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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 car%?gation alsq called a carbenjum {'o , and favor manomers d

R SRR SRERLERY GroBU A sy RE AL RS aRGnay o aane, an

pRlyPRiERIN SysHRaE, dMing Reiymedrizatan sysiems 5 may be either

anionic or cationic. The difference between conventional polymerizations

and living polymerizations is that an ideal living polymerization
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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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 controlling the feed ratio of
monomer to initiator 10 and sequential addition of two or more different
onomers affords the ability to _produce block copolymers. . .
R aR i BRI 35 AN e Bepipg on, and vor
pelymess: ibtaihathed adbitityrtdeasld gagiditiohal monomers any time in the
future. A number of such systems are well known in the art. 15 A further
development is the cationic quasi-living polymerization systems using
Somilerifidn ahenamemtisn D pelsiiving ipolyyerzatibniigpedymchisyed systems
whenceriain  condiigns arg emplouRd. ar AmplE NG Fpagents.
ationic quasi-living polymerizations differ from truly living
polymerizatiossiinl theinattbyughitetoate sohahmindgahkfenmpploactiegion
get. Shan derNnAlen, IS prasent byl Reslble. ANGADImPOriaN
xample of a cationic quasi-living polymerization is the cationic
qubsihining pohystenizationiofist soylonwidlymeaitiarcathenrvspidsidiegner of
ESI}?HSH%&%@&%Q{ @@P&M@@d 3869 SRR %'{h%' ?&éﬂﬁé%eb‘}%gﬁ%ﬁ'aﬂl? thitiator
nd one major potymer product containing the 25 2-chloro--2-methylpropyl
end oigptialseldiien el woay theraditierotidwnentgratiprdtihdabdetam
@?@&%@%ﬁg@?&’c}{%@%&%@lﬁe@%ﬂ WSS ASPRE RIAIHESDs QRausted,
e other hand, there are two ma

Jjor olefinic isomers produced during

bohtenpolyalepolsiriaribeiichibiidomds iskbtional BESWMESHGhIjIReaotihe

SURAISINISERRPLIS IR SRSk WRRABMNG tRlafively unreactive
2-methyl- | -propenyl isomer is also 30 produced. The 2-methyl- |
-propenyl isomer is also referred to as the "tri-substituted” isomer or

RN JROmET: FHHPRHRNE Y ERIRR ARANIRSIZAI QA Rns using

isobutylene yield polymers with broader molecular weight distributions or™
seRdispersiimiamssHamypicHILRRiEImMAHg bR M des b Yo mbgn sgeain
RIpGELn0L Qa%ﬁx?%azl' efinclsomer has arhRasARrRYieusACHiBNE S ving

0

under conventional polymerization conditions. 5 There are two

EslapRsTedione tiss forpioduding posissstiatinecsilahipihenghths rate of
%@fﬂ@%ﬁ%@%hg%@%mg inyeivassiRpica dehydiobalpgenation
0

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
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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, living carbenium ion

to the exo-olefin end group. See for example, Roth and H. Mayr,
Macromolecules, 29, 6104, 1996; and Nielsen, L.V.; Nielsen, R.R.; Gao,
Bxckeps grodvatioB o Polymer-di281, 188002529 Heelyjsebisiydbnachieved under
polymers cgnt ining mare thari}l.one exo-olefin end group may be 15

BPasERELR YRS AR SRS By the use of a multi-functional

initiator, Thepreparation of polyolefins, including polyisobutylene

lymers, is well known in the art. A number of patents have discussed
D e R BT R e AT s AR Gty he
grougsfibuindaneursiogometichingvaleatiohicngabdeliyinglpbhgmertizatioh

system with the saturated heterocyclic ring compounds 0 the .present
LB SRR PR p L Saae e EneH R B Bo

pemoettaniprepanngndh®l Shnm PN cohdibjR¢Virklideteendigrdupsy s in
method involves providing a) a,quasiliving, car tionically terminated
R e A R R
quenatsng agént, dblagtedrirarmitheograuthc orsisiitinahng glyppyrrdée, for example,

oly(2-vinylpyridin olyphenethiagzi o] 1ZINEG i1 ST
Bl I SR e AT ictir L Nisen
deRvafivesmBOKoprebf, [The, thritabtimg: 3@} is366HBugted.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
Relgisabutydinepdytherebynfoimiggithes vinyliden exentefroenps! grqihemay be
Brestiving srocatasalinlaeanatedaabynel AR e Rkor

ontacting at”least one cationically polymerizable olefin monomer with an
ihiatoepmatienprépehycde fbis inelwiting b biepbulyémeurdenstitdpiell known in
IHESVI0ARRNINGFEALRN IRRE!AN.CanAINABS AN INBIRAIS AUHLIA HiRne
quenching agent. This type of reaction allows for in-situ formation of the
firdy wierglictarieiwiostensdefolgoibairoudthewisuirbising 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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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 suitable quasiliving polymerization

reaction conditions. 10 The initiators may be monofuncitonal, bifunctional

or multifunctional and various olefin monomers can be employed. In one
embodiment, the quenching agent is a polymer selected from the group
Theopmsidtingzofapbiyptinuies] pitywinglpy idlyespely bhdootieibbinesptacting at

v : g ( A o
B A R BRSO 0By i e
fixtliesdsofaideapd iyrhanst ordeixsuiadlofrisiSubstpoistetdziiativiesehereof

| . ' .
SR RIS ARG MR R T PN v
btediu Jorpokence§ tiibiosk poyiders cerdaiguisshalviols ioarf degesintehie
gé&%%gsgmg%oﬁ?@ﬁﬂowﬁﬁ%a;@g%}@ﬂﬁ AR ARORUNHES S rmed by

epending upon the ultimate result. rrably the quenching agent is

sulidracrpoliatedigdurcissisongonlioipbdasle thovreprsynbiteswis acid
ROl NIRRR SR ARG RANRYIEI ARG RIS RLElAtRL aRluRy role

polypyrrole-thiophene and polypyrrole-furan, and even more preferably 25
polypyrrole and substituted polypyrrole. In another aspect, copolymers of

1% 300 Ford %92%@%&%&%1?&%8{‘ FHOL AN GANLEEMRBIAYEYE Parious

heterogenous phase from the quasiliving carbocationically terminated

plsiiolatimpormnesn Pawspbeyefienching agent can be contacted with the

quasiliving carbocationically terminated polyolefin 30 polymer as a

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

fyent emhodinying. dbp avmeh e FriaPpoiisercleatedtanihie soMact

cansReincaniialired e Ha?yq{-f@%ﬂwm%@é?|¥@%H§rﬁﬁﬁf§ﬁ%,‘f!ﬂﬁaﬂﬂ@mxaﬂne,
uenching agent. For 4 example, this contacting can be performed in a

%@éﬂmm@l&aawmmmﬂﬂ@&%@l%aemamm% aBjend substituted

REIRAgRRERMRAYPE JERRAIIN Anathel semeGiolimadasiivi@res of the
polymerlzatlon‘f%stem is so_controlled so that the 5 vinylidene terminated

BB HarrdeH AdTEs INSFNE G RASIFBIRIGH; KNS SRR WP atfbUbese Pebymers
GU SRR LR BN RTTIRIREd Py I00A0g W 26 BRheMERINNA 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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preferably less than 1..5. DETAILED DESCRIPTION 10 Definitions As
used herein, the following terms have the following meanings unless
expressly stated 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 carbons atoms. Some _ . ..

o T SRPATGHE 4 e EAREE) BHA SaRr e A R plinge bed
AR einyhatbyliple pyteRityhdsepranytcisabutyl, sec-butyl, tert-butyl,
and the like. The term "branched alkyl" as used herein refers to an alkyl
group in which the carbon 20 atom representing the point of attachment of
theugsaiep dopthe, Bstphinevinglpsiyiedsizaitbarasteniasyotopiaitsday that the
carbon atom. The term "tertigry carbon” as used herein, refers.t arpon
BN ISTRAEHSP R SIAP R B SO e TR a%f&f“
gbshon tasdisesheremeetepscteratdamon atom thattisaisacbdokinl 4 @iheatore
caf;%o tqms. 25§ terms "carbenium ion" or "carbocation” as used
RE ﬁ%&i‘?%@aﬂ sitively charged carbon atom bearing three
sp2-bonded substituents and an empty p orbital. CH3 CH3 H21100
PIB-C-i-CH2-i X CH3 P rheni e term "chain
transfer" as used herein ﬁ%&ﬁtﬁg c%%%%ﬂ%%?ﬁvth of one
polymerization chain with the possible initiation of another polymerization

in. .The term "common ion salt" as used herein refers to an ionic salt
nally 5 added to a quasi-living cationic polymerization mixture

taspievkehirdias doidtitin it erprohagatied dasbéng meiomngs didosintspricasly

[S)%I esd ;I;)ht%eagcl’%ﬁé)rfytzhe common ion salt is

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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identical to the counter-ions of the propagating chain ends. The cation of
the common ion salt is typically a fatty quaternary ammonium cation,
such as tetra-n-butyl ammonium ion, which confers solubility in the
organic media. 10 The term "common ion salt precursor” as used herein

{210 ar L&’Hk%a%%%r‘?’%‘s'%@aH%e%S%egfé%%qH%aesé:e'é‘éh’% LRSI of one
polymerization mixture, which generates counter-anions that are identical
woinveeiofitte ¢hapagishiti coambéntsiivimmoditmorbactioly withzHimh el
acid. An example is tetra-n-butylammonium chloride. 15 The term
"controlled molecular weight distribution" as used herein refers to
Py tdafin' potyner sonapaittes desl regtamolelcuiaiovr itphi clisdtibhution offtenally

ej istributi lydispersity | (PDI).hereip is._ ..
1

e AU e A E KGRI B o o
yyopresaiimpser tevernge muoldcolrtcefoneight, VhAvinn Phéhteenmmon ion salt is
TOHRUNG U3 DRIGH 11 é?iﬂ e 9Ta RO |
éarg{e?n%rﬁ toea%g}) §/Qme§ exo-glreﬁgno hgﬁﬂé%d, ?(1){? g@@mlg%e\?rvaégoquﬁ%?e%e common

poanibisdy pisijlscbiayiearaterannnisiefarisne ehboadaibrsfera-n-butyl
RRlKSARHYIERERIENIDgh23 SRRV (B0 3 Relyisahutylene 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

(%Qié’xlﬁf i%ﬁfﬁﬂi&%{? 389%'&95&"09&‘&%&%%[}%&% e q&%ﬂgiﬁ %'f)lﬁténally

weight that is approximately twice that of 30 the main polymer product.
THécrb 2 aeindriba ahpolyirist yarsratienuse terethirdfgpneprtes

ROMMEIZAINNGERIREAND ﬂi&%@%‘ﬂ%&%%ﬁ&é@ﬁ?ﬁi%m@&é[‘gig L

proceeds with ions as 6 chain carrying particles, either anions or cations.
pasigieary Hhdhedrevdead dhivugratpledteist afchairammaioRrczlipride.
propogation, chain transfer and chain termination. The term "di-EAS

product” as used herein refers to the product which results when 5 two
S5k ;fénwé}efbﬁ@ﬁﬁ%v@ma&m#%ﬁé%%t 16 Yephheeav ardersbond
WH@@I&?FH%@}Q_H@I@QMQQ aetifealgriieuld-GARIOdwAL sRMaINS RdScular
structure a residue 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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from the quenching agent. The term "vinylidene" refers to a polymer chain
end with the following generic 10 structure: PolyolefinlR where R can be
H, alkyl, aryl, aralkyl, or alkaryl. The terms "di-substituted olefin" or

"exo olefin” or "methyl vinylidene" as used 15 herein refer to an olefin

ymer chain c a|n|n an exo-olefin haln d, for. isQbut th

T G ST Let et G - S A PR e
terpn SEAGiprodtirioasctisedphepepatiefe rtshmrthamﬁw wotlwhich tearsuhstion.
when one polymer terminal carbenium ion reacts to form a covalent bond
with a single 20 quenching agent molecule. EAS product contains in its
$theotore'dirEgiSuedinet the ugedhetingrelgento Thepedncialdetlo resdiforhen
v%ouéseegirg rel I%]::errt?é}& aﬁsaﬁaglq i #&&%cgmgﬁoéﬁ S&%U %{ﬂ%%% With a
he p merza ion reaction that is either fully complexed with t
me@sca.mdobnfgl tgandmmobrpleXed Hith phedlietvigrdaivs ihhiss stctng atiepiduc
?rf ele[f;1 ron do or eg%%?ds the concentration of the protic impurities, for
exampFeC\Na er term "electrophilic aromatic substitution or EAS" as
used herein refers to the process by which the EAS product is produced.

term m I

e harB et
ofrﬂanlyolefln polymer chaln end as depicted in the structure below. -
CH3 CH3 H21i-CHZ-i-Cl CH3 CH3 PIB tert-Chloride 5 The term
"hydrocarbyl” refers to an organic radical p/r['harily composed of carbon

and Polyolefin R

where R can be H, 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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hydrogen which may be aliphatic, alicyclic, aromatic or combinations
thereof, e.g., aralkyl or alkaryl. Such hydrocarbyl groups may also contain
aliphatic unsaturation, i.e., olefinic or acetylenic unsaturation, and may
contain minor amounts of heteroatoms, such as oxygen or nitrogen, or

halogens, such as chlorine. 10 The term "initiatQr” as ysed herein refers to
e AR AT EE) LSRR, R I IR ATISR SRS USHEE fh caf o
valanee akthe heachofdhenoly ot chaburakthesrmoledule thdy prdidedymer
that moiety. %\/h_enﬁ,mqgno-functiorgl initiator is used, the chain end (CE)
Ggﬁ’é‘e?ﬁga"l’ﬁ) CRIHALIHBCIAITATBI & 5% tration. For a multi-functional 15

initiator, when the functionality of theSiHitiator equ&idax, then the chain end
concentration equals x times ini{jatorjconcentratiop. The term "Lewis acid"

as used herein refers ter® eompoundithat- Cah acdseptaPair of electrons

to form a covalent bond. 20 The terrl"living polymerization" as used

herein refers to the polymerizations that proceeddrijhe absence of
measurable chain transfer and Ch?il:f:ls errtrjailg’%ggg. The term "quasi-living
polymerization" as used herein refers 0 [Iving polymerizations 25 wherein
rewesible haiactebyinatfonstisaoperainke, radicit gvamsitle aimaprsedmicatiben and

BRI & 60 BR AT RO AL A e T e

z

coripou _

reaGtionlkg reaatkaith. thech dlydnerchgingenginmtieabse senteén 8liphatic

active Lewis acid, 'I%?e.quenchi agent facilitates the remaval of a.proton

FHORIBERN I A e KRS 868?%‘??@ égrrlﬁnsgg {/%ﬁ‘gﬁh@%snﬁg% Oﬁ%ré}m rieéers o

apabyerestprag yaehl Byotheadditidtrogqpo ynhatizzionsot bag ailarioee

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

"protic impurity” as used herein refers to impurities within the

pbhgneriz Atidiiatesiciiomsediktrednteferotudie aoidchl dragihtaabstas inthseir

S}%%i?f%é%’zajf%goa{n%)%%@&gs Wl%t\%ience 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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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 herein refers to the chemical
reaction that terminates polymerization process or the quenching reaction

by deactivation, of th wis acid. The term "terminator” as j

PRI E O LR AR oo A e o e BT A TR LHELOn from
Oetraqienthing:ndaction, 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 "tert-chloride" refers to

e ZnhltpolPetastliyiprepyltendgreips én appbiysiefirogetyehby dranddpson
The present invention is directed. in patt, to od: | n
DTGt A S as e et e
cathaogktienitally terminated polyolefin polymer, and b) contacting the
polymer in step a) with quenching agent selected from the group
consisting of polypyrrole, polyvinylpyridine, 30 polyphenothiazine,
Pty txay pe polymprioi -couttid pbsie e fd ssishsupureded aritkinvbs thereof.
B Steneh R A0S AL IS ARSI AR £aable Oh AN,
uasiliving  carbocationically terminated polyolefin polymer endo-olefin
dnadm sempls . amaieert- chloride chain ends to the exo-olefin chain ends.
Without being bound by any theory, for example, it is believed that for
polyisobutylene, quenching agents of the present 5 invention selectively
Glialype thegalvpintfiicd rofbsephateinfisfrate gbeminishetpsiionsiheh®lehe
polyisebyty! i 3 -Czi
e S T B S B e e
lon Exo-Olefin PIB :

The term "termination” as used herein refers to the chemical reaction 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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This result was unexpected since the quenching agents with very similar
structures are known in the prior art to quench quasi-living cationic
polymerizations by an 10 electrophilic aromatic substitution (EAS)
mechanism as disclosed in U.S. Pat. No. 6,969,744. Compounds which
ovide the highest E ields icall St ith rOn. i1z,
Bl R AR S AR SO T Bpvine
thabehatsensubtitersmitsaprd pid podthini ixdyioe fondoeckrinadiaBraftds and tert-

iéﬁﬁ)rlrﬁ%%i]ﬁ%ﬁé;%%ﬁﬁ#&%ﬂ%@%l%n@ .'ﬂﬁﬁ%’%}é’ia%ﬂ?ge BRI Meory,

react wi e ring. uenching agents used in the

fressrmplveittiohadivisbtighfiiopelyirpboimlent, golysikiig petpe the present

i %'%?r?e%%ﬁ%q%pd%%%]ﬁ@%ea&%tﬁgtﬁw8@@?%%@9%@#@&—dimethﬂ

€Xxo0-0 chain e ependently of whether a mono-functional initiator
raedos tROpelyistbir etio abdl T e stehoabbsiersion is expected to be

similar for mongrfunctionghand di-functional initiators. Tempegature ¢y,
dependenﬁe is pbserved fpr the preparation of the polyisobutilene

polynpers-chntatringsa,high Loxtentration of,ex0- ojgdin.chAin. ndsdg

on the total chain ends. It has been determined that raising the reaction |
temperature ingrgases theyield of exo-olefin by suppressing %.leing. 2%%
Coupling isp%e(%rrlf5 as a]g%eak centered at 4.82 just up-field from the
exo-olefin pea at 4.8 parts per million peak in the 1H NM'?%‘%B’EQSTF’%

antsatsalinvhe nBo&partivem tegieseniat dayad ovitie hiionivolam@ructures are
%rllPoulder on the mainé)eak. 0 In ane aspect, the cc1nditi0ns and lg}}flstems

QURL- R bR RIS SR B BB LSRG A BiRh Ring

slepir¥yithausdoaiag doalattbyoany K omnedhasi e lie\dstibaid e dSsiPad
imipation reaction is in.co tition, it?}%?f roduction .of .coupled

Bt oh R e QLR BT BB NS S pcarasas
clgfiminlibérefareleonditidnstingt fangrsdlicatedtinniancpilisfasicibaeuplihg ring. It
are preferred, Higher reaction temperature, has been found t or
GRS A BT EH LTS T e Aol B o
chicahedidendpancé qudiibyibmeexispdch pbixdesbattivas carbeniumimnsantwith
%%@ant {ﬁgt-rggloride chain ends. When the temperature of the system is
raise%f %is equﬁbrium increasingly 10 favors the dormant chain ends, but
this should decrease the rates of elimination and
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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coupling to an equal extent. However, higher temperature also should
displace the equilibrium for the complex between quenching agent and
Lewis acid toward un- complexed quenching agent, which is believed to
be the agent that causes elimination. Raising the temperature thus

rovides a petitive advantage to the desired reacti rafure
SR e e B T D A R S
selatiorship lighquénbhingagdeng sopcdvitizniorbeing boswdsbacidy theory, it is
ncentration are impor: [ Hi rati .
A L S O S con o
preférd piadyc2 thiaugh otefinccoeipivg sibod uhatoprvotsel isadecomadiet gapin

&gbﬁ&?%&%@%-CEHS{&e?%%hatmewﬁiﬂimﬁ&e&&@
of eli h

: (§'i§%8%'f‘ ifh e rate
mination, quenching agent concentration and/or temperature should

m@-ﬁmcéaké@hes et mmﬁgeé@s heovelamdto/Eaviae elidesiiaplend
%J%Q}o?fcg% Heip mﬁz&n@aqg@gﬁm ga;{ﬁﬁm%ﬂa%ﬁ%mym}aming

e conversion of chain ends To exo-olefin. Increasing quenching 25 _
eqyilibtuncerisatsivdieniniies tbednoeiwatond drnewis eididessprhain
Brughiheniormation ok AmRIRLReMERR AURRCInG BIGRL AN EWIS

acid, and this would diminish theé carbenium ion concentration since the

fovens vheidsrappiohinrarignin tre Squideeraectborstechi elimination and
consaatian.Jhetsis, IRRReS (AQRing ok malecilarswaia i siieudhe

be tormulated with higher quenching agent concentrations and higher 30

tawiibeon Goribeseatides bivosmraskirgresmhighbheafsnsidtirearda-
@&Iﬁtﬁfgﬁgﬁ &ﬁ@ﬂc&ﬂﬂgqgeﬁt,%ﬁm gL datest moleramweighSdemination.

dilute all reactants with additional diluent. 11 It has been found that in the

Brdsiagcbedruraaie comcRinridrsscompaiibie asheesrde i drrprdvedrtion.
%mﬁ%@p@égﬁépﬁygﬁg}&@%%ﬂgﬁ%ﬂge attained when the quenching

agent concentration is but a fraction of the quasi-living chain end
concentration. This suggests that under these conditions, the quenching

agenl-makondemavs RN damdis caroaniemen ane eiHesaaHgs¥nd
transfers the proton to the electron donor. That is, the quenching agent

hfay st d<carcapiip RO RE FRATG Yariablite BigRtorh s AalreRibiaRs:
R PR RREERIREsIAS WeRPfo BRI AR SteichiometiieLantenieHaially
gglc?rt igieefti% gggli)rgigg gisxﬂzcgft}?g:eprr]ggégsg ig geec%tn(c:locgjrl ei(‘: ?rp {J%rlymer chains. Therefore,
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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economic advantages in practicing the method the present invention. On

the other 10 hand, in the absence of a basic electron donor, for example,

when the latter is replaced by a common ion salt or its precursor, it has

been found that complete conversion of the chain ends to exo-olefin

equires a stoichipmetric or higher cancentration of quenching agent.

U PR b B SRR hiG L R e BB S Bty

ahdipsatdrmandepiesvdd deenatabiRrecedurddin Eiepasationaafiealyaiatih

Polymers Containing Exo-olefin End Groups on the C#w in A typjcal )

ST Ve R SOBR B BURILI Y SOl AERE ST fhe fratalying chain

ieveotinteisrgiien Belownghesnmiihocdef thespreseiiti imgetittoqmalibg agent may
emi-batch

conducted as a 0b tchapr)éocess,.a con&im{)ousli)ro?e Si,2 bateh  the
PSS B A BHSRe SETRRBINE Y 8 SRLERA T the it Thdroton to
piymeridation Teactiothisqypichllyecariednoytacsndern tnedyga®ankinmnation, and
?HIbs}ar}tiaII)é anhydrous environment. The r%%ciﬂ[eis é:ehgf%ﬁg with the
0 o?/v?ﬁgmr%agflé)ntg%a)égef a 3i?u%nt, Aaintia or, 3. an electron donor or
corvhiomignsath@niis preduwborye4o chawendsje hgoaochers agook 80ubd aonfer
'e%{‘é%{t%n%%%d""g‘d n é‘éﬁ%?%%é{cﬁ‘e@g%?ez%gtﬁ%'%‘?%g)fré's%‘&"f@e%%%r 4 H%ther
reaction mixture 13 equilibrated at the desired temperature, ranging from
dloods n1BO Msmnabolin 1A dbemretndrofehexarepbntvhve o faticaysbeplaced
Ao O B A S e LS MO G SHBSBIMARRRIE Ghn of
stper-atmospheric pressure. The progress of the polymerization reaction
ihendrito ked dricsityobyl déterpiiaticrsfichmmetocnt bighonwmemntration of
remaining i ' ixture, i 0 ' .
B Y e
chtily g propositisaiefore addition of the quenching agent. The
polymerization reaction in the aliquot is terminated with an appropriate
alcohol equilibrated at the _
General Procedure for Preparation of Polyolefin Polymers Containing 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
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desired temperature. 6. One or more nitrogen-containing polymeric
guenching agents is added to the 10 reaction mixture to quench the
polymerization reaction. Although, the concentration of the reactants may
be varied to obtain the desired product, it has been found that certain
ga ios of the reac{ants S refgér%q forhobtalnl h% h exos olefln chain Th
RSP HE 1 A8 RS e A BB R A 87 PRAS ST hoR B et
mogt‘eas(m |B1¢rpth§amangetfmnn'mhm i3 ﬂa{ﬁmechedunmtﬁ)w detl@mﬁeemhhy théhe
molar ratﬁnof monomer to. |n|t|a $r is in the range Aai?erl'ﬁ[ %1 to about

SRR OMBPRIPSEI AR IRE RS TPARECS misiire A comErion Of*he

bidomer50 idhsthe dnabeatafioiod mmnméfdodﬂtuammumntrmfslthprbﬁalemh

olecular 20 weight of | Jefln e moI ratio of Leyis acid to.
R S R e A U T R e A g ion
tirecnmian mu aloqugemgeammwdmmh endgprisdprtite a&m@mkﬁcmnbbnatedlatohe
% ou (?9 More preferably the molar ratio of Lewis acid to chain ends is

E°366 ?xgpfli YE:1. The molar ratio of Lewis acid to electron donor is in

the range from about 1.1:1 to about 10, OOO 1. Preferably the molar ratio

of Lewis acidl {3 glegion éjnqﬁorﬁt%? me%? cocfg%ggfgﬁgé &ﬁ%gt;g? WP the

More pre?e b?m e mofar rati onor is
about 4rdatti@0nixTire t@ﬂu@bhéhﬂ$abm¢umdqﬁv@@gent is based
upon the molar equivalent nitrogen amount in the polymeric quenching
agent and is in the range from about 13 1.1:1 to about 150:1. Preferably
thlmugl tatiocoktewgacid theagataitnnaitrbgearietiowbidgithtndesiingde

phaheut g i%aRon ik, MR PIERIARNHD G MElRl NG ek YR ACIC

equwa ent nitrogent amount is about 2:1 to 15:1. 5 Likewise, the ratio of
ghénshiadighenpbdst epon ¢hé téqLdvéimam%g@rdmb@ﬁ hrelone
polymeric quenching agent to chain ends is in the range from about 0.25:1
to about 20:1. Preferably the molar ratio of equivalent nitrogen amount to
drwimeld tetin achmeapgeoPabiinte. 5 indgsewsionvidraus fetaBhptie

@@%dﬁt'@@f&%’;yﬁll%%olar 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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nitrogen amount to chain end is about 0.5:1 to 4:1. 10 Additional aliquots
may be removed from the reaction mixture at various time intervals after
addition of the quenching agent to determine the concentration of the
exo-olefin chain ends on the polyolefin polymers. The polymerization
reaction js terminated in all the aliquot samples and the remain

tebdtorbaitd rd withsls e 8 She prratd iR s HA ey tifiGh Eé’oeartr%%&égf}é%sm

teRonaralurahd kehgonceptation of thewexomiefinchajrcandslaibagulithratio of
the concentratlon of the _endo-olefin and t rt-chloride rghgrn ends, is

Leaintd IRy YRR B EE! QTR 153 %% ‘dbalnett to qualitatively
determine the amount of the EAS product the 20 di-EAS product and the

pled produc; Sjl n ti d/ tacti ith th
GRSy Ao AT B DU LR D SHERIAE O o ot in

S%Tﬁi@%&ﬁwaﬁeﬁémﬁgtﬁgdﬁtlﬁ) cipgradion in whichreeptifteausteinearns: bio

gre ts ar ed to, the reactor,; 25 riate reactor stems

E D P R R R G SRR SERAED st ond i in
vmleerﬁlgb@f sarflow: diaaiuunsor. Mhrt@ﬂeoé:potyrﬂernsotakeamoutf touihaent
recovery of the mer th ref w reactors. Preferably, the
PR BRERELY f 'i?éaéﬁr?a@gra Bﬁgﬁedplto{gj& ieve an even reactant
dlstrrbutlon therein. Heterogeneous guenching agents can be effectively

acte th the alshlrvrn pto I using fixed bed apd sl urry

emoved 6 Pong lpn Jalxfure at variou time

d?& e’%qy fch §agen IS prepare iSpéersion or'in‘a

ﬁrmdvmwfwmacﬁieqmrefetreqmgammo miweaﬂuatx:ﬁxp rooesstration of the

altho F oretrc Il lu act rma tﬁ [ocess dvanta
L S I R G
Inemdtna@dmdaﬂd) mmmdmﬂmmmn ttgrpetpntgrraenzanonunure with an

contradr tlogotio rin gmg: n{:&fo L_r:rs]ia}“tar n. If f e% is used which is

2 1‘1&
Qg L8 HaEr Emplent con tlons it'ls pre err%dato control the reaction
pressure and/or dissolve the feed inan inert solvent or liquid diluent, in

grger %%éﬂ%&%}%ﬁ”o feedl e I| é?‘ d%r pgmﬂﬁﬁ'gg %ﬁxg&%“he

cuts comprising X?ecég are QUI essure an
terdpeﬂaﬁrresdatmftddﬂnmdneedla sulveirtqerdifieshusifee }éhibﬁia@rf’éf apectra

Va\tlrrg% S0 ebtgl%%gcb %Séﬁt&ﬁ‘«l&%ﬁﬂcfétgrtﬁ;ﬁ@ PR Gunt 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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depending upon the living or quasiliving system, too high a reaction
temperature can diminish or eliminate the living character of the cationic
polymerization. 10 Compounds suitable for use in the preparation of the
polyolefin polymers of the present invention are given below: Diluents

iluents influence the ionization equilibrium and rates of exchan f .
TG S0 e SO AR R TR 0 et MEBefgption. I
théie dielectiiovbrisiapiseoly picdtlyusbivents hdiviogs | o scietéetréd to control the

“constants are preferred, since ign pairs.are less dissociated. Sulitable . .
g%zr\c/%elﬂ{xspresml ¥ andlor dlssoive %i][e %5‘%0,% an L;)nersf solyent Oi'ell%li!]lgl gi%ﬁnt, in order

inctude, but arenot limite oiling alkanes

noanai mjioliyt &lidiei: with ipadgrimby FowtHneexideepaingpite beusesda@nthasing

referred polymerization temperatyre., lllustrative solvents include alkan _
g e BN e L R B A8 e
profibret finahhutanes momhathpbatanejmoranakchexaheynie mmglortant;

eptane, normal octane, normal.nonane and normal decane, and
A R T A PR s R S peratare
idohiexsine; eBinisthylpeiteing, chRadimathilibutivaiQ B dimathgtsuane and
the like), halogenated alkanes such as chloroform, ethylchloride, n-butyl
chloride, methylene chloride, 25 methyl chloride, 1,2-dichloroethane,
Togvetnshierbefhons; teiibopreptmatilortigie polyodiedin padzthersef the
n-prapyl chloride, iso-propyl.chloride, 1,2-dichloropropane, or
f’ﬁ%ﬁ%‘n‘%‘?ﬁ‘b“%ﬁ&ﬁ%% I?g%éggl'd halogenated alkenes (such as vinyl
chloride, 1, 1 -dichloroethene, and 1,2-dichloroethene), carbon disulfide,
SIBJH éqgoxide, acetic anhydride, acetonitrile, benzene, toluene,

clohexane, chlorobenzene: 30 nitro-alkanes (such as _
dtopneparbictonthméonifetioofaie libpres enthtivesifuitciinganed growing
VGRISIHBENH 1-5ANR0IG PAMENZAlIONS VRN SolMeHs R RXARRGstant

‘ng)férllcb?ézlt%ngﬂé# tﬁ%@&?stiﬂ above) can alsso be used. 15 Init_iaﬁor_s ] stants:
Ihitiziead lso paponittkaianiviny dintbeftiasiansiagte arb dealierad Pofpriatipaiivare
L8 Welknawn 4106180 IIHAIQLS FaRY e JRORG TURRHANE! Rhw-boiling alkanes

multi-functional depending on the desired product. Mono-functional and

dinfhatiad meeneivatny Balidesmigioresrnatln tow Heeriad petyinet bs ispbat the
lm%rrg@ bm‘ﬁlﬁi&gzﬁ{ﬁfngeﬁfﬁ’é%ﬁ}re. Hlustrative solvents include alkanes (generally

C, to Cyp 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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the initiator should have more than two reactive moieties. The
contemplated initiator compounds can be represented by the general
formula (X'-CRaRb)"Re wherein Ra, Rb and R. are independently
comprises at least one of alkyl, aromatic, alkyl aromatic groups, and can
be the same or different, and X is an acetate, etherate, 10 hydroxyl group,
gen. R. has a valence of n, and n is an integer of one to 4.
Riatesalbbaipauil andiRnamdygetiidap gﬁmmtﬁnﬁmmeﬁmmm

atqm to about, 20 carhon atoms, preferably one carbon a bo t8
éigkﬂogfﬂ%ﬂéetﬁﬁémﬁ%%grgbwg@f?%ﬁﬁ(’)@%ﬁ’%h rmr%lrle pre &ra l1

abjeridigl ars@meemﬁéa@mmlmmefdmmﬁnmlﬂmﬂﬁmstrmwneidﬁﬂaa:,
Rb and R. to mimig the gro ecies or 5mo mer, .e.
?Lr‘fbﬁ%]ﬁ%é’ﬁﬁi; 38%5‘5%&88{59 g0l rf@?relr?e?oo?r) o 3afr|metﬁlélkp&1§yi“(§) Imers,
fhe mmmmmﬁmwmmmmmmr ‘Exanynienguiatyd
dicumyl and trlc des the chlor.
BHER 5?8815’88 orléﬁ%ti} qie-en cc)fréd é‘!%ﬁzt?é%z?{ﬂ@ Wherem
fi{cRpwidie Hﬁtem&,}ﬂzﬁdm@)f‘mlmm@epmm&)ibenz@rﬁa kg, aromatic, alkyl
tr| cumylchloride 024 trimethyl- lorqpen
SR £ gl SRS b oy CASOE: o A i egjerte

hg@bamﬁ greupgunwhp)lkrmrfeaéaﬁawethmwei plmni;ﬁhpmpfané@gﬁeof one to 4.

r?é/ Ing ther 43. e( gleth x%u c)(? St bhg ‘¢carbon atom to about

e = fIment :

cum OX propy gnzene, i.e.,
l‘l(((marbyirrmamh}d m&mtam@mmmemm@mmmmm@mmms

ef Pat tN 4.9 ti
B SRR ARS LR AR Rap spihvsianad
ﬁxﬁfdrémehtosd@tplmpyt)hEHmﬁéial&;Md&dhlm&ﬁmay@%rﬁzmlaﬁdr
1,3,-di(2-chloro-2-pro tar t
SR S ) SR e Rl SR gl iy
faienmﬂmm @ﬂ@mhotﬁl@m Shitsatls sbopoRBisblelidre fanexapdifeabiyl,

d1ch19 S%g e%%ptﬁa&%ﬁgp%gb E&t‘?&ﬁ%ﬂ? {dheangs framabqutp001

rliterto about 1.0 ‘moles per liter. More preferably the

chwoghrepiore.dfchevehglindordas i #ié2 wHgrofropiotyblienzens ioles
s 0P e sten 6 e enorsesion s
2,4,4-trimethyl-2-chloropentane; 2-acetyl- 2%%1’13%2%3;}2&2 ie. ecrl.?ri;rll aocetate
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-chloro-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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living and/or quasi-living cationic polymerizations systems. The electron
donor used 5 in the present invention is not specifically limited to any
particular compound or class of compounds. Examples include pyridines
and alkyl amines, aprotic amides, sulfoxides, esters, metal compounds
having an oxygen atom bonded to a metal atom, and others. Pyridine
compounds include 2,6-di-tert-butylpyridine, 2,6-dimethylpyridine,
Eldioreivdpryidine, 2,4,6-trimethylpyridine, 10 2-methylpyridine and

e Mo e s ot o D
hvirglinétbylaneidmidg anthNdbdigityiastiamigeteAn. élanepletohalonor used

sulfoxide compound is dimethyl sulfoxide. Diethyl ether.is an example .of
e D GHA. " By A A g1 B SR las
of estepeanipdindspRhisphitehisdtompodntisysuctines, ajmetbymides,
s e G SR S RiAR, R TSR TROAE BRLARR atom,

¢oh aining me suc
tetdaisbhproPyritaratensperaldoinskfld 2$-elestrodudphorsdifibe
oncentration aof the electron donors in th reaction mixture may be in
pRR R O G R R T U S
Prafettajdly thtir20:d poeiinati oh Wt dhacipbirchindomdr i iditherpltgeiffimmmay
oL 0004 moles, per et 19, abent 03 mplesinstiar, Moss preferably
the concentration o ]heee ron donors IS " In the range from about0.00Z
NdiedipenttipbrcaahidataddON iNelés pdaditemGondmonxiopBalfs anfoxide
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moles per liter. More preferably the concentration of the common
wpncentration of the electron donors is in the range from about 0.001 moles per liter to

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

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

Common Jon Salts and Common Ion 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

17



10

15

20

25

30

ion salt or salt precursors is in the range from about 0.001 moles per liter
to about 0.007 moles per liter. Monomers 5 Suitable monomers for use in
the method of the present invention are hydrocarbon monomers, i.e.,
compounds containing only hydrogen and carbon atoms, especially

olefins and diolefins, and normal vm about 2t abou

B 7 AR BT ABB S R EPEAATSI T LS groqUce Eairal
emptayettgrethigtepolymerization of such monomers to produce polymers
of different, but uniform 10 molecular weights, for example, from about

300 to in excess of a million g/mol. Such polymers can be low molecular
Weghihbeuid or viscous polymers having a molecular weight of from about
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particular monomer. A ion y, thé strength of these Lewis acids can be
monomer is isobutylene. Mixtures of monomers may be used. The concentration 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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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 18 system may vary. However, it is desirable that
the concentration of Lewis acid is sufficient to achieve an appropriate rate
olymerlzatlon and quenchi ewjs acid concentration shoul
B R ol 3 YSRGS o B DG GRS R S FAABH i
mﬂ‘;bemwﬁiaﬁrém Wd@meemawwmayimm thel rargehinfrolhe
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ere| gelow The |mi1/% char% shared ? teach chln% gesn}n the
BiHe rdagiss Wf N s that the a}(e aﬁl iymers prot uce By the”
polyefesinattoniod. ﬂftrmgbas-perﬁhammgabmmhﬂmmmhtsr Coincidentally,
this 15 feature enables these polymers to perform in other applications,
such as conductors and semi-conductors. In one embodiment, the
Quendchiimg Agans is a polymer selected from the group consisting of
rroles va polyphenathiazine e a2|
D A R P ST B2 BRI e
summmnedediabvémmmmdn“hcrmilrylammm@t@ﬁshe mmeosaaph

mixtu fes of th stituted derl | t
R B e R R IR e by e
poly(seﬂnmﬁutemf pymaies)cetdaiBuigsttotvticarrpasein (henpiskotialy, this
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tlmae rasult. 1f one aspect t e quenc ing'agent can be employed
adtﬂeiemg@mdusmphase 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
Inoms enblodisifth fecaigenaltegyegcatdsm pokyrisswaiatiad tiene dhs apoup

%B%Ei&fiﬂ‘@é(t‘ BB&?BWQ&tBU%ﬁﬁB%&%eS, 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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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 19 of an electrochemical cell in the

presence of a condu alt gives f|| elec cal conductivity.
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polypyrrole film-lik re ucted ctrochemical

OB ek erino i eIt Lol oo Btestaion of
m@lpgi&cadfaphlﬁ@mtreamm goﬁdllﬂ&@i@tdled&@ﬂbﬁamzﬁ’t&ﬂymmlmtmn ina
valve met ectr dess stltanlu ar p ed The
SR SOOI T e TRy 3, s e AT SEh R o
asisid enatid dubisediie ikt iranmovechbye mpﬁla@cﬁﬂmemiszfms dontimucusly

f t d cont i
g C e T R T
doA68 129 bnlthelandide ﬁﬂambﬁmnw rérﬁﬁvm@sstﬁ@@msp B&ﬁmctsgan it is

re orted aru.ch Zi en nd Lar |IIer hat p rrole.is
E R SR R e RSB e

M@N)&é@edmd@bm sﬁggeagmfmes@mwmm @@wmm@m In
substituted pyjrolea E‘%@po' [ §6?fwf’§§%‘§ei@§% *fe'%ec%?%%%}?”zab'e
monomers represen one’dt of polymers™us th I:|%)resen
Blmnhcmngmel hmmymmmdMMWWMdmlywemc@hmmmion in

ith th t d d it th
R R R TR B o e

heterocyclic monomer can be polymerized by an oxidative coupling

chan é m ¢ mc"i‘ud?ng Oﬁgﬁr%t,?g@yf%uﬂgté@ge ﬁ%?g zﬁlﬁ?& Iev&%f

emlca rization o IS genera y ed to
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?ﬁ‘iﬂ%zsgs%%*lﬁx}%%%ﬁ.t?ﬂ@ié‘hé?&l&%lc?i%tmﬁomem form fully conjugated

polymers with the potential for doped conductivity when polymerization occurs in the

2,5 positions as shown in the following scheme.

O 0

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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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 30 state .
BORAHERE RELMES R R DERES. RSB BT A e BRE ig s dhose
2D reehiaIng Pelymeraad pyrmela Tings including substituted pyrrole rings
such as those represented byF{he following for}r\;nula I: R1R2 H Formulal

5 wherein Rt and R2 are each independen yarogen or a lower alkyl

group containing from 1 to about 7 garboigatoms. Examples of lower alkyl
groups include methyl, ethyl, n-propyl, i-propyl, etc. In one preferred
embodiment, R1 and R2 are indeperde methyl groups. Copolymers of
pyrrole and N-methyl pyrrole or 3,4-dirﬂethyl pyrrole can be used in the
present invention. Alternatively, pyrrole or 10 substituted pyrroles of the

type represented by Formula (I) can be copol?ﬁ‘\'@ﬂﬂ@& with other

SARPMITR] 7R IR, MRNARIETSI R dBrioB HodBBeaAtbes NAIRICAKOlIGIHG containing
compounds including those cqntaining nitrogen such as pyridine,

frnERL Stertt 7 RFRRTR Ao pIEARLSS PHIRRVEHREF A SR 1B udp Shtthel
JRMatisepnPrpRds:, Rayticdar pRisiermesareaeners aiedoysrale/furan

and pyrrole/thiophene. 15 Polymers and ¢copolymers of pyrrole are
PR Bin GPPARER SO SBURAES BN S ARG BFed
bystaghisesyyyelkkaawe tedhasesighadrnithealon Foraxamprls, pyrrole or

polymers of pyrrole ¢can be obtained by, electropolymerization as reported |
RSl TR PO A [P U S0 PEHaEIfRG it
2he85opbdyiaranthin dhoabests S0d. ifGhentuGeoter 381etdS80)k ring
Polypyrrole.is electrically condugting.in the charged or. oxidized state

AT B T S RE et SRR AR @R at %.‘W‘S&E?é?fr%?e?
iseamateiRiypediced withetneuiabaricdisshasgaisiatedyaiipvditisuads.
%lg%{r}gpalﬁ}l]npsrg elt?erd Izgpl}cl)@%grlse h?e”;?y%?o@%ﬂ%ﬂaaﬁad 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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pyrrole black can be formed as a polymeric powdered material by

oxidizing pyrrole in 25 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 agent suc s ferric chloride. Por?

@%@F&ﬁ’?ﬁdﬂfiﬁ%ﬁ%ﬂ:@%ﬁﬁ&%ﬂ%%ﬁ% IR EAB A8 ie 24
Q?a@!e&rﬁ@ﬁ@é/ﬁﬂﬁ[a@i@gomwﬁmsﬁuhl elme@rﬁaﬁytdmamnm aueface

d ibed in 30 U.K. 2,184,738, the di f h
e BAIE iy TR o) BT S P R e hatiface nan

CRNRISES BlecUoRplMariEatiqyabr pydaléxania ofeppiyrakrizéble mixture
containing a pyrrole at an electronicall onductl:I surface rhar?l

SRR BRATE BRI BT S SRS }éﬂlg}é% PN donatetive strface in
aceRetelyticdath ;ﬁﬂmmﬁs&go@):amwm of wmmuammgym ehwitiotarized

5 copolymerizable mo mer low m blt anions
e ‘?rf’é’(‘ffﬁ%?alf’é‘d%ﬁ%* (ﬂéﬁl e et AR thi wl% I%.

I'copo ymer 0 pyr%?n é’ﬁé
aceeinierasterizedhpy aniaveageipnie trhlvstetiencabnuntbbraol Saijdowrganic
e A LBy B 2o O YR OIe 0L £ POVIREL LB Bient to

anic dilient passing an efectric
Qﬂ&éﬁﬂb&f@ﬂgﬁ@&d bﬁﬂh@tc& voﬁa@msnﬁaﬂkrmt@tmﬂaemummmmeﬂi@af the

e pyrrole or merlz le yre co rroI
é & B?ﬁ%aa{ &r%ﬂf S?Jf?ac he ow mo I| anlonelé V\%hg‘%xg?grp()mmd
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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.
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invention include polymers of vinylpyridine and substituted vinylpyridine as
well as 25 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- vmylpérldlne as well as 4-vinylpyridine. These pﬂg%/ are
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nitrogen-containing compounds are also useful, and these include

polyimida oles othlaz es. Parti ula ly useful are mers
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ositigns res ective us represented b Ia R24 R23 X N

% ﬁ”lg%l B3 r’ﬁﬁf}f ﬁ%ﬁfhgrel % lh y re %Sresu?rf] r an ea&l} c% R21, R22,

R23, and R24 is indepef 'aently 15 selected from the grpup consisting of
hydrogen, alkyl, aryl, aldaf§tand aralkfesgroups. In the present invention,
for example when X is splfurya comgound represented by the following

formula is used as a mo

* .

Formula HI
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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S 52 25ResRzo N134 HRY2R21 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 example, there can_be

R 919 I“tpﬁé?mﬁyv%m’w PoRBLERID ORDSIRBAT S PECSRrabLY

Ryarbgdr, mety;; Mgnumvmee@wée@trml dnlatkienyipprolehalsayl or
preferred are 4'- methyl -2,2'-thienylpyrrole or 4'-ethyl-2,2'-thienylpyrrole,

arﬁl YiHGHHR IS A HRRPRAR D RAB 0, U 2 Sth§h % B 4xiEPpyrrole, 10

4-chloro-2,2'-thienylpyrrole, 4-bromo-2,2' thlenylpyrrole

4-methoxy-2,2'-thienylpyrrole or 4-ethoxy 2, ylpyrrole and
KGR D BRI FHALS CErRROML SrE GG BVAIONR bu
gg’ﬁlﬂdﬁiﬁﬂa@y@wwn@ﬁemﬁxa@ptengm%;&fmﬁma@ process: a

thenoylallylamjd nd | ert nto an imi yI chloride
AR g T LR TS ot i B G BB are
Wi@hﬁﬁylpngsﬂhmlgmlﬂﬂdeAaemﬁmltﬁrﬂhpqiwel,lzatlon reaction

takes pl y; e trea ent tro &%{ e such as t-buto
R A G By e S SRR 2o TRe B
pcﬂhlﬁwm%dﬁaiwﬁi?)ﬁQQdM&hmmhiagyﬁgem&pf the present

vention a, in ained b ele 0 X|dat on of the monomer
e 2 B B o R HEE B a aohvent
étmhmgd%dl&k&gﬂ;thstant) 25 The supporting electrolyte includes
various compounds such as, for example, an
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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organic quartemary ammonium salt, an inorganic salt, a protonic acid and
an ester. As the organic quartemary ammonium salt, there can be
mentioned, for example, tetraethylammonium tetrafluoroborate,
tetra-n-buylammonium tetrafluoroborate, tetraethylammonium
perchiorate, tetra-n-butyl-ammonium perchlorate, 30 tetraethylammoni
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structurally regular. PREPARATIONS 20 Preparation A Ferric chloride
(373 parts, 2.3 moles) is dissolved in 3000 parts of distilled water in a
5-liter flask. Pyrrole (67.09 parts?RIFHSIBNETAMNBd dropwise to the flask
over a period of about 45 minutes as the temperature of the mixture

increases a maximum of
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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3 C. The mixture is stirred at room temperature for one day, allowed to
stand for two 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 C. The polypyrrole

salt prepared in this manner contains 16.3% nitrogen and 10.59%
liflonsb bt epatin B e AL aa R s R R rigble] e
ohuAgUS Ol e A MAN e ByidiXerRAdn IO Rad D efdisti ki watiie pheder

polypyrrole salt of Example A (100 parts) is ad nd the mixture is
Qﬁ??é‘aeﬁﬂ’?&}ﬁ]%ﬁe‘%%‘f{ﬁ‘é‘%&g’cﬁ{é %‘é&?%?ﬂé‘?gﬁgﬂfﬁ’ s 25

filtered, and the residue is slurried with 2000 parts of distilled water
vernight. The slurry is filtered, and the residue is dried in a vacuum oven
TIE5E" fre powder obtained in this matter contains 19.0% nitrogen

ansl- &/ fashiocing g bdRveh A0 &t A(D-litemiidsk i Chargell vvitle 481afiydrate

t 76 I f ferric chlorid h 370 t t
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lnutes. Thi lutj Iso is.ad t -i K. I 8 parts,
T8 CPPRRIS SRR aAa, EHGLIP R Ve A Bbrot GhabeLp P
oiritaslcahdadizduadicreaction flasitureisgtisrizd ofeboight 5 Thishixparel the
B B e GRIHEE o e RSB B e L T Sy 2 black
shsided twithoP@GBcdd stsl ofriva teitsAfiEbfot S wotars stnddifiaree Rivar and

residu dried in a forced air oven for 6 hours, and.in a.
VG, DeeiS e R AT A Th g R A 1 .5 howr
widchleondalfis: £5i406 isittogemanth @B oivioristel Pre€dfardtibouis And in a

bR G PO TSR S

dradis (dirdgemankd§)08 phmiee1 200 grams (4.16 moles) of sodium lauryl
sulfate, 600 grams of polyethyleneoxide (molecular weight=20,000) and
15 gallons of water are mixed and

Preparation DD

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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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 25 with two 1.5.times.36.times.0.1 inch copper
strips using 5 bolts passing through the anode plate. The inner 3 bolts
éerve as the anode electrical connections. The electropolymerization is
BRIGYSY &t 100 amps for 120 minutes. The power is removed and the

mixtlcer igohdlechte gabiahti@fpsiaLLIe? wasbeoiwithpobierrasid liliglag fate

The resjdue,is w d 3 times with water, ground i aring blender
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tlempe%ﬁuraénanr ﬁltereqs. The Peiaue fdsiimiad "ana washed with 1000

pa 8 ofuttethanol, 1000 parts of agueous methanol (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 product obtained in
thisparanne“‘contains 10 1.88% sulfur. Preparation F To a 5-liter flask

] 14 part I stoluidine 4 .
T B B S R Rea g s of
mrirtergg ebhydotelilié ©idiiasdksion bt 28rpoet (@001 Thok)xture is
f f i i :
e ephin A S 0550 B0 e

Rypethiofatcid ciiddell Gullimed0n panbiiewafé Brewtoldanedes) of sumonium
5@&%&%@% HEUdRd b‘f'n}&}gge iap lemperatuie.Hsas %@B&W&_@gv%tégﬁ%cooled

eaction mixture is mail at about 20 C. by external cooling, and

eisCiffarks2bindeliibandsasidsleteeiirrelbuutempaigiurs rStsipgheut 22 °C. The
GRIMMEA QYOI ARG 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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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 25 s|urried W|th 2500 parts of water
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of one part of 2,2'-azobis(2-amidinopropane) dihydrochloride in 5 grams
f water.is added. The mixture is heated at about 60 C. with stirring for 5

BRI ys, and the mixture is transferred to a pyrex glass dish and
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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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followed by drying in a vacuum oven at 125 C. for 24 hours. A brown solid

is 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 par 3‘;%%@%80@ of cuprous sulfate

pentahydrate in 150 parts of wat er a period of five minutes.

The mixture is stirred overnrght at which time the reaction mixture is
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yention can be 5 h gr‘l the following. nonlimiting Preparation
lg n%piles R},\?hereln(lfj1 enés exprgés Iy stated in the &)rg ?“““‘ r?ersgo about

Wpé&twéﬁlammﬁmamm:ars%ﬁm@s rteferaxghhgm@eﬁt@ﬂ&demyémmivalent”
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ferm "hercent or 56" refe to'welg tbercen erm equrva

refas:dong opmtmmwzeégethaéquamlemmI@sm@(tﬁérrnole@twsmeﬁmte Weight or
r\a{rece%rng or 10 succeeding reactant recited in that example in terms of
frnrte moles or finite weight or volume. Example 1 Preparation of
Polylsobutylene Using a Mono-functional Initiator and Polypyrrole 15 A
::% gg k1250 milliliter round-bottom flask was equipped with an overhead
I stlrrer and platlnum resrstance thermometer ThIS assembly

fﬁ‘?é}ﬁ @M&?ﬁhﬁm%%@n %I‘éﬁ?%sﬁ f&d '@gﬁ#&%ﬁ Wﬁﬂ &Pafg"—‘d with

owmg reactants: ters hexane e ated at -60 C, 72
eikithesd aGchaninabicrid eebpiibramdesisteoce leagomidititefdiis

%gﬁgﬂ%w%%s%ﬂﬂﬂé‘?éw l&?@?ﬂ&t&nc bath at -60° C under dry nitrogen gas in a
substantially inert atmosphere glovebox. The flask was then charged with the
following reactants: 108 Irlilliliters 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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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
tetra gh{&e detw s char ed to the fl?sk The 25. refactlon St 619 wed tl%rs were
Pre&d ﬁsnfi e%ognénthlgnai‘aa?nﬁl?ergm? tH&" BB Merization solution
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Qobypyrxrglagwehchmg reaction was allowed to proceed 30 minutes at
which time 5 milliliters of methanol was charged in order to terminate the
reactlon The flnal polymerlzatlon test tube was then terminated with 55

Mlem
ar weig

zbmrwsémgmlagqmélmhfngedgmﬂe&@m&m@e 1.
Qxlgtfe? %Ign ?Bﬁ)l%yﬁ%%p&yg?ﬁﬁay %W@? -fungk {%l except that

In| ator and pyrrole. Polyisobutylene was prepared according to the
thoteldlreadieen ibbitia wxattbieililiteniawpehina agsiet Acbepitibgg Was
WO DR G XpmRle £ORRIEENS £ 5EPL Pt fBSRIgkEsARHER tiplume
was 40 milliliters, the quenching agent conceritration was 15 0.015 M, the
rahiperaeide was -70 C and 0.04 g pyrrole was substituted for polypyrrole.
Comparative Example B Preparation of Polyisobutylene Using a

Mono-functional
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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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

5M, thete erat re.was 70 C and 0.0 N-me yITo
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nor N eth eld R isobutylene containing olefin end groups.

roce ure%/ QEZS ﬁec{lng ﬁ)-(ﬁ\xi‘MR Data 'H NMR spectra were collected
usrng a Varian (300MHz) spectrophotometer using samples

onc%ntraporqe up]er&e,ra ? percent (weight/weight) in CDC13. 'H
ﬁfhﬂ%’%ﬂyetﬂmmer%-usedﬁm‘analyas of the end groups. Fractions of
@)Rﬁoietzhrwamdmedlecﬁdetmiohlommbarwmgplmdlomﬁarormgh‘eﬁ\ds)weeght
obtalned Ui 1H N escribed, in seguent section-

B Brcedure t%r Co(f é%’ ég]tlgdéslggsdgtén\fdv%}% used'to” ‘é/fr/rf'tne
narvler awt&gquaiawcmbr deeight@fln cmveidid pervduage molecular weight

(Mw) and Polydispersity index (PDI), i.e., MW/MS. GPC was also used to
qualltatlvely detect oIef|n coupled product 10 Procedure for Calculatlng

ggg g% é:ggi gibe&(&gtefm endo oIf|n | andtertchlorlde char ends, and

pled products in the polyisobutylene samples were

abarﬁﬁré@msﬂqummimmdegrwm andiers-abbuide ¢hhiat ¢hdsasikEAS,
o oS YR AR using
ddéﬁtéﬁ/mtp@r@e@noﬁ ofaﬂm;ss_mmhmsﬁeé@ram SEPRIdOTHIrEAS b@fél percent of
eRelarbRR. Sl SRNIHIINGRG Ahsenso A1 SIMABIOMUIRNE decmed

elution volume side of the main pol ymer peak in the' GPC chromatogram.
s phsestieirasiaiaigigdnspection of the 'H NMR spectrum, and for di- EAS and

coupled products, by confirming the absence of a shoulder on the low elution volume

side of the main polymer peak in the GPC chromatogram. Two procedures are given
below. The "General Procedure” was used when coupled product was detected; the

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

General Procedure

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

olefin,
F(exo) = (Aexo) / (Aexo + Aendo t Atert—CE + AEAS + 2Adi-EAS + 2Acoupled) (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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below. The "General Procedure" was used when coupled product was
detected; the 20 "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.,
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situation-by-sityati asis; the integration was determined based
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esmabizaeshRkadselion thecaumbaéiat ErotonsilispdigismetihgtenachetesistiGupies
peak. Ilt will be nc tz% that a co-efficient of 2 appears in equation (1) for
St LA A5 QUGB d product, to account for the fact that creation of
either of these products consumes 2 polyisobutylene chains. Acoupied

was calculated as follows: 10,Aeoupl %: (A5._01-Aff.75 n 4.5-4.75)72 (3) 3)
where A5.0a.75 is the integrééfé)dpﬁ?ea B i Convidiiteh peaks associated

with one of the exo-olefin protons and the two identical protons of the

coupled product, and where 15 A4.54.75 is the integrated area of

SRS Abarinth T O S e o L A S B A8 e
qixalitdtifie plosencediivotiptedproc gy dhedraltienaluplethpradiouineet where
each type of chain end was obtained using an.e on lQgoL t
Bt g T i B S R R A SR R Boron
exo-olefin, F(exo) = (Aexo) / (Aexo + Aendo + Ate,t-et + AEAS + 2Ad,

_E@e%%agl)rocedure

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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TABLE 1

where Audo is the area of the single olefinic resonance at 5.15ppm, Aexo
is the average 25 area of the two exo-olefinic resonances at 4.63 and
4.85 parts per million, and Ate t-ci , AEAS, and Ad;-EAS were calculated
in the same manner as described in the "General Procedure”. The IH
NMR results obtained-on-the polyisobutylene samples prepared in

Egample 1 30 and Gomparative Examples A and B above are given
elow in Table | as the male percent of the total end groups. 32U 000
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WUVVVOO bro, & WcyyCOWUAd+C'COON PapUUfL
N CLa~az~z~azaY ..W .-~ U UV U The results, shown in Table I,
indicate that polypyrrole quenching produced exo-olefin at -60C without
detectable coupling. As seen by Control 1, prior to addition of a
uenching agent, there was minimal exo-olefin chain ends and g large
g‘éﬁﬁz?tes

iR Hs Rt RS D RN BRE OESHIFBF 2 U RiG
dhal-exenQlefsn acamani oktba Aobyroepimpnaiectad Py therpbs] stueneh
and post reaction steps and  conditions. Thus, it is apparent that the
adeitigRfh LAYCPEIRSASSR TS B ﬁifﬁa%'ﬁ@%ﬁ‘aaa}sa S a large
seleging-atapasiliviog:aachRertionienllyriervinater dotyoisfiatpotiimexo-olefin

and contacting the quasiliving carbogationically terminated polyolefin
N SERG B UEIog AfBrO T B RE MR e s S an Bt 20

Sampanaliveus xamplgsafe antlds theeclistettfin kahl @ diyie crashdteninicliedtin
that neither pyrrole itself, nor. N-methylpyrrole yield polyisqbutylene
Yﬂé‘ﬁ{éﬂﬁﬂ?ge?ﬁe%’i‘?‘é?f‘dtgéir% PR, e R B dor
RDdumgHalvinylidade datmital e pplysitbing mpbistagorcyite vedinigpated
quasiliving carbocationically terminated polyolefin 5 polymer, b. contacting
W%Bbﬁﬂ}%@ﬂ%%ﬁ’% %ﬁ%‘éﬁ%&&? 8 r%%]%%%rﬁlng 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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selected from the group consisting of polypyrrole, poly(2- vinylpyridine),
polyphenothiazine, polyoxazine, poly(pyrrole-co-furan) and
poly(pyrrole-co-thiophene) and substituted derivatives thereof 10 2. The
nmd{ ém@% egr%eln the quasiliving carbocationically terminated

IS f facting at least one cationically polymerizable
olefin monomer with an |n|t|ator in the presence of a Lewis acid and
solvent under I I|V|n e |zat|on rea 5 conditions. 3
The thethod T Elhie: Bt T e R B A i
method of @Ialmcamiuhgrzequ&bﬁwmtmtmbmcaﬁkmtedﬂir@mmﬁhatgdqm@y@@ﬁn
consisting of 2- ctlloro -2-phenylpropane; 2-acetyl-2-phenylpropane; 2-
propionyl-2- phgn))(bropane 2-methoxy-2-phenylpropane, 2-ethoxy-2-
phenylprop&an ecémzmmugﬁmp@lym&eihw@m}amebasyIeﬁ;zlq@;mchmg agent
trlmethylpentane 2- ionyl-2,4.4-trimeth pentan thox
trlmethylpentane an%i%? %oxygﬁéﬁ 4 r?r%%%nﬁpelln) ?% method
of Claim 4, Whememphﬂdmh}atmlbgoﬁeehthmzﬁ;d, pelymmeﬂnﬁppmltﬁwrrﬁlﬂmﬁlran)

method of Claim rein the |n I’IS |fu n
of Claim 6, Whereglrr? ? fﬁgi%rc% Selecte Rfrom ?égr%tﬁé)‘%gﬁ’%?é |ng oefreOf

1 3 d|(2 -chloro-2- propyl)benzene 1,3-di(2-methoxy-2- 35 propyl)benzene,
L L e s S R

Claim 7, whemlmﬂhellpﬁlat@ﬂlﬁﬁewm@mymp&ed@ a5 lehdormeptopydilly
benzene. 9. The methad aim 2. wher nthe initiator. ismultifunctio

10. The meﬁwggn?rgg@m %ew g}%lfd} e Wl% rlllgtsfi‘)et% iﬁe m the grro}ﬁ%i 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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10 consisting 1,3,5-tri(2-chloro-2-propyl)benzene and
1,3,5-tri(2-methoxy-2- propyl)benzene. 11. The method of any one of
Claims 2 to 10, wherein the at least one cationically polymerizable olefin

monomer is selected from the group, 15 consisting of isobytyleng,

> methyl--BURBHE SRR U AL T BRIV B nterd f o hey-2

method of Gilapyi binwdnerainithecat-teagh d3e- cabanhicaty? pebyyigtizablac.

olefin monomer is isobutylene. 20 13. The method of any one of Claims 2

to 12, wherein two different cationically polymerizable olefin monomers

are amployehk AdtHdieofcibad hivanydneofiGaimsi? fod3buybrah-the-

Lewis acid iE 25 Sflecteﬂ)f%om the group consisting of titanium tetrahalide,
tri

boron trihaffBE QTG RdKISHe. tin tetrachloride, zinc chloride, and

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

Lewis acid i sele t%g from the .30 .group.consisting of titanium _.
tetralnlorid SRR e aBahde R WS CChSA icriqual

method of Claim 15, wherein the Lewis acid is titanium tetrachloride. 36

L7. -%e .mef*ﬂ%?n%';;h%%?'@%’%l a‘lﬁrﬂgrghtlc?};.gm(\g?gr%g é@%&%&‘ I.Icg\rlrlﬁge group
polymerlzatlon reaction conditionis are Selected to have a temperature

range fromdoetistimg al30sH {30 IToand-pidp ()i &nEhadieihbd¢E-Glathoxy-2-
17, wherein the @éasiliving polymerization reaction conditions are

selected toMaveé ‘f)él?ﬁeﬁg'rature range between about -70 C and -10 C. 10

19. The method of Claim 18, wherein the quasiliving polymerization

reacton copdiions, afe sEISCiRd 1P BRSSP R GG IARES AEESR
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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wherein the (ﬁ)ﬂ}

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

quasiliving 15 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 20

terminated g@yaﬁeﬁm@@t&m@rdﬁefam&d@yzmizmmmy@ﬁ@mmmging

tert- halide ch in ends in the presence. of a LeW|s acid.a (ﬁfg solvent

under suita B GUSVIRG BOVHB RSB0 e L0 O CORRIEORE Zo ftRgrature

method of afay@ngch Glaiesn2ébont2] 3whersid thegaasiliving 25

carbocationically terminated polyolefin polymer is formed by ionizing a

polyolefin containing tert-chloride chain ends in the presence of a Lewis

acid agd a spiventtnderrstliableTquasivntpqlymérizatipol yeagtianion reaction

conditions. 30 é3 The met od fan one of the receding claims, bout -70° C
HEATR G A %‘tt B 1 R ?ré?ﬂ%%geé?’(?ﬁk} about -

consisting oipblypyeole, ponvmyIpyndme poly(pyrrole-co-thiophene)

and poly(pyrrole-co-furan). 37 24. The method of Claim 23, wherein the

guenching agent in step b) is selected from the group consisting of

polypysrole, Pigdyfiestical et0taiort ertexdndhealy@eiiroie:- poHutariyabddeaction
The method of one of the prec d|n claims, wherein the quenc

agont i steB B L BB O B0 S B ASRRe SnS e ETratlag ond
of any one aftth€ preceding claims, wherein the quenching 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 step b) is selected
so thabit is iﬂifdmhhsé oﬂ&deSl&mE{ﬁhmpkﬂfeﬁia'gm@ﬂnwh&raiﬁﬂhhe quasiliving

contacting ste gerfor dtlnal %{ drea or ora urlidlz(?g bed. . .
reactor. 29. ﬁylg %e Br%é’ég %fgnlﬁsowe ' the e

guenching polyoleﬁn cham 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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agent in step b) is insoluble in the solvent. 20 30. The method of any one
of the 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 Weiaht distribution, 25

Mw/l\%ff', fro

N e M 2 T

1BE eaithiBFiRMarsin

the moleculggiveight distibution My Mings 195$ihatoleDpd@B8rrole-co-
METHOD FOR PREPARING POLYOLEFINS CONTAINING VINYLIDINE

END GROUBERIGINES BYNMERIES RITRBBEN COMPOUNDS
ABSTRACT Disclosed is a method for preparing polyolefins containing
vinylidine end groups from quasiliving carbocationically terminated )
polyatefin pRTBFEHS EbARNCRGC tHESqUEST TR taRbS ki iEdily quenching
terminated pobier staibyuepeling-agent aelected dresyhergroup

consisting of polypyrrole, polyvinylpyridine, polyphenothiazine,

polyoxazine, and polypyrrole-co-thiophene and substituted derivatives

therepé.

27.

28.

29.

30.

31.

32

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

agent is step b) 1s a copolymer.

The method of any one of the preceding claims, wherein in the contacting

step, the quenching agent in step b) is selected so that it 1s solid phase.

The method of Claim 27, wherein the contacting step is performed in a

fixed bed reactor or a fluidized bed reactor.

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

agent i step b) is insoluble in the solvent.
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.

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

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

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

Mw/M,, is less than 1.5,
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