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METHOD FOR PREPARING POLYOLEFINS CONTAINING 5
VINYLIDINE END GROUPS USING POLYMERIC NITROGEN
COMPOUNDS FIELD OF THE INVENTION 10 The present invention is
directed to a method for preparing polyolefins containing vinylidine end
groups. More particularly, the present invention is directed to preparing
polyolefins containing vinylidine end groups from quasiliving
carbocationically terminated polyolefin polymers by contacting the
quasiliving carbocationically terminated. polymer with a quenching agent
selected from the group 15 consisting of polypyrrole, poly(2-vinylpyridine),

polyphengi@eding POIOKRTIPARINGPROLY (DI EaNE ARHRNSARING
substituted derivatives thereof. BACKGROUND OF THE INVENTION 20

Linear OO A FNIS B @ HIohLRANC dr Al CoNE R AN
single "exo-olefin", "1,1-di-substitgigtP @ielm©r "methylvinylidene," end
group are useful precursors for the preparation of polymers containing
specific functional end groups. Polymers made using multi-functional

initiators would have muliipia gxoyplefime BOdrarewN Polymers
containing specific end groups are useful as lubricating oil 25 additives.

One example of a fanctionalized polymer containing hetero atoms is

nalyisebeienvsHEeis anbueides wishdSorodseet Dy sBaetion ebatefiing

terminated polyisobutylene with maleic anhydride. Functignal end groups

PRy e 5 S| VIRSP BoFHRRIET I IS AITRES RAEING BrUFEEd&ng

fordhanReaRlipnlcBa:CanventinahionimhpehimesZasigumcamR S aRionic or
cationic., Anionic polymerizatjons proceed, in the presence of a base,
R SO S P Y RIBHB ARy S Ra S auihane

WHRUSSfealionic RekImatd atibnspronBad ek tindugsaneteokdrfragidhe group

through a carbgcation, alsq called a carbenium jon, and favor manomers
RS SRR R SRl GOty RE RS GF RS BP Vomasime, and
RRyPRIERIER SysHhes, Ahing nelynedrizaran sysiems {5 may be either
anionic or cationic. The difference between conventional

BACKGROUND OF THE INVENTION

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 multiafunctionéi 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, which is produced by reaction of olefin terminated
polyisobutylene with maleic anhydride. Functional end groups may also be desiraﬁle

for synthesizing polymers capable of undergoing further reaction.

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
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polymerizations and living polymerizations is that an ideal living
polymerization proceeds in the absence of chain transfer and chain
termination. Living polymerization systems are of great commercial
importance because the degree of polymerization may be controlled by
ontrolling the feed.ratio of monomer to initiator 1Q and sequential additi
S e S T S vor
cepoiymsrhaPiymeidzationetorsiimyesouptil the monomer is exhausted,
but the polymers retain their ability to add additional monomers any time
in the future. A number of such systems are well known in the art. 15 A
finthkrigavelsproentitshal patjoniciguasliyrienpo mieg pationesistéonsystems
sing..comventional monemers QuaskMnanolmerzaton ishest
AChieved when certain _conditions are employed, for exampr)lle anhydrous
edgentsCatinrid divay-tivingepoiimesizatiorsulidesiftorimg oy Yiviergzation
pehimarzaiipns.in et Albean e ala of Shalg fansier pRAraches
ero, chain termination Is present but reversible. One 20 importaht
exrbmpiézofiarcatittic quasi-iviagcpoinmeizbiipoiaine batiowie the degree of
Ui RO ez Ran A IPRDUARR Ty BiSalN, SRIOIE QYRS PG e
ggﬁﬁnﬁéﬁ%@?ﬁ%ﬁ%ﬁ%% %%1% j/gigld n‘arro§/1\}/é/moIecuqagl%/ivgézr(}éll'ehrit3 istrlgﬁlgi&glnmtla o
and sasanizgbrgbienar frodoctsshdingnihe @B nan aierds the tiyipropy|
BRLBLE Ro A0 SEIGHE P15 R BT IANG CONOIRL oS S Alstea,
onditions minor amounts of olefinic isomers may also be produced. On
g Bthophyands tistria theinaki ifajoradib it tisom ereradttenydunng the
soRYEnkaRaluRPlyGKIZalian of oblIens It B 3T he highly reaciive
exo-olefin iIsomer Is the most abundant and the relatively unreactive
2-methyl- | -propenyl isomer is also 30 produced. The 2-methyl- |
RIRREIY Idé%lb%%%lﬁlﬁotﬁ@f@iﬁ%qipqﬁﬁsﬁhﬁ\;iﬁgW%%inoﬁ%m using
“endo olefin" isomer. Furthermore, conventional polymerization of .
s iEnalyrIaqsotym Bt B RabIAE R INBARIERCaISHISINBRR hrtain
Replisnarsiy dRdirssdhan brical amasiiving Rolyeeizalions. daxelusive
production of the exo-olefin isomer has not been previously achieved
MRHERCEEAERS éﬁ&r@w@w@éﬁﬁiﬁgaﬁ%ﬁmgaﬁom in that, although the rate of

chain transfer approaches zero, chain termination is present but reversible. One
important example of a cationic quasi-living polymerization is the cationic

quasi-living pelymerization of isobutylene.

" Typically, cationic quasi-living polymerizations of isobutylene 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. The highly reactive exo-olefin isomer is the

most.abundant and the relatively unreactive 2-methyl-1-propenyl isomer is also

produced. The 2-methyl-1-propeny! isomer is also referred to as the "tri-substituted"

isomer or "endo olefin” isomer. Furthermore, conventional polymerization of
isobutylene yield polymers with breader molecular weight distributions or
polydispersity indices than typical quasiliving polymerizations,

2



10

15

20

25

30

5 There are two established methods for producing polyisobutylene

containing only the exo-olefin end group. One method involves chemical
dehydrohalogenation of tert-chloride terminated polyisobutylene using
potassium tert-butoxide in a post polymerization reaction (U.S. Patent No.
4,342,849). The other method involves in situ quenching of quasi-living
isobutylene with methallyltrimethylsilane, which 10 converts an active,

e sashepiliviiandothe exalekiisemnddios poSeerdqrexambjesciRothd under
and H. Magr, N{gcromol.ecules, 29, 6104, 1996; and Nielsen, L.V.; Nielsen,
BRI O R BSO8R mer 1997, 38(10), 2529,

Polyisobutylene polymers containing more than one exo-olefin end group

be 15 [ h thod .th f ..
T R R
polyisehtiyiene polytessnithodlinkadves shethearticAydurhblepohyiaterts

JBreyicored pracesess (oh 1A AONTSORLIENE, PRNTIER i o s

ut noffe*using quenc mé a cationi

quhsiriving @olpmennafio s . HeternNoit, (e SH@irafbd bdterocyltid inglves in
compounds of 20 the present invention. SUMMARY,. The present .
Ve REGH r"e%ﬂé‘as fﬁ%érrlgtlgoa lﬁ%[: Yod for 6?8'\%%.?{5"60 ‘%9 e%?l%n SWIHch
containsrg vistitieldhengndudrotps; itisartbthadinidivesgroviding ) far example,
‘ik%?ﬁ'g"é{‘ oS Rfa{bto %QPA%%'{XC%%@B@%(?(EP I¥9%'%@W%Eh?ﬂdv, Nielsen,
con ac'%lng the [Xo’lymer in'Step  a) with at Iéast one quenching agent
FeRcteddrBm KnpgrbupreniBidtivigroér 388/hydtls) pahi@-vinylpyridine),
polyphenothiazine, polyoxazine, poly(pyrrole-co-thiophene),
poly(pyrrole-co-furan), and substituted derivatives 30 thereof. The
durpatingyitep s bondu cedaimdemsoitathinconditiord b repratbsahp may be

uenching agent tg.inter ' eeqctive chainend.oftng pelvelefin
%ﬁ%?%%ﬂ;%tlé%tﬁee %r%\%)gvfa%gc{)l}\%{ %lr%)tqn from_t‘hae reaétive(’clr?ain end, thereby ‘
fohmimgrimetionyditierizolefin g ioomddE e yireditiime adpestdicamy known in
{girnaied\pSF SRO.RERINAC DY copIRCINd afo SRSk AN GRHANIGRIne
polymerizable olefin monomer with an initiator, in the presence o
polymers containing exo-olefin end groups, but none using quenching a cationic
quasi-living polymerization system with the saturated heterocyclic ring compounds of

the present invention.
SUMMARY

The present invention is directed in part to a method for preparing polyolefins
containing vinylidene end groups; this method involves providing a) a quasiliving
carbocationically terminated polyolefin polymer, and contacting the polymer in step
a) with at least one quenching agent selected from the group consisting of
polypyrrole, poly(2-vinylpyridine), polyphenothiazine, polyoxazine,
poly(pyrrole-co-thiophene), poly(pyrrole-co-furan), and substituted derivatives
thereof. The contacting step is conducted under suitable conditions to enable the
quenching agent to interact with the reactive chain end of the polyolefin and facilitate
the removal of a proton from the reactive chain end, thereby forming the vinylidene

end group,
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of a Lewis acid and-solvent under suitable quasiliving polymerization

reaction 5 conditions and thereafter adding the quenching agent. This type

of reaction allows for in-situ formation of the final vinylidene containing
polyolefin. Other suitable quasiliving carbocationically terminated

polyolefin polymers can be formed by ionizing a polyolefin chain end,
commonly halides, in the presence of a Lewis acid and a solvent under
Shitapie divasgivangppaliymiedliztiomisacdare bonditien e 0! ipjtietoecting at

[Day gr?e %(Hb%fi%g e?gyr%ﬁg?/éf%ﬂgig %?El,fﬂ{ %@F ﬂﬁ%?e&?ﬂﬁt}’%ﬁ? Y t@éﬁﬂ,@senee

monomers can ed. In one embo iment, t quenchning age tis
afpdlynver sedeotdddtoenttiadgroup atiecprsidtingeai Ppippriresies reaction
oyt ings, : > S
D B e O ASAIGR.s or
dersivativesadhenaditsaltnmnany!inesenedast the psdlirieéins blthabauvablef
_ . Al : :
fkﬁgggﬂg?gg%%%gﬁf&;@m @%ﬁ%ﬁ%%ﬁ%ﬁ?ﬁ%&éﬁﬂ%%ﬂ&@@@

mers may be substituted such as poly(substituted pyrroles) or

éﬁ#mwm@ﬁm@@@@l@@@wmﬁ@%b@ﬁﬁ%@ﬁb@m@?@@[@f a Lewis acid
APFURTONR Eﬂﬂe‘?féﬁﬁdﬂié@ﬁgﬁﬁQiﬁkgp&?ﬁlpﬂ%icfﬁ aclionKostiggoand

thus can be optimized depéending upon the ultimate result. Preferrably the
guenching agent is selected from the group consisting of polypyrrole,

RAVMRYiRYY %?’ MMS@%]%W%@&%&QP NPT RI S R N B various
preferably polypyrrole, polypyrrole-thiophene and polypyrrole-furan, and

eldin oo mesierab e B¢rrole and substituted polypyrrole. In
another aspect, copolymers of the above. In one aspect, the quenching
agent can be empl?ﬁd in a heterogenous phase from the quasiliving

dansscanbeitiiRntetrsinneashyenAeRh YO BRRERET Kelscied fRiatbnigrgup
ERALERD sg%agsyﬂm,ﬁts%ﬂgﬁ%ﬂmwﬁ&ﬁ%ﬁﬁﬁﬁ&%ﬂ%}%@gﬁéﬁgx_ﬂim,
polyolefin 30 polymer as a dispersion or for example in a fixed media. This

enbibrakiel surMoNmE Ageariy o sl BiRsatder Rofitame ghehFubstituted

RelwaglsiRydse AR ASRAR!, GAR Rt Canita zagdnhe athe qursilying
olymer is contacted with the quenching agent. For 4 example, this

th%HBHﬁ% derivBEvsE MR AR £ KRR IBRE redtiBIosm At A g tsplymers

may be substituted such as poly(substituted pyrroles) or copolymers including block
polymers, diblock polymers, etc. Substitution can ease in the handling, solubility,
reaction kinetics, and thus can be optimized depending upon the ultimate result.
Preferrably the quenching agent is selected from the group consisting of polypyrrole,
polyvinylpyridine, polypyrrole-thiophene and polypyrrole-furan, more preferably
polypyrrole, polypyrrole-thiophene and polypyrrole-furan, and even more preferably
polypyrrole and substituted polypyrrole. In another aspect, copolymers of the above.

In one aspect, the quenching agent can be employed in a heterogenous phase from the
quasiliving carbocationically terminated polyolefin polymer. Thus, the quenching

agent can be contacted with the quasiliving carbocationically terminated polyolefin

-polymer as a dispersion or for example in a fixed media. This enables the quenching

agent to be easily separated from the final polymer. Likewise, this aspect can be

capitalized when the quasiliving polymer is contacted with the quenching agent. For
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reactor or other suitable heterogeneous type reactor. In another aspect,

the quasiliving polymerization system is so controlled so that the 5
vinylidene terminated polymer has a molecular weight distribution,

M,,,/M,,, from about 1.01 to about 3.0, more preferably from about 1.1 to
about 2.0 and even . more preferably less than 1..5. DETAILED .
DRI BN A0 D HA TR AT TS &ﬁ%ﬁ‘é‘ﬁ?&&@wm@%\%d bed
tha-feHewing-meantigheblesseyniesplyraiaiad to the contrary: 15 The

term "alkyl" as used herein refers to straight chain and branched chain
saturated aliphatic groups typically having from one carbon atom to about
20 erthonsatoMte SO exarpples af sitrig Ry slaair andcbrandhkddeltainthe

saturated aliphatic groyps are methyl, ethyl, propyl, butyl, .isopr :

e R A e RNt S G
W66 harew wetars3o anakyhgiouyiivinebdoe icatoarb &t atdand even more
representi %tﬂ%ﬁﬂ t of attachment of the group to the rest of the
R{S{%Eﬁﬁlgy i% ® ertiary 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 " " as used herein refers

to a carbon atom that is aﬁ%@%ﬁ@%@@?@p oms. 25 The terms

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

ig%ra%d carbon atom bearing three sp2-bonded substituents and an

itbital. CH3 CH3 H2 1100 PIB-C-i-CH2-iX CH3 CH3 PIB
@arhedibenciantbe following terms have the following meanings unless expressly

stated to the contrary:

The term "alkyl" as used herein refers to straight chain and branched chain saturated
aliphatic groups typically having from one carbon atom to about 20 carbons atoms.
Some examples of straight chain and branched chain saturated aliphatic groups are
methyl, ethyl, propyl, butyl, isopropyl, isobutyl, sec-butyl, tert-butyl, and the like. 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

g “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.
CHy CHs

Hy l ® ©
FiB C C CHy—C X

| |

CHs, CHs

PIB Carbenium lon
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The term "chain transfer" as used herein refers to the cessation of growth
of one polymerization chain with the possible initiation of another
polymerization chain. The term "common ion salt" as used herein refers
to an ionic salt that is optionally 5 added to a quasi-living cationic
AQlvmerzation Mice (o Rreyant dissoriarion of (e, PraPaeaingy o¢cne
carbenium ion and‘counter-ion pairs. The anion o the common jon saft 1s
ipaptivaitaitecteimretiiche wisiblplopadgiating ehaihee pdyyitrizetitiosioin.
the common ion salt is typically a fatty quaternary ammonium cation,
such as tetra-n-butyl ammonium ion, which confers solubility in the
dilgatsiomiedtiamd0iFneattras tsemhheonroefestpracursortatishaes dygiminlly
I ioni | ' : I=livin ioni .

! , 1
e A Mo g e
eropegsating tr mopagairndisaimtandsnviaiis Jibe sigotiorilwiththodeigissalt is
361560 HATRIS BRIy Ao shiaride, 1 B th
'Zcontir%ﬂed mo?c‘a%l}l%gr w&&tﬁsmgn" g;cﬁsélg{qé %?eﬁh-rge %é? to ¢ common
poiyasikfin Yplgetisre fatlyidgaeousiysanmolsrmaalieigbndistitsttion-buhe
DRIRGHIRR WaAIh iRt iIAn o RAIRRALSIsnslex, (RRI) herein is
calculated by dividing the average %dolecula?%ve%eht o@lthe polymer chains
by the number average molecular 20 weight, M,N/Mn. The term
“BRURINGT AR MRSADRIGH pRIgiR i the Rddition &l BRRYMET ISINA, optionally
carbenium to a polymer exo-olefin chain end, for example when the
paRan & Isapistyisobatyisnalthee] YHIS e ta tHaradditioh egrerates
RBUARGHR0 L IPURIRAGR. RRARIVTY AR 1A ROMIRODHIHSRR 1N st

chain end. The term "coupled product” as used herein'refers to the
praehies of Bddribe v acEbIdm ex gamsiHdeEabemtdimar s wpdiaTde.
(exo-olefin) chain end. Coupled product has a number average molecular
weight that is approximately twice that of 30 the mairi%’)olymer product.

T terh "conidindonal RN SHstautiay meverd fursia tefers to
RRiyMeHEFHINPmWRSLAIM e Fhai res R P PR ERHAN I NI RIEliNSar

proceeds with ions as o o o
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, My/M,.

The term "coupling" as used herein refers to the addition of a polymer terminal
carbenium to a polymer exo-olefin chain end, for example when the polymer is
polyisobutylene then this refers to the addition of a polyisobutylene terminal

carbenium ion to a polyisobutylene olefin chain end.

The term "coupled product” as used herein refers to the product of addition of a
polymer (terminal carbenium) ion to a polymer (exo-olefin) chain end. Coupled
product has a number average molecular Weight that is approximately twice that of

the main polymer product.

The term "conventional polymerization" as used herein refers to polymerization
wherein the chain-reaction polymerization involving olefins proceeds with ions as

6
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6 chain carrying particles, either anions or cations. Polymerization

proceeds through the steps of chain initiation, chain propogation, chain

transfer and chain termination. The term "di-EAS product” as used herein

refers to the product which results when 5 two separate polymer terminal
r enium ions react to. f rm a covalent.bon th a srn queng

O A e AR e B R A SR Mo he

thepgofolehiingiagent, Theitepropvgayilice nbdirefenssfer apblymiertchainagngd.

with the following generic 10 structure: PolyolefinlR where R can be H,

alkyl, aryl, aralkyl, or alkaryl. The terms "di-substituted olefin" or

'Iémﬂniaﬂ‘rd‘imm&mtb‘@dc&ﬂhgdidewrbhtasiuse&rs_@rtécaimrbmw@iah wieflis when

olymer c arn cont lyi
R RS TR AR AT G hPO S Brrs UrAERa % o
sangie"Erkqurog sethasobedlhefsik refarot cheqnathicnilsistiuesdtg residue
one %n tgﬁh |naI carbenium ion reacts to form a covalent bond
a Sift &u& ing agent molecule. EAS product contains in its

structure a residue from the quenching agent. The term "electron donor"
S5t RIS AENRS O ANR A GADEE (GIPORDUAHBTANCEAC JERLIR

the polymerl ation reaction that is’either fully complexed with the

kewisiecid or fully non-complexed with the Lewis acid. The concentration

of electron donor exceeds the concentratior, of the protic impurities, for

example water. The term "electrophilic aronfjatic substitution or EAS" as

used herein refers to the proce \é{ﬁi‘ AS product is produced.

7 The term "gem-dimethyl carbons” as used herein refers to the two

ReathyRCashorRg T, alkyl, aryl, aralkyl, or alkaryl.

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

polyisobutylene the structure is as shown below.

PleCngCE)—CHz-(ll
CHs, CHs

The term "EAS product” as used herein refers to the product which results when one
polymer 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.

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

process by which the EAS product is produced.

7
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alpha to the carbenium ion or the chloride bonded carbon of the polyolefin
polymer chain end as depicted in the structure below. CH3 CH3 H2 1 i
-CHZ- i -CI CH3 CH3 PIB tert-Chloride 5 The term "hydrocarbyl" refers to
an organic radical primarily composed of carbon and hydrogen which

may be aliphatic, alicyclic, aromatic or combinations thereof, e. ralkyl
R Sr AR ERb e Ry A8 FUFTaIn Dt EiSons
dnsatusationaieaialafivicaracenttanie bosdédratibon afidhnpy paktairpolymer
minor amouogts .of eteg)atoms, sug:i%as oxygen or nitrogen, or halogens,

[

shet S8LATGHRRAC1SH PHEGEIMCHHTBEP as Used herein refers to the

chemical moiety that starts the poly&@sization arfghsatisfies the valence at

the head of the polymer chain,;qy the; molecule that provides that moiety.
When a mono-function&liinitiatoris-tiSed-thd, &(CE)

concentration equals the initiator congentration. Fpr a multi-functional 15
initiator, when the functionality of thegnijiator equalg,x, then the chain end
concentration equals x times initia[t_gfé for{]{gﬁ%tr@éion. The term "Lewis acid"”

as used herein refers to a compoun Aatcan accept a pair of electrons
toHoteha touiienibande26s Thartenyailivingl pelymierzdticotrassssedf carbon and

erein refers, to the polymerizations that proceed in the absen £

%‘i’ﬁ%‘f{b}%ﬁ ?%Tﬂa%%’ﬁ s%ﬁgﬁéanﬁf’c%%fmel?mlr? Ation. %(‘éo{r@el%ﬁ%%%%gsr%\?ﬁ? g
rolyraerikalionilksvisSudehgirsefebs tgrivingmahabserzationslipbaiinerein
reversible chain terminations is operable, but irrever irﬁl hajn. termination, .«
ARGRREN P ahsrer sBIHAE Cees%rz%?r%? RO ua(lelf‘lrsc fﬁrg%gg{ght" as used
hefreinerefesato sudhemizabaompdtmgdarhictido getde sitth appdilariasization
reaction to react with the polymer chain end in the presence 8

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.

Thie 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.

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

and chain transfer approaches zero.

The term "quenching agent” as used herein refers to a chemical compound which is

added 1o a polymerization reaction to react with the polymer chain end in the presence

8
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of an active Lewis acid. The quenching agent facilitates the removal of a
proton from the reactive chain end. The term "polyolefin” as used herein
refers to a polymer produced by the addition 5 polymerization of one or

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

term "protic impurity; as used herein refers to,impurities withi

AR o DOCPS T AT DA e {75 protgn from

sisuetisrdie tafareadample, water. The term "regiospecific” as used herein

refers to chemical reactions that give exclusively or nearly exclusively one

of several possible isomeric products. 15 The term "termination” as used

Theaimreteotyis dfie"chhamiddiaracticlthat 1grolynateprabigeddrizdgoridition
rocess or.the quenching reaction by deactivation. of.; [ id.. The

et BS P S A dra R AR S0

isshutydtes, golymerization process or the quenching reaction, but may not

simultaneously initiate 20 a new polymer chain. A number of alcohols may

be used as terminators. A common terminator is methyl alcohol. The term

"thettehtotisteticafepsutitythas ekl beoein nedehy horopyhatasgralipidhea

ROVIEHn.POIYMEL ENAN AR TG RISREN OKADHOR LAl SRR Ih AT Wrdbture
ethod for producing an vinylidene terminated polymer comprising a)

Brovidimgla, qursiliving carbocationically terminated polyolefin polymer,

and b) contacting the polymer in step a) with quenching agent selected

from the group consisting of polypyrrole, polyvinylpyridine, 30 .

fly piventitamipesi ol yoxszihbersonisiers ke ebethisphieaetiang babstitted

%,%%gf% g omgsr?ﬁt- &J&s&wea@ e 20ENIS Ol IR REBSRAIDYERAR, are

capable ot converting quasiliving carbocationically terminated polyolefin
polymer endo-olefin chain ends and tert- chloride chain ends to the

e plefinghain ands- Mithaulheing-raund ¥ ahiaP¥action that terminates

polymerization process or the quenching reaction by deactivation 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 simultancously initiate
a new polymer chain. A number of alcohols may be used as terminators. A common

terminator is methyl alcohol.

The term "tert-chloride" refers to the 2-chloro-2-methylpropyl end group on a

polyolefin polymer phain.

The present invention is directed in part, to a method for producing an vinylidene
terminated polymer comprising a) providing a quasiliving carbocationically
terminated polyolefin polymer, and b) contacting the polymer in step a) with |
quenching agent selected from the group consisting of polypyitole, polyvinylpyridine,
polyphenothiazine, polyoxazine, polypyrrole-co-thiophene and substituted derivatives

thereof.
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for example, it is believed that for polyisobutylene, quenching agents of
the present 5 invention selectively catalyze the elimination of a proton
from the gem-dimethyl carbon of the polyisobutylene chain end as shown
below. CH3 CH3 CH3 CH2 PIB-Czi-CH2-1(c) XO PIB-CZ | -CH2-II C

31 H3 Gl H3 C H3 PIB Carbenium lon -Olefin Pl ' :
e R S
kdhwerbmtheapibiderantrtatefLipoizhleiagiciyiner cadoridepolyhaarizadoprdipran

T
Yiwlosaarpley picatiplicusbthatder witly ietdutidardo nuting e apenls sdty aresent

RS Q%%I%lz%ﬁgﬁé}g?&{@lﬁe Eéiéﬁiﬂ&!@{ ¢ éﬁé{gﬁ%ﬁ%‘ﬁéﬂ&ﬁmﬁmetwl

provide sta . e Friedel-Craft intermediates formed when, for
exdioplel tholpEplsobperencalisanicnd iorbaeaceddity. 15 olefins in the ring.

The quenchingoagents usesd,in the present invention can be egployed toy,

convert pglyole#fin polymer containing olefinic chain ends and ert-chloricﬂe
chainpends to-the—exa,olefifl okiain ends indgpendenily.a B,
mono-functional initiator ig used or 20 a multi-functional. This rate of '
conversion is expected todyg similar for mono- functional and liﬂunction%ﬁ,‘i3
initiators. Tﬁg@a%gt&qogependence is observed for the preparation of the
polyisobutylene poqymers containing a high concentration o B3GR

ahairentiseasataninel totrkchaiuendsnll hasmbeentdaiargimad-iaictures are
raising the, reaction temperature ingreases the yield of exo-alefin by
KA 15 BBBARGO A ol G QB e Rl R FARS o R
jetstuppiieid fromatie axetaleflim PRAIS pindBimpantasnkehilidrpeak. iPathe

1 l\g:% spectrum and also,in the GPC spectrum, _represented by a |

ki 0o e HEAEID K el g hes ER St e B ety
substituted with electron donating groups located at strategic positions on the ring. It
is believed that these substituents prb_vide stabilization for the Friedel-Craft
intermediates formed when, for eﬁ{ample, polyisobutylene carbenium ions react with

olefins in the ring.

The quenching agents used in the present invention can be employed to 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. This rate of conversion is expected to be similar for mono-
functional and di-functional initiators. Temperature dependence is observed for the
preparation of the polyisobutylene polymers containing a high concentration of exo-
olefin chain ends based on the total chain ends. It has been determined that raising the
reaction temperature increases the yield of exo-olefin by suppressing coupling.
Coupling is seen as a peak centered at 4.82 just up-field from the 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.
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In one aspect, the conditions and systems for quasi-living polymerization
can be optimized in light of the quenching step. Without being bound by
any theory, it is believed that the desired elimination reaction is in
competition with the production of coupled product through reaction of the
athenium.jonith lieadvalaad e, b plslin hereipre ondilions the
Avor elimination and distavor ouplﬁng are preferred. Higher reaction
temperatindiphsdiebn foemthieefsieor Blithindtlmingrighudistayencthepling! is
FASElivng eaane elmerizaton obiseRUpIEns, R GUIRIHILEXIERion of
etween active, carbenium ions and dormant, tert-chloride chain “ends.

wiglnd ipeotbreipbratigle ohdtiersyE tbaris heident, ithisétualitsednformed exo-
5@&&%@%&%@ Q fayoes e @9{@9@} ghaingngs 3i%§¥‘96#!9?g°5?@se

the rates of elimination and coupling to an equal extent. However, higher

reelipresdibiiebts seshbofutetisprizatoreneasdrpaniboivm fodaker cbimprelitietinden
. : e ! . : :
%%%1@'9 '%?ggg.dl?g}%5@%&3}9&%\9{@290%88%9@891M§EM Agen

ch is belie e the agent that causes elimination. Radising the
e peramrexistihproviesctveo aapeerivandonaatdglotarthb Hesitkigride chain

LGACI NS ERSIAtNE GAARALLR INFIeasEs! ‘dﬂﬁ@@#l%li%& *ﬁ?dfk%?ﬁ%ly

concentration and'its relationship to quenching agent concentration

foorwits theid asorred wiraiion d ebivh gopamulddssresseHighiarcstidinliangation and

eaﬁﬁﬁ{gf@t%eﬁéqumm&?W&?,%gﬁ@fxem%&w MAIHUAHWRIAALS the

are targeted, preferentially 20 favor olefin coupling since that process is

S@@@hﬂim&fiﬂ%éW?&h&ﬁW@WﬁW@f@i@% aeaiantblp e aditegard un-
g&g}ﬁm@i"ﬁ%ﬁbﬁiﬁg&gﬁﬁ lFRRAYO B AURANRIRY AQekRIRFEONatOimination.

nd/or temperature should be increased. Both of these changes

e ) . -
RelgingsthaigmpeiatvisdBef REISi defct COmRSELIA @cthfélt@&@é@ﬁ%faﬁ%ﬂréﬁ reaction.
GRIRFAMM IR RNDENHSEataiding e mpRversion of chain ends to

exo-olefin. Increasing quenching 25 agent concentration diminishes the
concentration of Lewis acid possibly through the formation of a complex

betweenusRehingiagant 3RdanissaRido Auedhlimwamps: diniaighiid and

carbenium ion concentration since the latter varies approximately with the
Lqudradf tRneewRismaTedrRRtiatisAratet el pbcrebpasene gelr B oS,
wRigculRL et shey ke fevmultatedivitbdnabesgyuanehingadenintially

concentrations and higher, 30 Lewis acid concentrations and p{leferab

fﬁﬁ%@ﬂﬁ&ﬁé@@ﬁﬁ%r%ﬁﬁ?e@?‘m%?ﬁééﬁéﬁ?md order in polymer chains. Tlglerefore,

to maintain the desired dominance of the rate of elimination, quenching agent
concentration and/or temperature should be increased. Both of these changes,
however, have the undesirable effect of reducing the concentration of carbenium ions
and thus retarding the conversion of chain ends to exo-olefin. Increasing quenching
agent concentration diminishes the concentration of Lewis acid possibly through the
formation of a complex between quenching agent and Lewis acid, and this would
diminish the carbenium ion concentration since the latter varies approximately with
the square of the Lewis acid concentration. Therefore, recipes targeting low molecular
weight should be formulated with higher quenching agent concentrations and higher
Lewis acid concentrations and preferably run at higher terﬁperatures. An expedient
way to reduce coupling at any target molecular weight is to dilute all reactants with

additional diluent.
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way to reduce coupling at any target molecular weight is to dilute all
reactants with additional diluent. 11 It has been found that in the
presence of sufficient concentrations of a basic electron donor, improved
conversions to exo- -olefin chain ends can be attained when the quenching
i ent concFe 3 n is ut a fraction taS| I|V|n chain e

R REFALOKD 83‘%"56??%%?%?1 I 88ﬂ%‘? REOHS gﬁé’ﬁﬁﬁng
abenbom ayn&,raﬂpmeai protosdiarn tmemaﬁbfmwhmmmmmcsu ecqtadimdty
trar\l nsfer s the proton to the elec&otn dongr T ? thef uenchlng agen
may adfaE'des a%/s%ef‘or eliation. an Ve BB AR 4B lrlz’nsfay"’s}e e %lél

ampiotartaccepior IThhesuggesf aﬁmﬁwrﬁmﬁmmmmg dmﬂq%ﬁchﬁ[glagent may

relatlve to chai endﬁ) enchln uId con
e(:]x\l}g f’ gro on Iror ﬁ'? el gntﬁ% uent ?rans E on to the
ntages in practicin eme 0 e prese iInvention n

lalbbmddtmdalne’raiasmahar[@mﬂsttgelmttmg}moasfmpmamm Wlmmathen and

I tter is replaced b)ga common ion salt or i%slptﬁeursor !lt nas qun found
1 Clro ONor ny servefast 3&) (F]Oﬂ acce
that complete conversion of the chain'ends 10 exo-oléfin requiires a

stoichiomettric @ambigherticor(cdatrationcbhigwedshifgiegening ngerttbmdd confer

condltlons(g uench agent both c talys and
gt cola glich o R e A S

Gaondainitig Ebmmiefﬂf EhasiGrbupsodoing, (fhaﬁxdmgbtcahpmdbed@tterfrsrreplaced
the preparation Of#’@é SRRl nshg% episs dEh Ve”t 15 ANEDsion of
below. The meth tn resent fnvention may & cond as a

ththmmhﬁousmcessﬁm@mm@amm[ingbesscmcwﬁmn of

e S i I [ QNS
S R e O B R A R B
e:m.atmtrm&hprm esactdels charged with the following reactants: 25 1. a
diluent, 2. an initiator,

General Procedure for Preparation of Pelvoleﬁn Polymers Containine Exo-olefin End

(Groups on the Chain

A typical procedure for the preparation of polyolefin polymers of the present
invention is given below. The method of the present invention may be conducted as a
batch process, a continuous process, a semi-batch process or by any process known by
persons skilled in the art. The polymerization reaction is typically carried out under

inert gas and in a substantially anhydrous environment,

‘The reactor is charged with the following reactants:

a diluent,
an initiator,
an electron donor or common ion salt, or its precursor,

ONe O MOore MmonoIers, and

AR A A

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 carried out at any

12
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3. an electron donor or common ion salt, or its precursor, 4. one or more
monomers, and 30 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
resent invention may be.carried out at any 12 desired pressure:
TS BNl car P BB SE M TP E prgsure. The
progressbtitbeqptymerirationaeactisnrismordtone sl fn Isjtddyrmination of the
determination of the. amount gl monomer temaining 0. fe feachonion of he
Mixture *ARST igh conversion of the monomer is observed, an aliquot is
remmowves foobateni|ratidiv obtierprequefichlbtomsimend chtinppsitiprench
before addition of the,quenching.agent, The polymerization, reaction in t
e S B e A B R B
desitied ierthpedaiuce i GteOmadrednerid aitrggenycontailtiolgpolyiidniated at the
%‘é%?&i‘l@ a‘ggtqltr% is added to the 10 reaction mixture to quench the
pof’ymenza?ion reaction. Although, the concentration of the reactants may
be varied to obtain the desired product, it has been found that certain
ratios of.the reactants are preferred for pbtaining high.exq-olefin chai
B yier L A AR A A A 0 e
to initiatoadgdn thigttande dromchboupEinteraistion ROQO: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
1dthaugh5td cimswioléoratiolof martertomey ibiticaoed dhablsitHédidedired
lecyl ' ‘ i) s i0.0f j i
R e &,
thletaivater rigliocse1odelis eidntonsheiirerdds rntivtheerdergeiotdbelatv2:1 to
about 200:1. More preferably the molar ratio of Lewis acid to chain ends is

25 about 2:1 to 15:1. The molar ratio of Lewis acid to electron donor is in
theermeder fesin elbognamer tpinitiator 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.

The ratio of Lewis acid to quenching agent is based upon the molar equivalent
nitrogen amount in the polymeric quenching agent and is in the range from about
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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 30 electron donor is about 4:1 to 30:1. The ratio of
Lewis acid to quenching agent is based upon the molar equivalent

nitrogen amount in the polymeric quenching agent and is in the range ,

frdih Rt 9: - R IBB U DSGEE 5 B L e A 468 e Bgrogen
AGiGuia enuiviale Bh HItEIgeBuBMDUN kSN [H6:angerehadtoribdyliio @bbutratio of

100:1. Mare preferably the molar ratio of | ewis acid tQ equivalent
higg et Wﬁﬁwtvi%? &a?%ifi‘oai%‘.&‘?@i?bé%@i lll’?e{%a io of quenching

agent based upon the equivalent nitrogen amount in the polymeric
yenching agent to.chain ends is in the range ftﬁ?om ahbout 0.25:1 to about . .
)

BGaH XML AY TS SHAR SN
indpdhencangnof aheytcbrtderhnehd: s Mate pisferably ttemnolas htio

' t pit t ta chai d,is about 0.5:1to 4;1. 10 . . .
e P T SRS B
tineanptesyalsoaftersadditibowf 3he Fleeaphifigdde tidortéie ratineflrguivalent

concentration of the exo-qlefin chain_ends on the polyolefin polymers.
?%O%WH%%H%Q&? r%ﬁ?q)t%%nqql’?afe% ?ﬁTall the aliquot samples and

the remaining reaction mixture with an 15 appropriate alcohol equilibrated
m% deiirclad tetm erag:re. Th\(fa 8%ce%rea}igan ,&f} theig u?-ol%egn cql%i me
tile] 8%&%? O ONC SRR S the® SRS Oteineany terechibrde
thairv dn dficiaddiaphfietthsing tchily R:eBRE dpectriacdhe atsoatitaimac{che
ualitatively determine glea ount of the EAS .product, the 20 di-EAS. .
%}r%) %%ﬁéln%‘?t‘hneegoap e Sr%(%ét%goqﬂlggl ?Vi%e o? 'meerrllzzélt%lgrrml andior '
camiaeitad ividh the aipnebingpdeentd thactiorais) np agabgeomdticredyith an
batchwise or as a semjconti Or continuou ration in which
R B H S B R SR TR Feacion: 25
appropriate reactor systems include but are not limited to continuously

5 ré%%ﬁ%@rﬁr%(x%ﬁtgf ARSI N AIRIR ARV EIIRY At LA CLRRIHER' Phe
polymer1s taken out

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.

The quasiliving polymerization and/or contacting with the quenching agent
reaction(s) may be conducted batchwise or as a semicontinuous or continuous
operation in which continuous streams of ingredients are delivered to the reactor;
appropriate reactor systems include but are not limited to continuously stirred tank
reactor systems, wherein an overflow of a shury or solution of polymer is taken out
for the recovery of the polymer therefrom, or plug flow reactors. Preferably, the
reactor contents are stirred or agitated to achieve an even reactant distribution therein.
Heterogeneous quenching agents can be effectively contacted with the quasiliving
polymer using fixed bed and shurry reactors where the quenching agent is prepared as
dispersion or in a fixed medium. The preferred mode of reaction is a batch process
although theoretically a plug flow reactor may have process advantages. Typically,
the reaction(s) are conducted in the liquid phase for ease of handling and to induce
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for the recovery of the polymer therefrom, or plug flow reactors.
Preferably, the reactor contents are stirred or agitated to achieve an even
reactant distribution therein. Heterogeneous quenching agents can be
effectively contacted with the quasiliving 30 polymer using fixed bed and

reactors wher the quenchin ared.as d| orin
S B R PRSP TS B PO Lo PRt dorRiaon. 1
althedipukedordiicaltyoajekig: f&ﬁﬂﬁremﬁmmmnhmgmcesseﬁwmtag:estroi the

.Tg’ lca"y,mtg‘e;éegn&b& are ‘o d Irr‘rtlrr]l%r“% (g phase f?lgae (‘ﬁuenI in order

o induce éf?lnear or ehaih ype po ymerlzatro
mmmmmhdraem)m m;edrcimdnﬂ’raierﬂtaﬂnnaﬂe &édedﬁemabﬁmurercdsnpnsmg
as S un ent condition referred to contro the reaction
gtrles?%ﬁreargn iSSO \Pef ?hsmf%gaarh akr?\r%er?lggfvent ora{l qwd oP Iuent% a solvent

@ﬂdhtutmrﬁﬁmtam}tmmmﬂmﬁheﬂlﬂmdephm Forhutadefeedsnpypiost
%C n&s CO&T]BI’I%H] 1%1g]eof}feed Sal 1eVl| 8 flﬁ’]ndleli'O%rE ﬁjreea(,\%glol{ g erature can
{em peratures andf do 2 SON or diluent- The temperatu e at
\dhmhlshe)rehmmase ahe hanu@drmc&q;&nmﬁdmanauomgeﬂmmqupbmhe
living or quasiliving system, too high a reaction temperature can diminish
or eliminate the living character of the cationic polymerization. 10
C‘@mpoumilBssitiéthbl éoionsese thepecpaepimadithofmbky gofyoflmmelywichs
mbe} & {resent |n2\3/x%nt§on are) g&/en below: Diluents Diluents influence the
nization equcirbrru and rates of exchange of growing 15 species
through their polarity, which can be estimated from their dielectric
q9nskants. Typically, solvents having low dielectric constants are
since ion pairs are less dissociated. Suitable solvents include,
ﬂbﬁwetmtﬂuﬂnedtk@ itovieiominealkarem mrﬂratkybﬁmrrbmgp@wemm
[géﬁpr%@b@rgw qgﬁ{ @{%éﬂ 9@ e%ﬁﬁ%%ﬁtﬁ%npfﬁéﬁrfﬁgiecmc constants.
Iymerlzatl temp rature ustrative solvents include alkanes
(@en@ﬁélry sﬂx@mdammalmarﬁe@emmmtwﬁﬁm paREREss! Sifege den pairs are
%99 ANEo 0P NHIANE s NOLMEL RAA M AR NERA0 "YW Bbiling alkanes

heptane, normal octane, normal nonane and normal decane, and

isatheHed maanesincibeidgssobusmonapdats fecragRaRsHE be used at the

E?éf%%@%ol%rﬁé?%ﬁ%%ﬂ%r%@ imetaxpane A3 HIMRIDYIRWRE A ally
Cezz ‘::3 k(}i halogenated

o alkanes, including normal alkanes such as propane, normal butane, normal
pentane, normal hexane, normal heptane, normal octane, normal nonane and normal
decane, and branched alkanes including isobutane, isopentane, neopentane, isohexane,

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

- alkanes such as chloroform, ethylchioride, n-butyl chloride, methylene chloride,

methyl chloride, 1,2-dichloroethane, 1,1,2,2-tetrachloroethane, carbon tetrachloride,

1,1-dichloroethane, , n-propyl chloride, iso-propyl chloride, 1,2-dichloropropane, or

- 1,3-dichloropropane,alkenes and halogenated alkenes (such as vinyl chloride,

1,1-dichloroethene, and 1,2-dichloroethene), carbon disulfide, sulfur dioxide, acetic
anhydride, acetonitrile, benzene, toluene, methylcyclohexane, chlorobenzene,
nitro-alkanes (such as nitropropane) to name a few of the representative hquid
diluents or solvents useful in cationic polymerizations. Mixed solvents (for example

combinations of those listed above) can also be used.
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alkanes such as chloroform, ethylchloride, n-butyl chloride, methylene
chloride, 25 methyl chloride, 1,2-dichloroethane,
1,1,2,2-tetraehloroethane, carbon tetrachloride, 1, 1 -dichloroethane, ,
n-propyl chloride, iso-propyl chloride, 1,2-dichloropropane, or
1,3-dichloropropane,alkenes and halogenated alkenes (such as vinyl
1€, 1, 1 -dichloroethene, and 1,2-dichloroethene), carbon disulfide,
Buttuiodlioxisienaeetior ﬁﬂlﬁg@iﬂeqmeu@ﬂiﬂgleabmzﬁﬁei,ctphlﬁmrization are

B S T

ve IC]UI nuents or
a@ﬂmatﬁmtub idesiatio piopalyherizafiorsioviteddsdivantsi (e exarmpis

mbinations of those, liste ve) can alsq.be used. 15 Initiators

%'Rﬁf ?ﬁ G ﬁ\,ﬁ%}j Q’?&n (ﬁ?ﬁéss,} %lnqgmcarb%()e(:a{%z?l'ﬁé1 %ofyn?é)rlé%lﬁ(rjsn
ﬁt@trﬁt@dkd&f@wmidmﬂ% arirdniimors maythe momhmn'hh@ nah@mplated
multi-functional d|n on th Si rodu n a
PTG 78 S e L R Al ot LKTEORE) Miherein
eRs. dﬁdrmmﬁgdsmmﬁmmemmheammawsmww mye monmthalalkyb
reactive moieties. ontem Iated ator co nds ca
AT FRB 4 S T L SR U8 SB0E ceraty
Rydeciigependenthebompisenat Ieﬂsno'ﬂefot aﬂnilll;l &rematicgalkylone to 4.
Bamas, U, a0 oan be e s SISl SR KIS ARACEIBIE abou

erate; roxy rou ora & asav ence ofn,and nis
an mntbge ranﬁnmg;tefgtahﬁreﬁm’abﬂzd?ﬁa:tﬂb mmbmte&ednlyckn@émaﬁgMU ps

n tom_ to ab
s R T e AR U AR Rl S 61
@mferrafoﬂe foredtrettihe chioride. of Raiie indtBade sinidc Preinablagepssiesor
the structure of
F?heﬁg ?gthﬁt%t Ué"fog}?eog}; tvs&%qeﬂ@& QEdBihyl p iy

monomer, eg derivative for polystyrene or 2,4,4- trimet

ptenm;dtmteﬁmapwmbpmm@tﬂny%ﬁecmnab@mm&m@g axanidle. formyl,
R e oy s horces
Dlieni{propom 2 prowy)sbioedes, §.4- di@(@w&wﬁa&)bemeﬂe ie.,
]d‘%cﬁlgi)(l%h%'llﬁf&zl Bf?ﬂ%k&@ﬂﬁﬁ&%—bﬁ)pwfﬁ&@&%@ k@t.r.',d@)(cumylchlorxde);
2,4,4-trimethyl-2-chloropentane; 2-acetyl-2-phenylpropane, i.e., cumyl acetate;
2-propionyl-2-phenyl propane, i.e., cumyl propionate; 2-methoxy-2-phenylpropane,
i.e., cumylmethyl ether; 1,4-di{2-methoxy-2-propyl)benzene, i.e., di(culﬁylmethyl
ether); 1,3,5-tri(2-methoxy-2-propyl)benzene, i.e., tri(cumylmethyl ether), and similar
compounds. Other suitable examples can be found in U.S. Patent No. 4,946,899
Particularly preferred examples are 2-chloro-2,4,4-trimethyl pentane (TMPCI),
1,3-di(2-chloro-2-propyl)benzene, 1,3,5 tri(2—chioro-Z»prdpyl)benzene, and
1,3,-di(2-chioro-2-propyl)-5-tert-butylbenzene (bDCC). '

The concentration of the chain ends 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 chain ends is in the range from about 0.001 moles per liter to
about 1.0 moles per liter. More preferably the concentration of the chain ends is in the
range from about 0.005 moles per liter to about 0.5 moles per liter.
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20 2,4,4-trimethyl-2-chloropentane; 2-acetyl-2-phenylpropane, i.e., cumyl
acetate; 2-propionyl-2-phenyl propane, i.e., cumyl propionate;
2-methoxy-2-phenylpropane, i.e., cumylmethyl ether;
1,4-di(2-methoxy-2-propyl)benzene, i.e., di(lcumylmethyl ether);
1,3,5-tri(2-methoxy-2-propyl)benzene, i.e., trilcumylmethyl ether), and
similar compounds. Other suitable examples can be found in U.S. Patent
N&c&&ﬂﬁ;&&ﬁs 25 Particularly preferred examples are

%chloro téa ethyl itane (TMPC ) t ¢

IS RIS AR HOURIBS et racifingrd BobvssiaRL ety
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Usextiy Ipsthidipsesdnindanti dh s diotcs peleiidalbyaich AN tdimathpHoliadiae may
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MWMMM&MWMa@Mmmm Pyaitirle cOnmudivmass:
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Y p A T S st cgound
pyddinshN Madatesthy kthiieentd deameihym@ﬁ@m@mayuweﬂ’%sphate
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Imet ceta |ethylace ide. An example of a

duiforidthydpmopohatd ieaglintetihyl eulibxide. Oretsy-eanstisngnestahspranstnds
p&“as"t&?m d%ﬁ%* @ﬁ%@%@%@@&%&%@aﬁd@g&m%ﬁ are examples

ester compou sphate 15 compounds such as trimethyl

pisspirenttabomo Hhosperiten Wiernidén Huxtorbtsgnsivospheisameay fedn the
qgn%@@&%%o%@@@ 8&”&@5@&?9&&%@5&&5{1 BOURLSes per liter. Preferably the

concentration of the electron donors is in the range from about 0.001 moles per lifer to

about 0.05 moles per liter. More preferably the concentration of the electron donors is

in the range from about 0.002 moles per liter to about 0.02 moles per liter.

Common Jon Salts and Common fon Salt Precursors

Common ion salts or salt precursors may be optionally added to the reaction

mixture in addition to or replacement of the electron donor. Typically, these salts are
used to increase the ionic strength, suppress free ions, and beneficially interact with
ligand exchange. Particularly preferred are common ion salt precursors, for example
tetra-n-butylammonium chioride (n-BusNC1). 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
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such as tetraisopropyl titanate are also useful as electron donors. The
concentration of the electron donors in the total reaction mixture may be in
the range from about 0.001 moles per liter to about 0.1 moles per liter.
Preferably the 20 concentration of the electron donors is in the range from
ut 0.001 moles er Ijtert about oles per. liter, More refer%jgl
R B eSS B 1B 0B D OR L (UG FO AE R
molgspseditesr ticabout 0.02 moles per liter. Common lon Salts and
Common lon Salt Precursors 25 Common ion salts or salt precursors may
be optionally added to the reaction mixture in addition to or replacement
Mdhemedectron donor. Typically, these salts are used to increase the ionic

th, s ess_ free |Qns and henefi interact wit an
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6fes per i fter RAOre pre eraﬁoP Heentration ofr‘fﬁé common
tiblobaltie gk, @eemmhﬁ;ﬁwmmmah@@omonnabm@ﬁ@ﬂnrﬁmengmvi Such

Iltelr fo about 0. 07 mqles rllteh IYI mers 5 Swtalble nomers for
mers ¢ t}ﬁ ecui it lﬂ? or Vﬁgl:ogs 3) ers avmgna imolecular
In the me Od O e presen nve on are carnon monomers,

wmgl:mnibﬁ:umnm}ouhwm mq 0.080hy/drolyen sl cmb:omaxl@aimc espboialiyeric
diolefi
%x%ti'gfe era%l}rsgrenll%?éc? %ﬂb&‘?ﬁﬁ aing i R) {848 @&?éﬁ‘a}n?q or

rom about out 8 on atonis. The procéss
smpioyedethenpolyra aridedio suoh sooipmade rreis teiyton séypoignbets

iff 0
o B R R e R R B o
wglgrihditu ﬁhmqn@crbusrp’i@hyﬁdemhamn@ arensidaiidenovdignttb Frovieadout
3004840 ,109&%@19«%; fg@%&o RlAsic. % slastomeNe, MR R erred

havingmolecular weight ffom about a 100,000 to 1,000,000 g/mol, or
monomer is isobutylene. Mixtures of monomers may be used The concentratlon of

the monomers in the total reaction mixture may be in the range from about (.01 moles
per liter to about 5.0 moles per liter. Preferably the concentration of the monomers is
in the range from about 0.1 moles per liter to about 2.0 moles per liter. More
preferably the concentration of the monomers is in the range from about 0.3 moles per
liter 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. The amount of the Lewis acid present in the initiator
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more. Suitable monomers include such compounds as isobutylene,
styrene, beta 15 pinene, isoprene, butadiene, substituted compounds of
the preceding types, and others. Particularly preferred monomers are
isobutylene, 2-methyl-butene, 3 -methyl- | -butene, 4-methyl-I-pentene,
and beta-pinene, An even more preferred monomer is isobutylene. ., .
AT S SRR ) BESTR oTat BR ASRESRIGEP S FOm GRS
jnftnadatal leBRNeMMishi My he: iofthe yange ftom ahbytdHinpole 20
er Jiter to about 5.Q moglasl}f(fr Iit%r. Prgfelrabl the conc%n%atiton of he1
SHBAKT S PR PRFGEHORPAB Y 0 € HASI KL IBEF RIS fo KU ooy mer-
MelesmentiteioMdrdcrefdratly heleotueehteatitonohilkemenontersithinrange

he rapge about 0.3 moles per liter to gbout 1.0 male r.liter. Most
AR b v g O
tewisdgids béviis lasids bt iana duitadhlgeaswatalbyststio0 puiphsgsofitheto

invention include, hut not limited to, titanium and bor, lides, ... .

B AP AR SRR A B GRS Ll G cid s in the
titapifrohalides @06 palttcplarlitditemibmtetrchideigerifitdf 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
aditrsfler ysipentucleophilic additives. In some instances these Lewis

cids are also_referred t -initiators. The, amaunt of the is.acid

R A s e o R e A A P o o presens
theentinoentrdtiamnioéd bovisreloitbis. $bfipiemtty deohieverttiappredrigteatie

of polymerization.and guenching. . The. [ [ C '
B e e B Ty e
tdynewizatiord d il etk ratanior mistoat cmagrivenit thie aamgls B dionthis

bot 0.001 mples pefliter Qunales Bs gk RIetErAblY dhRtuct
2%%%%&?3%0% o] et??e% ?i vé%rgg?ggﬁ?érﬁ%e%nge ?l}glgm agglgut’o.OOS mo esupce(r)rS
htel semaloonddc®Roles per liter. More preferably the concentration of the
Lewis acid is in the range from about 0.05 moles per liter to about 1.0

mole per liter.
In one embodiment, the quenching agent is a polymer selected from the group

consisting of polypyrroles, polyvinylpyridines, polyphenothiazines, polyphenoxazine,
polyimidazoles poly(pyrrole-co-furan) and poly(pyrrole-co-thiophene) and substituted
derivatives thereof. Additionally, mixtures of the polymers or mixtures of the
substituted derivatives thereof can be employed. As known in the art, these polymers
may be substituted such as poly(substituted pyrroles) etc. Substitution can ease in the
handling, solubility, reaction kinetics, and thus can be optimized depending upon the
ultimate result. In one aspect, the quenching agent can be employed in a heterogenous

phase from the quasiliving carbocationically terminated polyolefin polymer.

Pyrroles are known chemical compounds having a five-member ring

structure wherein four of the ring members are carbon atoms and the fifth is a

nitrogen atom. It is known that the carbon atoms may include substituents such as

alkyl, alkene or halogen. Polymerization of pyrrole is also known, and particularly

electrochemical polymerization of pyrroles has been disclosed for instance in the

J. Chem. Soc, Chem. Comm., pp 635 (1979). Polymerization of pyrrole at the anode
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10 Quenching Agents Quenching agents contemplated for use in
preparation of the polyolefin in the present invention are described herein
below. The primary characteristic shared by each quenching agent of the
present invention is that they are all polymers produced by the
polymerization of nitrogen-containing aromatic monomers. Cojncidentally,
hi PR ERALIED (RS BRI B HERBHR SR Sod B Bhane
Suehiad contluttols. ndiseriilionduntoksita prligembhdimeninthele
guenching agent i§ a nef sele fro royp consisting, of .

e BRI s by CherBRh S s SR Eirer
paibyiinidde dles-hkt{mitiatesde-dundnad dpely(uyrebiendartipid pheneyidmdin a
substituted d ri\t/at%/es ther o{. Additi(%nalélly(I mixtlugas o&thﬁrgol%rre]er or.
?H&‘fﬁ?gg‘baﬁ &LOE Gt e ATiVRYE tRevdorEal hé er'*r‘Pp O)ge SREOYIne
Koslwminaihegeattothe SBlphlymers vahay e dudstituide such agitanium are

ol bstituted ,pyrroles) etc. Substituti an.ease,n the handling.. .
gy e e G g e e o L Y
2spulfiate: thsuliotte ané aspegtethtly gurenshihbyadenptan Metbodplfyed in
a heterogengus .phasg,fram th asiliving carbocationically terminate
T R g R e o L e
fiveame arlode finge btrerctunezesheldior fowmngfith énridd niRatn berstat@S i bdn

d the fifth,i ' cJE n th
Siae Gt S e Bt e R AR e

BaTynheZingﬁoamiff ngamyolle Mﬂlsgtkmar}?rmmﬁiobtamdétemdm:]daﬁon in
olymerizatiqn.of pyrroles has Nell ' ' e J. Chem.
B B R e A et

19 of an electrochemical cell in the presence of a conductive salt gives

iIms _havin trical Vi [ | oles
plaaR e S B RO s
Pypigalyndrtvucipnlyipiipblrrorametikereaiures Wassndpelsmes useful
SISRLRRICIIGAl RO iRl BB IRR 2 FORVEIRER Elsr Faleta galnal

may optionally include a diaphragm;, employing noble metal electrodes.
pedvimars withdheepotensiodocored eandvalbvitaniban ardymerization occurs in the

2,5 positions as shown in the following scheme.

N n
H

The heterocyclic monomer can be polymerized by an oxidative coupling mechanism
which can be initiated by either chemical or electrochemical means. Electrochemical
polymerization of pyrrole is generally believed to follow a radical step-growth
mechanism where the monomer is oxidized at the anode to form radical cations,
which quickly couple and eliminate two protons to re-aromatize. The pyrrole dimmer
thus formed is more easily oxidized than the monomer and is re-oxidized to allow
further coupling. As the chain length of the growing oligomer increases, it becomes
insoluble and deposits of the surface of the cell anode as a black film, where solid-

state polymerization continues to occur. The term "polypyrrole” means polymers
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typically preferred. The resulting polypyrrole film formed by anodic
oxidation is deposited on the anode and subsequently removed by
stripping. Methods for continuously forming a film like structure and
continuously stripping the structure 10 from an anode have been
suggested, for example, in U.S. Pat. No, 4,468,291. In J. Am. Chem. Soc.
SuIeitppabeeesst Ry Bl ngRC Hne SEPREN BT Zitgeghas those
kafosdatblillsT thataPivRYE lgnisialatained by anodic oxidation in an
agueous solution by using ferr&cyanide ion (FeéCN)64-) as dopant. 15
Polypyrroles (PPy) including poI’y rs of substittted pyrrole and
copolymers of pyrrole and other co izable monomers represent
one class of polymers useful in th invention. These heterocyclic
monomers form fully conjugated potyners“with the potential for doped
conductivity when polymerization occurs in the 2,5 positions as shown in
the following scheme. [0] n N N n* 20 HH The heterocyclic monomer
can be polymerized by an oxidative coupling KEEMHASm which can be

initiatesd Ry Lilhel shanisahasRiRetan RRicHM8ARTe e clIogheBlisabntaining
polymerization of pyrrole is generally believed to follow a radical
&%@-ér&x@ﬁ?ﬁﬂrﬁéé%ﬁ&ﬁ%llﬁéﬁ%%]&%ﬁé%‘ﬁ?éﬂ%ﬁmﬁa nethdednere!
taorm-agjsal catigns, ahishoaviskdeaeu RigpelabimiratadivR piRIons to
re-aromatize. The pyrrole dimmer thus formed is more easijly, oxidized
APEIFROR SR SECRPRe S3RAERPTS IOXF 5 TS EompiiRg PAEHor
ghaimieasin o106 Granip gRIdamey jReeasaseitibacamasatiay ierand or
deposits of the iun;%c% of the cell anodge as a bl?ﬁkg@m, where sqlid 3Q d witt
SIBBRmETL AN ABRERISREC TS, SPHeYEPHI 2 SBIFAY o RPRHE I 2ed with
RAlMEso |2t eaPIBIB NG RGNS HiZ@ dhparatalingstechiing sl tituged

rrole ri such as those represented by the following formula I: R1 R2
%)c/;mpoungg fncﬁlcﬁng those contaQn?ng n}troge}ll such as pyridine, mﬂc?azoﬁ, etc.,

furan and thiophene, or with other aromatic or substituted aromatic compounds.

Particularly preferred copolymers are pyrrole/furan and pyrrole/thiophene.

Polymers and copolymers of pyrrole are available commefciaily from a variety of
sources or may be manufactured by techniques well known to those skilled in the art.
For example, polymers of pyrrole can be obtained by electropolymerization as
reported in U.K. Patent 2,184,738 and by Diaz et al, J. Chem. Soc., Chem. Comm.,
635 (1979) and in J. Chem. Soc., Chem. Comm., 397 (1980). Polypyrrole is
electrically conducting in the charged or oxidized state (black), and produced in this
state by electropolymerization. If polypyrrole is completely reduced to the neutral or
discharge state (yellow), it is an electronic insulator. Polypyrrole, and in particular,
pyrrole black can be formed as a polymeric powdered material by oxidizing pyrrole in
homogeneous solution (e.g., with hydrogen peroxide). Gardini in Adv. Heterocyl.
Chem., 15, 67 (1973) describes such a process and product. Pyrrole can also be
oxidized into a polypyrrole with other oxidizing agents such as ferric chloride. Porous
electronically conducting compositions comprising an electropolymerized polypyirole
or a copolymer of a pyrrole useful in the present invention are described in
U.K. 2,184,738, the disclosure of which is hereby incorporated by reference. Briefly,
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H Formula | 5 wherein Rt and R2 are each independently hydrogen or a
lower alkyl group containing from 1 to about 7 carbon atoms. Examples of
lower alkyl groups include methyl, ethyl, n-propyl, i-propyl, etc. In one
preferred embodiment, R1 and R2 are independently methyl groups.

Copolymers of pyrrole and N- methyl rrole qQr 3,4-dimeth |
1 S A PELANE FAICPBH A R B AT 0D Sh L BenLe e

EWE e@ifzmtwmt@@memﬁdguy@@fma ) elamhmmﬁglymﬂmadewutface
er copolymerizable monomers, and in,particulay, other h Ieroc lic rin
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cagRies Bith chmpriang (hiopheoe: or witixoihes 2agmatiz:origubstituted
aromatlc compounds. Partl uIarI preferred c mers are pyr ole/furan
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by techniques well kn(%\Jfg/n to those Skl edin trfe art. FP[F
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BBI?%%Y?%WHH&% BENSH AR Iby efél%:(ilropo merization (a%s ?élgoﬁed
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20635 and in J. Che 7 (198

SO AL ) BRECHIEAN, LI AT T DR A A g pyicient 0
@h@@@p@@ﬂx@ﬁ@@lu&eﬂ}indlusarstapelymel%btﬂomly&rhwzaubnmlfg)p}ymlﬁr@téhe
is,com reduced to the neytral.or dIS estate

é”F@EﬁE’I Wﬁ?&t SPGByt e%tén AR partic a?nl(ﬁ??r‘é% éﬁaéﬁxg&md
fmﬂm&ﬂ: asmpp@ﬁmﬁrmq:}wmmﬂ mgm;abbylorgdmmg)mtrfmwmi%of low

r%%g‘g %J??ré?,%lg%olgn éfi%bg%% greo 1n%ﬁ1%rof§aqgltlg’r9ﬁqéml'Qo'ﬁ&)\fexes such

escr es such a process and product.
ayﬁ@iecgam@ésmbepnmime@mtﬁmfmmmohlthwmmﬂn@aa

uc ferric chlorid orous electr, cal |
HFB?SIS’I% A EfEE ropo ymer?zandc s F yrré?esa?#%ggépo r?w@r‘B g a? %grﬁr(gie
L@etuhltaym erpteﬁeﬂtonaémmmaféﬂdesodbetfm@@sufke 2ni@us PEE) ¢hatain more

ielos g Al Wil s Dersbr Nea Rl At IMIIaNEe: RifiieZd ., more than
one sulfonic acid group per molecule. Examples of sulfonic acids include hexyl
sulfonic acid, octyl sulfonic acid, dodecyl sulfonic acid, benzene sulfonic acid,
toluene sulfonic acid, ete. Examples of sulfates include alkyl sulfates such as lauryl

hydrogen sulfate and polyethylene hydrogen sulfates of various molecular weights.

The polyvinylpyridines which may be utilized as quench agent of the present
invention include polymers of vinylpyridine and substituted vinylpyridine as well as
copolymers with pyridine, substituted vinylpyridines, and/or other copolymerizable

monomers such as acrylic esters, etc. The polymers and copolymers useful in the

~ present invention may be derived from 2-vinylpyridine as well as 4-vinylpyridine.

These polymers are commonly referred to in the art as P2VP for poly(2-vinylpyridine})

* and P4VP for poly(4-vinylpyridine). Polymers and copolymers of vinylpyridine are

available commercially from such sources as Aldrich Chemical Company,

Polyscience, etc.

22



10

13

the process described therein comprises electropolymerization of a

pyrrole or a copolymerizable mixture containing a pyrrole at an
electronically conductive surface in an electrolytic bath by (A) immersing
an electronically conductive surface in an electrolytic bath comprising (i) a
pyrrole or a mixture of a p%)[rrol_e with a 5 copolymerizabl monomer,e(% and

RbBIeRIGHEIAGF RESBIREY S GHE QoA ik FABRARE RS AEC U
PO VAR Op S9Ra MOl M IR sichyvhishiare ehakattenzest fhyaan

average ionic trans umber for sajd Jow mobilility anions during

1 erence nu
RRIVEHSH TR w[ipjfr"dlb‘frh% SO dERE A Shout 0.1, and (iii)

an organic diluent, and (B) passing an electric current through said bath

Bl sl 10 Sctorohmze e ol o, o

comduptive:sdomeamplited dw meliiithapionnwhichive doasrpaxaiegtaniaits of
the compositions may be either organic or inorganic ipns. Examples of low
GBI PR R AR R RS b TS RO TSR A ot
Geprptaxts sfialpamiericyhoitie) aifneprussideheicoboéferced Jobvbhakility
anions are arganic anions 15 including those derjved.from organic sulfates
R T B D S R G R P AT P Lo
aefesulfohatelse T iecahioplsemayr gontais inditectlyatrondel aniopioisite ring, at the
ore thagn onge.ionizable gro rmolecule, e.q,, mgre than .one sulfonic
e R B AT AR e SR e e

sulfonic acid, octyl sulfopic acid, dodecyl sulfonic acid, benzene sulfonic
acid, 20 toluene sulfonid aBd, etc. Exdimples of sulfateq include alkyl
sulfates such as lauryl hydrogen sulfate and polyethylene hydrogen
sulfates of various molegular {s. The polxvinylpyr dines which may
be utilized as quench agent ¢ psent ipdentign inglude polymers of
vinylpyridine and substit i 3 ‘ chonmers with
pyridine, substituted viny ne&s, and/or ogher cgpolymerizable
monomers such as acryjic esters, etc. The polymexs angd copolymers
useful in the present indention npay be derived fromk 2-\linylpyridine as
well as 4-vinylpyridine. These polymers B commoﬁﬁ? eferred to in the
art as P2VP for poly(2-vinylpyridine) and P4VP for poly|(4-vinylpyridine).
Polymers and copolymers of vinylpyridine are 30 available commercially
from such sources as Aldrich Chemical Company, Formula I

Wherein X is oxygen or sulfur and each of Ra1, Ry, Ros, and Ry is independently
selected from the group consisting of hydrogen, alkyl, aryl, alkaryl and aralkyl
groups. In the present invention, for example when X is sulfur, a compound

represented by the following formula is used as a monomer:

Formula IV
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Polyscience, etc. 22 Polymers of other heterocyclic nitrogen-containing
compounds are also useful, and these include polyimidazoles and
polyphenothiazines. Particularly useful are polymers of imidazole,
1-vinylimidazole, and phenothiazine. 5 Poly(pyrrole-co-furan) and

Poly(pyrrole-co-thiophene) - The poly(pyrrole- cothiophene) contemplated
TSR e P RPN RSt P b —ERIEY aﬁadérhsré%ﬁtafﬁf%@biy

drdaiaphapRENGR,LikeYised ROME Qe D-furan)y LoRKSieL eRBSaty] or
units of a pyrrole attached to a furan ring. Thus copolymers, AB block
ORI E HRIIB LB BIROSI B RARAIS R etBMpiREdeBarticularly
preferred are 10 repeat units where the thiophene or pyrrole is directly

bonded to a pyrrole ring af the 2- and 2'- positions respectively and thus
A RSERB BRI TR RO £ NP BT R Fbrein x
IS DXHGeR 1ok sallrvang @acngf R, RIR R2adRg R24is independently
5 selected fram the groyp consisti f hydrogen, alkyl, aryl,gt.lkar | and
B A e R R ST R
gompornd Yepieseintadoy dhe' fellowng' inenyiisrutgd as a monomer:
5{,%"} cﬁirzn?étﬁylgil,%'nsthlzen%d%y%?o eRozr04,4N—%ig’t}?y1‘-_I2,2'—thienylpyrrole,
4-chloro-2,2-thienylpyrrole, 4-bromo-2,2'-thienylpyrrole,
4-methoxy-2,2'-thienylpyrrole or 4-ethoxy 2,2'-thienylpyrrole, and
4-phenyl-2,2'- thienylpyrrole.

These compounds are easily available, but ¢an also be obtained, for example, by the
following process: a thenoylallylamide compound is converted into an imidoyl
chloride derivative by the use of a suitable reagent such as phosgene or
triphenylphosphine dichloride, and then 1,5-dipole cyclization reaction takes place by

the treatment of a strong base such as t-butoxy potassium.

The poly(pyrrole-co-thiophene) copolymers and poly(pyrrole-co-furan) copolymer
quenching agents of the present invention are mainly obtained by the electrolytic
oxidation of the monomer described above in the presence of a supporting electrolyte

and a solvent (having high dielectric constant).

The supporting electrolyte includes various compounds such as, for example, an
organic quarternary ammonium salt, an inorganic salt, a protonic acid and an ester. As
the organic quarternary ammonium salt, there can be mentioned, for example,
tetracthylammonium tetrafluoroborate, 'tetra—n—butylanunonium tetrafluoroborate,
tetracthylammonium perchlorate, tetra-n-butyl-ammonium perchlorate,
tetraethylammonium p-toluenesuifonate, tetra-n-butyl-ammonium p-toluenesulfonate,
tetraethyl—ammoniuhl hydrogensulfate, tetra-n-butyl-ammonium hydrogensulfate,
tetracthylammoniuom hexafluorophosphate, tetra-n-butylammonium
hexafluorophosphate, tetra-ethylammonium trifluoromethane-sulfonate and
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RY2 R21 Formula IV 23 wherein R20 and R26 represent hydrogen,
carboxyl group or a salt thereof, preferably hydrogen, and R21, R22, R23,
and R24 represent H, an alkyl, halogen, ether, aryl or aralkyl group.
Similar monomers can be used when X is oxygen. 5 As these monomers,
when X is sulfur for examgle there can be mentigned 2,2 thlen){lp r{ole

UERIRSY RSl hang s B! el dhe inorganic saltincludes
etk 22hemdnvrmaladi dathyk2idvithienyimioe el seeredraisbace As

4'-methyl-2,2'-thienylpyrrole, or 4'-ethyl-2,2'-thienylpyrrole, 4,4'-
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4agiilorong, 2l<hionytpystigodohiamer didsshied oy Bsikent such as water,
4-methoxy-2,2'-thjenylpyrrole or 4- etho e, an
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p-toluenesulfonate, tetra-n-butyl-ammonium p-toluenesulfonate,

PREPARATIONS

Preparation A

Ferric chloride (373 parts, 2.3 moles) is dissolved in 3000 parts of distilled water in a
S-liter flask. Pyrrole (67.09 parts, | mole) is added dropwise to the flask over a
period of about 45 minutes as the temperature of the mixture increases a maximum of
3 °C. The mixture is stirred at room temperature for one day, allowed to stand for two
days, filtered, and the residue is washed with distilled water until the filtrate is
colorless. The residue is dried overnight in a steam oven and dried in a vacuum oven
at 120°-125° C. The polypyrrole salt prepared in this manner contains 16.3% nitrogen
and 10.59% chlorine.

Preparation B

A 3-liter flask is charged with 66 parts (1 mole) of aqueous ammeoenium hydroxide and
1940 parts of distilled water. The polypyrrole salt of Example A (100 parts) is added
and the mixture is stirred at room temperature for one day. The reaction mixture is
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tetraethyl-ammonium hydrogensulfate, tetra-n-butyl-ammonium
hydrogensulfate, tetraethylammonium hexafluorophosphate,
tetra-n-butylammonium hexafluorophosphate, tetra-ethylammonium
trifluoromethane-sulfonate and 24 tetra-n-butyl-ammonium
trifluoromethane-sulfonate. The mg}irr%amc salt in Iud lithium, sodiu
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porting electrolyte and. mo r are dissol d3 Ivent such as
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N-methylpyrrolidone, nitrobenzene, nitromethane N,N-dimethylacetamide,

N,N-dimethylformamide, hexamethyl-phosphoramid, methylene chloride,
Ey?i?:ﬁf‘?él% tetrahydrofuran in concentrations of 0.01M to 1M,
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C uar PREP RATION |onA Ferric chloxi
A R AR RN D0 SRR BRSPS Shous
Euidéilﬂsas& H)emkec(ﬁ@l@@rmdrta alfmoié)aus adeleat dfofﬂlfm ththesfraskin a

%\é%{lgmp()e\!fl}gd to{ ﬁPQHtf c‘i]nUteS SD 1 elgaf)tg ame t%%xégﬁ%ams

iNGTEASES & hiaximum Of The mixture 18 stirred at room temperature
fbﬁ.é&’erdﬁygaﬂamxb.@@%tahﬁrﬁmtwo 25 days, filtered, and the residue is
washed with distilled water until the filtrate is colorless. The residue is

dried overnight in a steam oven and dried in a vacuum oven at 120-125
Craeapolypyrrole salt prepared in this manner contains 16.3% nitrogen

A polypyrrole lauryl sulfate is prepared in accordance with the general procedure
described in U.K. Patent 2,184,738, In this procedure, 1200 grams (17.8%9 moles) of
pyrrole, 1200 grams (4.16 moles) of sodium lauryl sulfate, 600 grams of
polyethyleneoxide (molecular weight=20,000) and 15 gallons of water are mixed and
electropolymerized using a 17 inch.times.36 inch.times.0.05 inch 10/10 steel anode
cleaned with a fine wire brush. The anode is bussed along the 36 inch top dimension
with two 1.5.times.36.times.0.1 inch copper strips using 5 bolts passing through the
anode plate. The inner 3 bolts serve as the anode electrical connections. The
electropolymerization is conducted at 100 amps for 120 minutes. The power is
removed and the mixture is cooled to ambient temperature, washed with water and
filtered. The residue is washed 3 times with water, ground in a Waring blender with
water and filtered. The residue is washed with water and then methanol. The pdwder
is vacuum dried at 75 °C. overnight. The dry powder obtained in this manner contains

62.31% carbon, 10.77% nitrogen, 5.33% sulfur and 0.010% sodium.
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and 10.59% chlorine. 30 Preparation B A 3-liter flask is charged with 66

parts (1 mole) of aqueous ammonium hydroxide and 1940 parts of

distilled water. The polypyrrole salt of Example A (100 parts) is added

and the mixture is stirred at room temperature for one day. The reaction

mixture is 25 filtered, and the residue is slurried with 2000 parts of distilled
SR SR dight. The slurry is filtered, and the residue is dried in a

vagutisr OxaniatAs@&d Wik mﬁl\lﬂﬁrtﬁ) veinadly) diigenaiteppentaiasry! sulfate

19.0% n|Ir en and 0.97% chlorine. par tion liter flas
EREARGE WAL bl LIRSy SRR ERTarde A A
S&Qﬁcpaﬁﬁ’smf}w&tﬂsf A adsiion h;m(mxtts{(mm m@lk@)mﬁp‘)ﬁlwnwbﬁkmm lis
Mw 25000Q) in 1 rts.of water |s ar y, heating,to 75.C.
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erlo and th K react n mixture | stlr
r‘ﬁ'f’és éfﬁe m.%}(??? ereg giledﬁtﬁaerglgcﬁ resu?ue t% ?90/50) and
(ﬁmmedm 1sineﬂ ezdt@wllﬁ%ﬁﬁpmﬁmﬁwnxbér}k&rshdrﬁorsdﬂ&:fwu pahthe residue
filtered.. T e e Lée1 a_l%am slurri h\/é/lth é a[]trsw gesrmséurredcfortams
?gﬁours and [terdd A The Tedidle is Ghed IS a orce air oven at 55 C tor
6 R8urswhd.in a 15 vacuum oven at 110 C for 48 hours. A black solid is
obtained which-contains 15.4% nitrogen and 9.08% chlorine. Preparation
D A polypyrrole lauryl sulfate is prepared in accordance with the general
rﬁ’nepednﬁml P0 described in U.K. Patent 2,184,738. In this procedure, 1200

L R B L B Sl R e B of
tErgaﬂ&a&éWo&mMmmmb[&ﬁdneleﬁtmpé@lmm witey d eymixture is
'E‘&él dTES %3 '%HE Eiﬁu 19 %fj ?338%8?. 5?' W?erﬁg%@@ﬁﬂ'é@@tﬁegtgﬁﬁirate in

wire rush e ano e IS usse e 36 inch top dimension 2

Ropars tihest8sisuded mlmw@e@ymmg QIR Potitstpaskinge ! ammonium
&Qé%ﬂ%tg]ﬁl 200 parts of hydrochloric acid dissolved in 1800 parts of water precooled

to 5 °C. As this solution is added, the reaction temperature rises to about 22 °C. The
reaction mixture is maintained at about 20 °C. by external cooling, and the persulfate
addition is completed in about 3.5 hours. Stirring is continued overnight and the
reaction mixture then is filtered. The residue is slurried with 2500 parts of water,
stirred for about 5 hours and filtered. The residue thus obtained is slurried with

200 parts (3 moles) of ammonium hydroxide and 2000 parts of distilled water and
stirred overnight. The mixture is again filtered, and the residue thus obtained is
slurried with 2500 parts of water and stirred overnight. The mixture is filtered, and a
black residue is obtained which is dried in a steam chest for about two days and
finally in a vacuum oven at 140 °C. for 24 hours. The solid obtained in this manner
contains 8.55% nitrogen, 0.11% sulfur and 2.85% chlorine.

Preparation G

A 1-liter reaction flask is charged with 72 parts (1 mole) of acrylic acid and 700 parts
of distilled water. To this mixture is added 100.7 parts (0.95 mole} of 4-vinylpyridine
dropwise over 15 minutes. During this addition, the temperature rises from about
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anode plate. The inner 3 bolts serve as the anode electrical connections.
The electropolymerization is conducted at 100 amps for 120 minutes. The
power is removed and the mixture is cooled to ambient temperature,
washed with water and filtered. The residue is washed 3 times with water,
g‘}:und ina Warln%blender with 30 water and filt ed The residu
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(50/50) and finally, two times with 1000 parts of methanol. The slurry is
filtered, and the residue is air dried and dried in a steam oven. The
EFSB%F@’PBB ined in this manner contains 10 1.88% sulfur. Preparation F
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reaction mixture is transferred to a glass dish and dried in a steam chest for 8 days
followed by drying in a vacuum oven at 125° C. for 24 hours. A brown solid is

obtained which contains 7.33% nitrogen and 15.2% copper.

Preparation K.

A 1-liter reaction flask is charged with 22.4 parts (0.213 mole) of
poly(2-vinylpyridine) from Aldrich Chemical and 250 parts of water. A solution of
26.6 parts (0.106 mole) of cuprous sulfate pentahydrate in 150 parts of water is added
over a period of five minutes, The mixture is stirred overnight at which time the
reaction mixture is filtered. A green filtrate is obtained and transferred to a pyrex
glass dish. The green filtrate is dried in a steam chest for 5 days and finally in a
vacuum oven at 125° C. for 24 hours. A brown solid is obtained which contains

8.53% nitrogen and 9.2% copper.
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200 parts (3 moles) of ammonium hydroxide and 2000 parts of distilled
water and stirred overnight. The mixture is again filtered, and the residue
thus obtained is 25 slurried with 2500 parts of water and stirred overnight.
The mixture is filtered, and a black residue is obtained which is dried in a
steam chest for about two days a@%mg a vacuum oven at 140 C. for
24 hours. The solid obtained in th ontains 8.55% nitrogen,
O 11% sulfur and 2.85% chlorlne 30 Preparation G A 1-liter reaction flask
with 72 art of aC|d and 700 parts of distill
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2'- az0 m|d|n ropane. d| d chIerde i ams of water is
R B PG R B g
dﬁys %ndltﬁﬁlnmmépsrmm%éddfnm eyvexginpsrckish dihd mmd‘hqlavalent”
m. chest f QF, 18 days and |n vacu n.at 125 or40.h urs, A
RCR T SO C T e G SO e 2 A
Aumebwhmgammasdntsdohat@edxmﬁplssrﬁamss(@ﬁfnmylotes or finite weight or
\ﬁ'ﬂ){ eoyrldlne 200 parts of distilled water and 200 parts of methanol. The
MIXUrE is stirred purging with nitrogen, is heated. At a temperature of 59
C., a solution of 0.2 part of 2,2'-azobis(2-amidinopropane) dihydrochloride
@X%[Io E)eagts of water is added. Stirring is continued for about 36 hours at
ture of about 60 C At thls t|me the 15 mlxture is cooled and

p ahmeth J' .
ggg‘égefﬁ%%%ﬂ@%ﬁ%%ggﬁ@%sk Stwn%@gﬁ%}r&nstjlﬁ{tlg%ﬁfo??\zols
daysicPlencebmnionl siixerand plansieneginacy dvgriondad dhisd in a
SleAmLEPeRL AL A LaYS i {plQwEesiy BRdng IRe- @B 4eRRbdards iRk

24 hourS. A brown solid is
substantially inert atmosphere glovebox. The flask was then charged with the

following reactants: 108 milliliters hexane equilibrated at -60° C, 72 milliliters
methylchloride equilibrated at -60° C, 0.48 milliliters 2-chloro-2,4,4-trimethylpentane
equilibrated at room temperature, 0.23 milliliters 2,6-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 nine 60 milliliter test tubes, equipped with

threaded caps, immersed in the heptane bath.

The polymerization was allowed to continue in each test tube for 12 additional
minutes (24 total reaction minutes) at which point 1 of the 9 tubes was terminated
with 5 milliliters of methanol to provide a control example prior to addition of
polypyrrole (Control 1). 2.094 g polypyrrole (20% wt. blend with carbon black,
coated on titanium dioxide and purchased from Aldrich Chemical Co.) was added to
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20 obtained which contains 7.33% nitrogen and 15.2% copper.
Preparation K A 1-liter reaction flask is charged with 22.4 parts (0.213
mole) of poly(2-vinylpyridine) from Aldrich Chemical and 250 parts of
water. A solution of 25 26.6 parts (0.106 mole) of cuprous sulfate
ent g\idratie 15 rts of water is ad ed over.a ve min Wtes.
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qudldhm@mgeiamblent" or "room temperature" refers to about 20 to 25 C.
The term "percent or %" refers to weight percent. The term "equivalent”
refers to a quantlty of reagent equal in moles to the moles of the
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Comparative Example B

Preparation of Polyisobutviene Using a Mono-functional

Initiator and N-methylpyrrole.

Polyisobutylene was prepared according to the procedure described in Example 1.
Comparative example B conditions were similar to Example 1 conditions except that
the total reaction volume was 40 milliliters, the quenching agent concentration was

0.015 M, the temperature was -70 °C and 0.049 g N-methylpyrrole was substituted for
polypyrrole.

The results of Comparative Examples A and B are listed in Table 1. The results

indicate that neither pyrrole itself, nor N-methylpyrrole yield polyisobutylene

containing olefin end groups.

Procedure for Collecting 'H NMR.Data

*H NMR spectra were collected using a Varian (300MHz) spectrophotometer using
samples concentrations of 3 percent to 5 percent (weight/weight) in CDCls. "H NMR
30
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equilibrated at room temperature, 0.23 milliliters 2,6-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
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con‘fsnue i EACH Lest ﬂ‘addltlonal 30 minutes (24 total reaction
minutes) at which pomt 1 of the 9 tubes was terminated with 5 milliliters of

ethanol id xample prior to addition of polypyrrole
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m@gﬁyua@ahueqmﬁngiveacﬁmw@:ﬁmwld@mmheed 30 minutes at
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reactlon The flnal polymerlzatlon test tube was then termlnated with 5 5
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was 40 milliliters, the quenching agent C(I?ncentratlon was 15 0.015 M, the

terh@ébamté)mwwl@eanép@c@w:g gyl ElEN Butpsetined ﬁ@riﬁerygby%fé and
CRPRABIREX PRI Riming the absence of a shoulder on the low elution volume

side of the main polymer peak in the GPC chromatogram. Two procedures are given

below. The "General Procedure” was used when coupled product was detected; the

“Special Procedure” was used when coupled product was deemed to be absent.

General Procedure

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

olefin,
F(exo) = (Aexo) / (Aexo + Aendo t Atert—CE + AEAS + 2Adi-EAS + 2Acuupled) (1)

where Acndo 1S the area of the single olefinic resonance at 5.15ppm, Agy, is the area of

the exo-olefinic resonance 4.63ppm, and. A.cy was calculated as follows:
Ater-c1 = (A165-1.92/6) = Acngo @)
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Preparation of Polyisobutylene Using a Mono-functional 20 Initiator and
N-methylpyrrole. Polyisobutylene was prepared according to the
procedure described in Example 1. Comparative example B conditions
were similar to Example 1 conditions except that the total reaction volume
was 40 milliliters, the quenching agent concentration was Q.Olw, t?lg h
tehsperhnsre wasPPOTERRED §43 o Ity pie0 e Stisdttetet o e
2erRAlyRvtiplg:Jioas estitscafiComparative ExatgigideandiB atéslisted in
Table 1. The results_indicate that neither pyrrole itself, nor
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using a Varian (300MHz) spectrophotometer using, samples
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exo-olefin, endo-olefin, tert-chlaride and coupled olefin chain ends were

GEREBA FSHEEA (U TR AP R DB T S fot

SR oredivieddtiGe e ting i ata iR Endata puby salsedlto detensineoupled

number average molecular weight (M.), weight average molecular weight

(VR FaSE ?‘8%@?&&7 index (PDI), i.e., MW/MS. GPC was also used to

qualitatively detect olefin coupled product. 10 Procedure for Calculating

the Fractional Amounts of Cr}gin Eng_i/gn the “Plglyiso tylene Product 3)

The fractions of exo-olefin, end¥etefin, aft’tert-chidfidé chain ends, and

EAS, di-EAS, and coupled products in the polyisobutylene samples were
antified using,,1H NMR integration. It was assumed that the i

ek Srapraloe ot ARt e Tn S HRAREY s Ao R Bty gne of the

EAS pthifmASotansaduthtetvproduttsiyentode eride doubledipsathtdsyand where

qualitative inspection pf the b NMB SRESHT: a0 18k JakA S8 efin proton.

Special Procedure

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

below for determining the fractional amount of exo-olefin,
F(BXO) = (A-EXO) / (Aexo + Aendo Atert-Ci + AEAS + 2AdinAS) (1)

where Aengo is the area of the single olefinic resonance at 5.15ppm, Ay, is the average
area of the two exo-olefinmic resonances at 4.63 and 4.85 parts per million, and Agenci ,
Agas, and Agipas were calculated in the same manner as described in the "General

Procedure”.
The 'H NMR results obtained on the polyisobutylene samples prepared in Example 1

and Comparative Examples A and B above are given below in Table I as the mole

percent of the total end groups.
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coupled products, by confirming the absence of a shoulder on the low
elution volume side of the main polymer peak in the GPC chromatogram.
Two procedures are given below. The "General Procedure” was used
when coupled product was detected; the 20 "Special Procedure" was

used when.couple t was deemed to be absent. General
Procedure The fr olar amount of each type of chain end was
Rtaine using anlequation analogous to the equation given below for
_ 'ﬁjgelmining the fractijonal amount of exo- 25 olefin, F(exo) = (Aexo) |
X2 Agndaz AfertEl # AEAS + 2Adi-EAS + 2Acoupled) (1) where

Aenda'is.thelaréa iof the single olefinic resonance at 5.15ppm, Aexo is the
areaiof ; 30 the exd -oﬁefinic resonance 4.63ppm, and Aten.cj was
- caletllated ag folloys| Aten-Cl = (A1.65-1.72/6) - Aendo (2) 31 where
2 @%5-1.72 ig the integratgd area of the convoluted peaks associated with
ezgem-dimethyl protons|of the endo-olefin and the tert-chloride chain

& Thevin efrated ared of EAS or di-EAS product, when present, was
aluated onja Situation-py-situation basis; the integration was

teaxmi ed basedion a pepk that is not 5 convoluted by other peaks, and
ﬂiec\gre wasinormalized based on the number of protons that have that
Chagacteristic peak. 1t will be noted that a co-efficient of 2 appears in

&5 uBtian (1) forbotBHiFEAS and coupled product, to account for the fact

thatgreationpfeitiierfof these products consumes 2 polyisobutylene

S. Acoupied was cal¢ulated as follows: 10 Aeoupled = (A5.0-4.75 -
4.75)721(3) where A5.0a.75 is the integrated area of the convoluted
$ associated with one of the exo-olefin protons and the two identical
hs ofcthe coupted product, and where 15 A4.54.75 is the integrated

e}

ja}]

EAS
L 'gj'ci
| Gual

D

bf the peak assqciated with the other exo-olefin proton. Special

dure In the glalitative absence of coupled product, the fractional
amount of eacH

Ead
b2

Chairg

(mol

y—t et ]
4 Eb-nE - AV IV

TABLE 1

Endo-Olefin | Tert-Cl

Chain End
{mole %)

<]
<]
<1
0
0

Exo0-QOlefin
Chain End
(mole %)
40

9

9

0

0

(Postquench)
Pyrrole

N-
methyipyrrole

{Prequench)

Polypyrrole
None;

Quenching
None;

Agent

Examples
Control 1
Control 2
Comparative A
Comparative B
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type of chain end was obtained using an equation analogous to the
equation given 20 below for determining the fractional amount of
exo-olefin, F(exo) = (Aexo) / (Aexo + Aendo + Ate,t-et + AEAS + 2Ad,
-EAS) (1) where Audo is the area of the single olefinic resonance at
5.15ppm, Aexo is the average, 25 area of the two exo- %lelnIC resonances

Tioreslihdhens Jke e iGHS e R oA RS AL BRE W ore

SRl ateindive sampmanref-bi dosplined AR Haen' Eg,e@erﬁioPrppﬂdute

The IH NMR results obtaine gton the palyis aXutyl e%egs plef%&) epare

90ARIBT R BFRAUTESHHErARTE BRAMPIEEA Bifa® dBsva'a atarge

helewdrt e hamthermdipriRrerahainhedoialot noignaossal maoe&@oleﬁn
/\

q?)?,%ﬂ?,téj %1% Q)ohr{%e%r%{;wfg/ W—:?&%Iﬁg R\%s(t) (\ill\l/eﬂilf'h dng pocs)t (r)ez%‘ﬂgn steps and

conditions. Thus, it is apparent that the exo-olefin of a polymer can be enriched in

vinylidene end groups by selecting a quasiliving carbocationically terminated

polyolefin polymer and contacting the quasiliving carbocationically terminated

polyolefin polymer with a suitable quenching agent.
Furthermore, the results of Comparative Examples A and B are listed in Table 1. The

results indicate that neither pyrrole itself, nor N-methylpyrrole yield polyisobutylene

containing olefin end groups.
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~HU~vVv,p~p~VVLMCY--Wc O.atiwWUVVVOO bro,4:Wc
YWCOWUAdJ+C'COON PapUUf.LNCLa~az~z~azaVY . W

.-~ U UV U The results, shown in Table I, indicate that polypyrrole

q ' ( -olefin at -60C without detectable coupling. As
sggﬁ%%ﬁ?gf‘ﬁ%}gﬁd addition of a quenching agent, there was
minimal exo-olefin chain ends and a large mole percentage as the
tert-ﬁhlorideAchaiLra efppl Coratrol 2 giemopﬁteratets that exp-olefin 5 content of
the polymef i tinatfected By tREDOSIGUERCH ahd POst r8action Steps ant
conditions. T hyspitidiappgrest thap thetexatolefialbf sepolymet palydiefin
enriched in vinf?/li[ggel{le% end groups by selecting a quasiliving
carbocationically termihated polyolefin polymer and contacting the
quasiliving barlboostitinig diky ielyniratedtgpoiyoléfinap Blyshenanviteackisitadatent
guenching agent, 10 Furthermore, the results of Comparative ples A
and B are sted IS TEbIEOT TGl St PR BSEE e,
nor N-methylpyriajépyieddoenlyisepliplehe zoontpiting otefn ed gyoopsco-furan)

34 and poly(pyrrole-co-thiophene) and substituted derivatives thereof.

2. The method of Claim 1, wherein the quasiliving carbocationically
terminated polymer 1s formed by contacting at least one cationically
polymerizable olefin monomer with an initiator, in the presence of a Lewis

acid and solvent under suitable quasiliving polymerization reaction

conditions.
3. The method of Claim 2, wherein the initiator 1s monofunctional.
4. The method of Claim 3, wherein the initiator is selected from the group

consisting of 2-chloro-2-phenylpropane; 2-acetyl-2-phenylpropane; 2-
propionyl-2-phenylpropane, 2-methoxy-2-phenylpropane, 2-ethoxy-2-
phenylpropane, 2-chloro-2,4,4-trimethylpentane, 2-acetyl-2,4,4,-
trimethylpentane, 2-propionyl-2,4,4-trimethylpentane, 2-methoxy-2,4,4-
trimethylpentane, and 2-ethoxy-2,4,4-trimethylpentane.

5. The method of Claim 4, wherein the initiator is 2-chloro-2,4,4-
trimethylpentane.

6. The method of Claim 2, wherein the initiator is bifunctional.

7. The method of Claim 6, wherein the nitiator is selected from the group

consisting of 1,3-di(2-chloro-2-propyl)benzene, 1,3-di(2-methoxy-2-
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WHAT IS CLAIMED IS: 1. A method for producing a vinylidene terminated
polymer comprising: a. providing a quasiliving carbocationically

terminated polyolefin 5 polymer, b. contacting the polymer in step a) with

at least one quenching agen ected from the group consisting of

ol pyr1oleP B SRy G BN BFHR AT S e metiony-2

poly(pyrrolgropsiyban)eaadpd i eyrinleicohidpwhehs)rartdsupsiitutedenc.
derivatives thereof 10 2. The method of Claim 1, wherein the quasiliving
carbocationically terminated polymer is formed by contacting at least one
catiaghicallyThelyietaoid alble laiafin, mbaem ehavithtiammikiateyhuye-1,3,-di(2-
presence of 3 Lewis aci %rjd solvent under suitable quasiliving
polymerizaﬁ%r‘?1 EAction 1S TaHditions. 3. The method of Claim 2, wherein
the initiator is monofunetional. 4. The method of Claim 3, wherein the

initiator is selected. fraqm roup .20 consisting of . e
2chioro 2 RNV 2 A S RO bt 2l uncional.
propionyl-2-phenylpropane, 2-methoxy-2-phenylpropane, 2-ethoxy-2-

phenylpropane, 2-chlorg-2.4.4-trimethylpentane, 2-acetyl-2.4.4. - ,
i A e s MR OTORALAHe 2 el s o
trimethylpensasistiagd ,2;&thidRycRldid-2rimaihipentarc:idbl 3, THne(Metkibdx y-2-

of Claim 4, Wher@'p the initiator is 2-chloro-2,4,4- trimethylpentane. 6. The

method of @Tﬁ% ,e\?vﬁeenreéin the initiator is bifunctional. 30 7. The method

of Claim 6, wherein the initiator is selected from the group consisting of

1’3-qii.2-0hl?f1%_r%_&{1%%ycly)fb zg'lrylfzeelpeeéfl Cﬁégrlr{sz ﬂgtm)%ﬁ%}e?frsi the at least one
cationically polymerizable olefin monomer is selected from the group
consisting of isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, and 4-

methyl-1-pentene.

12.  The method of Claim 11, wherein the at least one cationically

polymerizable olefin monomer is isobutylene.

13.  The method of any one of Claims 2 to 12, wherein two different

cationically polymerizable olefin monomers are employed.

14.  The method of any one of Claims 2 to 13, wherein the Lewis acid is
selected from the group consisting of titanium tetrahalide, boron trihalide
aluminum trichloride, tin tetrachloride, zinc chloride, and ethyl aluminum

dichloride.

15. The method of Claim 14, wherein the Lewis acid is selected from the
group consisting of titanium tetrachloride, titanium tetrabromide, and

boron trichloride.

16. The method of Claim 15, wherein the Lewis acid is titanium tetrachloride.
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propyl)benzene, 1,4-di(2-chloro-2-propyl)benzene, 1,4-di(2-methoxy-2-
propyl)benzene, and 5-tert-butyl-1,3,-di(2-chloro-2-propyl) benzene. 8.
The method of Claim 7, wherein the initiator is 5-tert-butyl-1,3,-di(2- 5
chloro-2-propyl) benzene. 9. The method of Claim 2, wherein the initiator
is multifunctional. 10. The method of Claim 9, wherein the initiator is

selected fromhm@@n@dp)fb@y:@ﬁsi@fi@@ikns 2- tdii(lz}chlﬂﬁ&iﬁ “ropyixdieniagne
and 1,3,5-tri(2-methox l)benzene. 11. TE d of any one of
Claims 5 10 KRB ORS RSO CaSh A BLg P A et
monomer |Sr§§@,@(ﬁ®@hfmwti&ﬁ gsoup- 136°consistinigoisobutylene,
2-methyl-lI-butene, 3-methyl-I-butene, and 4- methyl-1-pentene. 12. The
method of Claim 11, wherein the at least one cationically polymerizable

olefini@onoimer rﬁeiﬁ@ﬁlﬁﬁ@nﬁnaﬂ 1ghdrbe metﬁl@‘ﬁ;idhmfg/;ﬁmﬁﬁﬁrﬁmimré’action

to 12, wh t diff ble olefi o
are ermploy et VA PR S S R ESEG S0 2t the 70

Lewis acid ignb- s@lected from the group consisting of titanium tetrahalide,
boron trihalide aluminum trichloride, tin tetrachloride, zinc chloride, and

ethyl aluminum dichloride. 15. The method of Claim 14, wherein the

Lewid acid iSselaetkadfedraitia 82 giaupcdnsigtingiofiifaniymerization reaction

tetrachloride, tit tet d thld 6Th o
mothod of A IS HEAGIR RS LA AdeT AN 4t SEPNBAREO 56 ond -

17. The methwdcaf any one of Claims 2 to 16, wherein the quasmvmg
polymerization reaction conditions are selected to have a temperature
range from between about -130 C and +10 C.

20.  The method of any one of the preceding claims, wherein the quasiliving

carbocationically terminated polyolefin polymer is formed by ionizing a
polyolefin chain end in the presence of a Lewis acid and a solvent under

suitable quasiliving polymerization reaction conditions.

21.  The method of Claim 20, wherein the quasiliving carbocationically
terminated polyolefin polymer is formed by iomzing a polyolefin
containing tert- halide chain ends in the presence of a Lewis acid and a

solvent under suitable quasiliving polymerization reaction conditions.

22.  The method of any one of Claims 20 or 21, wherein the guasiliving
carbocationically terminated polyolefin polymer is formed by ionizing a
polyolefin containing tert-chloride chain ends in the presence of a Lewis
acid and a solvent under suitable quastliving polymerization reaction

conditions.
23, The method of any one of the preceding claims, wherein the quenching
agent in step b) is selected from the group consisting of polypyrrole,

polyvinylpyridine, poly{pyrrole-co-thiophene} and poly{pyrrole-co-furan).
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5 18. The method of Claim 17, wherein the quasiliving polymerization
reaction conditions are selected to have a temperature range between
about -70 C and -10 C. 10 19. The method of Claim 18, wherein the
quasiliving polymerization reaction conditions are selected to have a

tempétature PArBEbRhnEENRIBLE: SPTbles HeEnPRERERYd bFSRY bite
of the precegding:&lairs wbersip thenguasiiving 11pyearkopatiapiaalile-co-
terminated polyolefin polymer is formed by ionizing a polyolefin chain end
in the preseﬁé@%?‘éﬁé@dé%@’&ﬁﬁ%% Aflinder suitable quasiliving
polymerization reaction conditions. 21. The method of Claim 20, wherein
the quasiliving carbocatignically 20 terminated polyolefin polymer is )
formeéd-by i %ﬁ’?ﬁ%%%vi inEs f&%ma%mah?a@%n&?ﬁfsﬂaﬁﬂwmchmg
presence ofagdueWistagis)anddaypainaabubgdessuitagielgbasinng

polymerization reaction conditions. 22. The method of any one of Claims
20 or 21, wherein the quasiliving 25 carbocationically terminated polyolefin

polymer is fampeskiionizing o siyadefisceaiiaivingnte rkehiardBech@inching
ends in the presence of a Lewis acid and a solvent under suitable

quasiliving ;?@S%@rfﬁ%kﬁlﬁeaaﬁ% YBYditions. 30 23. The method of any

one of the preceding claims, wherein the quenching agent in step b) is
selected from the group g¢onsisting of polypyrrole, . polyvinylpyridine, )
poly(é?/rrole- E-m%{h?ﬁeﬂg%%&%wﬁé‘? 8%%%‘}?%‘?’%‘2{%’@ g frgtacting
of Claim 23 swhetiein teeditgnsiingiagentin stendolds ssalectrdsiomithitase.
group consisting of polypyrrole, poly(pyrrole-co- thiophene) and
poly(pyrrole-co-furan). 5 25. The method of any one of the preceding

claimsg whertgia tiglgderfahigign agewhinstepbdyistpoiystaldOferformed in a
substituted [%olg(%rrgle. .y
1xed bed reactor or a fluidized bed reactor.

29.  The method of any one of the preceding claims, wherein the quenching

agent i step b) is insoluble in the solvent.
30.  The method of any one of the preceding claims, wherein the vinylidene
terminated polymer has a molecular weight distribution, My/M,, from

about 1.01 to about 3.0.

31. The method of Claim 30, wherein the molecular weight distribution,

M,/M,, from about 1.1 to about 2.0.

32.  The method of Claim 31, wherein the molecular weight distribution,

Mw/M,, is less than 1.5,
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26. The method of any one of the preceding claims, wherein the
guenching agent is step b) is a copolymer. 10 27. The method of any one
of the preceding claims, wherein in the contacting step, the quenching
agent in ste b}éis selected sq that it is solid phase. 28. The method of
Claim 27 MRS IARHECES RRIER & GRS e NS (S ARIABING

reactor oy eNuidped b edpacen 28s Tnetrod shamreceafitRO GEN
preceding claims, wherein the quenchi%%{ﬁ%ent in step b) is insoluble in

the solvent. 20 30. The method OFW B preceding claims,

wherein the vinylidene terminated polymer has a molecular weight
distribution, Mw/M,,, from about 1.01 to about 3.0. 31. The method of

Claim 30, wherein the molecular we@m%on, 25 Mw/M,,, from

about 1.1 to about 2.0. 32. The method of Claim 31, wherein the

molecular wejght distyibution, Mw/M,,, is less.than 1.5. 30 38 METHOD

FOR BRI RERREE BROMATITN GOV S Egrsnd eroups

GROERSJUSINGNE QoY MERIG MILROGE N CLRMBRENIS ABS B R Adatacting
Disclgsed is_? metho forgreg%%ﬂn polyolefins containing vinylidine end
groufﬁe HER GULEIRARG RHAT S BOTEA IR R STRY SaSIBARCBtg At

by castactiddrdhiettgsilivingsabocatipoicpyrtaenpontad pplyraiewith
quenching agent selected from.the group. consisting of polypyrrole, )
D oly\ﬁﬁbegg}ﬁgq ?zw%#gﬂémfﬁrégﬁw?gﬁ%%?gﬁ opherie ang substituted

polypsiieterces thisphene and substituted derivatives thereof.
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