO A0, MR Btk Pyperably
distondenitratiof df tHLEWRABIAR inaRk iranGe fpAi &5Gut 0TOE5 moles

el ectron donor used in the present invention is not

specliter tmabgutl 1.fin@lgs per liey. Mara peelierabl\cbrransgntiation of the

Lgﬁs %Eﬁj :j;so Eﬂ?\gggﬁ% gégggé&?t d. g%:rﬁ% @\SF it rfk?%baﬂm .0 moles

mpealitee.onpounds havi ng an oxygen aton1bonded to a

netal atom and others. Pyridine conpounds include

2!6 dl-telg-butylpyrldlne 2, 6-di net hyl pyri di ne,

2 197 di ne, 2,4, 6- trlnethylpyrldlne

2-nmet hyl pyridi ne and pyridine. N, N-dinethylaniline and
NQUeHcARigTagerdd BbsteRthlaRY fBeusé FPpiatatitadof theipdlyolefin in the

conpounds include N, N-di et hyl f or man de,
prmnhmwemlan are nitgearepntaining fvenyemberegriasamatic ring

e BRgRn: e P SROBIAAPUPRE 2t AT Aleg8E, G

met hyI acetate and ethyl acetate are
The substituted-pyrrole employed in the method of the present invention has

the general formula:

R, Rs
R1 T R4
H
wherein:
(a) R, and R4 are independently alkyl containing one carbon atom to

about 20 carbon atoms, Rz and Rj 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
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exanpl es of ester conpounds. Phosphate conpounds such
as thnethyl phosphate, tributyl phosphate, triam de

wheosanei/ay| phosphate nay al so be enpl oyed. PCT/US2005/029582
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Oxygen-cont ai ni ng netal conmpounds such as
tetrai sopropyl titanate are also useful as electron

donors. _ TSR ARRERLEBY AN Al Bf S60MIA08Rd Ghrbon

the total P2A m xture e range f

about 0. 003tonw, @3 apaikyllof tabbut D tabbout 80 ﬂ:arhninestopm' or
liter. Preferably the concentration of the electron

d th bout 00 |
TCEdbT 1 o Boand Radonia LESR roplie AGRE BT B Gedstpptpms to 10
the concentt ou%ﬁ‘%rﬂ% dr @ éﬁgﬁ‘éﬁé HHP‘?}?%WMC%rMh hfb?nszto about

range froma s per Titer to about O.
mol es per 8icadran ﬂommmns)all@hmrﬁamm ooengerbaroatogata about

Precursors n i,on salts, ar .S C or

oot s onar 1 y2Saate aifhse 8hit Rath bXardael FeAlkA Yehid g e
to or repl @BBRHoMitodbOUERE ChFisth loRsd, cydivRlkyhof afbout3to
these salts are used to increase the ionic streng

suppr ess fakeutioerrbonmiomsenaiyl ef about 6 m@%ﬁ(\/\‘ﬁrhon atoms,

|1 9and exchangfor BRI A B4 B GIBERERAL oL gEIINof BBout 7

salt precu exa e tetra-n

chloride (t’o7atﬁimfsoldarb6dnetcmstcrﬁntratl on of t he conmon
ion salts or salt precursors in the total reaction

m xt u [ he ran from.about 0. 0005 npl es

per Ster %@) gétftogn@sulz}ggggorﬁ@ |c|r|pgé)rf9rom8fcg(g%n gtoms to 10
the concentddbhefiod dr3® ARAERE nhgra)fwrﬁ 4 @kbérahioms to about
precursors is in the range from about 0005 nol es per

liter to aBeatban apmsyandRpand Riaee indapeadpnridy atksbegntaining

the concentrati h t_or salt
precur sor s° i%c?r??ophaéo‘tn tﬁgagoqwgﬁ]égg@%r?%tpragl nol es per
liter to about 0.007 noles per liter.
(d) both Ry and Rz, and R3 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 from 4 carbon atoms to about 8 carbon

atoms.

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:

gN

H

3
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Mononers Suitable nononers for use in the nethod of
the present invention are hydrocarbon nononers, i.e.,
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especially olefins and diolefins, and normally those
having from about 2 to about 20, but preferably from

el s PR SRR PiTrop BB # SR ABriSto about

PRO @aesorpaloyme ramdobhetiefrf er ent, but uni f or m nol ecul ar
wei ghts, for exan‘pl e, fromabout 300 to in excess of a

| / b | ecul
wei ght (@) quRe 298 s SBondeRedstbRRsedaty Holgr ik carbon atom
wei ght of T fpabGRax ca?rggnta@oﬁag &%Poé]kmifab@m 39 bgdout 7

waxy to p| astic, or elastoneri C mat er1 al s havi ng
mol ecul ar  wearpionsatomst AofohBbott Gital 9o WED @afbmnmngoalkaryl

gg%lohng; gfgg%tﬁtyt{ﬂ let@ n@é@a&%ﬁ%u&e r%gﬁg{gofabout

i soprene, bWt@@'b@U?BO%bihﬁriétbh@'oﬁon'pounds of the
precedi ng types, and others. Parti cul arly preferred

mononers are i sobutyl ene, 2- rretg%’[tébute
i

3- met hiit)- 1- Ba@8Rdz e fuped arg fiag q}rfgpm 6 carbon atoms to
bet a- pi nene, ?A% %@Qto%% 3&%’@%{@?‘5@% gpﬁ@r"n 4 §arbon atoms to 8

i sobut yl ene. res e used.
concentr at i oarboh atbmsnononers in the total r eact | on

m xture may be in the range from about 0.01 nol es per
ljter,to a nol es [ ter. Preferabl

o ShbnirSs B 8ifes fittagmreiniRBing eenitebr 2 embrt Ao
a@@hﬁ‘pognés AteRaBE ém;ﬂ@% ed P thBGHEthAdDf e BFedEdit invention are
liter. More preferabl e concentration of the

ngwgné:eé.owSTheu gives stwgeres eserealydntended asogxamplep and in no
th’t@?'c!gigth tT azoe]Oth k sZen?ﬁ{ven'nbﬁr Mbst pref erably

I"on o nononers' is 0.5 nol es per
liter.
CH3
.
|
H H
2,3-dimethylindole Carbazole

The concentration of the quenching 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.
Preferably the concentration of the quenching 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 quenching agent is in the range from about 0.005 moles

per liter to about 0.5 moles per liter.

Terminators
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Lewis Acids Lew s acids that are suitable as catal ysts
for purposes of the invention include, but are not

wo 2ovetoext4t o, titani um and boron hal i des, partioOl/agt095/029582
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the titanium halides and particularly titanium
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also referred to as co-initiators. The anmount of the
Lewis acid present in thegxiWppEey system nay vary.
However, it is desirable that the concentration of
Lews acid is sufficient to achieve an appropriate
rate of polynerization andEXamplening. The Lewis acid
concentration should not be so high as to precipitate
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per liter. Preferably the concentration of the Lew s

+ 8 faubtiech 260 Rl BEY SantPofo Hask. SitePey HAt puéead
g’i&ﬁ%fc%t !slﬁr’rg?roind Bl‘étlhﬁr\ﬂ' sREirkd thetrofeter’ dAagitledaBthe end

es per liter to about 1.0 nofes per

| of an AT@rEffb‘h ipneperydricts lsc;ozmmtmbaadjér rth§p@@twmb¢ra\ﬂ@@ light

pPoadiifat AoBHIRAL P8l s Eo BRI Py RegPplpoures. 2003,

NBBDEOESL568Y P hiscasdentblg WasdHMISrseddfitoas heptane bath at -60°C
substituted-pyrrol es and substituted-imdazole. The

supder drytEiogsh gas & asgbsipatialiinedatmasnhgreMBraun glovebox
PARSHPDalKYYEMd 8Pttt Wi A&l addPSiBttftted from all

subsequently collected spectra. The flask was then charged with the

following reactants:
85 milliliters hexane equilibrated at -60°C,
57 milliliters methyl chloride equilibrated at -60°C,

0.357 milliliters 2-chloro-2,4,4-trimethylpentane equilibrated at room

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

The contents of the round-bottom flask were equilibrated and
Fourier Transform Infrared spectroscopy (FTIR) data were continuously
acquired for roughly 10 minutes to establish a reference absorbance at 887

cm™ prior to addition of 6.1 milliliters isobutylene equilibrated at -60°C.
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wherein: (a) R and R are independently al kyl
contai ni ng one carbon atomto about 20 carbon atons,

w®R2o00ame37R8 ar e i ndependent |y hydrogen or al kyl PCT/US2005/029582
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contai ni ng one carbon atomto about 20 carbon atons,
cycl oal kyl of about 3 to about 7 carbon atons, aryl of

gg\gtﬁ cogﬁfng%?gsgikrirﬁ net l?%pi @rllgf@'sltﬁé%ﬁﬁﬁﬁetr%fcg%%@v%gs tRarged

3fb tharflamk. f’:\ltrmm?ac]?d)n (Akaés éﬂomﬁddoﬁﬁ‘oé@édﬂcﬁh@h&mﬂwersmn
aromatic ring of from#6 carbon atons to car

SPBRERAlEl 95 PBIRANLAS FHETOINS NS o B2 gagng gf the 887
apodtit ,

SR R IRRE 118 pcBbi R TR

alrifrdred speaﬁrmomgpyanemtmrﬂgda %tembelowab‘b pre-goeneh bliguot,
f about 3 to abou

o SPreiaen0 5 1 e HeS semok B 868K HRRe H GFs piette

aBRY charded ARPHIscFRIISTRSPARI @drERmIng4 ndiliiety bnRYd@beuhethanol
7 to about 30 carbon atons; or (c) R and R3 forma

f ageitbeatedrat 169°Ci tadesninpietheepalwmptratianoraaction. d he aliquot

PR 0ReR TR RE AR [ e M Ren G ST AR 5-

l Gﬁﬁ@ﬁ?lg?ﬂblalar&kﬂ l@/browa airéfiergnoenfer stndtoral anadnmblzcular weight
about carbon at ons; (d) both Ri and R2, and R3
afBanagterizakion in theabsance; Qf@e%)‘é“rfd%\'ﬂg 99¢%r m a fused
aromatic rlng of from6 carbon atons to 10 carbon

aﬁ'ﬂ%o@’m afﬁo'n%@&ﬁéh fn' 8 rBlindbetbrh FKRAEs dLBABhEPbY the

bout carbon atons. The nitrogen-contai ning

f bddition b OrFchiltilitersa? |5€d|meﬂgylayrm>le)8é@n| iokutylenerconversion of
99 percent. Post-quench aliquots, approximately 5-10 milliliters, were
terminated at various time intervals after the addition of the 2,5-
dimethylpyrrole by being placed in scintillation vials containing 4 milliliters

anhydrous methanol equilibrated at -60°C.

The round-bottom flask was next charged with an appropriate amount
methanol equilibrated at -60°C to terminate the remaining polymerization

reaction mixture at 91.9 minutes after the addition of the 2,5-dimethylpyrrole.

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

solvents.
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enbodi nent of the present invention is a substituted
i m dazol e. The substituted i m dazole in the nethod of
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R3 is branched al kyl containing fromabout 4 carbon
atons to about 20 carbon atons, and wherein (a) R and

i nd dent.l d kyl of
N e R e e S R
t Coniithtive ERaRPResPADIS, 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 carbagn ons;
ofaplg Il Reloynsummarigemthe malarty of Srureactantayisse in Foales 1-

o0 B e BB B O bon at oms.  Str uct ur o6

of other nitrogen-containing five-nenbered aronmatic

r iThg fokowiog rabbbreviationssgrensedfpr theerkactantsén rablesd and |1
tgewpr_esent i nvention are given below. The given

sCPEM ures are only intended as exanples and in no way
limt the scope of the present invention.

2 TR INB EnyAbbeviator be 2amisrer, 4 Atiriamethyipehtanguenchi ng
agent in the total reaction mxture may be in the

range from about 0.0001 nples per_liter out 2.0
TP s RbbeMiatindtleh Ak B ozt e G agibgiene.
guenching agent is in the range from about 0.001 nol es

p?SP'le)E[s 5r9ﬁ8@r%\}Fati%nQ)f@$-%ﬁnQ@|S/ld o, More

preferably the concentration of "the quenching agent is
in the range from about 0.005 noles per liter to about
02845beMPyde an|abbseviation of 2,3,4,5-tetramethylpyrrole.

2MIn is an abbreviation of 2-methylindole.

23DMIn is an abbreviation of 2,3-dimethylindole.
125TMPy is an abbreviation of 1,2,5-trimethylpyrrole.
1MPy is an abbreviation of 1-methylpyrrole.

24DMPy is an abbreviation of 2,4-dimethylpyrrole.

2,5-DMPYy/TiCl4 is an abbreviation for the mixture of 2,5-dimethylpyrrole and

titanium tetrachloride.

The diluent used in Examples 1-20 and Comparative Examples A-E was a

mixture of hexane and methyl chloride in a volume ratio of 60:40.

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

below:

a. These quenching agents are solids at room temperature. They were

first dissolved in approximately 10 milliliters pre-chilled MeCl, and the
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about one carbon atomto about 8 carbon atons.
EXAVMPLES Exanpl e 1 Preparation of Pol visobutyl ene

gsg”g,rﬁg@(ﬁggs tﬂ:ﬁgh'v%}a%hér gg@&%g%%ﬂoplm?dl¥m The volume of

r ound-sebidn® séd &6 Kisselyei thpeienchingayeny & matddcluded in total
mechani cal stirrer and platinumresistance
t her noRBEHAN VRS  tted to the end of an ATR FTIR

probe, which is connected an FTIR spectroneter via a

| paht | o di - Rr&pl;

PR (R fekBphs IR g5 i BnigRBite 51 Splacgt 893Re common
assermtbry sam,sietranebstydammooimn lsekb,t ambtheamhsses incthese cells

as in.as ant|

o oo el bp SRS ATt beB) R 4a e bl Htsoved n

spect r3yp r&ﬂﬁma@él?llﬂllofrﬁmlﬁér@ prelehiiRetrgthyl embAlé and the resulting
subsequent |y col | ected sgectra The flask was then

char ge@luwiontivas ehargeddaithg reactionanediumss nilliliters
hexane equilibrated at -600C, 57 mlliliters nethyl

chl ori o ters
ZEchI Aﬁ gh%éjﬁ}éfl Cp bffs qﬁ ﬁ?%%cetﬁfgﬁg a(e)%il "lmt‘l)szhkded(f room
t enperature, and O 175 milliliters

2d6- diNmanhbgtspn rpaﬂémdaeequ ial'e'e ﬁmaitoe@cantratdnna afterpmiymerization
The contents of the r und ﬁHaSk Wer e g
equi | Irgg%qgaar&%wq:mq QQﬁlﬁegﬂgﬁr e TP Ao8gPIned.
spectroscopy (FTIR) data were continuously

e. Final conditions after polymerization reaction and pre-reacted

quencher/TiCls; were combined.

f. Pre-reacted with 1.062 g of TiCls and 0.0475 liter diluent for 25 minutes

prior to addition to the polymerization reactor

g. Final volume after polymerization reaction and pre-reacted

quencher/TiCly were combined.

h. In these reactions, the 2,6-dimethylpyridine is replaced by the common
ion salt, tetra-n-butylammonium salt, and the molarity in these cells
indicate the concentration used. The salt was first dissolved in
approximately 10 milliliters pre-chilled methyl chloride and the resulting

solution was charged to the reaction medium.
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next 1.37 mlliliters titanium

roughly 10 mnutes to establish a

ref erence absorbance at 887 cm 1 prior to addition of
tetrachl ori de was charged to the fl ask_. The reaction

we 2062372 | i ters i sobutyl ene equilibrated at

continued stirring,

acquired for
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The diluent used in Exanples 1-20 and Conparative
Exanpl es A-E was a m xture of hexane and net hyl

wa@bdoeexte2 i n a volume ratio of 60:40. Bel ow ar BCTUSENG/029582

w

descriptions of superscripts "a-h" used in Tables I
and Il below a. These quenching agents are solids at

B oMisRERS Sefeiey Férd Bhfvedd Bl FRAMH e BRG e
t Bes&dd bélgwsol uti on was charged to the reacti on
medi um The vol une of solvent used to dissolve the

uenchi ng agent _i s not uded_in total tion
dorum. B, PR Riskstite tar Fongier T panstor Infrared

4 2,6-dinethylpyr i%%é&?robéoéfﬁoﬁﬁ@ﬁn@ﬁf Fﬁ%uﬁ@ﬂ@n ion
salt, tetra-n-b € nasses in
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these cells indicate the specific anpbunt used. The
sdahe pmwnemza;tonmegstmwasmllcymd by Fearier y rarsform Infrared

iters pre:chi h [ .
reResPy shoriaa el ts rEgk 8T AT I wipcgrvre s
c deséﬁbédﬁﬁ@tofé%ﬂﬂ FOMhonid Q.AaMdapromdfecalds) 2003, 36,
mlliliter tube. " Nunmbers in par ent heses are final
c6R6e®07dt i ons after pol yneri zation reaction and
pre-reacted quencher/Ti Cl4 were conbined. e. Final

condi tions aft erpﬁgg:gﬁggpz}@dugetlﬁ%qumﬂ %
pre-reacted que

Pre-reacted with 1.062 g of TiCl4 and 0.0475 liter
d'HINMR Spactmsuaﬂemallestqdr using adBralieil ACe30Q 3G0MHZ)

| .
P SpYEentomeferuitd SmBleseoEanBidiars hirantio Sngrgent
Wélgﬁgmlg?ﬁﬁm dGDClN 'HIRKMR Epééttd wefe ubée for analysis of the end

i met hyl pyridine is replaced b¥ t he common
groups. Fractions of exo-olefin, endo olefin, tert-chloride and coupled olefin
chain ends were obtained using 'H NMR integration as described in the

following section.

Procedure for Collecting GPC Data

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

Procedure for Calculating the Fractional Amounts

of Chain Ends on the Polyisobutylene Product

The fractions of exo-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
the "H NMR spectrum, and for di-EAS and coupled products, by confirming
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ion salt, tetra-n-butylamoniumsalt, and the nolarity
in these cells indicate the concentrati on used. The

W@ 2006/02832 f i r st di ssol ved i n approxi mately 10 PCT/US2005/029582

a bW -

mlliliters pre-chilled nmethyl chloride and the
resulting solution was charged to the reaction

gﬁﬂi 5%%’%;&%5@ ‘Eﬁéﬁ? %’é légpcéiw &)rgggléjf‘r?%&gig \{‘ﬁé fhain polymer
Ppegkiithe GPC &wmmgrﬁmn$WormtedUres@de §pmtbe:iewoﬂ'y1e

Moni toring of |sobutyl ene The merization reacti,o
wegeneral Breedyye Fyas used whanss qu%wiwas detocted; the

S [ I
AT 8, A i
Thbserst, Q A. Macronol ecul es, 2003, 36, 5065-5071 .
Procedure for Collecting 1H NVMR Data 1H NMR spectra

e collected using a Bruker AC- 300 (300MHz)
s%@@n@#@ﬁ@&é{% r using sanples concentrations of 3

percent to 5 percent (weight/weight) in CDCl3. 1H NWR

7 SweetfiattivRaembRe anicunt af @byl typeddf ¢Heen end v@isp(olmmed using an

Fracti ons of exo-olefin, endo-olefin, tert-chlori

8 amrguatiRppedogrus ththereauationaiveR Peloybiosid ﬁ&rnuglneg}hqﬂactlonal
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N Jofffinds described in the follow ng section.
P%gg%?gég% I’I ecting GPC Data GPC data were used

to determ ne nunber average nol ecul ar wei ght (M),

wei ght WDQQQAQ@) EAkat Askio g’Mter(GMﬁ)A@l&d" 2Agi.Eas T+ 2Acoupled) (1)
Pol yd| spersity index (PD), i.e., MV M. GPC was al so

us%ere g\endo ?sl t'hteaatr'e\é%lf)(hed gfnge; olgjﬁreufc'rgsgrﬁ)éjrpcleegt 84 88&% Acxo is the
area of the exo-olefinic resonance 4.63ppm, and Asert.ci Was calculated as

follows:
Atert-c1 = (A1.65-1.72/6) - Aendo ' (2)

where A; 5172 is the integrated area of the convoluted peaks associated with
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
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— As.5.4.75)/2 (3)

where As o.4.75 is the integrated area of the convoluted peaks associated with

one of the exo-olefin protons and the two identical protons of the coupled
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Procedure for Calculating the Fractional Anounts of
Chai n Ends on the Pol vi sobutyl ene Product The

wo p@eeyas of exo-ol efin, endo-ol efin, and PCT/US2005/029582
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tert-chloride chain ends, and EAS, di-EAS, and coupl ed
products in the polyisobutylene sanpl es were

(R okt bRt B eI e o e Rk B4R Gated with

ckied otheneso- dléﬁrspnmon nst ances, EAS, di-EAS, and
coupl ed products were deened to be absent by

gual i tative jnspection of the 1H NVMR spectrum and for
d ! B ed products, by confirningthe absence
of a shoulder on the low elution volune side of the
M thePQhiRivePasdenca df*&@uﬁe Tﬁb&@&aﬂf&ﬁé‘éﬂon—é\{%dar amount of
procedures are given bel ow. General Procedure"

wascCh e wrrdrrameufjlvw Qhtaimedtusieg ad eopetien analegous to the

BT VR SRl for SRR Y TRacNE! SRoBR Pt Plos i

nmol ar anount of each type of chain end was obtai ned
usi ng af(exayat(Agg) ARl L8 Ddsio AL +eALmat-H BAdlgAsy)en (1)
beI ow for determ ning the fractional anmount of

I fin exXO Aexo Aexo + Aendo + :
WPere Do IsABbAh &1 16 Bals Qe re3prangee gt 515\%%#@0 s the
Asoé.%gbsarba%f%ﬁ@ﬁv&éxéJafefMﬁ&s%nghséé Bi 4.6R05RNRBE s

Aex0 1s the area of the exo-olefinic

r peomillicr, andAppm, Aans, MdAdiccd weate calcdlated dthgssame manner

e B Ribd H heSanetahProfsagret. 2,°) ¢ AondP (2

convoluted peaks associated with the gemdi net hyl
protons of the endo-olefin and the tert-chloride chain
ends.

The "H NMR results obtained on the polyisobutylene samples prepared in

Example 1 above are given below in Table IIl as the mole percent of the total

end groups.
Table i
Quench Time
(minutes after the addition of 2,5-dimethyl pyrrole)
Pre-quench | 15.9 | 30.9 | 453 | 61.3 | 75.3
Exo-olefin yield (mole %)
8 99 100 100 100 100

The data in Table lll shows that near quantitative conversion of chain ends to
exo-olefin was achieved within 15.9 minutes after the addition of the

2,5-dimethyl pyrrole.

-40 -



The integrated area of EAS or di-EAS product, when
present, was evaluated on a situation-by-situation
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that is not convoluted by other peaks, and the area
was normal i zed based on the nunber of protons that
have that characteristic p Qlfm oW Il be noted that a
co-efficient of 2 appears gre&'clqa%ion ( 1) for both

di - EAS and coupl ed product, to account for the fact

t hat cr eatfropamtioridf Retyisdbutyiese Using adlena-furslivnal 2

pol yi sobut yl ene chai.ps. A i,ed cal cul ated as
foll ows: Acoupl ed ﬂ“;@%‘@—ﬁ—é——ﬁ%ﬁ—el' r B dimeth "05 5)/2 (3)
where A5.0-4.75 is the integrated area of the

c dbudfeRE NS FHEepaEddLleddribRdIAE@mPI8a &Pt riditions
p?gl%%s an% t he trf/\roﬁi dent i c%l rprotons ofﬁthe |

c istpt énlFabléut abowerd Exaepte A£opditions wesetidrentioal tythesedised in

area o h Kk [ | Q 0; fi :
Fafmile b3BoPE R eRi0nR PBE Rt wa I b I R e Raction
ofolamerivasd indredsed frots50 rillliternial 400malllitersount  of

each type of chain end was obtai ned using an equation

anal ogoys to the equation given below for determni,

¢ hBepolisoRuideng satiRles wees solRcLeq And pnaapd a8 destighd

/ . nEp‘h@s*ZAdi'EAs)(
1a§)(§§?1£dr?éﬁ%§ﬁ<§grﬂ)llg1?:}@??3(?%%9%;1@?%{5 single olefinic
resonance at 5.1 5ppm Aexo is the average area of the

R AP Bl obESS0 N B PRt Lol ERblehaRSs in
cghaHiphd 2hbioVe tHhe gRRNELSTBNTIE Tabdfe LSS tHdRTdlé Peident of the total

"CGeneral Procedure”. The 1H NWR results obtal ned on
t Red @ooYRSssobut yl ene sanpl es prepared in

Table IV
Pre-quench Quench Time
(minutes) (minutes after the addition of 2,5-dimethyl pyrrole)
0 10 | 15 | 60
- Exo-olefin yield (mole %)
18 100 | 100 [ 100
Example 3

Preparation of Polyisobutylene Using a Mono-functional

Initiator and 2,5-dimethylpyrrole -

Reaction Temperature -40°C

Polyisobutylene was prepared according to the procedure of Example 1 using
the conditions listed in Table 1. Example 3 conditions are identical to
Example 1 conditions except that the temperature was -40°C, and the total

volume of the reaction was 200 milliliters instead of 150 milliliters.
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Exanple 1 above are given belowin Table Il as the
nol e percent of the total end groups. Table II1l The

waoladoa/02374Tabl e 111 shows that near quantitati VBCT/US2005/029582
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conversion of chain ends to exo-olefin was achi eved
within 15.9 mnutes after the addition of the

e o BE SRR S R B SRe g o

2abovl fmtthylmmmée Mlymmﬂiblehylsamle@s pr epar ed as
described in Exanple 1 and the conditions Iist ed in

Tabl e 1 above. e ,2.conditio dentical to
tﬁB@ée%E‘dshﬁWEX%ﬁ%Bl@Y deBPEs e Ba et HE-dRYMaTTRE

S
r Baerdflho PRiqURed e o13n S SRT CINGNPRPIAG, hke Raeaié overal
pdagtionwasyslewer sadpidditional tmeovasaliavedfar complgtecguenching
descri bed above for the Exanple 1 polyisobutyl ene
sEPn% The 1H NVR results obtained on the
pol yi sobutyl ene sanpl es prepared in Exanple 2 above
are given below in Table |FExaspld nole percent of the
total end groups. Table |V Exanple 3 Preparation of
Pol vi sobut yl ene Usi ngf I\/bno f nct| onal ' and
2, 5- di net hy[eP2FHI0k {CRE NS 2
Pol yi sobut yl ene vvqﬁlt%g@rpé'}{oeg 53&{.}@&&@@&@ the

procedure of Ex
Target Molecular Weight 6,000 grams per mole

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

The polyisobutylene samples were collected and analyzed as described

above for the Example 1 polyisobutylene samples.

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

above.
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the conditions listed in Table 1. Exanple 3 conditions
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however, the overall. react] as sl ower, and
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PBblyisablutylghe masvriepareshegirg thespiogeduee geserbedria Example 4

descri bed i.n Ex d, t di-t | L [ 13:

o e condafy BRuTo T AP b E xR SicePliohb 3t grical o
1ERampid 4 @ondRIvAS Rikcépithat the inliatorfadhcehtvatidn and quenching
initiator, 2-chloro-2,4,4-trinethyl pentane was

r ageniceanogniration were ingseasashl Therqacieroyolume was increased and
1,3 di.f2- chi - 2= < e and that
1 bk FUIGBL B GREANA ek scbo by obeggene, and, that

to 350 mlliliters. Al conditions are given in Table

| Th@pelyisdblitgebheatsahies wanptalteoied and @nblyzed dsadescribed

anal yzed as descri hed above for the Exanple 1
p869Ye5§351§)8ﬁné‘ﬁ§ TsBY 'ISQSI.HV SAPRFR data were used to

cal cul ate the exo-olefin as the nole percent of the

t ghal' HaRIR d stadgerenuddietonsioll steltHe Wxersefit &Btke mole percent of

prepared in Exanple 4 _
the total chain ends in the polyisobutylene samples prepared in Example 5

above.

Example 6

Large Scale Preparation of Polyisobutylene Using a Di-functional

Initiator and 2,5-dimethylpyrrole -

Target Molecular Weight 2,000 grams per mole

Polyisobutylene was prepared as described in Example 5 above, except the
initiator concentration and quenching agent concentration were increased;

exact conditions are given in Table I.

The polyisobutylene samples were collected and analyzed as described

above for the Example 1 polyisobutylene samples.

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

above.

-43 -
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grans per nol e Polyi sobutyl ene was prepared using the
procedure described in Exanple 4 and the conditions
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condi ti"ons’ excep
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t mcg%asemtbe lenis Rt ANCRAKATRIL FakRadrataydation i Hmﬂte of
iﬁﬂﬂﬂfﬁﬂhgﬁdﬁene sanpl es were col |l ected and

ana yzed as descri bed above for Exanple 1

pol yi sobutyl ene sanples. The 1H NVR data were used to

cal cul ate the exo-ol efi n agxamelerdl e percent of the

total chain ends in the polyisobutyl ene sanpl es

prepared in I y I al e
Preparation f L i @Or%«éﬁl onal
Initiator and 2. SoniPrepdvation of Polisoblaylgeé -Ml ecul ar

Wei ght 2, 000 grans_per nol e ,P |sobutyl ene was
prepared as deigel Meteculariye 000H3 I Rgle

initiat or concentration and quenchl ngagent

CpQ |n a@g\ﬁ%_f&%ge ﬁ%xaﬁﬁeﬁeessa@é tdx@Bpt e

gl ven ol yl sobut'yl ene sanpl es were
c obhesrttedioarad ti&aniumztetraalslodée wastadreaisedeexant conditions are

g,V'TR i T%pr ! yi sobut yl ene sanpl es.

The polyisobutylene samples were collected and analyzed as described

above for the Example 1 polyisobutylene samples.

The "H NMR data were used to calculate the exo-olefin as the percent of the

total chain ends in the polyisobutylene samples prepared in Example 7 above.

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

due to the high chain end concentration.

Example 8

Effect of Titanium Tetrachloride Concentration

and Temperature on Preparation of Polyisobutylene

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

was doubled and the temperature was raised to -50°C.
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above. The results, shown in Table V, denonstrated that
i ncreasing the chain end concentration and quenchi ng
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f‘g;;?éﬂecrﬁ?ﬁ(gﬁ@% irf fh® M\QSth%hb%n%leé Pﬁ%ﬁréﬂ‘in Example 8 above.

rachl oride was 1 ncreas exact c Ions are
given in Table |I. The polyisobutyl ene sanples were ]
cBhe eeswts, ahawa i TpbledV ademensirated dhatiooreasing thed-ewis acid

AR b e P TR s T A e
obxdrefindbathatidyiti N ends in the polyi sobutyl ene sanpl es

prepared in Exanple 7 above. The results, shown in
Tabl e V, denonstrated that_doubling the Lewis acid

concentration increased thgX f exo-olefin
formation but coupling occurred due to the high chain
end concemfatiahn LsbutyiBRE 5din®h Mbhdittlonal
Tetrachl o ] n

Preparati on of Pollnitistdnand 2bedimethylpyrrole -

Effect of Doubling Quenching Agent Concentration
with All Other Conditions Held Constant

Polyisobutylene was prepared according to the procedure of Example 1 using
the conditions listed in Table 1. Example 9 conditions are identical to
Example 1 conditions except that the concentration of 2,5-dimethylpyrrole was
doubled.

The polyisobutylene samples were collected and analyzed as described

above for the Example 1 polyisobutylene samples.

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

concentration, caused retardation of the rate of exo-olefin formation.
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Tabl e V, degpasi bAbEGhIHPOULANTIRG ARAt CoRckRithiorRCci d
concentrati ate of
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Preparation of Pol vj utyl en .Usilqg I\/bnto- uncti onal
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cRRIRIE L PR ERSR Eech Fal el iepnfaigibr 2Ehimclvipyrole was
pabubieakuidythewonsentphticn vititaniaa teteichibrisedvandoybled. as
descri bed above for the Exanple 1 polyisobutyl ene

I The 1H NVR t l.ate,th
o3 BB oBisqbUiLenR SHRH ek e S POIGIS] abd phalyzer B iastrped
; Em@w'tﬁ@%ﬁhﬁ@q soNBbKRyIRHERAMReé N Example 9

The "H NMR data were used to calculate the exo-olefin as the percent of the
total chain ends in the polyisobutylene samples prepared in Example 10
above. The results, shown in Table V, demonstrated that an increase in the
quenching agent concentration must be accompanied by a corresponding
increase in the Lewis acid concentration to maintain an acceptable rate of

exo-olefin formation.

Example 11

Preparation of Polyisobutylene Using a Mono-functional

Initiator and 2,5-dimethylpyrrole -

Effect of Reaction Scale

Polyisobutylene was prepared according to the procedure of Example 1 using
the conditions listed in Table 1. Example 11 conditions are identical to
Example 1 conditions except that the scale (total reaction volume) of

Example 10 is approximately 3 times that of Example 1.
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pBAReBESSED P EFEGIHRONLE TE8UY and anal yzed as
descri bed above for the Exanple 1 polyisobutylene
sanpl es. The 1H NWR data \E(a@n%éﬁd’ to cal culate the
exo-ol efin as the percent of the total chain ends in
t he pol yi sobutyl ene sanpl es prepared in Exanple 10
above. Th&repaiation of Hekyip lens Using addeperfuncliopal
t hat an increasellniit t%dqggn&gitgga% | gentration
nmust be accomam-eg—%mﬁmmerMase in the
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r Rolyistbutylene hefsi preparedatsing theesemgitiensilisted apdable bn
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pyrrole, a solid at room temperature, was added as a pre-chilled methyl

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

reactor and the scale of the reaction.

The polyisobutylene samples were collected and analyzed as described

above for the Example 1 polyisobutylene samples.

The 'H NMR data were used to calculate the exo-olefin as the percent of the
total chain ends in the polyisobutylene samples prepared in Example 12
above. This example illustrated a preferred embodiment of the invention.

The results, shown in Table V, demonstrated that 2,3,4,5-tetramethylpyrrole is
virtually identical in effectiveness compared to 2,5-dimethylpyrrole.
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t he pol yi sobutyl ene sanpl és prepared in Exanple 1

Example 14

Preparation of Polyisobutylene Using a Mono-functional

Initiator and 2,5-dimethylpyrrole -
The Molar Ratio of Quenching Agent to Chain End 0.5t0 1.0

Polyisobutylene was prepared according to the procedure of Example 1 using
the conditions listed in Table 1. Example 19 conditions are identical to
Example 1 conditions except that the molar ratio of quenching agent to chain
end was 0.5 to 1.0 instead of 1.4 to 1.0 and the total reaction volume was

200 milliliters instead of 150 milliliters.

The polyisobutylene samples were collected and analyzed as described

above for the Example 1 polyisobutylene samples.

The results, shown in Table V, demonstrated that the moles of exo-olefin
produced exceeded the moles of 2,5-dimethylpyrrole charged to the reaction.

Without being bound by any theory, it is believed that 2,5-dimethylpyrrole
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above. This exanple illustrated a preferred enbodi nent
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2fcs-elirHeatign, ﬁ'?édh@ election Q’Ql‘%twq%%@ﬁVF@rﬁ‘fe? Rrefos aggegtor.
added as a pre-chilled nethyl chloride solution.

Exanpl e 13 conditions merq; \bar to Exanple 12
condi tions except for ide y O he quenchi ng agent.
The polylsobutylene sanples were col | ected and
anal yzed & of P ohfisnkutyle singradvipne-functional
polylsobutylene S The 1k were used to
cal cul ate the exofjlI it and 2,50 fyircles the tota

chai n endsdlar Rafo o9 QuepehingyAgare t6 @helie EngrEpas ddd i n

Exanpl e 13. Exarrpl e 14 Prepar atign of Polyisobutyl ene
8 0 R mmon lon Salt PreCursor

2, 5-di net hyI pyrrole - The Mol arRatlo of Quenchi ng

pregé\rggj accor(?gﬁﬂp ﬁ&ébrr%gg %?@égmﬁg?},egl’fﬁéugeﬂé using

t the candiiignsolisted ||r51fab|le| L Eaax1nple11 5 Esnditiors d@re identical to

ndi i d
RS R oAb SALins i SRR RS ok agea by -
Cﬁéhﬁh&ﬂ%n\’?a‘-ft freeufserl. O instead of 1.4 to 1.0 and the

total reaction volune was 200 milliliters instead of

150 mlliliters. )
The polyisobutylene samples were collected and analyzed as described

above for the Example 1 polyisobutylene samples.

The results, summarized in Table V, demonstrated that in the absence of an
electron donor, the quenching agent served both as catalyst and proton
acceptor. They also showed that the reaction of the quenching agent with the
chains ends was quantitative since the yield of 32 percent exo-olefin plus the
yield of 34 percent coupled product indicated that a total of 49 percent of the
chains underwent elimination by the quenching agent. A high coupling
fraction occurred because depletion of the quenching agent caused the rate of
elimination to diminish dramatically relative to the rate of coupling. The results
suggest that complete conversion of the chain ends to exo-olefin, in the
absence of a basic electron donor, required a stoichiometric or higher

concentration of quenching agent.
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sanpl es. The results, sumari zed in Table V,
d?éheIp@tyisntmﬂylehasample$weaéas@l&m®andtanelyeedr:—mrdemﬂbed

e nt served both as atalyst and proton
'8%‘85{ g’rr? %2‘9"% 8%936%@8“%5? S@H%P $¥action of the
quenchl ng agent with the chains ends was quantitative

STRE @eélh@, ¥h6WH i9TaBle Vefueper dempnstrafddthat isthehsbsence of an
yield 34 percent coupl ed product indicated that a

t @I[egtroofdomgr Fjbe spenchingtagent served both as catalyst and proton
acceptor. Conversion to exo-olefin was more nearly complete and coupling

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

Example 17

Preparation of Polyisobutylene Using a Mono-functional

Initiator and 2,5-dimethylpyrrole -

Reaction Temperature equals -70°C

Polyisobutylene was prepared according to the procedure of Example 1 using
the conditions listed in Table 1. Example 17 conditions are identical to
Example 1 conditions except that the temperature was -70°C instead of
-60°C.

The polyisobutylene samples were collected and analyzed as described

above for the Example 1 polyisobutylene samples.
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procedure ™o anpl e usi ng € conditrons Tisted in
Table 1. Exanple 16 cdnifiator@nd Genbazolgentical to

Exanpl e 15 conditions except that the nolar ratio of
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yi sobut yl ene sanpl es. h Tabl
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a%té@{‘a gﬂg&ft atﬁmB@pﬁ’é’r%éfkﬁbavé&ﬁgﬁ% 1SS W8S iR Bhé@ed with the

roton acceptor. Conversion to exo-olefin
\Aﬂ)ilomgerem:aarit;. conpl ete and coupling was considerably
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arat | f , Poly.sobut yl ene Using a
I%/iﬁgpr'?'ﬁihélr?E nq ﬁﬂ&"f%ﬁag‘?d gﬁ-éiwzés di met hyl pyrrol e -
72 milliliters methylchloride equilibrated at -60°C,

0.48 milliliters 2-chloro-2,4,4-trimethylpentane equilibrated at room

temperature,

0.23 milliliters é,6-dimethylpyridine equilibrated at room temperature,
16.4 milliliters of isobutylene equilibrated at -60°C, and

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

With continued stirring, next 1.82 milliliters titanium tetrachloride was charged
to the flask. The reaction was allowed to proceed 12 minutes and then 20
milliliters of the polymerization solution was charged to four 60 milliliter test

tubes, equipped with threaded caps.

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

prior to addition of quenching agents . The remaining 3 solutions were
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Reaction Tenperature eguals -70C Pol yi sobutyl ene was
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Nptdvidd & @b J%Tém@b@séhné ,f8r the df(ﬁrfwlin@ﬁn’ﬁa@ﬂens and to provide
equi librate roomtenperature, 23 mlliljters

2refer@nges fign pyuatnah an@qn@leptuiaawswfﬁphaaﬁwrﬂ@#@er'attm absence
1gf ﬁgﬁbhbﬁlhptaﬁeﬂt of isobutylene equilibrated at -600C,
€

con ‘of the round-bottom fl ask were
eqw librated at -600C

Example 19

Preparation of Polyisobutylene Using a Mono-functional Initiator and 2,5-

dimethylpyrrole — Pre-reaction of 2,5-dimethylpyrrole with Titanium

Tetrachloride Prior to Quenching

The reactor configuration, ATR-FTIR probe and conduit, FTIR spectrometer
and spectroscopic method and analysis, constant-temperature heptane bath,
and glovebox were the same as described in Example 1. The 250 milliliter

reactor flask was charged with the following reactants:

85.5 milliliters hexane equilibrated at -60°C,

57 milliliters methyl chloride equilibrated at -60°C,

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

temperature.

A reference absorbance at 887 cm™ was established and then 8.18 milliliters
isobutylene equilibrated at -60°C was charged to the 250 milliliter reactor
flask.
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Wth continued stirring, next 1.82 mlliliters
titaniumtetrachl ori de was charged to the flask. The

w0 ea@esn2imm2 was al | oned to proceed 12 nmi nutes anBCT/OSI002029582
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mlliliters of the polynerization solution was charged
to four 60 mlliliter test tubes equi pped with

B R 00 AT 85 Pl b g resctams:

(16 total reaction mnutes) at whi ch point 1 of the 4
tubes was terninated with mlliliters of nethanol to

p28:di 'Bé“'&er@d]ﬁ)@ﬂﬁtqwlbé&t&ﬁﬁte %rq' or to addition of

i BT B er Rt TRl PRtk e i e

I otserrrmmm@r@tz 5f¢ﬁrhbﬂglld)2|4)|é @tqainbrae@@tat fsbriitemperatureat
which time 0.094 g carbazol e was added to one of the

t Both flagkeswersrequiliiratpdainitee c80kehpplapediathat i on. After
addi ti on of carbazole, 1 of the remaining
pol ynmeri zations was termnated with 5 mlliliters of

NREREN0Y miMliteF N iaffrA Rt dEhlofRWas eharsedioatiiel 250 militer
car bazol e %uenchl ng reaction was allowed to_ _proceed 15

nfeasterflask falowed by fee Bnmediate of 8,62 @f"llﬁe&ﬂiaaalunw%fachlorlde
lﬁa{h%eetfbd H}:Iﬁﬁtgte Ia§ term nate the reac_tl on. Th_e final
1za

es tube was then termnated wwth 5
mII|I|ters of nmethanol to provide a final conparative

f AREF B obanareiop e o 2o bEBIaeE erdueReR AiGHER 0 milliter)
Qtré e@tbrh th GNthFs Sr2h8BBGARRlItE reé&{c))‘f' ¢laYk %'ndan d

ecuﬁ@?’ wel g';-'h ar acterization in th sence of
thnnﬂmtag withetd- 15&mﬂﬂn¢ﬂre pbﬁcﬁﬂlepanamaonl @hd then the

5813 Irrgqorﬁéi ﬁb%(ﬁsﬁrﬁ: egigryé)c?uégg;t ﬁtglﬁz%n ents o'f%ﬁeaé(% |fﬂﬁiter flask
tZg{io Qﬁiee%]rgﬁd)ﬁum}{ferr Pe&ctvt HdsKT| AlRfliotsrwERS Fanbled bte, 815, 15,
[
and 30 minutgs and terminated with pre-chilled methanol. The balance of the

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

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

Example 20

Preparation of Polyisobutylene Using a Mono-functional

Initiator and 2-methylindole - Effect of Indole Substitution

on the Quenching Reaction

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

at room temperature, was added as a pre-chilled methyl chloride solution.
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The reactor configuration, ATR-FTIR probe and conduit,
FTI R spectroneter and spectroscopi c nethod and

w@pa@lpsi7e2 const ant -t enper at ure hept ane bat h, POTUS2005/029582
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26

gl ovebox were the sane as described in Exanple 1. The
250 mlliliter reactor flask was charged with the

oSN PAPERLEAEE RiipeP uBraboldcted Bhd aNEHREA as described
egbbvé frahe Exampl®aQ@lyiSoRRykenklsamples.s 2, 6- di net hyl

pyridine equilibrated at roomtenperature, and O.48
mJlli,]jiters chloro-2 4, 4-tr

edle| Hd}lmgatgtwgr@dgﬁqdew%@eethhylxpgcﬁgﬁrg Hg dhe percent of the
mpﬁﬁlrw §n8§ lfaﬁlé IéOw@Z|e%%tS’§?hﬂ)lég%¢eMdtlﬁg’ka%p1§ 20. The

ers 1sobutylene uili brated at -600C
cuatagsnbw that Iiemzmyhmibleu vieldea srealt amount gk Rxexotefimar at e

||e bSB/(Pmlllllterflask was charged with the
fBPy HY'$%ctants: 28.5 nilliliters hexane
equilibrated at -600C, 19 mlIliliters nethyl chloride

equil i brated at - 600CompathtieTxamples IN-Cer s

2,5-di nethyl pyrrole equilibrated at roomterrperature
Bot h fl asks vvere e
bat h. Nextbreparation|qf;

chargeqn&.gtd N&: e P lels ch%\sweﬁml%mn '#a@a\%n

tetrachl oride to the 500 nil liliter flask. After a
pBblpisatiutylene wasi prepafedacagrding de thexpmoedytreat kxample 18

| i4 5- bl | L,

cUnebe epatinl Jaisolhifiabis Fe CFRBHYS PREII &-C conditions
t Rlefé BRhIRA toExamle 1 SECdﬂ?ditidnbldx@épt bt tHehiotalgdaction volume
nmet hanol , and then the polynerization was quenched by

pw@asi4fmiliitersothe-ayenching agenioeeneentration wasi).gdk M, and the
temperature was -70 °C.

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

The results, shown in Table V, demonstrated that the placement of alkyl
substituents on the pyrrole ring had a significant influence on the structure of
the product. Most notably, reactions quenched with pyrrole and 1-methyl
pyrrole did not yield any exo-olefin polyisobutylene, but rather yielded EAS
and di-EAS products.

Comparative Example D

Preparation of Polyisobutylene Using a Mono-functional

Initiator - Effect of Pyrrole Structure on the Quenching Reaction

Polyisobutylene was prepared according to the procedure of Example 1 using

the conditions listed in Table 1. Comparative Example D conditions are very
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into the 250 mlIliliter reactor flask. Aliquots were
removed at 1, 3, 5, 8, 15, and 30 m nutes and

wo eooaiozEased with pre-chilled nethanol. The bal peesmhs/029582

0 N O O

the reactor contents was term nated at 60 m nutes
using pre-chilled nethanol. Polyisobutyl ene sanpl es

wer e I o \Y :
S5 E5Gh e BBV Pl PR LSRR thffoddn anc
deensthldtatesictha p?rr@@ﬁ@hpzedd bel ow i n Table V. Exanple

20 Preparation of Polvisobutyl ene Usi ng a

Mono-functional Initiator an 2- lindole - Effect
of ne pebisobstyspe saMries were fel & ﬁ@afx &%ﬁfescn ed
P [ condi tions

I ?é%!\é%%@%é{_%{é%dﬁ@qa@ﬁQ |lﬁgleb§ s{&%qem%?ocedur e of

Exanpl e 1, except that 2-nethylindole, a solid at room
t Ehpeestts; showasn a'@btﬁjVaienaormtr@i@mthatéoﬁ fretrimgthylpyrrole was

chlor esolutlo but r

con e aenfing HsPR et e Med By e dicboc. The
EitrijoN ;ﬁo@iu@l%b‘thﬁn@@lwm theet, 2@@!n@§th¥$bﬁoﬂé'Wb@ﬁbr@@hmrlde
vvere used to calculate the exo-olefin as the percent
oPolyisebubtiene.chai n ends in the polyi sobutyl ene sanpl es
prepared in Exanple 20. The data show t hat
2-nmethylindole yields a snmall anpbunt of exo-olefin

pol yi sobut yl ene. Conparative Exanples A-C Preparation
of Pol yi sobutyl ene Using a Mono-functional Initiator -
Ef fect of Pyrrole Structure on the Quenching Reaction
Pol yi sobutyl ene was prepared according to the
procedure of Exanple 18 using the conditions listed in
Tabl e 1. Conparative exanples A-C conditions
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t he

reaction volune was 40 mlliliters,

were simlar to Exanple 18 conditions except that the
were col |l ected and anal yzed as descri bed above for the

t ot al
worewoksmg agent concentration was 0.015 M anBCTAIS2005/029582
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2 Data taken from45 m nute quench tinme 3 Data taken
from30 mnute quench tine 4 NV A Data not

wae@cloadyhe. WHAT |S CLAIMED IS: 1. A net hod f or PCT/US2005/029582
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20

preparing a polyolefin containing one or nore
exo-ol efinic end groups on the polynmer chain,

Nﬁﬂﬁ ng a cationic quasi-living
gﬂgole§|n poly n2$ systemw th one or nore
nitrogen-containing five-nmenbered aromatic ring
conpouAdseethelddot prepariogapelyolefis oantiammgdum@remor@excpr@leflmc

o o Bee Y 50 BiF MR ERB ARl A G RRR § Hlenic
five- naaggnpyﬂqg-?\;s&?@&hﬁ pblyhﬁleﬁ %/s&% ‘wiftdne or more

2,4-di methyl pyrrole trimethyl pyrrole; (c)
2- phenyltnqg@OI-@nthlmngM%mﬁmbﬁéﬁd emmaﬁ@rleg compounds selected

2. 4. 5 IPIPRUFIPF AdaBitdgoles D Bl Rt gy hiirgRay &
wher ei pubdtRu@sts\sttaehed td thepaepeatiztring) provided $he Miteogen
nmet hod of c¢laim1l1l, wherein the nit rogen cont ai ni ng

fi ve- nEARiainiog ﬁYWmEerﬁdr@OH@%‘dﬁm iPta substitut ed
pyrrole. 4. The nethod of claim 3, wherein the

substl ted R At folehe general fornul a: wherein:
(a) Rl Ez aﬁ%llﬁ E pgndently al kyl containing one

carbon at om to
(b) 1,2,5-trimethylpyrrole;

(c)  2-phenylindole;
(d)  2-methylbenzimidazole;
(e) 1,2-dimethylimidazole;
() 2-phenylimidazole; and
(9) 2,4,5-triphenylimidazole.
2, The method of claim 1, wherein the polyolefin is prepared in situ.

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

aromatic ring compound is a substituted pyrrole.

4, The method of claim 3, wherein the substituted pyrrole has the general

formula:
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about 20 carbon atonms, R2 and R3 are independently
hydr ogen or al kyl contai ning one carbon atomto about

wQ@ooosaeiren at ons, cycl oal kyl of about 3 to aboPtT/¥S2005/029582
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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 @hout 30 carlggn atons; or (b) R
and R2 forma fused aronaby ' of from 6 carbon
atons to 10 carbon atons of l'iphatic ring of from
4 carbon atons to about 8 atons, R4 is alkyl
cont ai ni ng one carbon at 20 carbon atons,
and R3 i s hydrogen orR4al kyl nt ai niflg one carbon atom
to about 20 carbon atons, cyc|oal kyl of about 3 to
about 7 carbon atons, aryl of! about 6 to about 30
carbon atons, al karyl of abod? 7 to about 30 carbon
atons, or aral kyl of about 7 to about 30 carbon atons;
or (oWhe®inind R3 forma fused aromatic ring of from®6
carbon atons to 10 carbon atons or an aliphatic ring

of from4A,car t . i

ond R o R 408 & Aind hdtiiilly AISRESRAIAE BRe ftoritiom to
atom t o aboabo®Cearbon aAdmSER, and Rb)arkandependamty R¥drogen

and R3 and R4, taken in pairs, i ndependent | orma

fused ar oma®¥ @k ‘?Rj‘t%'f“ Qﬂﬁ@é@gf‘t?gﬁmgpé}?ﬁg%f@rbon atoms,

car bon at ongy@6aiR ¥ duRlRBits abblf7 RartidrPHlofing @AY about 6 to
atons to abo)(Jt % carbon atons.5. The nethod of ¢claim

4, wherein 8boutrit) @arbanatomshglkanmhof Rbownd tardbaute30 carbon

hydrogen. 6ﬁ' mTheqo_rFeatrQIﬂgl (%fab%lu%rpo%’bo\ﬂ't]% %iaﬂ)ﬁlatoﬁ?s; o$3

and R4 are

(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, Ry is alkyl containing one carbon atom to
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

(c) Rzand 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, and Ry and R4 are independently alkyl

containing one carbon atom to about 20 carbon atoms; or

(d) both Ry and Ry, and R3 and Rs, taken in pairs, independently
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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7. The method of claim4, wherein the
substituted-pyrrole has the following fornula: 8. The

woredoboe37af cl ai m 1, wherein the pol yol efin i's PCT/US2005/029582
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pol yi sobutyl ene. 9. The nethod of claim1l, wherein the
gquenching is carried out at a tenperature in the range

O 58 e ! BRD 4 SRR S98 e AR BB .

tenpergpéjﬁﬁjr'bgeﬁ_he range of from-800C to about 00C.
11. The nethod of claim 10, wherein the quenching is
carried out at a tenperature in the range_ of frog{rp]yl

t
-6ooC Theamethed of elie 4 whergid Retfie Rs@NdRaafg DE!

wherein the quenching is carried out at a tenperature
B the ] -

R G R L R At
subst i falloeihgformola ri ng has from one carbon atomto
about 12 carbon atonms. 14. The nethod of claim 13,

; re—stbstituf ed pyrrole
ring has from one crppn atidm t o aboyq{ 4| carbon atons.
15. The method of cliai Ix iin_the pplyolefinis

S -1 yol efin
chl ori de chain

grotP—or

pol ymer product confain 8L
ends or a m xture offHt ery=ss hl orj de chai n ends
and terminal ol efinic chain elds in the presence of a
Lewi s acid. 16. The|met thbd of Illcl ai 15, herein the
quasi -living pol yol efin-polyner product tontains
termnal tert-chloride chain ends. 17. The nethod of
cgalm ' n [YisbBdtylene.
bg'ron ﬁgﬁirﬁ%ﬁbggﬁc@ﬂ@ he%heggﬁgtpécq%ﬁ]eﬁl?%gr ei nyt he

Lewis acid is a titani um halide. . '
9. The method of claim 1, wherein the quenching is carried out at a

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

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

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

11.  The method of claim 10, wherein the quenching is carried out at a

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

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

13.  The method of claim 4, wherein each alkyl group on the substituted

pyrrole ring has from one carbon atom to about 12 carbon atoms.

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

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

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

quenching a quasi-living polyolefin polymer product containing terminal
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19. The nethod of claim 18, wherein the Lewis acid is
titaniumtetrachl oride. 20. The nmethod of claim1,

wobk@saR3T4t he quasi -1iving pol yol efi n pol yner i BCT/O81088029582
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by contacting at | east one cationically polynerizable
nmononmer with an initiator, in the presence of a Lews

aci d under, regction conditiaons suifable for . .
uasi - ITUPHGTAS PRBY Ttk o Rguie of Fiming fertrchlorideghpin ends
20, whgr@itdyniingl Glbfihie @RbINERICiAlthe présdrce of a Lewis acid.

pol ymeri zabl e nononer conprises at | east one of

i sobutyl ene, 2- nethyl-1-butene, 3-nethyl-1-butene,

416et hihe mefbad ©f slaimnth, vhespintba Quasbliving golyolefupelymer
claim ' ; 2 ; Lofd cal |y

pol yme fz%rgg'ﬁ}%‘nd(}r%%fn? Fésrggﬁlbgﬁgﬁgsﬁ%mhe nmet hod

of claim 20, wherein two different cationically

po¥ y meT he abthodwf aleéms! 55 véhezaipl thg dewi acidTibe titatiuma ooboron
cl ai méo, wherein the initiator is nmulti-functional.

25. Th a'l'ﬁ'aet'hod of claim24, wherein the initiator is

di -functional. 26. The nethod of claim25, wherein the

difgf UNThi GRGthol 5f lclan0Or7, WHEREINIRE Lalwié 88Rltis @Mitaffum halide.
1, 3-di (2-chloro-2-propyl)-5-tert-butyl benzene, 1, 4-di (2
-chl or 0- 2- propyl ) benzene, ) ) L

119- di {be seethed\f slaimols, |\I§|’}%ﬁl£\éh§’LeWIS acid is titanium

1, 3-di gfa%ﬁ sy - 2- pr opyl)-5-tert-butyl benzene,

1, 3-di (Z2-nmethoxXy- 2- propyl )-5-tert-butyl benzene and

1, 4-di ( 2- met hoxy- 2- propyl ) benzene. 27. The net hod of

ckai m ZThe métbodiafi ctdim 1,wheraindheiquasblidng pobidlefirapolymer is

ono- { NEECIRAPOTARtITG: LRAst NS Feldhicalf) nolumepzablgmonomer
2- chl oph ZrPRRRYO P IrPPR resen@C et #X¥wds acid under reaction

conditions suitable for quasi-living polymerization.

21.  The method of claim 20, wherein the at least one cationically
polymerizable monomer comprises at least one of isobutylene, 2-
methyl-1-butene, 3-methyl-1-butene, 4-methyl-1-pentene, and beta-

pinene.

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

polymerizable monomer is isobutylene.

23. The method of claim 20, wherein two different cationically

polymerizable monomers are employed.
24. The method of claim 20, wherein the initiator is multi-functional.
25. The method of claim 24, wherein the initiator is di-functional.
26. The method of claim 25, wherein the di-functional initiator comprises at

least one of 1,3-di(2-chloro-2-propyl)-5-tert-butylbenzene,
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phenyl propane; 2-propi onoxy-2-phenyl propane,
2- met hoxy- 2- phenyl propane, 2-ethoxy-2-phenyl propane,

WQ@2hlozd7ez 2, 4, 4- tri nmet hyl pent ane, PCT/US2005/029582
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2-acetoxy-2,4,4,-trimethyl pentane, 2-propi onoxy-
2,4, 4-trimet hyl pent ane,

2-met hoxy-2_ 4, 4-t i net hyl t d_2-

ot hoxy 1 24t braRroP R RS S AltacaigrkgprapYlbenzane
1, whey gLdi(2-Beetoy208RpyN B eH-Bltybdnzene Tenber ed

aromatic ring is a substituted i mdazole. 30. The

met hod13rdiG2-methoxy-2 iepy)-A-teHdutylbenzens @ad i ni dazol e

cont al R P TEIRaREE TPy METREE, (o' o about 20

carbon atons, and wherein (a) R and R2 are
i pTlepeMbe meéthiod i ciairar20, alheyéindhe dmitatoaismonatfunctianal.
about 20 carbon atons, cycloal kyl of about 3 to about

7 b ¥ bout . 6 b 0 .
$28 bonibe ety e Caimbe7 AR e BRR tindioral nitator
at ons, c@pAsed hileadf oRdBD-chidre-22pReryISROpaRED2 M cRtEXYE2-

or (b) R and R2 forma fused aromatic ring of from®6
car bonpheryigropanen2-¢aeRionox-grahesylpsapane, phatatioxy-4Ay

of from4 rbon Q o) 0 5 A1h€e

et hoaP RPN 2 i S RnERBEShdtien renicipta 414"

hydr oggimétRgipBatdrie, Reddetdyi-2 /4,4, 3Bmethgpertahed2 qiropioaoxry-
1, wherein the nol ecul ar. weight distribution,

I Mp,
of t he2Myanemyww%@rmeéh@we%érﬂ-mrnemwl@e.néaM{ﬁ%Vaglﬂ 2-
about éth%}(y-tZ%,ﬂbtﬁmetﬁylgentane.

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

aromatic ring is a substituted imidazole.

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

general formula:

SN

H

R4

wherein Rj3 is branched alky! containing from about 4 carbon atoms

to about 20 carbon atoms, and wherein

(a) Ry 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 about 6 to about 30 carbon
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33. The nethod of claim 32, wherein the nol ecul ar
wei ght distribution, Mwv Wh, of the polyol efin polyner

wo soopozent in the range of about 1.1 to aboutP@r/0S2088029582

11
12
13

14
15

16
17
18
19
20
21
22
23
24

25
26
27

The nmethod of claim 33, wherein the nol ecul ar wei ght
di stribution, MV M, of the polyolefin polymer is |ess

than 1.5. 35. Aatgmsh% A lofREBARY 19 pBuPIh XaHRI Boms, or

cont ai ni ng one Or nore i oend gr oups on
pol ymer chai n, amaikyt obaboutdUienattout@Oacarbon aboms; or
quasi -1iving poI yol efin polymer systemw th one or

! 0 PO Y
Compounds SilecReant ntopy A GFEE Ssmmare BEFoIst R hyy
at |east two hygioafaiobhd carbentdtbmetranidlipheiedingoftfism 4

aromatic ring, wherein the nitrogen containing
five-menbered agarhaniatoms g Sceaion AN e pre-react ed
with a LeW| s acid, and provided the nitrogen

cqnt ai { t

93 ! ‘?‘ ﬂaérarog}%em?ﬁr%f v@‘@g@ R} lsrr’ngﬂw g?ygr 9 yd(’&g%er} and Rs is
2- phen;ért bdtyl e; (d) 2-nethyl benzi m dazol e; (e)
1, 2-di -net hyli m dazol e; (f) 2-phenylim dazole; and (g)

Wr o TherBoetics e idhers el the oo e welani RIS Butcn
cl ai m gb /mhesrehe poliidfint wgm@r fOpreabAt mqnfalraﬁg@r@rrhab@m 01 to

aromatic ring conpound is di met hyl pyrrol e.
about 3.0.

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

34. The method of claim 33, wherein the molecular weight distribution,

Mw/M,, of the polyolefin polymer is less than 1.5.

35. A method for preparing a polyolefin containing one or more exo-olefinic
end groups on the polymer chain, comprising quenching a cationic
quasi-living polyolefin polymer system with one or more
nitrogen-containing five-membered aromatic ring compounds selected
from pyrroles and imidazoles having at least two hydrocarbyl
substituents attached to the aromatic ring, wherein the nitrogen
containing five-membered aromatic ring compounds are pre-reacted
with a Lewis acid, and provided the nitrogen containing five-membered

aromatic ring is not:

(a) 2,4-dimethylpyrrole;
(b)  1,2,5-trimethylpyrrole;

(¢)  2-phenylindole;
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38. The nethod of claim4, wherein the substituted
pyrrole is 2,3- dinethylindole. 39. The nethod of
w@b@soeizg2 wherei n the polyol efin has at | east POT1/US2005/029582
percent exo-olefin end groups. 40. The nmethod of claim

1, wherein the polyolefin has at |east 50 percent

exo- o! ef i(ﬁ}send% q?@ﬁﬁen%}m?da met hod of claiml,

wherein t

'east 70 percent

exo- ol ef i @ end1 grdol#i)éthyllmldazole

36.

37.

38.

39.

40.

41.

) 2-phenylimidazole; and

(9) 2,4,5-tri-phenylimidazole.
The method of claim 35 wherein the Lewis acid is TiCl,.

The method of claim 35 wherein the nitrogen containing five-membered

aromatic ring compound is 2,5-dimethylpyrrole.

The method of claim 4, wherein the substituted pyrrole is 2,3-

dimethylindole.

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

exo-olefin end groups.

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

exo-olefin end groups.

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

exo-olefin end groups.
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