LI VI NG AND QUASI LI VI NG CATI ONI C TELECHELI C POLYMERS QUENCHED BY

N- SUBSTI TUTED PYRROLE AND METHODS FOR THEI R PREPARATI ON FI ELD OF THE

| N\VENTON [ 0001] The present invention relates to the manufacture and

synt hetic nethod for produci ng nonodi sperse tel echelic pol yners through
cationic polynerization of a suitable nononer under |iving polynerization
condi tions and quenching the polynerization with an N-substituted pyrrole.
These functionalized polynmers containing N-substituted pyrroles nay be

enpl oyed as fu ([ I in ditives. For exanple, in a
fuel conpositi frk"ﬁ%%@?@%?gﬂqﬁﬁﬁé mq f@fr%‘%@éﬁéﬁ%ﬁlvf@% is
particul arl ngﬁbﬂgﬁmﬁmﬁsmﬁ@ﬁm@m AND R@E’]rn%sﬂivbk PERIIR 1 ed
enbodi ment of this invention relates to a polyisobutyl N substituted
pyrrol e prepared via carbocati oni cPREPARATENYi on. BACKGROUND OF THE

| NVENTI ON [ 0002] Whil e al nost all nononers contai ning carbon-carbon doubl e
bonds undergo radical polynerization, ionic polynerization is highly

sel ecti ve. FIRILB OUTHININVYENT(OMN the stability of the propagating species.
Cationic polynerization involves carbeniumions and is essentially limted
to those nonol8PLl wlhapigeend myertianrelates te thei mepudashue pnd eymtheliganethed érkoxy,
phenyl , vi nyl : - (i ; J ok niani I o | | l.ves

car bani ons an%;%?%é%ﬁ lr%ggb%%}r%éﬁé?lé@g%ggegg {rrlggtﬁreolugfgtc ér(tggr%lu ¢ @‘ﬁ&‘lﬁ%‘?%ﬂ%‘%f\gﬁr oups
such as ni tri$wétableandyomer pnden dining pahenerizaydn cdnd0R3} D gRack@gtiee car bani ons,
which maintain a full, oct ctrons rbeniumions are

t val .ence el ca
defici ent by PASUSHZRHER B a&ﬁ{[ﬁ%\bs@w sT}é@cg%ﬁ—F’én%‘?glz?%B?léF’@FSe,
trolled cagdemii foaaki oras L ald zedl . Th
controlle Caédn%%ﬁ%mé%%teﬁﬁhg@s Elﬁag*ﬂere 102)@@% Aldl E@cﬂtﬁé‘ssa&l% e

instability or high reactivi 1€ carberiumions facilitates
undesi r abl e shiidcatsgetditimes. dior bxample i adhd comapsittmbnlubrieatsieil t 0 nononer

(3-proton elimnation, and car.pbeni um.io re angenent, all of ich limt
the control o é‘PPOtSﬁlgnt%FFS%F@&E}S?';?ﬁ&ﬂ"&@f%’&ﬁéﬂlf%ﬁ?eéf‘éﬁ?fv:ﬁﬁ%wa%%er at ur es
are necessar Ypdrfciabpsrefsel BesedinRacsf BiRInveNdeh tdla8ab dbolyistHiey N-

consi derations_such as stabilization of- the propagating centers (typically

by 1 appr opr i SbelitBiedipraolsmrenstas Er FBhoetianis ppatetizaiat en) , use of additi ves
to suppress ion-

BACKGROUND OF THE INVENTION

[0002] While almost all monomers containing carbon-carbon double bonds
undergo radical polymerization, ionic polymerization is highly selective. This due in

part to the stability of the propagating species. Cationic polymerization involves
carbenium ions and is essentially limited to those monomers with an electron
releasing substituent such as alkoxy, phenyl, vinyl and 1,1-dialkyl; while anionic
polymerization involves carbanions and requires monomers possessing electron
withdrawing groups such as nitrile, carboxyl, phenyl and vinyl.
[0003] Compared to carbanions, which maintain a full octet of valence electrons,
carbenium ions are deficient by two electrons and are much less stable and therefore,
controlled cationic polymerization requires specialized systems. The instability or
high reactivity of the carbenium ions facilitates undesirable side reactions such as
bimolecular chain transfer to monomer, B-proton elimination, and carbenium ion
rearrangement, all of which limit the control over the cationic polymerization.
Typically, low temperatures are necessary to suppress these reactions. Additionally,

other considerations such as stabilization of the propagating centers (typically by
1



pai r di ssociation and undesirable protic initiation, and the use of
hi gh-purity reagents to prevent the deactivation of the carbeni um by
het er oat om ¢ nucl eophil es (such as alcohols or am nes) are often required.

However, if one.carefully selects fhe system, catiqnic polynerization can
i spl ay | | PPRGPERAPEREEPS SRNEEon FROTIYorY RGN R 1 G UBBIEF O

SyStens,  CghirQMsScifnyiB b d&ikBIB pfdR iP8iatis0 3hd Hel8€ of Bigh peHE Iteg'%én%r ed
polymers with narrow nol ecul ar wei ght distributions ang precisely
cont rol | ed terprezeniltly deaeligtion ofibe cerbanis yduterpaomammiciroghiggsdsyeh as

functional i ntroll.ed cationi.c p merizations e de d to be
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(quasi | i vi ngtieadpblimefistiondsh digfldeEiihaRhaasieagick.ons such as chain transfer
and water-initiation are suppressed. A trenendous advantage of |iving and
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functional i ' : : 1 ' h Vi ' nds wth
an appr opr (SRLIRR 16 el e Y p i Bt nD thclul Bclob it HBh

functi onal iprefsebrconfrollal holanidarf we phtanhitirdapchitpatnen®idsendggolreen a conpl ex

mul ti -stepfgrgﬁg.ce S. wever, .commercial inplenentation of, in situ

funct i onal itBRPBHIEoLPRIGlicH GaitPipRolyngRzatigRe g flecmetht hs\ashigy ¢d wasier

associ at ed owhdifols 1R witiGi AR t%iﬁtﬂon%ﬁv@ﬂéﬁﬁei @ggélﬂ\'u §ondlﬁg(§nspr le,
pol-yi sobut ene-based oi|l dispersants are typica produced by first

pol yner i zi mydesirgblb n¢ashens(shd) at chafnoransfen and whicnittiBatinreat sgpppsbed. shbut ene
(P]B), reacting,the Pl wi.t.h. mal ef i c..anhydr.ide.to. form Pl B-succinic
nhyti i do. (ETBRH SaVRRTigh o8 iV iERaRE AP ERO WREHEBioB A OR APPROT S m 2

Pl B- succi niofk-g6t @¥i GunclibndlRhtdn ofithepdlisBessrRRltion Tkt 1iBSg Eiiendy Nt heti cs
steps; each stage requires separate reaction conditions and exhibits |ess

than 100 %WjiheAnppiapoes|quenahinggesssni naistorigelln semmeteinl fuectionglizstioge€r i zat i on

during whi ] it | Usi ] pation and
chai n°t r anghre LRRBAH R BRSRRE Soelhel Oudell BB B0 BBF T R aer 1 i Tel y)
thei r abi | icbyurieeriddaipletichiacion 6DRGHR funciidfalMesn cduld fedactdk tiatk, bierke
system This description. is often toq rjgorous for actual _systens and is

appr oxi mat &8¢ AEFall poshssatiaed Mith thyprodrasaaf 8 rnd fysd rgdity sz ftor sxamples cop)
R e
mononmer  casvbulept (IBhio OOA@SE plefibtthrmiihatieddolyisbbuttne@IB cedciingite RIBvi ng
pol ymeri Zatwiri%nma Qi(g a%;%g?ié t(; PO%%IB-SU.CCiniC anhydride (PIBSA), and then reacting
PIBSA with a polyamine to form a PIB-succinimide amine. In total, the dispersant
requires three synthetics steps; each stage requires separate reaction conditions and
exhibits less than 100 % yield.
[0005]  Living polymerizations refer to any polymerization during which
propagation proceeds with the exclusion of termination and chain transfer and thus
yields polymers retaining (virtually indefinitely) their ability to add further monomer
whenever it is éupplied to the system. This description is often too rigorous for actual
systems and is approximated herein by quasiliving carbocationic polymerization
(QLCCP), which includes chain growth polymerizations that proceed in the absence
of irreversible chain breaking mechanisms during the effective lifetime of monomer
consumption.

{0006] With the advent of carbocationic living polymerization and QLCCP, there

have been attempts to functionalize these living polymers. The extent of success of
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have been attenpts to functionalize these |iving polynmers. The extent of
success of 2 these attenpts has been directly linked to the type of nonomer
bei ng polynerized. Si rrpl e one pot (or in situ) chain end functionalization
of nore reghctlv car e |sobutyl Vi nyI et her, can

occur usi nPTOHAERTE "I‘ H?‘iﬂé’ lﬁé‘gw&ﬁ&per‘) ByaAEST biingrolycHakel , al kyl
l'ithium et Slmﬁ)lg%‘ﬂ@ﬁ&t(@r zn%tu}iéhalﬂ\/&farﬁﬂal&ﬁ}ﬁaﬁﬁn offhole reaétﬂv%%@bocgﬂ%\’er chain

end functionalization does hot occur when these reagents are dto
living pol yeseinees Hkniselutyledeylewe tcaw ecow neing ipicusieopbilicspbutyigne, Fodor

et al. Pol r 49 1994 ddition of these
reagent s ¥§agglﬁé%§n@eégg%bﬁ%@ﬁ%$%hs ﬂ%‘ff%t?’ qu}‘fcﬁ %%?f@ff @’llon of the
catal yst aqmhstzheHoweverahiifend funkadrialidation doedh@oceld it tRes8 RekEeRR afde

pol yi sobutyl ene SPI B) rather than the desired nucl eophilic substitution.

This repred ixingpolymagrizageiuef lessirpactivenoarmers sugiRasisatiders, Fedar- chl or i de
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t he use of .functiopa i.tjatars an hrough in situ fiinctionalization by
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Macronol . Sci - (1990) a Pol ym The
accepted r &8 pr:miab@ terg-chlvgidle qud giolps/anygrayPisR dlsactmmpmdcqwf thainhkennf

d t te ch Thus, nost added reagents,
pg; 'Enligul 531; ?%’yegsft’,l%%m irplénaﬁfﬂr%sén “&h%ﬁ?@ﬁlwlzﬁté% YSGMSd co-i nlgt iator and
therefore yioeh7g orchﬁ&@hﬁﬁroh cﬁfﬁh&b‘ilhwﬂﬁ% PIBhAR tg%;ﬂ@lauyﬁf‘erehaﬁé}h el @ogoUPs are

often wundesirable as a dispe-rsant/detergent for 'lubricants and Tuels due

tof envi r onfherisgpf ﬁwéﬁi@f@hﬁllfé?mfs@nﬁﬂﬁowhéﬂﬂ%ﬁ@gémzm tyegicaelgre.t he
f
adar 1 onal 1o Plst BRG] @ ardfi®e 808Lon MUPLPLISEHERIL ACAVMATADRIE . 1y

which is Cﬁafi]’ed&nd!bastle&\/&fﬁe mt—aﬂlloﬁdﬁﬁemas Wi MabfbniolnaS'ceng‘hé}ﬁSAZ’/T f&ﬁ9 most

not abl e ex o th ve general rule was the, di scovery, t hat
allyltri nef‘r%o?bi m«%#ﬁﬁ% 123 W8 Bd dba apsspied sedionalegs F}iawlﬂ?@l ving

pol yi sob- apys eng Qﬁﬁpmﬁ'ﬁl a&tﬂ t

al kyl at ed il;'y themlgg arn e% ereggbe}%@ OV dﬂlﬁat °§alﬁ§ ’Hﬁ%t Hl%%th allylic
ends gr oupsdded reagents, mar&ulﬁht stromlg nudleﬂ;ﬁsﬁlﬁﬁ&ilenchlthe BtwisediddoSnitlasdr. No.
5,580, 935 ted’:l %ere%or% r}ieeléj g]ﬁy?he teltkcﬁosrfdle nsle{‘elllJ ° g‘t—lc %lsldg groups are often

undesirable as a dispersant/detergent for lubricants and fuels due to environmental

reasons and since their presence may decrease the effectiveness of controlling soot
and other engine contaminants. Additionally, tert-chloride groups tend to decompose,
liberating HCI, which is corrosive toward metal surfaces within the engines. The
most notable exception to the above general rule was the discovery that
allyltrimethylsilane (ATMS), when added in excess to living polyisobutylene, does
not react with the Lewis acid but rather is alkylated by the PIB chain end, thereby
providing living PIB with allylic ends groups in situ, U.S. Pat. No. 4,758,631. A
related U.S. Pat. No. 5,580,935 teaches the use of alkylsilylpseudohalides as
quenching agents, thereby adding to the choice of chemistries. However,
functionalization of the cationic polymers in situ with suitable nitrogen compounds

for use in dispersants and/or detergents has been elusive.



guenchi ng agents, thereby adding to the choice of chem stries. However,
functionalization of the cationic polyners in situ with suitable nitrogen
conmpounds for use in dispersants and/ or detergents has been elusive. 3

[ 00081 Based upon the_ success of ATMS, Faust et al. investigated
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[00091 The present invention relates to the nmanufacture and synthetic
met hod f or suiffbleduenarecr Mpaediverspadumerndagon epnditius| apdwiras quéncbingtthe at i oni ¢

pol yneri zat,j | | runder . 144 n ol ri.zation
condi ti onsbgﬁgle%aetf\og rﬁilrflﬂg alﬁestﬁb%}o%ﬁtggﬁw(?%s}%% %ét‘ﬁﬁ?i es’%@%ﬁ'étmgleﬁ"t ed pyrrol e.
Parti cul ar byntaihing cpd éeetibndliny. eSidha¥-silsstituted pyrroles are unique since they

contain a tertiary nitrogen atom with the lone pair of electrons taking part in the
aromatic sextet of electrons in the 5-membered, aromatic pyrrole ring and

surprisingly, produce high yields of monodispersed chain end functionalized polymer.

SUMMARY OF THE INVENTION

| [0009] The present invention relates to the manufacture and synthetic method for
producing monodisperse telechelic polymers through cationic polymerization of a
suitable monomer under living polymerization conditions and quenching the
polymerization with an N-substituted pyrrole. Particularly, the present invention is
directed to functionalization of a living or quasiliving polymer product by reacting
and covalently bonding an N-substituted pyrrole to the carbocationic propagating

~ center. Surprisingly, an N-substituted pyrrole employed as quenching agent to a

living polymer or quasiliving polymer system can produce high amounts of
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directed to functionalization of a living or quasiliving polynmer product by
reacting and covalently bonding an N-substituted pyrrole to the c;arbo
cationic propagating center. Surpri singly, an N-substituted pyrrole

Syt om can PR RER Y pRER Y e arie B Pa T br R By g 8

singl e ter mdaalonhHy bR<dndntitl 8 fnBYdTAPleAnBRPNRubstAGEH biesialgkdtps an p&nd
mul tifunctional term nal N-substituted pyrrole groups can be forned

deloendl ng éormedd eP%ﬁ‘@“{Bi Qﬂntéﬂ iﬁwtlaﬁﬂiﬁtm@rlﬁlﬂweﬁ@hﬂmwIoéﬂmfli"llllh&pdlmmgl |
e et or aii y Tistadiol O 3RRA RGN ShObiall YR bRt D it yrer

produced. Addwdglmpa:lcbryt coﬁ;blﬁ@ﬂ)aséﬂ-umh%taltptﬂﬁdermtb(ﬂliﬂeﬂsA@dﬂlohﬂlﬁ‘&k;b%é| tuted at
sition, with a particular group of |ess reactive

t he nitrogen po
nucl elophl ?& ‘%ﬁﬁ‘@?‘?dd’é”ﬁl?? célbh?ﬁl@fttlwqiﬁ‘t th@émé%&ealpyélttw%,y@ﬂwpama\ﬂart hus

d
Peoul L1 ng SRR oG i ARl BRI g o

preparing and thas pravidetaaireqieaipportup i ty méd ofhenfimctioral goeds twythb assuhipga
het er oat om_¢ chal ndentfl group conprising quenching a cationic living
pol ymer prBBJGI'P[ Bt erminal tert-chloride chain end of a carbocationic:

quasi | i vi ngo@aej ym%icc@fd?ﬁgl?tdlécﬂbste@% zpﬁl@tﬁ@&'?d% p?épaﬁnk%ﬂ‘zr?szﬁpﬂeﬁchéﬁ th an N
substituted pyrrole of formula |: (CRLR2) mformula | wherein: Rl and

R2 are i nd® ﬁnmyonahzqhb)hhavqmm;mammm clyen erst gdup cazmpmmng group

consi sting r an d. alk from

i nt eger frgl%nfﬁ%ﬁg afgﬁomc d’ R pg f@&‘%délaq qﬁ??lﬁgﬁﬁ’fjé’gbm@8 ngngtepﬂﬁ bf

hydr ogen, adsydatiopicyasiBvik@pyllymer plod0etiin tHeqhr&eed ot a Levik heid, WitRhe &
-OC(OR3, -C(O R4, %O)CRS C(ONR6R7 “P(Rs)3, -P(OR4)3. -SRIQ
-OS(3R11, & 2“@3(3 offperdak R3 is alkyl or alkenyl: and R4, R5, RS,
R7, R8, RO, R1O, Rl i, and R12 are al kyl. [0011] Preferably Rl and R2 are
sel ected so that the carbon adjacent to the

/
N _“‘(CR1 Rz)m_x

= formula I

wherein:
R;and R; are independently in each -(CR;Ry)- unit selected from the group
consisting of hydrogen and alkyl from C; to Cs carbon atoms;
m is an integer from 1 to 20; and
X 1s selected from the group consisting of hydrogen, alkyl, aryl, alkaryl,
alkoxy, heteroaryl, nitro, ureido, -OC(O)R3, -C(O)R4, -C(O)ORs, -C(O)NRgR,
-P(Rs)3, -P(ORg)3, -8Ry, -OSO3R 3, and -S(O)R,,; wherein R; is alkyl or alkenyl;
and Ry, Rs, Rg, R7, Rg, Rg, Ryg, Ry, and Ry, are alkyl.
[0011] Preferably R, and R; are selected so that the carbon adjacent to the
nitrogen of the pyrrole has at least one hydrogen and more preferably this adjacent
carbon is a ~CHj- group. More preferably R, and R; are hydrogen, and when R; and
R; are hydrogen, X is preferably other than alkyl, most preferably hydrogen. In a
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nitrogen of the pyrrole has at | east one hydrogen and nore preferably this
adj acent carbon is a -CH2- group. Mre preferably Rl and R2 are hydrogen,
and when Rl and R2 are hydrogen, X is preferably other than alkyl, nost
preferably hydrogen. In 5 nost preferred enbodi pent, mis an integer from
D to 4, wl ERPSHEER cpbodimpal dats dhdniers o 1o fr wiam al e |
Par ti cul ar byphRHOHrGEed. groups are selected fromthe group consisting of

hydr ogen, al kyl, aryl, alkaryl, al koxy, heteroaryl, nitro, ureido,
-OC(O R3, {12} R4, Parti«@yqRElcrrat & 2roid) dnReiRttedfienshd@ouRdonsREingB6 and R7

mor e pr ef ofy RARES aHOh ards BRRYE il BB danie ititRe GroiBScRas i ng o
furan, thi ogi@ORspa@ LYOINRIFS. wRRORN G, RDTEf8E RE dreXidied Bhdve. 28C( O R3

wherein R3 is al kenyl se? ected fromthe group consisting of ethenyl,

n- propeny! c&ivdiaily proferagsieh groupdnbeterope L, s e mommprgfestc sigiheterqapdi®] Thi s

met hod can ] sulti roduct forned
above wit hSagﬁg%ggéghépﬁgﬁﬁé%gsﬁﬁéSﬁg'gzrirﬂ(riﬁelg | égg%éﬁjoéi{l?‘o}r%%tﬁ?hi S invention

is also diprefedeiX geouptie-QCOONRs twhREelal Re ethleasbsaléchal from thegroep hod above as
wel | as the roduct praoduced according to the further step of contacting
‘the resul t CAFIHIE @ Ehenylgr-piogen G9e SRirpPeaYhyat Byenercfeblugbaeylunder

ti I : ' RRYIWale® . havi ng
orm nat t oL P oPais; bl bartleQ thtnd i ot Y FRLBE BRIGEE 10 o
Mor e pr ef ef@bled abbvesweitlyahgdrogariatign agnntym@rr@mchjmnﬂit'mag Ef&is mf)blﬁtibntniﬁsi tu,
th | eadi t ne-pot functional|jzati pon  reactions refer e
o 1o Ry REF B R AL AR g LMo S A R o
pol ymer i zabtdublsedred WedoRdiagtd the RirtiePStep chén'@&tiH% ggeﬁreggtggpﬁdﬁaw s acid

and sol vent under suitabl e quasiliving polynerizali ot I on conditions.
A parti culfered apeetwith e Hydmginatien aganeunder rantivatdnditipob.y mer i zabl e nonormer

i s sel ect edqnqff OM r . I.sting aqf .isobutene, 2- hyl - | - but ene,

S oot ect ot o BB SRS OB BPBal B RS
preferred ksdfscadbegrd-madd BldarioubhekierdabMoré plcfersBlaSidst Yadiviagd ymer is then
guenched with the N-substituted pyrrole of ormula | after about 98

percent noRBYEET BduEs sitde e issiterthesleading fo anept fanghiomplizatign ch can | Sad
st ! ! rer g A i dos
o T T e T

a suitable propagation e ca riza . Thus
t he cationically polymerizable monomer with an initiator, in the presence of a Lewis acid

and solvent under suitable quasiliving polymerization reaction conditions. A
particularly preferred at least one cationically polymerizable monomer is selected
from the group consisting of isobutene, 2-methyl-1-butene, 3-methyl-1-butene,
4-methyl-1-pentene, and beta-pinene. A particularly preferred Lewis acid is TiCla.
Preferably this quasiliving polymer is then quenched with the N-substituted pyrrole of
formula I after about 98 percent monomer conversion and prior to significant aging,
which can lead to undesired side reactions. The initiator, as the name implies,
provides a suitable propagation center to begin the cationic polymerization. Thus the
initiator can be monofunctional, having one such propagation center, bifanctional,
having two propagation centers, or muitifunctional, which can lead to the formation
of star polymers. Preferably the initiator is monofunctional and more preferably 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,-
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initiator can be nonofunctional, having one such propagation center,

bi functional, having two propagation centers, or nultifunctional, which
can lead to the formation of star polymers. Preferably the initiator is
nonof uncti gnal . and nDr pref er the Jinitiator js selected fromthe
group consPEPFHYPEtage, ﬁWHF@“Q%ﬁL%HVFﬁFB§§H%QC “BRABYPNZ48- phenyl pr opane;
2- pr opi ony krideRPSEMhEY, GREDRIhoRy Jiﬁltﬁhﬁ‘i‘rﬁetﬁ IPE}EQ‘)Q %?ﬁgf@erably the 1n1t1ator

2- et hoxy- 2- phenyl propane, 2- ch or 0- 2 rinet hy nt ane, 2-acetyl -2, 4, 4,
6 trinmet hylispeatlare?, 42~=tpmﬁlyd1mltan@, %pmalmwimmlmHQnemeﬂsmhtahoxy 2,4, 4-

t t hyl d tane. Mbst ferably th
R O e TR T IS M AL
NDNONEer  SUgtbnefer, i 8 OPRBERYrSertsedlecttd Wom sUkdsBRl SchidhicllN fRhbMers,

pol yneri zabl e nononers can be S|ngle nononer, i.e. a honopol yner; or
sel ected fi-8rAoaPlymssst two cationically nononers, i.e. copolymers. 100151

A class of igjiefer 5@9 %’rﬁ)g&‘eﬁgi’{n%ﬁ&ﬁgmdﬁce%‘%ﬁ%c%?&‘a‘il%e \%tﬁa'lh% RgagRLpod of

this i nvenlll on; can rac a narr ow nol ecul ar wel ght
di stributi ¢iis mWﬁtMm, @efn‘t’oeﬂﬁﬁrabfﬁ:ﬁlﬂecﬂbﬁhﬁrmg mrmmpmefeenlab{mghe&suﬂ:ham about

1.2. (00161 T t hod descri bed ab ve o used for the manufacture and
synt hesi s W @g‘PgﬁéF%ﬁﬁbWﬁB F@F"nﬁ’rﬁ @é‘b‘gﬁlﬁhﬁ"éd Zoyrrol e group(s).
Accor di ngl yag16RNOt R mARREGsc Pl ed b§e%a[ﬂ“o%’1fsbd)ﬂ>r'ﬂgefzﬂh%l a |nventthe pr oduct

produced by this netho 00 1 not her aspect ion is
di rect ed t eynplbdsys cs”@bl;{ngdrs h&vsfmg)tsnhimwtléduquwtecbpmcde gnmp(salsAmbnrdimgh/r, e usef ul

as detergent and/ or d ersant ad or di ntlon IS
oot ou ot Bohagtss AEESARTRon B Grelet 5 the prsckorp skl o this e

wherein:  Rjpigpd %&ﬁ& abﬁéé?@ﬁﬂﬁ%ﬂ&énﬁoﬁ ﬁ (fﬁ%@ﬂéd d %ﬁ ut ILN‘-lshbs'ii%lt@&t ed from
the group consisting of hydrogen and fromCl to carbon atons; in

i s an i nt egerolecomppunds Wmch antselulias dg@ra@nt anl/qrrdigperseiat agdgiygs.consi sti ng of

MY oUen: Ackbamel Yo R geld @ hondBBLEE SRR kormfiid £r0 U1 €1 O

(CR1 Rz) X
formula I
wherein:

R; and R; are independently in each -(CRRy)- unit selected from the group
consisting of hydrogen and alky! from C, to Cg carbon atoms;

m is an integer from 1 to 20; and

X 1s selected from the group consisting of hydrogen, alkyl, aryl, alkaryl,
alkoxy, heteroaryl, nitro, ureido, -OC(O)R3, -C(O)R4, ~C(O)ORs, -C(O)NRgR7,
-P(Rg)3, -P(ORy)3, -SRyg, -OSO3R 1, and -S{O)R;2; wherein R; is alkyl or alkenyl;
and Ry, Rs, Rg, R7, Rg, R, Rig, R11, and Ry are alkyl; and

n is an integer from 0 to 2000.



-P(R8)3, -P(OR9)3, -SR10, -0S03R11, and -S(O R12; wherein R3 is al kyl or
al kenyl; and R4, R5, R6, R7, Ra, R9, R o, R11l, and R12 are alkyl; and nis
an integer fromO to 2000. 7 [0018] Preferably R, and R2 are sel ected so

that the cgrbon adjacent to the nitrogen of the rrole has, at | east one
hydr ogen aﬁ’ﬁﬁnre%&@@ ]rya%lai‘d%iiaée %?gﬁcﬁ%éﬁtthat&ﬁr I adiagentépidie o oup. Mor e
pref er abl yniﬁo%amtﬁ@pﬁ{&e Ryt 9981 oneAYdroMRR BnBmof e feBh 1P MAHepgen, X is

preferably other than al kyl, nost préferably hydrogen. 1n a “nost preferred
enbodi nment ¢arlor is aafBe-rgregsr Mioropreferabdy B and Rharmbgdnogén, tand whise Ragnd

particul ar referre .&009 Particul arl'y preferr X .groups are sel ected
fromthe g#%?f% hé%W%F%sfﬁ r#ralnﬁﬁﬁ%ég% ﬁé’flkvg?t pé%ﬁa,gg%yﬁlgﬁw; fkoxy,

het er oar yl mo#tigréfesredér@bsimentOA(iOhiEitegefrOnRAto 4, wihOh GRS tantheme( O) NRE6R7,
where R3, R4, R5, R6 and R7 are defined above. An especially preferred X
group i s heardewaiyprefesigdn nore preferred said heteroaryl is selected from

T e N N

group is - erel I's al*ke ecte consi sting

of et henyl hydtegunoglely bry ntkarflalke:0p détploarydndtrojireldpy-SIEOMR, yCEO)RGNY | -
(0020) Preferred corrpoands of formula Il are selected wherein n is an

i nteger 1 dMW@BeRd 1C{HNEsBo WhitsBe, BrdteRs 8 Ry gismdshingd Zoe. ARd even nore

referred : F r -use in fuel
i 1 ves e ploRrtld eloh i feleBiyl P R EOTRAN RSB 1102 and
| ubri cat i ngplathdi fromw de gubgncansisting olfrds, thiophaboartd [Heidawd Avvglerused as a
vi scosity index.ipprover nis typi.cally from 140 t about 260. [0021]
The pol ! sBISSH NEoab G IIER whrtD i aiist bl omPa g8 1 or mi a 11
are typi C%ddis%@éé%tﬁ&gﬂ%é%ﬂ?eﬁﬁﬁnfﬂs? g&p&ﬁﬁ, ldﬁsﬂ%ﬂe&&w&h&&ﬁubst i tuted

i

pyrrole at the ion o yrrol e. Based upon the reaction
condi t i ons{0830le| Preferredeompaands ehfermalp ki are seledbed wherebubis@ntwiegrr on the 1
position o yirr ol r ' r redoni osition.
Adi 1 onal Ty o580 A prERed BB P sgbak ey el MR SRS sy

zone el ect @00 Pagiciladptréftiged ddttponiads foe usmplioy edditifhecat sitagn)s from
substantially 2-polyi sobutg,l N-substituted pyrrole or 3- polyisobutyl
N- subst i t ud Btrboyy £ Fidefor andigpersagtsand Inbricatyagaidiliess avhep pds frepm to

"substanti gy 50 af i ReSused aQQWSQ&ity index improver then n is typically from 140 to
about 260. |

[0021] The polyisobutyl N-substituted pyrrole compounds of the above formula Il
are typically mixtures having the PIB group attached to the N-substituted pyrrole at
the 2 and 3 position of the pyrrole. Based upon the reaction conditions as well as the
relative bulkiness of the substituent on the 1 position of the pyrrole, the reaction can
favor a predominant position. Additionally, suitable separation technologies such as
chromatography, zone electrophoresis and the like can be employed. Accordingly,
substantially 2-polyisobutyl N-substituted pyrrole or 3- polyisobutyl N-substituted
pymrole can be formed. As used above, the term “substantially”, refers to having
greater than 75% of the specified isomer and preferably greater than 90%.

[0022]  The present invention further provides a fuel composition comprising a
major amount of hydrocarbons boiling in the gasoline or diesel range and an effective

deposit-controlling amount of the compound according to formula IL.



greater than 75% of the specified isonmer and preferably greater than 90%

[ 0022] The present invention further provides a fuel conposition conprising
a nmjor anDunt of hydrocarbons boiling in the gasoline or diesel range and
an effective %93|t controllljﬁﬂﬁnnunt of the conmpound according to

ol DT ATl K PN TR DR R 1Y BN LGN ENT ) O [00231 As used herein,
the fol | oW} or s 1aY frthie nEabh 0 IR 301 088 £l AAA hckliigl or ™

"tel echeliCc pol yner ers’'to poly avli ng one or - nore nd gr oups
wher ei n t h§02dp grﬂuﬁeﬁra‘éte]lebtmhc@pbmdr’yrefm teepd ymuensthaviapohb er mord @dul e or

erforma specific fu ct| . P rsh reactive en rou er
gol ecul e °é1p§§’?‘8re’t ‘ﬂ%"HBIP E?%SEB?P&FI bd%ﬁlﬁﬂigharﬂ? eﬁﬁlql%BPer act Pvg chai n
ends per nmpbesH :?spe@fﬂ% fﬁﬁ"dti@nt Po%e?é ﬁ#ﬂ@drﬁ@é’écﬂv?@ﬁd@%ﬁ? P%bfé@ul@‘)re than

two reactive chain ends per nolecule are said to be i flinctional.
[ 00251 Theatesrid to &k ha}dnbﬁmeﬁ@raé P@ymlrsanagm twndeabﬁmdwgdelu}samenn@ﬁcu%eat ed

aliphatic r QuURSs .t rom car bons and nore

ot efor abl y it ST vk Biondl, SRLsngs hRT ol ind i FRARDRBaRIRES PG Dy the
groups sucmoa@um@ydldtoaimhulﬁmcﬁwdl butyl, isopr opyl, isobutyl,
sec-butyl, tert- butyI and the |ike. [00261 The term' substltut ed al kyl "
refers to M028] kyIThgrterp alkyldesters ibeenigh 89ébranehedchanssawated aliphatic

ot o oar y1 EypF EpTElf Hatihe Bl o HRABAO AR ifthofle PN | M dboms,
“(OR, V\/(f&dj\eeﬂlkﬁ”)halh@gem 1sedxl§mphﬁed)lﬁy (i erluk Isudh amhethyl, BAOR Flopfhe term
"al koxy" s to the ?r% L b Pr ef eirthred al koxy groups are
represente LISOPERPYM%’%NY Yibksr-bevh 8y thediksr opoxy, i so- pr opoxy,

n- but oxy, G@'E! DU tYrm %ﬁstﬁﬁ%@éﬂ'{y ”'}efé?%“&)%ﬁéllct)); ﬁﬂﬁlﬁ%ﬁesc ibed above,

1, 2-di et hyl but oxy, and the |1iKke. al keny refefs to a
monoval ent hiving&hed ors swhbtrtaenih eclectad amutha greaip lopusisiverdfatkogyoarpl, pr ef er abl y

having from.2 to. .20 carhqn r to.10 a en nore

pr ef er abl yﬁ]ﬁtelfogryé? 2 615?}8%.1 mﬁag)qé 33{‘3% 32@6)%1( 2329 bly from

1-2 sites %ewmﬁlhawgg@tgm{@%t }P&ﬁﬁ@[moal kenyl groups i ncI ude et henyl
CH=CH2) ropenyl (-CH2 | so- propenyl (-QCH3)=CH2), and the

(-
like. [ oozia@2 he tﬁwﬁﬁma rajkoxyy é«?fénséo the gaenn Allkswt Q. Areferrad elery erawar bocycl i c
group fr Omalg represented by, for example, methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy,

tert-butoxy, sec-butoxy, n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and the like.
[0028] The term “alkenyl” refers to 2 monovalent branched or unbranched
unsaturated hydrocarbon group preferably having from 2 to 20 carbon atoms, more
preferably 2 to 10 and even more preferably 2 to 6 carbon atoms and having at least 1
and preferably from 1-2 sites of vinyl unsaturation. Preferred alkenyl groups include
ethenyl (-CH=CHj,), n-propenyl (-CH,CH=CH,), iso-propenyl (-C(CH3)=CH,), and
the like.

[0029] The term “aryl” refers to an unsaturated aromatic carbocyclic group from 6
to 20 carbon atoms, preferably 6-10 carbon atoms, having a single ring (e.g. phenyl)
or multiple condensed (fused) rings (e.g., napthyl or anthryl). Preferred aryls include
phenyl, naphthyl and the like.

(0030} Unless otherwise constrained by the definition for the aryl substituent,
such aryl groups can optionally be substituted with from 1 to 5 substituents,
preferably 1 to 3 substituents selected from the group consisting of alkyl, alkoxy,



to 20 carbon atons, preferably 6-10 carbon atons, having a single ring
(e.g. phenyl) or multiple condensed (fused) rings (e.g., napthyl or
anthryl). Preferred aryls include phenyl, naphthyl and the |ike. [0030]
Unl ess ot herw se c nstrai ned by the deflnltlon for the aryl substituent,

such aryl DoAY ﬁnﬁlpﬁlrwafowl %yls%fgrlr t gdgatipi. Fkerygatbens,
substi tuen;l af}{k)ﬁﬁr& ¥ce§rbc§r§rla§mﬁ?'%§d t rat ahé@hgﬁté romthe group

consisting o oxy, acy alk yl suf onyl , al kyl
sul fenyl, H0RY] oarBerisin “letdkyayly caleisdoyh aronmmbmembaxmhy lgroup from 1 to
aninocarbo | am no, hal cyano tro the |like.. [0031],The term

et or oar y i3 ctBpb e andn o ¥ BRBteetorts s A e Sy PR Ae £ 15 car bon
atons and Witht 4 168t @1eARi0 PxafPlaet el‘ﬂstérbﬁ?] QXY OB eintré HREE MioghidhesSul T ur
within at |east one ring. Exanpl es of eroaryl" used hérein are furan,
t hi ophene, pmpcg/lﬁ,rlmlré3101®smﬂamhz,énaq@h terarele, thiakelg.otxezoleaseasaetle, thi azol e,
oxazol e, i t hi.adi azol ¢ _isothiazol e ridine,
pyri dazi negggpai(/ar%é%r ﬁnaa?ﬁ(z Pe@gtgxazole P yn%mebl? Wlde%mne’sp(?'r Azme V%%”p(y%enzof ur ah,
benzot hi opfeiRsling, mqhmohmambﬁm}ﬁhénztohﬁoﬁheh@ mdc[l@ﬁﬂaﬂola hedties ke Ur ei do”
refers to urea derivatives having the general structure -NHC(O NHR where
R is hydrolf¥32] al ke ter ereldﬁdref%tqqeea el ehayingthe geneyal stBehre [ 00331
Li vi ng pol r YeeD d: .using a
var i oty of G SRER . KR Raichal, 28 by 3RS ot B Eb Y R0
5, 350, 819; hydrpgdio, 914; and 4, 910, 321 As used herein, living carbocationic

pol yneri za stens e ideal livi rizati on, based on
ot Y oni ¢ 1 BBk - SviR bolATecatRas FEewa Moo aff 4 ey S SPGFY AL RTTEG i nat | on

are zero Okyh bP@sféﬁié' &Jﬁ?ebéﬁwﬁ&}%?e d%é‘c&i‘%edﬁﬂgquﬁtsN'obVﬂmm ynmerization in
which reversible term nation is operable, buf the ratés of ¢hain transfer

and irrevebpdbHPe4tand iHARdN Asalﬁ lzeemn, lurlng mb@tatlﬂlgl aipslyatsirigatiqry om zer o.

Sui t abl e s%( })ems di scl os @F ﬁ r Iy car ocat. éotm C.

pol yrer i zaty SRR CPEPIFGdpa ftvin gl%o %P‘i’&ﬁ“%%t ersaqi“ocra%?lﬁé‘rl ) ok

chl ori des) &Bfeh3Ihe fWHOf chaf ehadfer ahid CrfhiinAtda SEBI SohdistilgdBsbEelfiokven nore
preferred systens are . hexane/ MeCl / Ti C4/ 2, 6-di net hyl pyridine (2,6-DW/-70
'C, Medl / BEXS/ @d&newbrmgmkyrreezatpnzn mthiyhepersibly torngingipgry is operable, bitven mor e

pref er abl > iR ftes l%{%ﬁ&%.uﬁﬁ Oro dﬁkﬁ%‘lé‘&nﬁ&%&bﬁ ¥e20R AndiltIRANET and that

are initia
from zero. Suitable systems disclosed in the art for living carbocationic

polymerization are for instance: f-alkyl esters (or ethers or chlorides)/BCls; cumyl
acetate/TiCly; CH3SO03H/SnCly + n-BugNCl. Even more preferred systems are
hexane/MeCl/TiCly/2,6-dimethylpyridine (2,6-DMP)/-70 °C; MeCl/BCl3/2,6-DMP/
-40 °C; 1,2-EtClL/BCly/2,6-DMP/-10 °C. Even more preferable are those systems
employing isobutylene as the monomer and that are initiated with 2-chloro-2,4,4-
trimethyl pentane (TMPCI) and/or by 5-tert-butyl-1,3,-di(1chloro-1-methyl ethyl)
benzene (TBDCC). An important aspect to quasiliving cationic polymerization is the
use of a reaction system in which the propagating centers are of sufficiently low
reactivity so that transfer and termination reactions are suppressed but not so
unreactive that propagation by a suitable cationic monomer 1s suppressed. This is
facilitated by appropriately matching the stability of the carbocationic center with a
suitable counterion complex, solvent polarity, polymerization temperature, other

additives, etc.
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trimethyl pentane (TUTCI) and/or by 5-tert-butyl-1,3,-di(lchloro-I|-nethyl
ethyl) benzene (TBDCC). An inportant aspect to quasiliving cationic
pol ymeri zation is the wuse of a reaction systemin which the propagating

centers ar f.sufficiently | reactivity. so that transfer and
ternminati oﬁmlcjé}act isjé’ﬁée t§918a1§8’b‘§¥1y%%55 e’i)ﬁ%“&%‘tvmgd)&)ﬁﬂw&g?qs\f@nlbﬁat
propagat i ofcHiwed, t§piffed BbrQsdbatylQRiigcli@Aomer i s suppressed. This is

facilitated by appropriately matching the stability of the carbocationic.
center with a sui(lla igitetpnnempiiang e tampdrgelkyt balidena tqparaarallyl halide, a

Condi (1 onatIGREPIRAETRE: £ 615G B fBPF 2t el d caliul Tyl i e

for isobut ydtener hetiketde: (1) an initiator conprising a tertiary al kyl
halide, a tertiary aral kyl halide, a t.ertiar?/ al kyl ether, a tertiary
aral kyl ether, a t&ra}eawi agifiegtinifigiopwhigh tvpicelly egmprises Ryielidest er, or the

like; (2) gtahﬁl‘PA,%o?o%i, Hnﬁpriilhﬁh{uin?t or, which typically conprises a halide of

titanium boron,” tin’ or alumnurfi (3) optionally, a proton scavenger and/or
el ectron donor or (3pdftion{llh), aarcaoh swantngshasordleteatdoner aweaki ant i s sel ected

considering the chagjce.of he L.ewi s acid and fhe nononer in accord with
known cationi ¢ pol§hasatyet W%} e‘tég‘i@ﬁﬁ?n%ﬁ‘&ls(sg cied sensdemetipeavica o ¢ i at or

conpounds {HérLeWié/&di@a&ﬁﬂh@ﬁﬁﬁ%ﬂn@f‘h%c@&hmr%%ﬂé&ﬁoﬁ&?o ¥atigh the art.
The type of contenplated initiator conpounds can be represented by the

gener al f osystemsaafd’- CR~Rb) , & wherein R,,, Rb, and R, are 'independently
selected fromt hzsf[houoo consisting of alkyl, aryl, aral kyl or alkaryl
groups, and can b @CPe or different, and X is an acetate, etherate,

hydroxyl g[omas} OfMnifiatoa b@EEFnd&fR AT ingt MR REE: HSlyeriaidnrd Bnc¥h ibNt eger  of
| to 4. Preferably R ,, Rb, and & are hydrocarbon groups containing 1 to
20 car bon Bedrs Thetueatgppigmplated igitiator serrBounds gan berepresenipd Yy the is a

U S0EN, 0B B B P L KERL ORI v, TR, LSRR, sl oL 7201V 10

mononer, efrgm the gloup phiesising bl ylicyk ersil \eadlk yleor fatkiary) @rgipk. yandan O& the

2,4, 4-tri ”seaﬁﬁ] cl)r rﬁ Qr%gtl, ar(ljde;('i i\sfgltl i'cu\:/e?atg,%rtherate, hydroxyl group, or a halogen. R has
a valance of n, and n is an integer of 1 to 4. Preferably R,, Ry, and R, are hydrocarbon
groups containing 1 to 20 carbon atoms, preferably 1 to 8 carbons atoms. Preferably
X'is a halogen and more preferably chloride. In some instances it is preferably to
select the structure of Ry, Ry, and R, to mimic the growing species or monomer, e.g. a
1-phenylethyl derivative for polystyrene or 2,4,4-trimethyl pentyl derivative for
polyisobutene. Suitable compounds, include for example, cumyl, dicumyl and
tricumyl halides, particularly the chlorides, i.e., 2-chloro-2-phenylpropane, i.e.,
cumyl chloride; 1,4-di(2-chloro-2-propyl)benzene, i.e., di(cumylchloride); 1,3,5-tri(2-
chloro-2-propyl)benzene, i.e., tri(cumylchloride); 2,4,4-trimethyl-2-chloropentane; 2-
acetyl-2-phenylpropane, i.e., cumyl acetate; 2-propionyl-2-phenyl propane, i.e., cumyl
propionate; 2-methoxy-2-phenylpropane, i.¢., cumylmethyl ether; 1,4-di(2-methoxy-
2-propyl)benzene, i.e., di{cumylmethyl ether); 1,3,5-tri(2-methoxy-2-propyl)benzene,
1.e., trifcumylmethyl 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 pcﬁtane (TMPCI), 1,3,5 tﬁ(2—chlofo-2-propy1jbenzéne, and 5-tert-
butyl-1,3,-di(2-chloro-2-propyl) benzene (TBDCC).

11



pol yi sobut ene. Suitabl e conmpounds, include for exanple, cunyl, dicunyl and
tricunyl halides, particularly the chlorides, i.e.

2- chl or o- 2- phenylpropane i.e., cunyl chloride;

1, 4-di (2- chloro 2-pro ) benzene, i.e., chloride); 1,3,5-tri(2-

chl or o- 2- piWls eﬁ%}eégﬁewrs aglds a{erslu(t@q}ﬁﬂ Wlw%pumoses o the invention.

2,4, 4-1ri nﬁ @ﬁlle 1%3(%1%69 El%ﬁ@ﬂ&\?ﬁecmdg areaacfﬁ)tﬂéfen%d@d"g@é'ci ﬂﬁtgd?(ﬁ‘geamd'boﬁr cunyl

acetate; 2-propionyl- enyl propane, 1.e., curnyl ~ propionate;
2- met hoxy Brphersyspd bgrame Such eompaundy invhidhybut etevet limited talihe2itarethoxy -

T 5Py ] (SRR ki e B BEN terfehlsTiabiapd besgp iidey FUBERAR) | and

simlar comppuiie; tidch8shisidd alt ehBKAORNES aktinke dichiHid ah olle. (Rt ent No.
4,946,899. Particularl preferred exarrpl es are 2-chloro- 2,4, 4-trinethyl

pent an e ( TrPbe pitaniurg halides japd paticwpdy Btapm@psﬁtr)i@émcme preferceds - Ther ¢ -

but yl Q- 2-0r bhenz 1 S t Lews
noi s ar oSSl FbSL O IR 1% BROR R s O iR R B oS, Some

i nstances t@sRet.EThS, RE s@lfenaraﬁd abb@teRrhbiidrds 1tQs pefeablt M dhplbphs, and both
terns are used herein. Such conpounds include, but are not [imted to the

titani um AeEVSHrGionakewireasid gishes difflaBGh o $ui wivereas viayhathars een bend bor on

e Chl o | dgy ol Ho iR it far%bgghdefs' b PLAAGRIOL bEeloNbefiser 1 de. ethy!

alum numd ori ers tanr um and
parti cul ar lapile illgaxrdsrsm}trhatrxaddsﬂsmr)t centiis exxrhm‘i&iy ettongleondsd tignglsBucd t he

Lewis acid apd its cen |onsol ad'us ed or t he particul ar
mononer . TAUSYOTRSr "’sq%gi ‘%‘&{g{ﬁ%é Msiniha ?% dipsied EW&%I eto

enpl oy a heélggﬁhﬂegéﬁdﬁfvrepng Levvr s acid such as Ti Cl4, BCl3 or SnCl4 whereas
vinyl ethers can be polynerized using iodine or zinc halides. The Lew s

acid is selBfkd t’Bie@mqut afethe La‘MSIaelderg‘anUislthmmktlattbraswstﬁm gewaryot cont ai n
excl usi vel stron ands i.onal 'y, the
ot rengt I oo PhsdPisir SR Ral bR BuEHER or Bl AR OREHI ¢

addi ti ves. exddedithe ERerG@IHdE oPfaliddacdu@ation pebht. prmeeatnsla&dt he. initiator
system may vary however, it is desirable that the concentration of Lew s

acid prese ﬁ@ncsraférter!esbpgld nelkesodush pelogresimtagming dormred pelysadrs e goRBRNt r at i on

oot i at WOPEE"t SRS an SRBEADRRE, BRLAIY bbb Rt dbd P o
donor, probpmmtangpreeentddﬂn@proldammmhmmyyrber Thedeiadddiveyhgvedsant duri ng

prod uct i on SI?JWI;[ trc]ﬁ:onve trac{ltlon-la-ﬁlgglg"rrnae,r('jl(zjal.t;[oln\‘/s?ssr‘,ellr}sa 1\41?0 ﬁ%%g and/or quasiliving
cationic polymerizations systems; whereby the resulting polymers having controlied
structures with narrow molecular weight distribution are produced. The electron
donor optionally used in the present invention is not specifically limited to any
particular compound or class of compounds, and examples thereof include pyridines
and »-alkyl amines, aprotic amides, sulfoxides, esters, metal compounds having an
oxygen atom bonded to a metal atom, and others. Specifically, there can be
mentioned pyndine compounds such as 2,6-di-zer-butylpyridine (DtBP), 2,6-
dimethylpyridine (2,6-DMP), 2,4-dimethylpryidine (2,4-DMP), 2,4,6-
trimethylpyridine, 2-methylpyridine, pyridine; N,N-dimethylaniline, aniline; amide
compounds such as N,N-dimethylformamide, N,N-dimethylacetamide, N,N-
diethylacetamide; sulfoxide compounds such as dimethy! sulfoxide; ether compounds

such as diethyl ether; ester compounds such as methyl acetate, ethyl acetate;

phosphate compounds such as trimethyl phosphate, tributyl phosphate, triamide
12



shown to convert traditional polynerization systens into |iving and/or
quasiliving cationic polynerizations systens; whereby the resulting

pol ymers having controlled structures with narrow nol ecul ar wei ght

di stribution are produyced. The electron donor optignally used in the
present i nVERTICHRhgsRhste; apdexygepsptpiningmetabcaposngs sush@é i cul ar conmpound

or class OlenGQIRBHAGRanAN I ABKAIRLES h AP ERLAR Be plY Nl 380 g180d - al kyl

am nes, aprotic ahi des, , ers, metal conpounds having an
oxygen at oFilcovomléchorohave tretradefmedm ERAG40OhRr BothSfehesk idoalrhgnts srher e can be

ment i oned ridi ne .conpounds such.as 2,6-di-tert-bytyl pyridine BP), 2, 6-
i ety py FIRPHEEEIGERRISFS Teei G aranny R yittrionesy e rddat e

trimet hyl pyyingich@ge. 2T RNy BEd Gt 8re RY lodhBBaseNhdNodlicEhyth afiphidae.

aniline, am dé conpounds such as N, N-di net hyl forrnam de,

NN- di et hy fragiongianil denefigially inferschyitiabganslraxdhangs u Padicilddy porfpoedats such as

di met hyl syl foxjde: ether ounds .S di et hyl ether.. ester conpounds
such ay. oA Enrgeth sEOTRENDE Fr B OBt SEIANG sl A e e
trimethyl pimeahales2esubutyl phosphate, triam de 12 hexanet hyl phosphat e;

and oxygen-cont ai ni ng nmetal  conpounds such as_ tetraisopropyl titanate. A
proton scall38ker lhedurentienisisyited for thepolymgizatiorsgihiglierarbop) raenonesis. donor s

have been f':Ei]_;ﬁQ ' : C g l_pcor por at ed
by refer engg’ %er eluir%&s @%@ﬁé Plg%%g %ﬁ%&‘p%% ?%‘%gffﬁ?/ ?faéégﬁgé lgldpgéeiﬁjsi aErtllat he
| i vi ng chadg&findyantd matrhally thivedavisglficen svetoubedt tventynbiitgasferdbhefroani c
strength, %gﬂpl)jfress free ions, a beneficially interact wwth |igand

exchange. f%FO_a?lE]}t BrooR IRy ProGEater Wl%ﬁgﬂ?@ﬁ] salts, such as
n- BUu4NCL. LX1h@kriSiioh 3P L& h$Rbdotne®d ® }%cﬁﬁbgié%eké“of diSent] ?Etﬁ;/ rm?» 229, 492.

10039] The invention is suited for the polynerization o rocar bon
mononer s, mplegular woightsuiod sxampie,aram albpu thrye hyndirestfiorin anekss af Homliat ons,

especially _pl efins_and diolefins, .and not ly.those having fromtwo to
about twen ot fbimersestyr ot o o wr gt patig E iR R B bPghe he
process cafmbeceplveipBtof fsm bbeutRb hikired & tef thodkarfUugioTRRSIRT watyo Pproduce
polymers of different, but uniform nolecul ar weights, for exanple, from

about t hr e® MitRHgr alastomenicanierials bvies mplepylarweighiyslf frogudwupphyndsed can be
T o RSB RTRNBa o g o v

compounds as isobutylene, styrene, beta pinene, isoprene, butadiene, substituted

compounds of the preceding types, and others. Particularly preferred monomers are

isobutene, 2-methyl-butene, 3-methyl-1-butene, 4-methyl-1-pentene, and beta-pinene.

An even more preferred monomer is isobutene. Mixtures of monomers may be used.

[0040]  Solvents influence the 1onization equilbria and rates of exchange of

growing species through their polarity, which can be estimated from their dielectric

constants. Typically, solvents having low dielectric constants are preferred since ion

pairs are less dissociated. Suitable solvents include, but are not limited to, low-

boiling alkanes and alkyl mono or polyhalides with reasonably low freezing points to

be used at the preferred polymerization temperature. Illustrative 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, isohexane, 3-methylpentane, 2,2-dimethylbutane, 2,3-dimethylbutane and

the like), alkenes and alkenyl halides (such as vinyl chioride), carbon disulfide,
13



to plastic, or elastoneric materials having nol ecul ar wei ghts of from about
a hundred thousand to a mllion g/nol, or nore. Suitable nononeric
mat eri al s i nclude such conpounds as isobutylene styrene, beta pinene,

i soprene, b ene, ound t reced| types, and
ot hers. Par“F‘ OE%JP e;'%h}aﬁt’ig?ré(ﬁ E{i d:g‘ﬁ%ré%é %YIGP% 6@8’98 &uethyl WPL bitt ene,
3-met hyl - | Jpil §B&hartk; MBI ctracSRERRR, sARE d28lide, @b&ﬁ:%hy%rﬁfé EMBoy NOr €

preferred nonomer is isobutene. Mxtures of nondnmers maybe used. [0040]
Sol vents i mfﬁttagbhuée,tdqetonmiﬁmmnawqbmizbma, folvand, mathybeyolohesanhange of

growi ng spe t hr ou th olalt e mated framtheir
dielectric B@Biosepﬁwsptf%?ogge & J)T%‘gﬂ?rgeﬁ 23 ﬁ?e‘%‘)f?e CBEtTPOP¥onst ant s
are prefer cBlride6@p 0?5)1 chtl)@l'idesl @rd@cm@@g ogmﬁes 79| atcﬁanorsiaio&;&bé € Aghygnt s
include, but are not linmted to, |ow | ing al kanes and al kyl nono or

pol yhal i dedevif Fherreasm@ﬁwllq@d/dflueé%@wlmtsmssfulmcanemgsed at the
f d d
D Kanes. ( oDulRRad ' Rxd TR K Exebbl SRS SR BSWICR

propane, rai aed bbusedne, normal pent ane nor mal hexane, nornmal heptane,
nor mal oct ane norn? nonane_. and, nor nal _decane, and_branched al kanes
SIEr

i ncl udi ng 19t a @%bﬁ)@rppwmﬁ%}m@ﬁ@ is subgentglly,iieq afruibstances .
2, 2-di met h
haI [ dlesTe E sﬁﬂéﬁ%mg?br%gf@mﬁ a Fg%l)r%ﬁ car n gﬁ s%]lflﬁ m%ﬁ@k{%gﬁlgg%%@ ik

St h%: ehl o: gdzemmarbuf yﬂtlﬁbrfmmpieyedmthy Emeti@hl'ﬁﬁfafere , tietpolpmartration de, 1, 2-
i chl or oet ha ane, su i oxi de, acetic

Snhydri de. TR AterRATY ShOHTS bE bseaBu AR o sl GR ARG s A e,

t ol uene, n"i‘ﬁlﬁh(tb%V(ﬁ'p%lﬁ%t@ﬁ i.c. fdirbﬁ’t'itﬁﬁﬁ’i‘{ﬁﬁ%rs) gucia a‘é“v@a'?érozﬁ@ﬁ{oﬁba@%box lic

1, 1- di chl or oet hene, -di chl or oet hene, n- pr opyl | ori de, |so-propyl
chloride, 2cidsandatié m@ipddeéem Bronsted peigs dithns @trmpfrtmpaﬂ@mf oThepleokols f ew of

the repres t I | 0 Q ful. in cationic
b S S S e A R R e S R
above) canliphaio/dbematRedcohb Réhtirfieiematib Otchbop atonie Lilzalise) themedi um i s
substanti al | free of substances that are capable of initiating the

monomer s oCABPXYltARG, Reld gokybe paf/oy ctherdatialon to ke eludedpretialasghe of
L BN Sl S, A AL BT
pol yneri z atalqﬂmtwlammataianrck and eﬂmemrmntamsng from.apoadvierdbbtit lﬁmbcmadtémat ors)
such as Wat[(%ﬂ] al C"Pl?eollo ymgr?zraggx)l( ¥eact1on medium preferably contains less than about
20 weight ppm (part per million) of water, and less than 5 weight ppm of mercaptans,
both of which can function as poisons to Lewis Acid catalysts and/or as adventitious
inmitiators. The olefin feed can be treated to achieve the above desired levels by
conventional means, e.g., by use of mole sieves and caustic washing to reduce the
concentration of mercaptans and water, and remove dienes (if desired).
[0043] The polymerization reaction 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 slurry 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
catalyst distribution therein. The preferred mode of reaction is a batch process

although theoretically a plug flow reactor may have process advantages.
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acids and aci d anhydri des, Bronsted acids, ethers or m xtures thereof. The
al cohols which shoul d be excluded are straight or branched chain,

al i phatic, aromatic, or mxed aliphatic/aromatic al cohols containing from
1to30 CZW‘&T at,glgns. Li kew se, the carboxylic acid, acid _anhydride

and/ or eth i ti aRDIBOYNS OhRiizaten empleyedin thidiregssnof the prosent ureation

unsubsti t utgdpe §;Sercﬁieﬂp§ &b uﬁ&%{lﬁgﬁﬁl el Bon Bnl $eCeo a%flfw?hlega%%t m xed

al i phatic/aromatic acids an rs containin roni about out 30
car bon at ommmbef O@4RE riiH ecubawaight iof polyoer. r Blachbiventhedmitistor poretetraiohy

Chan 5 wei ORI BiSh DA cip Pigher e ppBfs halashr Eigt il be FAVES bk cons Lo

Lewi s Aci d Catel ¥ths ﬂ@l@ﬂ{epﬁlo%ulﬁfj%@@hi YitRHSicfihé b Of Sseiddifi @igef i n f eed
can be treated to achi eve the above desired |l evels by conventional neans,

e.g., by ugebatermnlecular séght inphrdenlastyi impaetentiwhpntthe pepmeristitfended for
concentr at 'u%%}n&hbﬁ@ﬁ'ﬁﬁ??h?@ssaﬁ‘i@éjer%E.er’ and renove dienes (if desired).

[ 0043] The neri zation reaction nmay be conducted batchw se or as a

sem cont i nyoeds] or Tlendaitalyke UsiooReTRtls @ik ratt oftbaversion bf Md QUFinshéfang Of
ingredients _are delivered to the reactor; appropriate reactor systens
i ncl ude butndyieldekpalymer withigher gneuniueijaawis dcid qaglyst symicallyaekigyingy st ens,

wher ei n an gyerf : . . { ok : |S ut for
the r ecovert% ofc ltl‘ﬁégélpoﬁ %@Q{eﬁéegﬁ %%OH%r p Sdg&? P%\%v%%éé%eoarb%gﬁ%& gg%r abl y,
t he react orlectron dmics spgodesshi ldaddo Bbmagzdtphedhich radite @vefuasti@Bty ofcat al yst
distributiogon therein.. The 5 eferred node of reaction is a batch process

al t hough t ARRUYIREa R4 can BEpdHge PndRsiaRls ChaR tlsfethave process advant ages. 14

[ 00441 The [ggaeynt Bfvidw bf ih@bBbvee il OB fAcPthhhBie RS RlcohipfexRl €Sent
I nvention can be specified, in conjunction wth the reaction tenperature,

t o achi eve mdieor syEronghyintrergeatseviigemay be prdsent imtlieghaction mpoliunmethe  The

ol yrrer | mocRabE GRS HNARR R Bbgrat el B R e ERGin GtedtedRh! yror
nol ecul ar \wetgbhabié takd shddehicorgbllddthdnme0 TiR frefeRed @ﬁd&rl@trcﬂﬁ&entﬂaﬁbxy mer

nol ecul ar weight is parti cul arlégi ortant when the polyner is intended for
#

use in | ubcPEePPids toiapaut flae guagii ptio] olonplephectwernahy setalystomdt  af f ect s
th t - ' t y i el.d_of pal i th
cher crodyE AR ELPatl MG Sbel SRR R0 o S gL s

hi gher amounts o y Vi ng
conver si onsf hadlishicglte eqyivaleds of Sinctiog! kebs ofithednitiaton by siord thatt Bg, absence of

an preferably more than 4:1, more preferably more than 6:1, with a preferred range of
from 3:1 to 30:1, more preferably 4:1 to 20:1 and most preferably 6:1 to 10:1. When
using bifunctional initiators, the Lewis acid to initiator molar ratios are preferably
from 3:1 to 5:1.
[0047] The polymerization reaction is conducted in the liquid phase to induce
linear or chain type polymerization in contradistinction to ring or branch formation.
If a feed is used which is gaseous under ambient conditions, it is preferred to control
the reaction pressure and/or dissolve the feed in an inert solvent or liquid diluent, in
order to maintain the feed in the liquid phase. For butane feeds, typical Cs cuts
comprising the feed are liquid under pressure and/or low temperatures and do not
need a solvent or diluent.
[0048]  The temperature at which the polymerizations are carried out is important,
since higher temperatures tend to decrease the functionalization degree. Additionally,

depending upon the living or quasiliving system, too high a reaction temperature can
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el ectron donor species can |lead to isonerizations which reduce the
functionality of the polyner, and can produce undesirable chain transfer.
[ 00461 In view of the above, and of the fact that the Lewis acid is

conpl exed nore or |ess strongly by reagents which may be present in the
reacti on médnigish or Rmingse the ismg shuattar Qféh@moamlmry@fm clesigsughount to
enablether ct| foly b d, ntroIIed
manner. ThE BFe erlrc'éiotemgrﬁ?‘1 r?mgolrslé)e ?ﬁ%ﬁ @or@%@p@%& ?l())r%a Eﬁ)u)f’ t he
quanti t at i vie godymeizationire p@rmﬁre& abstev@efantrh écloat-AbYE! prafdably belowni ti at or
conpound. Mre specifically, the catalyst is enployed at a ratio of noles
of Lewi s a@pact@d&iﬁfeiﬂ&%me'@f Sf)ugéﬁio}paicg?%tﬁﬁét%ﬂquﬁéf‘?%a@‘étt -f of nore
than-3: 1, oopreferably nore than 4: 1, nore preferably nore than 6: 1, with
a preferred range of from3: 1to 3 0: 1, nore preferably 4: 1 to 20:1 and
nost pref e{@#9y 6: Thetlguidphake raAbigon mirsire genbpdatmmtis omﬁfol]iedbyi ators, the

Lews acid to ipitiator | ar os are preferabl

[0047] The C%Wwall o et st s ReRB Fr Ao | aﬁvavepthase to

i nduce i 'ﬁﬁ?ét IR'EngOJEﬁhxFloxt M@@px@?éré‘d’lﬂs‘rﬁ;%l‘l&ﬂed 18 vagnhbRahs Lot isdm e ring or
branch form feed i s used which i s gaseous under ambi ent

condi tions selﬁctted salm eTI@rmédtqrcfeadcrmenwanedh@acrlrea@tth@desgpéssmber average

and/ or: di ssol,ve, t he an_inert. sol Ve nt_.or ui ent or der
ottt o RS et AtolR PRt e Bt S ot bl MSR el S Gl
conpri si ng fdda@oh@eeltian. eThdsg tpds bNERdtutioss s heinidilidé Dby ihe\WrdfepEpatiir es and
do not need a solvent or diluent. 100481 The tenperature at which the

pol ymer i zaf$a6t9s S¥it@karried out is inportant, since higher tenperatures
tend to de et LS EANR) gﬁﬁ)fndl ng
upon the I:E(\S/ﬂ%? mer%%ﬁbﬂ%ag&gbhggc@%)ﬁﬁoﬁ a rahé)gct 82 rgfr?per ature can
15 di m ni sHiroar ab@ht ﬁtmﬁioat 120 ahd mostgnrefeabac&@n abduttlfao ebdut ORinginutes

pol ymeri zat i on. us al ol ymeri zat.i tenperature ran i 5. bet ween
about -100(& %‘??&t %@ ?if 18%*%5) éfe%ef%ﬂﬁ H%th}o?df F‘Hﬁgg grepRr f or med at
a tenperat yhe slaﬁlitﬁwto élﬁm%r nRhBHeF @k ¥rsiRlaB¥ie 829, an@ pr&@ﬁbﬁf oot 9y

between -80 ' C and - e.g. at a tenperature of "about -50 T. [00491
The |i qui daphawet pra‘lambisoabonc 28 (s end rfoeblit bafercisybyantial edihgdripy to
ggm’gcg ? Rgllenc %he E\t}%g @ar%oca 1%}11%rp0[ eae(i:'llzat‘i)or}l ttoeerTH%gq? ;tjnc{ t‘ﬁus F ona(flJEZg d to

the resulting polymer with an N-substituted pyrrole employed in this invention.

[0051] Other methods may be used to prepare other pre-made polymers, which
are also suitable for functionalization with the N-substituted pyrroles employed in this
invention. Suitable pre-made polymers are those made by an inifer technique
(described below), from terminated living and quasiliving polymerization products,
by conventional polymerizations followed by an extra hydro-chlorination step, or by
other polymerization techniques so long that the end result is a polymer backbone
having rert-chloride chain ends. Such polymers can be ionized with a suitable Lewis
acid catalyst, and thus suitably functionalized with the N-substituted pyrroles
described herein. Methods to obtain polymers having a terminal tertiary halide group
include use of a system of initiator-transfer agents, called inifers (from initiator-
transfer functions). A detailed discussion of the uses for these inifers and the types of
telechelic polymers prepared-therefrom is found in US Pat. Nos. 4,316,673 and
4,342,849, the disclosures of which are incorporated by reference herein. Such
polyisobutylenes terminated with tertiary halides, typically tertiary chlorines, may be
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target living behavior, and preferably is not allowed to vary nore than 5
"Cfromthe selected value. The initiator feed rate is varied to achi eve
t he desired nunber average nol ecul ar wei ght (M,) to conpensate for
variations in pononer distribution_in. the eed_conposition. These types of

f1 uct uat i ofeMBmEd wt .arﬁutt@l&esvakYﬁ@r&re&?Se%ql%epdo@?%Subﬁ%fa&d@rm%tems [ 0050]
Average polyERhingalkfRo gfdﬁﬁéeéﬂﬂlcﬁ&{akﬁz&ffékir%&&t%% #000napef erably

fromabout 5 to about 1 nost pref l'y froma out 10 to about 60
m nut es (me@lqudb@ubedmerbm about 30 minutes). Preferably polynerization is

carried ou ti me_ sui blet al | ow f nononer co rsi qn above 80 %
ond pref or ST 20t S edrioimiat Bt po TRB 6 SOMAR S A r abl y
bef ore subshgtitefor ¥t Miatd?ah@ nohBmeAMSRHRITWILiRE pblyMieNGatfiAl RRSAI RN C
pol ymerization to end cap and thus functionalize "the resulting polyner

wi th an N-sobercitteated@s pyivapw, avipnwydgnd arommfgnqtmdrtwtomhe IPCO}DBQI}‘S Q her

met hods ma e her_pr are al so
sui tabl e féFéf’grl? S{ﬂ%%]féwgég Fon en%tfoﬁl 0tf SO%H-Yseﬁlgst P’P ?‘éﬁ pilew? %gatg?’rpl oyed in
this invepblyaiers fotialdddl te thy etdlit eysosh Yirglssolaing thd s gmemiee lveanof ni fer
technique (described below), fromtermnated |ivi n&dﬂnd quasi | i ving

pol ymer i zathejre. iushiihe seme Wy hariperamesas IBrgnaeadenditeadiving | owed by an
extra hydr ?R@:ﬂ %étﬂﬁtd eSTRE sto?({mo%{e Jﬁﬁ%ca%&é{h@a%{a%gﬁt% maﬁc% 0§ ques so

| ong t hat resu I s a pol yner "backbone ert- oride chain
ends. Such agsninjmgethst tmaprdamaa‘i@pnlmdr niatshbstitige fdrahd mitiason Be. oae iheihdbat al yst,

and thus suitably fanctionalized wth the N substitute rrol es
descr i bed  HEFERIT 1 SRR SR SaiSE s MgrRchientyarg ag ddpden elbibEed e ¢ ary

hal i de gr oy qesf&d iddPetstiRe BEfoR: BY SERIB £Lld 1's'i'ﬁtf=dd%&f Aﬁ&@ﬁfegﬁﬂm&%hs cal | ed
inifers (frominitiator- transfer functions). A detail | scussion of the

uses for t Heweofi0d foddOgnimptestthe mixtpeesis ofnsidesddenstibg ¢q3u‘1:a(b¢n;? baeths hpmepar ed-
therefromi 16,673 an 342,849, t

et oo or e 3l Aftohidd S 8k cabRBr cohiytibRs UcdnRRde pbndiiee Ciaasstoh”

pol yi sobut FuasRhali£Kith pejcestiswhédidingid thrmyethad dedesbediiepiigal |y tertiary
chl ori nes, Sé] be 16 conbined with a suitable catalyst or Lewis acid and

the N-subsi94H ed %yﬁabkﬂl%sulzf%ﬁ%dﬂm@l%sg“@mndt@ppmsalm:tértazhiqm@tch@n@nﬁzed
pol ymer of rmeaawgﬁﬁgkaﬂomﬁgg lyﬂfé a{é‘%ﬁﬁqg%ed?&ffﬂlﬁﬁﬁPﬂ?%s%}ﬂch Q921 These

pre-nmade term ogenat ners may b
they are amenable to electrophilic aromatic substltutlon (EAS) by the quasiliving

polymer carbocation but not sufficiently nucleophilic to complex with or decompose
the Lewis acid. Particularly preferred N-substituted pyrroles are substituted with a
component that is less nucleophilic than the pyrrole and which does not deactivate the
catalyst complex. The N-substituted pyrrole employed in this invention contains a
tertiary nitrogen atom with the lone pair of electrons on the nitrogen taking part in the
aromatic sextet of electrons in the five-membered aromatic pyrrole ring. This
structure dramatically reduces the complexation of nitrogen with the Lewis acids and
increases the nucleophilic character of the aromatic ring, thus creating a soft-
nucleophile which is highly reacti've with carbentum 1ons and forms a substantially
monoaddition functionélized polymer. Therefore, preferred N-substituted pyrroles
are exemplified in part by N-substituted alkyl pyrroles, where substituted alkyl is as
defined herein.
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substitute for the initiator and nononmer present in a living polynerization
framework and are treated as equivalent, in terns of end group
functionality, to the polyners prepared by the living polynerization of

i sobutyl ene. Typically these hal ogenated polyners are added to the

catal yst' system by di ssolving the polymer in a solvent of choi ce, nmuch the

char g0 Td0BHE; orf SelRy Pt iRt Gl R dret e P R~

assum ng that the pre-nmade polyner is a substitute for the initiator, i.e.
one halide termnus is equal to one initiator site. Al ingredients are
added and equilibrated at the desired tenperature before the Lewis acid is
i ntroduced. After an equitN bration tinme of 0.5 to 20 mnutes, the m xture
is considered as the ivalent to the living polyner prepared under these
catal yst conditions at| conplete Bngr—bnversi on. Functionalization
proceeds according to t hod descri bed herein. %g%gé' Sui t abl e
N-substituted pyrroles for end capping the tert-chl hain end of the
qgquasi living carbocation polynmer are said to be "soft"nucl eophiles which
means they are amenable to electrophilic aromatic substitution (EAS) by

t he quasiliving pologeiBr carbocation but not sufficiently nucleophilic to

N subst 1 ut ed py ot agoafenaiu it t B RO L Sele e B0
nucl eophi | i cohfigting dfhymogeehil kg fdm Ch tdl0gsarbat atd@act i vat e the cat al yst
conpl ex. The N-substituted lerrrol e enployed in this invention contains a

tertiary nit rogenmdﬁéﬁt‘ﬁﬁ&eh Prel fogfeaidhi r of el ectrons on the nitrogen
taking part in thei ajg tﬂoﬁtﬁt@iﬁrcﬁtﬁ) Rhsi b%C&fr Calg}eﬁ" tﬂgg,u%glvglk ered

aromatic pyrrole ring ure
conpl exat i ora]]ofxynh:ttcmgefh nitrd, rdide 0@@&@@(@311@146(0)01@[ €ASHNRERE

nucl eophilic ar th mat i.c t hus e a . soft-

nucl eophi | e Rﬁ?"g% ﬁ@&? 3g$%}°=r§§§ﬁ]|g\}em’\ﬁl §E¢)%g% F b‘réj(ﬂ%c‘] alkSP¥E a
subst anti al Igad RIOR di} RQRJ, ROE R, 0BAd R7.06 ynmer. Therefore, preferred
N-substituted g rrgqgs ;zllfrge dexgé:rrp1 fi edﬁl neggirft by N-substituted al kyl

pyrrol es, s ubsillustiatediingh& Fkamplesin Taipds 1 heldwhidres yn-subgtifuds54]

I(Dgng_:?g;J lar lh%t?poa?gn%rc rq(i?ugnc Sgua%glttt ! %}neegy F}X‘rol tl%%pl?rnee a:lncli lfuliltgtg Eﬁ)ga?nd lgsyA,f }g)r mila |
and C respectively) reacted with PIB chain ends to yield bimodal or coupled polymers
as indicated by the presence of two distinct PIB mass fractions in a gel permeation
chromatography (GPC) experiment with a refractive index (RI) detector. Quenching
was quantitative with pyrrole and furan while thiophene produced a much lower yield
at 43%. GPC data revealed that the low elution volume (high molecular weight)
fraction was approximately twice the molecular weight of the high elution volume
(low molecular weight) fraction, which is indicative of two PIB chains coupled to the
betercatomic quenching agent. Both furan and thiophene contain two pair of non-
bonded electrons with one pair participating in pi conjugation to form an aromatic
system (4n+2). Pyrrole has only one pair of non-bonded electrons, which is also
required to satisfy the (4n+2) rule for aromaticity. Further analysis by on-line UV

* indicated that chromophores (aromatic heterocycles) were bonded to both coupled

PIB and monofunctional PIB. While not being bound to any theory, it is believed that

first a monoaddition product is formed upon reaction of the quenching agent with the

quasiliving PIB chain ends. The reaction with furan and thiophene is believed to
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formula | wherein: Rl and R2 are independently in each -(CRLR2)- unit
sel ected fromthe group consisting of hydrogen and alkyl fromCl to C6
carbon atons; mis an integer from1l to 20; and X is selected fromthe
group consi sti ng of h%/éi){“%?enz al kyl, aryl, alkaryl, al koxy, heteroaryl,

niS th1 0, uggga@%fa ey Ot ,93@(%)&!?41} carpre)adyes ent-tothe) ey (C-2), pihieh) e ot(; P(R SRg)R g
- , - .3 ; r gl 5 € ition@" , ,
R6, R7, RS, %%?eafi%?y’ ﬁﬁf, g{ﬁ%pﬁéﬁ%ﬁéﬁé yf?t%%%f%gﬂﬁf’i&%@a%ned in the
Exanpl es i tAfieakiedirdt dbieflatwan it boepletenespling ptocteid byhdtiidionaf amitherquenchi ng
agents, nanel, role, thiophene and fyran es A, B and C

respecti veI1W¥qd§.ﬁEtcgﬁln\ﬁu e %Férq{%ﬁcﬁm@ng@S W‘&%@%Lﬂpﬁﬂﬂlﬁacﬁt cEBerp | ed
polymers  gg CBdCC@b?@Hpﬁfos’itﬁﬁls Bh SRENPER-Rlrat WM ﬂm-'tlﬂﬁ]ghe%bBHm%?eﬁ ractions

in a gel perm_aafion_ chromat ography (GPC) experinment Wwth a refractive
i ndex (RI) Pdiimpesss sigOiierrsisieng hindsancg oathd €-Atsite endilius, ppomotss eeagtidn fiur an

whi |l e thioph I ced a ch.lo el d t 43% GPC dat.a reveal ed that
the low elu ef(g% a@%ﬁ argﬂﬁlsgﬂﬂjeﬁﬁﬁl %ﬁf‘i? ¥§A§V%rﬁfl§ue SRR &%ﬁﬁ%\aﬁlﬁPS i mtely
twice the iy 8BUL dsrby&itioht whith isenbla@l oal ] TRisMObiFBreed bpyhditAR4l ar

wei ght) fraction, which is indicative of two PIB chains coupled to the

het er oat onPealyiepic i Ny FduathidBdndicata pearlyttde phthssherled BBhfamedbxo pair of
non- bond.e‘Jdﬁtsiglg%{e %Q%Eﬁﬂgs?fﬁgﬁ%ﬁglﬁgaﬁd e%k@ﬁfé#%é&%n@gg%erQat on to form

an aromati ¢ as on non- bonded
el ectrons, cuibilefed whenPE® was qaetichediwith tidagticaty the (4n+2) rule for

aromaticity, Further analysis_by on-line UV, indicated that chronophores
(aromatic W8} ocy e@ilﬁy?%@n@f%%ﬂwoleds BRch Iy spiecdiye apd epnpihgreisfiof unct i onal

PIB. Wil eqpqt apﬁiylg(d%éﬂ%e&ﬁl Jnh’éﬁ)lﬁiﬁingi dn ﬂh? n?g (Igd gféﬁidfohpaitffercfnit rst a

monoaddi ti on product Is fornmed upon reaction o enching agent with
the quasi konstifjiorilBsarhers (2-8ri43, 3-Fendr2ed)c tThos, blodking ofithareactive diie(sphene i s

believed to 18 occur at one .of .the two equi val ent car.bons adj.acent to the
oeygen (o 37 B RFHE wituifagh i Ao einiRe SN GNbot8000ER Ak T |0 Lh
occur at ehéfiefedtah®aCoBsctfedFos2-BRUIfuh and Al hthylthiephdne $ExAhMYs @i on is

conpl ete, coupling proceeds by addi'tion of anot Ker i oni zed PI B chain end

to the arofed Pé respegiivelyhe sibe 67¢ ObKIEORNeaE AnG Bxar, dde pasytio gdtiohelize how
the reaction is limited to monoaddition by a 2-alkyl substituent; the alkyl group

directly blocks the most reactive, remaining site against the second addition, and
sterically hinders the second addition at C-3 and C-4. As illustrated by the Examples
Al, A2 and B2, 2,4-dimethylpyrrole and 2,5-dimethylpyrrole, as well as 3-
methylthiophene, resulted in low or no conversion of functionalized material. It
would appear that alkylation of specific sites on the heteroatomic rings provides
substantial steric hindrance or direct blocking, which inhibits in-situ functionalization
of ionized PIB chains.

[005°7] Surprisingly, N-substituted pyrroles as demonstrated by 1-methylpyrrole
(Example 1) and 1-furfurylpyrrole (Example 2} underwent controlled monoaddition
of quasiliving PIB chain ends, whereas unsubstituted pyrrole (Example A-0)
functioned as an effective coupling agent. N-substituted pyrrole is not blocked at any
position available for electrophilic aromatic substitution (EAS), yet only one of two
sites is reacted. While not being bound to any theory, the results can be explained
sterically and electronically, since substituent groups stabilize carbocations and

promote electrophilic addition but also impose steric limitations to subsequent

19



the CG3, G4, or C5 positions on the 2-PIB-furan and 2-PI B-t hi ophene.
However, P1B inposes significant steric hindrance on the CG-3 site and

t hus, pronotes reaction at the C4 and G5 carbons. Reaction at G5 is
favored due to resonance stabilization of the allylic carbocation, which

i s gener at subsifutions. PEnNsmethyloimpleds kees tsgctiyadrani Nangtdpyrsalafepsdtds of ' H NWR
data which g Rl cale ERRL Y AEUAL if Ns GOl b BB AraTd . Agldi tion at
C-2 and CG-5"In furan Sanples, and even higher percentages were cal cul ated
when Pl E wasuglingriobegbtwictdr. Phiroliekes reh@0&GhanFB-pyrioié atd eponof Pl B-pyrrol e
I's much | ess selective and can therefore occur at._any_hydrogen-bearing
carbon r erré‘?—%ioh‘bd?%?il il # P PpBtgnshegomEE ok, %%qp&hfe o E&%@W%@%ﬁm

| somers (259 irfpatts sharfiicAAllers fhdrgl IS QF KIFIS R d AGrERRES s L E(S)

on the pyrrole S ertaken to determne 1t contro d nonoaddition could
be achi evedmastewath thhseramadg pyrol2 forechydtédiPBhclaiderRls mad hyddubé opipéade
(Exanples O and B 1 respectively). In the case of thiophene and furan, it
i s easy tor?aé?rfagnalize how the reaction is limted to nonoaddition by a

2- al kyl  subgdssy Ue“Siirnifaﬂ?, taé Hﬁfhncﬁbﬁélglueﬁ}ﬁr%%gleﬁ{t, bledHs 1A dTMdicll eacti ve,
remai ning site against the second addition, "and sterfically hinders the
second addicpitains &wo Godt” dntgre@yalic muldophilestooanesteddyy & methPleanppassr grabp, A2 and

B2, 2,4-dinet rrol e..and 2.5-di methyl pyr.rol S | ] as..3-

et hyl ¢t ogieeite BrgPefaRor ok pe it pPR el VRS e A o
material . Iquenchiigl e@p @esdut&BIB elaky s icOita@ingsRekibld Het@bdtemin t he
heteroatom c rings provides substantial steric hindrance or direct

bl ocki ng, RFATRHICITHIEEbRee places anthe BH ehaghend, bathiréies can be either &uetE chai ns.

[ 0057] Surprisi St I enc oy

1- net hyl py%%@e%raerrﬁ?%&ﬁﬂ)&asﬁhglgm%}é%t%}'@?%%g?%l e (Eﬁaﬂhﬁgo%éxﬁlr?g%rmnt
cont r ol | ed tiwodweaetisubsidintionfegaulasy Hatlv hetgroRoBictiagn- treggrroldhgoaas
unsubstituted, pyrrol.e (Exanple A-4) functiaoned n effectiv oupl i ng
agent - N AV eI BRGUR S b s A eb G-t O o ATETEOR (hSF L bl o f or
el ectrophi lgf ‘PI@ELH}{H%E GueRisRa it - {1 le ¥ Bhce W HhOBRiPEnd WO Sites is
reacted. Wiile not being bound to any theory, the results can be expl ai ned
steri cal | y camagnishtgant (Esainplel2) preseited & sigglesnass fraetiongefRIB Mait=athiepictieal)

it ac i ondtd 8 ealRiRNErTy Mn bR e sRenbaer B, RrRTRi o' Fess

reactive t hgdichedBbtBouphitig @il ot 60MaF 6lSthe amount of coupled material (2 PIB chain
attached to one quenching agent) was lower than the level of detection. This
discovery was surprising given the fact that 1-furfurylpyrrole has two reactive sites
towards alkylation {(C-2/3 on pyrrole and C5 on furan). NMR characterization of the
quenched product indicated that zer#-Cl and olefinic chain ends were absent and that
most PIB were bonded directly to the pyrrole ring. Quantitative analysis by "H NMR
showed that the PIB chains alkylated 1-furfurylpyrrole as follows: C-3 position of
pyrrole (57 %), the C-2 carbon of pyrrole (34 %), and the C-5 site on furan (9%). The
pyrrole ring appears to be much more reactive towards EAS, and moreover, coupling
is inhibited once monoaddition of either ring has occurred. This procedure represents
a novel method for the single-step production of PIB containing multiple
heteroatomic chain ends. Quantitative conversion of quasiliving PIB-CI to
monofunctional PIB-1-furfurylpyrrole can be carried out in the absence of chain

coupling by maintaining the [QA])/[chain end] ratio greater than 1.0.
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EAS because of steric hinderance, in spite of the favorable inductive
effect; thus coupling does not occur. Pyrrole is |less reactive than

Pl B- pyrrol e and upon nonoaddition at the 2 or 3 positions, beconmes nore
susceptible to EAS even though PIB inparts significant steric, hindrance.

The 2- or HPB- pyfwrdreepsriBEue e fesigned to Bdugscouring thraugk degsasing ng
le f j ' kal . [ 00581
BT Dart y. yeRghiaheta Mornidiilc GRS, B BEANIPE SOOMIER, BOBUESE 1 L
cont ai ns t MMR shirhétetiettion oeyealet chaniest thap D Kesf tdrfiegledolybeaamnet hyl ene
.. also led t it th . iety.
Pt oy vttty s ORI GhcRnivge BYbhel o caies foed. chai

ends cont aitd‘&&%%&éh%—%d&i%ﬁﬁﬁ&ﬁ@ﬁh@ C2 8 grﬂdéﬁioghdggg?ogjmﬂm@%ed on the

PI B chain end, rings can be elther uce rther reacted in
a post - pol garbon pafiram Phase exbulieare cofminténi myihpreviohsarepxrtd thattrsaintaiie desi r ed
substitution regar.di bot h .het er oat om.c .rin - th rrole.group is

al kyl at ed Bﬂuﬂll’ingro(ggﬁﬂgﬂ?ﬁ%f%%@ﬁa?@ @@{pﬁ(ﬂ?ﬁ?‘g@e@ﬂe 351.@{@966_%}?& acterization
(Table 1) jqfrided dab kPEALSy AR RE MR GeMW i inkpeh bnhddtisrobRydatiliongess of the

chain end concentration (Exanple 2) presented a single nass fraction of
PlIB (M, ®IBheoretical) and a single distribution of PEB containing

chr omophor JV) | %S| ] ndi_ca l.i id n occur or
he. ampunt (O0EoupThearenblSiofPtparbBle3Rtie Mabuiilbiss totpbdlosnt g
agent) was féraein thisdfvdniien iewel kedwitRtthe brtt;08e foklkikSmpd] FAOSREALsBAS
surprising given the fact that 1 -furfuz_fyl pyrrole has two reactive sites

U

towar ds al Rgedtipnd@hysigaldiropgrtien/eSubsiivied Fyrrofasr YapmedSrRPethdrdact eri zat i on
of the u gﬁpﬁq] b 56HAC .- : i.nL:C chai n ends
wer e absgn;j an te gglt?(gg&rr%ss(ltl@f@%@%%ﬁ%@ﬁcﬁ%%ﬁeg)llﬂtt%éf.tﬁggbyrroI e ring.
Quant i t at i Wdustmtveysiampleg of N-fibRituskdpwedlcs mdicht dae bPIsBtabiiyaemplogbdkipl the ed |
-farfaryl pyrrole as..foll 1 -C:,3.posi.tion r ol 7,9 the G 2
corbon ot hi e e at R N REE PR e R PR Ro b nsthir BN o e 11 ng

appears t 0pReyiBeIdTNERofrBRflb Ao 0MRHISTAS N-SRbuIb AEYEIN- coupling s
i nhi bited oncCé onoaddi tion of either ring has occurred. This procedure

r epr esent s hexylpiowade, Nbeptulpyfrole, Nimstdpyrytle-Nsehstipitestsliainyovelest NPEB cont ai ni ng

PEE O Lo HENGRERR faaroBrERte Py sl el hRS e i dhi 1 [he
absence of alaypyrrolay PimdiighxhetBi MRbhirslg, 1-b@ok fRethIChHIfyreNg]]l-r ati o

greater than 1.0.
propoxymethyl -1H-pyrrole, 1-butoxymethyl -1H-pyirole, pyrrol-1ylmethyl urea,

N,N-dimethyl-2-pyrrol-1-yl acetamide, N,N-dimethyl-3-pyrrol-1-yl propionamide and
the like.

[0061] At a temperature range of from about -80 °C to about -10 °C a high
conversion (i.e. generally greater that about 90%) of isobutene (IB) monomer occurs
within 60 minutes employing BCl; Lewis acid. Typically, the conversion is about
95% complete within 90 minutes. In addition to relatively slow propagation rates,
BCl; catalyzed reactions promote relatively slow quenching rates. Typically, less that
50% conversion of terf-Cl chain ends to pyrrole moieties occurs within 15 minutes.
Higher conversions are reached when reaction times approach 60 minutes. This is
attributed to a lower ionization equilibrium in a BCl; system which yields lower
concentrations of reactive carbenium ions available for reaction with an N-substituted

pyrrole of this invention employed as a quenching agent. Using a TiCly catalyst
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20 100591 Further experinments were designed to induce coupling through
decreasing the QA/chain end stoichionetric ratio to approximately 0.50
(Table 1, Exanple 3). NMR characterization revealed that less than 5 0 %
of I -furfurylpyrrole becane disubstituted; however, 31 % of PEB-C

st r uct ur es PUERECS i@siay pepReattpTAesAgd mepse Fapithaneneking sates duerip daryarast - addi ti on

at either ﬁcﬂﬁzaﬁoﬁ 111&1%{1B&%Efa{eﬂ@vlﬁ;thﬁ%ggtgxlne and the G5 carbon on furan.

These results are onS| ent us teports that maintain coupling

of PI B t hr ¢acghj bi sréchnnqmgslxmdwmdhlbh ﬂ(edivpx@mlhﬁbﬂmlaqnﬁ&mdﬁtemviahﬂc&e&thias
inefficient due to vat| n of the second ri pon_ non ddltlon of
quasi | i vi n&)‘a]@S@ and[tg@ quéte RETPIS aFS copmb IB?%QFXH%‘@&IPWI%‘?R%

N-substi t utiede BYSHRagy ﬁéﬂ'ﬂﬁﬂﬁ@gﬁ suEHEs 8 endt BintiftaSo, 3 feﬂ g%&rﬁ We" known in
the art; see for exarple, The hesi's, ReactiVit ysi cal

Properti es safstiSudsspyrtold md ﬂéi/wenba@gheretftamembﬁung?anh the-12at, sdsplendedidrey and
Sons (1992) ar at d her | b ren its nt| r I ustrative
exanpl es of lsﬁé]gff[)@ppg Bt §H‘e’by NoINC N\ﬁﬂﬁﬁﬁ“& e&ﬁyt ‘ﬁﬁ% 189@)" in the,

present i nyeikmes, éﬂ@ﬁéﬂd@@or Ms@:ll\i%\dhﬁ&&{grﬁﬂlﬂﬁer t8 tl%rebyl\hd’éﬁélmﬂepyr rol e,
N- et hyl pyrrol e, N propyl pyrrol e, N-isopropyl pyrrole, N-butylpyrrole,

N- sec- but y pplymegrationnThe grsnchingvwittethe Ri-aistifatadmyrslecovaleoly Phpdathol e

N-substitu rroIe 1

_thi ophur y?\f}yr ré(;ﬁ)é eﬁ%)gﬁgiregﬁ Thﬁ'\éarbt%)%%#g ge!n-{(% é)%’the?hvlhr_xg o (kua¥11119 Igrpé)Ilyerfler

1- met hoxyn'ﬁids)fhncﬁﬂ;ﬁélrzmgrth@hemg bo@ﬁﬁb@XYﬁEhlﬁmberdi—ﬂWsﬁﬁlkﬁ p}ﬂ:rol@l’ opoxynet hyl

- | Hpyrrale, 1 -butoxymnethy rrol e, pyrrol- 1 yhnethyl urea,

N, N- di met hy¥nchona) geyps on th%frm%é@la?r?ﬁd)@ yopgriq Niswhstifed Byrpile r:ScﬁeIermmeQ

pr opi onami ﬂ%{}ﬂmgg}e r rﬁﬂ-gégé about -80
"Cto aboufﬂ y PS%MtE?oréggsSig:t%? @%\ua?oglﬁ@%eﬁéér{% ;} ér (%rrn t a about

90% of i spbbrhentan@wyatadwnﬁtmmaoy;halrdss PortdxampBOinitiationed 1®bp1ymnjetf@nBC13

Lewi s acid t rsjon is, about.., 95% co ete within 90
i nut o | ABD R ER EROP 4P o RP D S PE AT HEEREIE BT g ol yzed
reactions piRwRE AurcBbidl g&bxbeﬁﬂ)&wn&u elEBIcRO1 B BLieE2-cHISRI-2-pkdpy)bbBRse t hat
50% conversion of tert- chaih ends to pyrro’le noi eti es océurs within 15

mnutes.  Miljpedueonpelympoih tree fussionelizipn Pasbotirbnprefamsd asppr oach 60

t Thi t I LQni,zat.i on lipriumin a BC13
gnygge?ns Whi 54.??1031%?@&& Nsu%%tﬁ%d p?frrgle-ﬁnmﬁlonl R %1(')1110 pgﬂrxl{llersl havliryg !

substantially no coupled N-substituted pyrrole functionalization.
[0063] The molecular weight of the polymer chain can be manipulated by varying
the ratio of the concentrations of the monomer to the initiator as in most living
polymerizations. See for example U.S. Pat. Nos. 5,350,819; 5,169,914; and
4,910,321, which are incorporated by reference herein.
[0064] The present invention is directed to polymers having at least one terminal
N-substituted pyrrole moiety, and these functionalized polymers can be derived from
any suitable cationically polymerizable monomers. Thus the functionalized polymers
can be homopolymers having substantially the same repeating monomer unit, or
copolymers having two or more different repeating units. Particularly, AB block

- copolymers and ABA triblock copolymers can be formed. The functionalized
polymers may also contain various hydrocarbyl headgroups based upon the selection
of the initiator. The initiator can either mimic the growing chain end, e.g. a 1-
phenylethyl derivative for polystyrene or 2,4,4- trimethylpentyl derivative for
polyisobutene, or may impart some desired group such as alkyl, benzyl, tolyl, silyl,
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concentrations of reactive =beniumions available for reaction with an
N-substituted pyrrole of this invention enployed as a quenching agent.
Using a TiC4 catalyst 21 pronotes faster propagation rates and nore rapid
guenching rates due to the larger _ ionizatjon equilibrjumassociated with
this syst efic foldgmnatiydysmpledngprlzingiqrahingtiaéors, sgicaehBIRRBYMEE C& pol ymer
term nat edyw d4d4 g§9ubi ned are
t ypi cal corl?gﬁrﬁlgﬁ'sTE%G%%&?%@%%%@%?&%%% r}%r%ﬁgﬁ?ﬁfjﬁl@{ Eﬁgrtg?bsuch as,
but not | i dinfteatbriresidiel$Pennreg)-hanbititutdiFytiold) bebly pyltifohaionel mitstdryent and
t hereafter conpining wt he neat, ,suspended . or.. di ssal ved. Il iying. polymer.
The neat Nﬂgﬁﬁ ﬁt’it‘itﬁ‘?gm‘ﬂ%‘. oPd "ngﬁ%ﬁ@gﬂl?arl i%‘fl for %‘F&ﬁ&@'ﬂpﬁ"’yﬂ%gheat ,
suspended m-ss;{bs%ﬁ&laa@ymhbﬂl DGR Bhalk %etﬂiﬁét%ﬁﬂlit?%?ﬂféhnﬁﬁﬁ)r.

pol ynmeri zation. The quenc ?ng with the N-substitufed pyrrole covalently
bonds the Addgionslly,coedihgpgentotan haempeyadde biok Etpadyrer chemsesof the i ving
or quasilivin | yoer . .t.hus functionalizing.the |]ving The
nunber of - ASBRR A the By (VARG R ReteRI g bl o iR bR | 2
pol ynmeri c RyiGUQSR] Rutd niideRhed Heseifl @b@/enPROEmdYeprbenBdedymaf i ni ti ator
sites in the initrator used to create the living polymer or the polyner

t er mi nat ed segmdnt frer at dgagt angl cadenjcallygolanerizable mangmer;dhersfora b sobut yi ene

from 2-ch - | ] e

pr opagat i ng'g{kc gﬁ%aeh%e(gﬁt&{ ubﬁﬁ&@ﬁ%ﬁ%@#eﬁ)ﬁ%egﬁg@ ﬂge(r}lgg%oe)gie}érﬁ%% Ir%{/ﬂrfféjtrl]r.1 8'{;\her eas

]£|-, 3,5-tri I( Blcehlcopdlymeny @@y?ﬁ&@]ﬂ-@l eljﬂ}er)A@N—gumfimﬁthi@rml@m ber with three
unctional ,groups. Particular]ly preferre e nonodi sperse, N-substituted

pyrr ol e- f uiEePeHianily sdected; ang thes b&&ﬁ%ﬁé‘?%"rﬁg{f?rﬁ@ atg CEYETECl y no coupl ed

N-substitu @ﬂssgyrr S AdREd LAPHitERLds Fle Js%@%huim@nmaﬁwk@asﬁ%é@ ht of the
pol ymer chain can be ‘mani pul ated by varying the ratio of the

concent r at pgmsleger ¢han ersiie sefficicot tolvarry pirt the fimctiamalizatioro Sbrepiey pmgunts

pol ymeri zat i.ons ee.for example U S. Pat. Nos. 5 350 819 5 9,914; and
00, 521 bR The IR PRGSO kOB S BE B RVE e ER e Fisens Bhe pr esent
i nvention isghsBtt@CHREbIS © dheineiB afe hAVI0WuRialdnAsk cRAIE ch& piéfeably 1 to
N-substituted pyrrole noiety, and these functionalized polyners can be

derived fr érequiaplgnispex ehsineendaevanerg prsfengblyyinte 2 eaapiatentpanes fe4is endrhus t he
functionali Y. G F-0g- Lal:l: he sane
et onal b i DL L AU Bt
repeating wuivlécule didmhiltpllyBiz tiat nfBbbt WCihe number of initiator molecules present.)

Typically the reaction is rapid and quantitative at various temperatures. The N-
substituted pyrrole may be added neat or more preferably as a solution of the pyrrole
in the chosen solvent for the polymerization. The addition may be singular and
immediate or may be a more slowly controlled, metered addition. Additionally, the N-
substituted pyrrole may be added with additional Lewis acid catalyst, proton trap,
electron donor, or any combination thereof which are typical components of the
aforementioned living polymerization systems. In a preferred embodiment the Lewis
acid does not irreversibly react with the N-substituted pyrrole.

[0066] Once the living polymer has been reacted with the N-substituted pyrrole, it
may be used in that form or modified to form another functional group by known
chemistries. For example the functional group may be reduced, oxidized,
hydrogenated and/or hydrolyzed. These reactions may be performed in the same
reactor since isolation of the functionalized N-substituted pyrrole containing polymer

is optional.
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copol ynmers and ABA tri bl ock copol yners can be forned. The functionalized
pol ynmers may al so contain various hydrocarbyl headgroups based upon the
selection of the initiator. The initiator can either mimc the grow ng
chai n end, . a 1- phenylethyl derivative for polystyrene or 2,4, 4-
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nonomer; therefore, the ~ fanctio I zed"N-substituted pyrrole polymers can
be hom)pol Witeeesn. random or bl ock copol yners, etc., and
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enbodi ment v@gﬁt idistditeitios (memgupwfaiaemomboam é\l-léssbmbtetptbﬁﬁbbbpw aRue per
chain end is sufficient to carry out the functionalization. Geater anounts

of N subst i%led&sspgenane QF%GTB“PIYdoF/ér@ desganq gyen merRavelerablyel peelestr ed ranges
of N SUbStahgkﬁo(EFprQYe;arbg} PotPsfat &ﬂg rﬁﬁﬁa%retﬁ’orﬁq F@'ﬂnvlaﬁ enhgwRg! chain

end, prefera equi va e nore prererably |
to 2 equi vﬁm&&odmdesathdmbev@mdﬁ@mlymemﬂ&rm e gotateedegraedf by ascertai ni ng

t he nunber of initi n sites nitiator nmplecule and multiplying that
nunber by dREFRTAROR P Bt e B by SR abe Rgssoe 1Lt he

reaction i réfé‘i@édjerﬁiﬁﬂhﬁbiﬁ@lﬁé d3tdeV flctibR4lZaH8n fsea'EB@tr’@b/WnelioreThe N-
substituted pyrrole may be added neat or nore preferably as a solution of

t he pyrrol @refembly®"conens, ewhvent pfajerablli@Opotrymens asadctapminetiiy motdnt i on may
be si ngul ar d immediate or nay be a nore slowy controlled, netered '
addi ti on. ilonally, the N- substituted pyrrole may be added W th

addi ti onal [0@58 S aThdhoval AhdtidnalifdQy-gibstinadd pyrﬁil@ﬁ@l@ﬁl@rsm&'é invRhti@Ny

conbi nati on thereof which are typical conponents of the
comprise terminally substituted polymers derived from any of the above-discussed
cationically polymerizable monomers. The functionalized polymers will preferably
contain at least 4 monomer units (M) per polymer chain, and will more usually be
characterized by number average molecular weights of at least 350 and up to
1,000,000 g/mol or more. The molecular weight range can be determined for
particular polymers. However, preferred functionalized polymers generally range in
molecular weight from 500 to 500,000 and generally up to 100,000 g/mol for use as
lubricant additives; and with specific ranges of 20,000 to 100,000 g/mol for use as
viscosity improvers and from 500 to 20,000 g/mol for use as dispersants and
detergents. Particularly useful detergent and dispersant functionalized polymers have
an average molecular weight of from about 500 to 5,000, preferably 500 to 3,000,
more preferably 700 to 2,000, and most preferably from about 700 to 1,500 g/mol.

The low molecular weights are number average molecular weights measured by vapor

phase osmometry. Low molecular weight polymers are useful in forming dispersants
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af orenenti oned living polynerization systens. In a preferred enbodi nent the
Lewws acid does not irreversibly react with the N-substituted pyrrole.
[00661 Once the living polynmer has been reacted with the N-substituted
pyrrole, it may be used in that formor nodified to form another

functi onal fcgﬂmvawdriﬁwﬁman@rém%%rm ussful pegrlow mptprudarttroght dfrgtlstpdgd gr oup
may be red reactions
my be per fare aS S elhe preb R BHBF BT RRES BE bt gl UEPe

fancti o- nabmﬁede&\hrsmbﬁhm&rahedndnyeomimonscmhmmrvaxgoumhcylaaﬂa: wagltpt i onal . 23

[ 0067] After uen t he pql yneri zat product is ty al ly subjected
to convenPIgHETS f hﬁrp rrmr@sgaeiﬁomw‘f Nﬁgﬁaﬁféﬂ%"'d&é‘é@r?l}%ﬂ%ﬁ“%sh to

extract ca _gﬁtﬂﬁs fion step
wherein degvgitgrx\?r{aa%%e%dr%gﬂgpesﬁ rlgaél?ﬂ%ﬁ%g\?f[syvﬁg?g@gg al yst ﬁlte?@lgl&s%r ated in the
aqueous phase),0rgimal,wad brghwees hi h¢00,Hi0egmph modenmles weegitieral begrepantds of
neutralized catal yst. The polyner product is then typically stripped in a
debut ani zer to renove unreacted vol atil e nmononers, such as isobutene,

fol |l owed byyd cbsbbdi€énsst ri ppi ng procedure to renove |ight end pol yner

(e.g., C24 carbon polyner). The stripped polymer product is then typically
dried by fﬂﬂﬂﬁbgeﬂp hecowpgnda of frepsesent ipvesttion padtipnlasbitboss tepresenited bshvent i on
have a narfo%uﬁ% a(féjh 1a¥‘§&<ﬂg%esqh%%&ﬂg9axﬁ6 5'1st(11W/ Mgsb Erg %rt bl y of about 4

or less, nore prefera ess even r ?erably 1.75

or | ess angaseligomndiesel ﬁlhgé eraﬁh-Juwrihﬁeferred eﬁﬁpounwdfmﬁﬁalamﬁ@raa%y 1.2 or
| ess. Typically ranges are from1l kew se, the nethods

descri bed BWSlsRlapFeEHE&GFIEY HEI%PWWW& Ihlsgrleer%ﬁoale?groe?@ dihe proper
functi onal b@kﬁt%oh% Qd&i{n‘?é’héws?sgby lﬁ‘b?de'r%% i (R OSER g&a&bﬂ ¥neé)| ahl e

processes. In a erred enbodi'nent the egree o) unctio lzation is
about 70% dlrspammey vanesefeperalngnBoteotypaof fiel evgloyed tie peshes aibdtkrer90% or

det b t 69] .Th t |
N subst ¢ REEreRyPramatR AR B RAEAS, i GO FeBrs e GBRHALD |
substi t ut ed 59@b]){rﬁ%&ﬁvéi@[tﬁ}\&@ﬂrefwﬁﬂ‘bﬁ%oﬁ’tfzsttbQ TIPS, @r&etp'ieseﬁt ade@leoni cal 'y

pol ymeri zabl e nononers functionalized polymers will preferably

cont ai n at péreagitof haseduelieneadad tosachigve pherbepiotesadtsr chain, and will nore
usual |y be[0071]

The deposit control additive may be formulated as a concentrate, using an
inert stable oleophilic organic solvent boiling in the range of from about 150 °F to 400

- °F (or 65 °C to 200 °C). Preferably, an aliphatic or an aromatic hydrocarbon solvent
is used, such as benzene, toluene, xylene or higher-boiling aromatics or aromatic
thinners. Aliphatic alcohols of from about 3 to 8 carbon atoms, such as isopropanol,
isobutylcarbinol, n-butanol, and the like, in combination with hydrocarbon solvents
are also suitable for use with the detergent-dispersant additive. In the concentrate, the
amount of the present additive will be from about 10 weight percent and generally not
exceed about 70 weight percent, preferably from about 10 to 50 weight percent and
most preferably from about 20 to 40 weight percent.
[0072]  In gasoline fuels, other fuel additives may be employed with the additives
of the present invention, including, for example, oxygenates, such as t-butyl methyl
ether, antiknock agents, such as methylcyclopentadienyl manganese tricarbonyl, and
other dispersants/detergents, such as hydrocarbyl amines, hydrocarbyl

poly(oxyalkylene) amines, hydrocarbyl poly{oxyalkylene) aminocarbamates,
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characterized by nunber average nol ecul ar wei ghts of at |east 350 and up to
1, 000,000 g/nol or nore. The nol ecul ar wei ght range can be determ ned for
particul ar polymers. However, preferred functionalized polynmers generally
range in nol ecular weight from500 to 500,000 and generally up to 100, 000
g/ nol for eeinggides, gbMasgich basrgi ¥idditipnalhn antipsiderss aeqtdlideactivpigesangt 20, 000
to 100, 000 viscosity inprovers and from500 to 20, 000

g/ mol for g%{elﬁgllge%i s?gl?e?gn gt'and detergents. Particularly useful detergent
and di sper p@8] f urn tieseldhdlz @thep elejirimos/nlrddit vesrandeamgdeysdpsueh uk pourwei ght  of

from about 500 to 5,00Q, preferably 500 to 3,00 re preferably 700 to
2,000, andPHBsYePETEALs %BVV)}H’PFQYﬁfSaB%E‘%e PO G :'L“?‘g% 1§2m|. The | ow

mol ecul ar W#Ygf‘t S RHRI-BHINEMAYSLAR Ry 861 &roiwiﬁéygﬁgébgﬁs%ﬁ%iﬁpthg}’ vapor
phase osnoietry. Low nolecul ar wei ght polynmers are useful in formng

di sper sant &ingdorfabized pdiyieranf thasidiventioss Thamchrperftiid id aelepicadlyfindrt are | ow

nol ecul ar i ght. N-s ti.tuted . pyrrol e | yners. The preparation of the
pol yners o}g\ﬁrﬁ@fb%@i ??@H@é’%ﬁ nwglﬁh S‘b%?”¥*§§¥1%’é?§?f tﬁ%mgw fer and under
condi t i onSrdsfud (RN, of 36 Vet Std¥0l ed HradtionRif et fuclRAliMiB Rhile e pol yners can
be conveni entl Yx characterized based on nol ecul ar weight range. Polyners
and copol yaerghgiminglycontrbutg@io @ciene requiveraentarnirease., Thecpoierdad gawbe, and
high, i.e. Qﬁﬁ g/ K i red. Fuel
conpositi o%gzﬁ%‘ggg eggggoﬁ%lgla%ﬁ#ﬁlﬁlé%ggé%ﬁ%gﬁ ’{ggﬁ@%ﬁrt icularly

t hose repr psigiikatbshyd alkenes)inslutingdyérogeedied ardsunhgidhiobenaesi | N hydr ocar bon
distillate fuels bojli n!% in the _gasoline or diesel range. Particularly

pref erred BORpBIRNIEIIS aisthgnapelyoatiyleneidery ccheise Suthutari@i fghds #hd even
mor e pr ef egabliy.q %r!&mﬁ?llﬁ,gl?ltlﬁg. PLORD %, {1 20, anTdegés EluctP¥WEL rati on of

addi tive necessary in o to achi evé the desired det’ergency and
di sper sancgeseabéde forazpeplj ndJ.Gpbat. Noe 31350598 fand 604 41§l anyt &l Eutdpearpr esence

of ot her etergent s S ) nd h diti etc... eral ly,
however , fgﬁﬁ?td%?a%%%ygéé%pﬁbﬁﬁhﬁg%%@= 5?@@?55&, 9‘(1:'_?1Fsgeﬁ$about 25 to
2,500 pprnAugfid heomraseataAsdililyfe bBRdveR @S ot @k a RASRr forlhe fusl Needed to
achi eve the best results. [00711 The deposit control additive may be

f or nul at edadditives ©6 theaweseat isyenlion agd smassishiarremayiap ked sitadwgidepesitsr gani ¢

sol vent boid i ng . -he e from 1 ' F 400 - F [,.65 -Cto

200 -0 . Pt P T A i BN it Boncol et om0 B
combination with a functionalized polymer of this invention.

[0075] The carrier fluids are typically employed in amounts ranging from about
25 to 7,500 ppm by weight of the hydrocarbon fuel, preferably from about 25 to 2,500
ppm of the fuel. Preferably, the ratio of carrier fluid to deposit control additive will
range from about 0.5:1 to 10:1, more preferably from about 0.5:1 to 4:1, most
preferably about 0.5:1 to 2:1. When employed in a fuel concentrate, carrier fluids will
generally be present in amounts rangil_lg from about 20 to 60 weight percent,

preferably from about 30 to 50 weight percent.

26



is used, such as benzene, toluene, xylene or higher-boiling aromatics or
aromatic thinners. Aliphatic alcohols of fromabout 3 to 8 carbon atons,
such as isopropanol, isobutylearbinol, n-butanol, and the like, in

conbi nati on with hydrocarbon solvents are also suitable for use with the
det ergent-di spersant additive. In the concentrate, the amount of the

presentEgﬂﬂYI ;gfs wll be fromabout 10 wei ght percent and generally not
exceed abou wei ght percent, preferably fromabout 10 to 50 wei ght

percent ango76pst Thedhedmebh s fitheniBldted2y thofolowiel @hainplel #8fth.ard 00721 In
gasoline fuels, other fuel addjtives may be enpl oyed W|th the additives of

the presenfiolthpesprsdrred #dimidativg of HopcoBRanpl e, oxygenates, such as t-butyl
met hyl ether, antiknock agents, such as nethyl eyel opent adi enyl manganese
tricarbonyl, and ot her di spersants/detergents, such as hydrocarbyl am nes,
hydr ocar by Expple(loxyal kyl ene) ami nes, hydrocarbyl poly(oxyal kyl ene)

' b t d t |1
2Nt 1 o dant-SeeRpaTRRE LB ARGy Poi@g%gpr@‘én&éﬁgiemy [0073]
In diesel Hghi/MOhYEEhiNRle MY 60/26 ! {elRerabis - e TRMINEY= Rh,as pour

poi nt depressants, flow inprovers, cetane’inprovers, and tﬂe [ ke [0074] A
f uel - sol ub[BICla) 6vi@83aYl; [26-DAMR) e6.01 Mii [Blor 05iM. ﬂi‘awnaﬂr@@tldm wsedamedh t he

functlonallze ners of this |nv nt i e C |er

Chom ooty O Bk e et P Rerh e iR e 1) sidudtugc i a1y
i ncreases [HaoReRY T thd 7,6 5MP vetd\WRweddb nEP Ithb%uggly A lehdibhemidiact i on
of the fuel additive while not overmhelnlnahy contributing to octane

requi r emen€dyiierien & L5TRE Reigr 9 iaitiaftipn wdthl(Libd/pon ipsigemitheor synt hetic oil,

such as mi glﬁﬁ! e | val kanes and
al kenes, ﬁ gln%igt Oﬁyé@fgggﬁg fe Snéﬁﬁ‘%hﬁém@ lllp °§/Sg?€h%Fefi ns, and
synt hetic phlllycd)ﬂ(yailkgthmmﬁedct@ﬂm&a)iam plmedSmGO ndatest tabesfdquipged sith  descri bed,

for exanpl Pat . 4,191, 537, esters uch as. t hose
descr | breTg %qdeéﬁa?fpwé%ﬂq WP@P@afqiaﬁcmwe @gﬁp géyweaﬁwB PR, and in

Eur opean hpﬂ}awémhhaﬁstexgenm ) tﬁg’ﬁ@l Brizidpk bv%flﬁgn%ﬁﬁtﬁd %@9& r and

- 382, 159, publlshed Au e carrier fluids are |eved to act
as a carri &b nfloprechibed M@DH (@dutiral} eregieothedhvetips emécmphﬂvammlmng agedt.t 0 assi st

T TR0 kA RS s TG ST o B
and low boiling components were volatilized. A volume of hexane (2-3 mL) was
added to each sample to dissolve the PIBs, and then the polymers were precipitated
into MeOH. Finally, the isolated PIBs were shaken vigorously with fresh MeOH to
remove any remaining salts and dried by vacuum stripping. Samples prepared for gel
permeation chromatography (GPC) and nuclear magnetic resonance (NMR)
characterization were dried in a vacuum oven maintained at 40 "C for at least 24 hours
prior to analysis. '

[0078] Table 1 lists the GPC and NMR data for the various quenching agents.
Notably, if the % yield is reported as zero, the functionalization of the PIB —Cl was
completely unsuccessful and the resulting PIB retained the tert-Cl end group or
dehydrochlorinated to form an olefin. Samples which eluted in two distinct fractions
according to GPC analysis were termed bimodal (B); samples exhibiting a single
fraction were termed monomodal (M). In bimodal (coupled) samples, the fraction of
material that eluted first (highest molecular weight) contained two PIB chains per

molecule of quenching agent (light scattering analysis indicated the initial fraction
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conmbi nation wth a functionalized polynmer of this invention. [0075] The
carrier fluids are typically enployed in anounts ranging fromabout 25 to
7,500 ppm by wei ght of the hydrocarbon fuel, preferably fromabout 25 to
2,500 ppmof the fuel. Preferably, the ratio of carrier fluid to deposit
control adwis proeisely fwice tfmgelecflﬂamvml@tf i ®QEeIICbeClBIBEC1)methpf1@ﬁ]er ably from

about 0.5: Bllkﬂlll’% éacjflon COHtBlIlG? Pl'l Tyg)élg?w f:l‘%am 861‘ mo]lgi;ulle 89quenchm%\h ent gﬁ_ooyed ina

fuel conceh carrier W gener a e"prese unts

rangi ng fraprifiboidt o2hetGPOLsi ig bleaflg{Iheiited bp&@ﬁpﬁaiglsmﬁ @matlhout 30 to 50
wei ght percent 26 EXAMPLES, [00761 The invention is farther illustrated by
the fol | ow#gpl e%a%ﬁ&ble%mﬂ@ﬁ capersipy pf ¢hgmyends épyrade BmcHenalitigs was i ve of

its scope.q g the
Fol | ow ng. L ATE PEbvRo Rl MRGR A HIORE ik bR Y PR PP RS A e
-70 ' C [ THiRGIchntaitinQivE\PIB ¢hain€ivk nruch hifhdr tan iPthe reNtieY) irvolifINM [ B] =
0.5 M Pol rjizatjo were.carried ..out under dry nitro

gl ove- box. {Pé’FBL?tgﬁ‘ he5{s® i’lﬂ'ﬁﬁc%ﬁ_)smf:?mg]e ies ﬂ%‘sfg‘ra\?eﬁ{ﬁlawm

and 2, 6- Dl\/&adweedr@hﬂgﬁwp&ﬂeﬁiameaﬁﬂﬁemﬁuemuan cﬁf%ﬁ&h to @fUI 1 i brium
for 15 mn prior toinitiation wth TiCl4. Upon initiation

pol yner i zahdtgnatemlieiig nFwkhsrmompidisé éllryztidnahzm with - %S&nﬂ_ltedlpyqatﬁﬁ s (via a

- chill d | d d, pl 0 b
B pped. W pp R Bb e s BREP R letRef aleials 56 e
conver i 0N moflGURF WeBEisirbUAE BLFULPITWO ki Bar PE(Exfiﬁf;hle%)ldénK!/e ),

pol yneri zations were termnated wth ei t her nmL prechille

(control) Beweirsrenplese-ehExamples Aopi-Pi @d@r@hwhmhgllesgew coupled771

T t t d
e D Ak AP RO SRR 9 B ANRT ! RO AGIRERR! e o

added to ecledr tsamphia: fiactitimiizdtion of hemBEBquasﬁndng d:mmnich:elmmérmﬁom wer e
precipitated into MeOHd Finally, the isolated PlB aken vigorously

e sh
Wi th freshVNBeRPeRriale gugsg ngﬁﬁe%?ﬁe FFIA gnangispersg, de sqlﬁeé mgteriglse yum
t | d
stri ppi ng. (0529P! e%ss gﬂfwﬂa &ew%ﬂec ﬁe%@e%ﬂmegéﬁaﬁéeta ggégwwm@(? an

nucl ear rragnetl c resonance (N aracterization were vacuum
oven mai nt te Madtianalized e gronpsatelabiza st thest fapall shain end protons were treated
using the following equation:

App-x

F(PIB-X) =
Aseri o1 TAxo TAcndot Apis-x

{0080] where Apig-x 15 the normalized area associated with characteristic
proton(s) of the quenched product (e.g., App.x/3 for N-methylpyrrole), Ay, is the
average area of the two olefinic protons of the exo isomer (4.85 and 4.63 ppm) and
And, 18 the area of the single olefinic resonance at 5.15 ppm. A..c1 Was calculated
according to the following expression: Aere.c1 = (A1.65-1.72)/6 —As.15; where Aj g5.172
is the convoluted, integrated area associated with the methyl protons of the endo and
tert-Cl chain ends (1.65 — 1.72 ppm).

[0081]  Similar procedures as above were carried out to prepare Examples 2 and 3

as well as comparative Examples A-0 through C-6 of Table 1.
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prior to anal ysis.
vari ous quenchi ng agents.
fumetionalization of the PIB -Cl
resulting PIB retained the tert-C end group or
Sampl es which eluted in tw distinct fractions
sanpl es exhibiting a single

an ol efin.
anal ysi s were [pggied {%HIQQaI (B);

Not abl vy,
was

conpl etely unsuccessf ul

[00781 Table 1 lists the GPC and NNR data for the
if the %yield is reported as zero,

and t he

t he

dehydrochl orinated to form
according to GPC

fraction

wer e terned nononodal In_binodal _(coupled) sanmples, the fraction of
mat eri al |tFxampdd it edQﬁeu&ungAggite{QtA)n'oQéc@lIhr weQ@Mg) corfbBCre Yot YieldPEB
chai ns per nolegule of quenching agent (light scatteliﬁ@_aqalysis
indicated the in|tial fraction 27 wag precisely tw ce|the?follecul ar wei ght
of the unquenched PIB-T ) aiyhDeok![Nal. o1l DT THEs6 ract i qn cantayged only
one PIB g¢hain pel nolecule of quenchlng agent. The significdnce of the GPC
results i s cleat|y ill ustIF]"a.trﬁdy]lpyrro]@npd}.ﬁ)?rOg Sanplé> 1 w t J Sgnpl €0Q-0|in
Tabl e 1. (Fhe—<copyerston at-A—efd o—pytrote—funetiona-ties 100 %
in both Fyrroléjand N—nenﬂ?Fﬁylp bR eégxﬁ%ns; ﬁgﬁgvel, tthe firac Fon of
pyrrole [Fingg gpntaining TWo PblgRagl npoAS| Mughsfi gher ghar| T njgdie
reactionfinvolving N-_nethylpyrrole. [These findings are signilficant since
the propertiesd-bf the ﬂﬂﬁEhnGhMpMudb dh@ﬂiive &ﬂé8highlﬂjdependdﬁt om the
nunber oft—substit+uents rectly—bon to—+h er . g
Furthermpre, v situ fﬁ%%¥} ﬂgﬁp Eér1Q&1$1P+sgpg?|tuteéjpyrrolé% (ghar ge
ratio of [quenghgf7chain end TepRLRced™ A8 [ Napp31 0) [Pr GEIUCES n@%erldls
with a nolecul af _wei ght distrithlon (MVML), MAD,_lless than
(Exanpl es 1 aBdli ). HoweMethyltsiapidnes (k0L ,| Ex@lpTes|A-AJ B-[0, & C0)
whi ch i | [lastratefd—ecoupled—Ffracti-ons—i-n—the-BPCtraces—exhi-bitedMADs
greater t/han B-2ah. Fron1§ﬁﬂ§hugwﬁpmpt i Q0131 bar OPR%t n Btu 33
functi ondlmZap@p of TTving or qu@ashi|l V0.6% catlggh@ polryngrizati gfg wth
appropri ate quen:h ing agents can yielld nonod] sperse, felechellic materijal s.
[0079] Using CH NVR, i nt egraMethypfemi adﬂmé of t0e5¢esonarddes |assded at ed
w th theturettphratzed—end_gropps alveteo—thosefor—alH—echain—end
protons Were Freht ed usiﬁ%“ﬁﬁ)éla Bﬁql q:%i uatpgﬁgl Apls- R(PI BOX)
Atert-cl [FAexXg FNda0FAPT B fyrylacetate | 0.015 0.084 U 0

C-4 Furfurylamine | 0.015 0.058 U 0

C-5| N,N-Diacetylfurfurylamine | 0.120 0.109 U 0

C-6° 2-Furanacrylonitrile |  0.120 1.224 U 0

* Qualitative shape of refractive index trace acquired by GPC: B=bimodal; U=unimodal;

® Percent yield based on fraction of PIB-Cl converted to functionalized PIB as determined by "H NMR.

® Reaction conditions: Hexane/MBCI 60/40 v/v; temperature -70 °C; [chain end]=0.06M; [TiCl4] =0.018 M;
[2,6-DMP] =0.01 M; [IB] = 2.0 M; quench time= 15minutes.
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[ 0080] where AplB x is the nornelized area associated with characteristic
proton(s) of the quenched product (e.g., Ap B-x/3 for N-nethyl pyrrole),

A ,0 is the average area of the two olefinic protons of the exo isoner
(4.85 and 4.63 ppn)I and Anddo is the area of the single olefinic resonance
at 5.15 ppm ABSMLISA-Gas cal cul ated according to the fol | owing
expression: At cl &, = e BD: 15 =1 17 lrS the
coﬁvol uted, i n[tg{e}ggg’r]at egmglfﬁégp@se i-[(l)%@gélggm\i@\en? ﬁﬁ%@%?ﬁ@ Ijadgglggl%lnsétsgff t he endo
and tert-Cl ohabchiegidiels(vierébondutied Dsipp ahalogdO §h¢nching dgantspTheedur es as

above were carried out. to prepare Exanples 2 and 3 _as | I .as conparative
Exanpl os A-0 tHPACGHAcoRs Bl ayishhsTeachons Has semedius Mo fisrfollawineneriong
Agent (M) QA (dkhi@Aioh) OGeCH Mifesholre THSOTHIPOHRITOAAE 19618903004 15QU100
21- Fur furyl pyrrol e0. 0300. 165U100 31- Furfuryl pyrrol e0. 0070. 040869

A- OPyr r ol 0. 013¥PH#081 06 [RB 1204 M e HCigy termplersture 1 BD QS MIRC1=0.024 M;

B 12. Wt hyt 1 EROn L e 205 kbe & S5 TRAENTPFR; Ohcitn 160851 Gugngenine
C- OFur an0. 015QqR4eB10 thikuids2atide 0B YA EativardnEIR, £904¢hAdndition. NMR and GPC

C- 2Fur furyl al cohol 0. 0150. 058U0 C- 3Furfury| acet at e0. 0150. 084U0 ]
C- 4Fur f ur yl ani W&o ueprdo chasatterize thapmedmyrts ard e dateats Yatethinkable1204s otheo

C- 6¢2- Fur anac g&é@gﬁ&j%{ﬁ%@%%ég%%%ﬁ laeF‘ ?%Fé%@%%hﬁgﬁémfthﬁﬁ%%%glve

i ndex trace acquire
samples (Examples 4 and 5). Comparative Examples A-3 through C-8 were also

prepared in accordance with this method and the results are presented in Table 2.

[0084] Table 2

Example | Quenching Agent QA |QA(® |GPC | % Yiad®
(QA) M) Trace® |Rox1' | Rnx2?
4 1-Methylpyrrole 0.048 |0.12 U 20 60
5 I-Furfurylpyrrole 0.012 | 0.05 U <5 <5
6 1-Furfurylpyrrole 0.048 |0.21 B 32 -
A3 Pyrrole 0.048 |0.10 B 15 50
A-4 2,4,-Dimethylpyrrole | 0.048 |0.14 U 0 0
A-5 2,5-Dimethylpyrrole 0.048 |0.14 U 0 0
B-3 Thiophene 0.048 ]0.12 B <5 78
B-4 2-Methylthiophene 0.048 [0.12 U 70 100
B-5 3-Methylthiopene 0.048 | 0.14 B 5 84
C-7- Furan 0.048 |0.10 B 8 90
C-8 2-Methylfuran 0.048 |0.15 U 20 100

"Reaction conditions: MeCl ; temperature -45 °C; [TMPCI}=0.024 M; [BCl;] =0.50 M; [2,6-DMP] =0.01 M;
[1B] =0.6 M; quench time= 70 minutes.

?Reaction conditions: 1,2-EtCly; temperature -10 °C; [TMPCI]=0.024 M [BCl3} =0.25 M [2,6-DMP] =0.01
M; [IB] = 0.6 M, quench time= 70 minutes

# Qualitative shape of refractive index trace acquired by GPC: B=bimodal; U=unimodal;

® Percent yield based on fraction of PIB-CI converted to functionalized PIB as determined by NMR.
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b Percent yield based on fraction of PmC converted to functionalized PIB
as determ ned by 1H NMR  Reaction conditions: Hexane/ MEC160/40 vl v;
tenperature -70 C, [chain end]=0.06M [TiCl4] =0.018 M [2,6-DWP] =0.01 M
[1B] = 2.0 M quench tinme= 15m nutes. 29 Exanples 4-6 [0083] Simlar to the
met hod utilized in Exanple 1, two additional sets of quenching trials were
conduct ed ggifg.anal ogous quenching agents. The polynerizations and
guenchi ng reactrons were carried out under the follow ng sets of

condi ti ons{008B5] Mc G 2 It npdirogtbur Rask 4&s Chilled MRPCO]" €0 Chadrelto thBElask wefe 50 M

2,6- DWP] ,=0.Q1 | B], = O. 2). 1, 2-EtCl 2; eragure - G

| TipcL] 0. 68k of irdray? negasss 300 L talibpicmeby SOTIRr 2f 6 BoM  The ti e
al | oned foemafm,amﬁ%et@%ﬁtﬁe (FOPTL) Y8l b feolhti@iBe 4naQBY Rf1Sben of 1B, for
each condition. NVR and C were used to characterize the products and the

data are | pshydeousnsobatsne (IB). Abe palutidrewagntioned ders! Soximiprise Polymiemaatidn sanpl es

Compar at | vELERITALE s QTG RN B coBREE RRetpiPles 25 AaibPhance wi th
thi s net hod-ragillyltpyeroleasall dddedioryuph@SiBB beNmchzAtedl @dAllok P Bbactasy 1 2

Exanpl eQuenchi ng Agent QAQA (g)GPC% Yield b ) {M TracesRnx 1' Rnx 2
41- rr|\/¢Et hyl pmléﬁ%t@.tgfzrslw chme zestbeoﬁil;& PRy p ?ﬁ@t geaption 126 minefs

2-1 Zg?x ' Al ﬁ%@s@%"éﬁi’%?éﬁ%%?mﬁég%ﬁ%%%%3853 ?gPeO. 0480. 14L00
B- 3Thi ophej@86D48 RolRBst37BpBs 42rd\iitiayled ioapihe AERuEAAAnttARIAGA1GOaction

B- 53- Met hyl .t hi 0.0480. 14B584 G- 7Fur anQ..0480..10B890
C- 82- Met thfn&% o Qf&&g@éﬂdj@f@g@@e sgl;ntzllat{on v?als containing 10 mL chilled,

anhydrous MeOH. These samples were subjected to GPC analysis and NMR
spectroscopic characterization.

[0087] The final PIB-substituted-N-methyl pyrrole was dissolved in hexane. The

organic layer was washed with 5% v/v HCV/deionized H,O solution, washed with pure
deloinized H,0, and dried over MgSOy. Solids were filtered from the solution and
hexane was removed by vacuum distillation to produce the final product. The product
had an approximate molecular weight of M, = 1,300 g/mol and 'H NMR analysis
indicated that 100% of PIB chains contained N-methylpyrrole structures.

Example 8
[0088] A 250 mL roundbottom flask was chilled to -10 °C. Charged to the flask

were 156 mL of anhydrous methylene chloride (CH,CL), 1.18 g isopropyl alcohol,
0.24 mL 2,6-lutidine, and 36.0 mL of anhydrous isobutene. The solution was stirred
for 15 minutes. Polymerization was initiated by adding 5 mL of BCl; to the solution.
After 65 minutes, 3.10 mL of N-methylpyrrole was added to the polymerization and
allowed to react for 70 minutes. The quenching reaction was stopped by addition of
20 mL of anhydrous MeOH. )

[0089] Polymer samples were extracted from the mixture at intermittent reaction
times and were added to separate scintillation vials containing 10 mL chilled,
anhydrous MeOH. These samples were subjected to GPC analysis and NMR

spectroscopic characterization.
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Reaction conditions: McCl ; tenperature -45 C, [TMPClI]=0.024 M [BC13]
=0.50 M [2,6-DMP] =0.01 M [I1B] = 0.6 M quench tine= 70 m nutes.
2Reaction conditions: 1, 2- Et Cl12; terrperature -10 C [TMPCI]=0.024 M [BC13]

=0.25 M [2,6-DwP] =0.01 {? guench tinme= 70 m nutes a
Qual i tativd08¥pe &he ﬁéﬁ‘era{Etﬁu %lt‘ﬂtﬁ@&mpﬁlé( ak‘quwéﬁowd@t;e@ebﬁh@dal

U=uni nodal ; 8
functionali zg ¢ a%&’;\ga%\!gsg ?%Qﬁg§%9ﬁwgd&?%g (ﬂoﬁﬂ%g@ﬁéﬂ ‘{qg{j{&rg
r oundbot t ondefdimigéd Mg, a:ﬂldkﬂeédvercMgS(m Golidk axregeaﬂltttred fibm the aslktioveared 460 ni

of anhydroys hexane, 307, nL of an r ous net chlLoride, 21.24 g of 2-
ohi or o2 4IPS eV HYPBEHE BHE A F00n togoqice SpRleraiiee. and 161 . of

anhydrous i sobutene (I1B). The solution was stirred for 15 m nutes.
Pol ynmeri zation was initiated by adding 47 nL of TiCl4 to the solution.
After 3 bBxampie®. Deposst (antrot Evdluatisnhyl pyrrol e was added to quench t he

| d.all th
Ponet: onat 198 no e SHEvh IS 6t Plnaoitnufl S aB b oL R a0 ous Mook
was added, @mel)taberepadtin BRaile 7 #RA9esent H98GIonRedsHIRIde8 APALBEnIRIE

extracted fromthe mxture at intermttent reaction tines and were added
t o separ at dissteppdif qonire} epnaityteged Bramad nI MECHR SinsleGylindsg Enginafgstr ous MeOH.

These sanplg re 1&% ﬁﬁl Qpi c
characteri z[aﬁgige {"ﬁ%&gﬂﬁ? tlie%sﬁ?(;a?f@eé%dbéﬂi‘? %ﬁgd'@@agﬁ%ﬁn%%arsr ol e was
di ssol ved iedeRahaun Wae careied ami for | Rly@rs, i thewns b€ drhidhtthn Sfientdke valve

HCl / dei oni zed H20 sol ution,. washed with pure_ deiqQinized H20 _and dried

over MySO4.Vasgpmauedasiaghed;withshexang W?lﬁléeds oihgreroushadeterauneeweight r enoved
by vacuum t ﬁ %g& had an
a);;pr oxi mat ceuﬁrrlrtl)é Ael%: “a??%v\‘}é%géﬁ? Q%éﬂ&pﬁt?lﬂ%é‘h&g%t &;t?r% ari&ﬂlga anal ysi s
| ndi cat ed thetweehG9tvaf wekls chthe meight nf ﬁmemleprN- rfeleksel pywonuat of dspositct ur es.

le 8 [ 008 to Iask was C 0 C. Charged
Co the f1 adkeaste indiees oo Ay 8. the ArsttEietiinens PebS et 1 B8
i sopropyl abpehglwaterGackét t@inpgnaﬁrré of I(ﬂ] WS m M| BéacBumlorad i HY: AiOfe]

i sobut ene. The solution was stirred for 15 minutes. Pol ynmerizati on was
initiated bgtiaeldlZ:demtion sperk Bamg of 400 B Cs engine epeed of 1,800 1pm; the

crankcase oil was a commercial 30W oil. The amount of carbonaceous deposit in

milligrams on the intake valves was measured and reported in the following Table 3.

TABLE 3
Intake Valve Deposit Weight (in milligrams)
SAMPLE RUN1 RUN 2 AVERAGE
Base Fuel 204.3 192.5 198.4
N-methyl PIB pyrrole | 131.7 134.6 133.2
[EXAMPLE 7}

lso ppma (parts per million actives) of N-methyl PIB pyrrole and 50 ppm of a-hydroxy-.-4-
dodecylphenoxypoly{oxypropylene) having an average of 12-13 oxypropylene units (prepared essentially as
described in Example 6 of U.S. Pat. No. 4,160,648) carrier oil

[0093] The base fuel employed in the above single-cylinder engine tests was a
regular octane unleaded gasoline containing no fuel detergent. The test compounds

were admixed with the base fuel to give a concentration of 50 ppma (parts per million
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After 65 mnutes, 3.10 nL of N-nethyl pyrrole was added to the

pol yneri zation and allowed to react for 70 m nutes. The quenching reaction
was stopped by addition of 20 mL of anhydrous MeCH. [0089] Pol ynmer sanpl es
were extracted fromthe mxture at intermttent reaction tinmes and were

added to ségtiear o thePH-pybsiutedNvghdpere andihgpmef mthygiitred- anhydr ous

char act or 1 S9TE SR eI PGBy RoREE epinet B0k 54 - B S GSREGS o1 < s
di ssol ved i(refpezdesentiblig as ésgabedCin/ Bxpmiplendist Wiss Pewd Nol 4,h160848Y a¢ a

HCl | dei oni zed, H20O sol uti on, washed with pure deioinized HO and dried
over MySO4SU8ET Pits were fi ltered fromthe solution and hexane was renoved

by vacuum | i Deposi t
Cont rol Bl Gl on 1G0GT TR Sk rRRlonB pEke RPIBEIY, ¢ Lt e

N- et hyl py proviided byl the-fuheB3@Glized prdjhera st fhegpeseatinientiEx anpt & a7vearf ldvne present

i nventi on was nde soILne it.s deposit.contro acity tested
in an ASTM @Eﬁn@ g“ﬁx% @tl%ﬁtgatfggfogmﬁmt ?Hﬂ%&#tﬁlﬁ?ﬁ " the
tests, a Wbpk w@e%ﬁlcﬁﬁlﬂﬁhﬁaﬂﬁde%%n@ﬁﬁbne was used. Each run was
carrled out for 15 hours, at the end of which tinme the intake valve was

renoved, washed with hexane and wei ghed. The previ ously determ ned wei ght

of the I bt act i ght .of .t al.ve. .The

di ffer eﬁk% 495 \%’d}f\%]engt X agf’rslol SOIP’W% M\Aﬁ'%ﬁtsu %d ?mqld% | esser
amount of ¢ESHi t Tma@ﬂﬂegassmga@g&mmﬁvasssmamdda@dgbf&'@% Pthgh operating
conditions of the test were : water jacket terrperature of 200

F.: mani f oFRrest cefakveirang so Fh*rg Wﬁgaddﬁil 59 paglacial aqqh@a@qd hen BRRie(P8n spar k
i f f
comrerci al TR o1 S AP SRRl dol OB il G RAERTGY bl (VBC 9,

t he int akeWOﬂ@mmstamdd&d éldmamttmepmseledasltheﬁ fiachal foavarg Tabl e 3. TABLE
3 I ntake Val e aﬂéﬁﬁé tﬁt @iﬁ)l nmili gramsI} Al\/,ll?ﬁERUN 1RUN 2AVERAGE Base
Fuel 204, 315985908 SR TUPHY PISPEGEPYIEwes agplicd. ThoTeackion was

hydrogenated at 25-30°C for 18 hours. Then the reaction mixture was filtered and

toluene added. The product was washed first with 20% KOH in water, then with
water, and then the product was dried over anhydrous MgSQ;. The product from this
reaction, the 2-and 3-polyisobutyl-substituted N-methyl pyrrolidine was characterized
by positive ion electrospray ionization mass spec. ESI-MS. The ESI-MS gave peaks
at m/z of 366, 422, 478, 534, 590, 646, 702 etc. which are characteristic of the
ammonium salt of the desired product with the following structures:
CH3\

N

CH,
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131.7134.6133.2 [ EXAMPLE 7]' 1 50 ppma (parts per mllion actives) of

N-nmet hyl PIB pyrrole and 50 ppm of a-hydroxy-c,a.-4

dodecyl phenoxypol y( oxypr opyl ene) having an average of 12-13 oxypropyl ene
units (prepared essentially as described in Exanple 6 of U S. Pat. No.
4,160, 648) carrier oil [0093] The base fuel enployed in the above
single-cylingﬁgﬁﬁﬁ ine tests was a regular octane unl eaded gasoline
containing n detergent. The test compounds were adnixed with the
base fuel to give a concentration of 50 ppma (parts per mllion 32 actives)
of the PIB-substituted-N nethylpyrrole and 50 ppm of a-hydroxy-co-4-
dodecyl phenodypol 4 frsthask foppreparn s dreinisity telechalie palysieo funtBerdizekypr opyl ene

units (prepared.essentially as describped in Exanple 6 of U S,. Pat. No.
47160, 648) ne. o YRR HItEPoRT G SRS wh e ROTa S GUPRE: o 1 he
reduction in intalkenypdlyRerppattlos a téimvdl doedchrité ehdin'Bed bonal i zed pol ymers

of the present invention even at a very low concentration. It is further
antici pated that dakacaiemaarasiiving ptiEmer prgdedt in the presenerpfla-LawiBagidy r ol e

woul d further enhgﬁﬁ e - Hydrogenation -Preparation
of Pol yi sobutyl -su s???ﬁ#%%hﬁ%§§§H§F§§rr%ﬁyégne [0095] To a 50 nL gl ass
hydr ogenati on vessel was added 6g of 10% Pd on charcoal catalyst and to
this was added 59.5g glacial agetic acid. Then 8.02g (6.2 nmol) of a 50150
m xture of 2-and 3-polyiso NW - substituted N-nethylpyrrole (M = 1,300
g/mol) was added. The react|i on vessel(@RR,j-hFerxattached to a Parr

hydr ogenat or and 50 psig hy pressure™was applied. The reaction was
hydr ogenat ed at 25-30C for 1 urs. Then the reaction mfetromdelwas filtered
and toluene added. The product was washed first with 20% KOH i n wat er,
then with water, and then the product was dried over anhydrous MJSH. The
product fromthis reaghdréii; the 2-and 3-pol yi sobutyl -substituted N nethyl
pyrrolidine was characterized by positive ion electrospray ionization nass
spec. ESI-MS. The ESI-HmngRearpiidrpendgathnineaet -(SB6R2)4nit selqged 34, 590,
646, 702 etc. “h”ﬁ%ﬁ?@ﬁfﬁﬁﬁéﬁéﬁﬁﬁk@ééﬁl%%lﬂ?ﬁfh%g??%5egkggﬁﬁaﬁﬁw5he desired

product with the

m 1s an integer from 1 to 20; and

X is selected from the group consisting of hydrogen, alkyl, aryl,
alkaryl, alkoxy, heteroaryl, nitro, ureido, -OC(O)R3, -C(O)R4, -C{O)ORs,
-C(O)NRgR7, -P(Rs)3, -P(ORyg)s, -SR 9, -OSO;R 1, and -S(O)R1,; wherein
R3 is alkyl or alkenyl; and Ry, Rs, Re, R7, Rg, R, Ry, Ry}, and Ry, are alkyl.

2. The method of claim 1, wherein the quasiliving polymer product is formed
by contacting at least one cationically polymerizable monomer with an
imitiator, in the presence of a Lewis acid and solvent under suitable

quasiliving polymerization reaction conditions.

3. The method of claim 2, wherein said initiator is multifunctional.

4, The method of claim 2, wherein said initiator is bifunctional.

5. The method of claim 2, wherein said initiator is monofunctional.
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n 33 CLAIM5S : 1. A nmethod for preparing an in situ tel echelic polyner
functionalized by having a heteroatom c chain end group, conprising
guenching a cationic living polymer product or a termnal tert-chloride
chain end of a carbocationic quasiliving polynmer product in the presence
of a Lewws acid, wth an N-substituted pyrrole of fornmula | formula I

vher el FLGEN 1 o DASRSDISOAL . Gt B! Bl b0, O

the group consisting o ydrogen an in
is an integer frawndistitg dR-cllow-Kphenysgbpaiced abeton? phenydpopimesonsi sting of
hydr ogen, al kyl, aryl, alkar¥l, al koxy, heteroar nitro, ureido,

I,
"0 O Ra. - O) ReToReh ety REmy Ry RopRRb U hoxp kB3 T penr} shoxBR1 0,
- OSO3R11, and - §( ; hHel <YER 2 3 R4, R5, R6, R,
Rg, R9, RIO, Rll,p@gﬁ%lgﬁ)f érehg?rﬁ%’%’gif.i’!”%lé’lp%é?a%’?g%‘%lzgﬁgﬁ 1, wherein the
quasi | i vi ng pol yremefgryipintine) 5 pfopionyth2, 4 trimeth elpentage, dtméthast-2 dre
cationically polyneri,zabl e non r.Wwth an .injtiator, in the presence of a
Lewi s acid and sd:f‘{}’éh}ﬁliﬁ?gﬂé'ﬁ ?@%ﬁb?’@"gétﬁg@ﬁ YIRS yeri zati on reacti on
conditions. 3. The nethod of claim2, wherein said initiator is
mul ti functional. 4. The nmethod of claim2, wherein said initiator is

bi functional 7- 5. Tieenetbedhobtlanyfonglodichairis 2 whérehercindhelatileast bt or i s
nonof uncti onal . SC%ﬁG.ic;Iipe gEt hodb f claim.5 vvhe(gle_ri n ﬁhe initiator is
sel ected from t h& YPBEE'Y RGABFLAPIGEROBL R DF LT RAAY FFB Sanstng
2-acetyl - 2- phenyldfigpaas, ZmeiyPRibutdte; £niaeINLRiORAASethyl-1-pentene,
2- met hoxy- 2- phenyl propane, 2-ethoxy-2- phenyl propane,
2-chloro-2,4,4-t r@ﬁé’FE‘yﬂlb@m ane, 2-acetyl-2,4,4, trinmethyl pentane,
2-propionyl-2,4,4-trinethyl pentane, 2-nethoxy-2,4,4- trinethyl pentane, and
2- et hoxy- 2, 4, 4-tri met hyl pent ane.

8. The method of claim 7, wherein the at least one cationically polymerizable

monomer is isobutene.

9. The method of any one of claims 2 to 7, wherein two different cationically

polymerizable monomers are employed.

10.  The method of any one of the preceding claims, wherein the molecular

weight distribution of the polymer Mw/Mn is less than 1.5.

11.  The method of any one of the preceding claims, wherein the N-substituted

pyrrole of formula I is one wherein m is an integer from 1 to 6.

12.  The method of any one of the preceding claims, further comprising
contacting the functionalized polymer produced by quenching the
quasiliving carbocationic living polymer and N-substituted pyrrole with a

hydrogenation agent under reactive conditions.

13.  The product produced according to the method of any one of the preceding

claims,
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7. The method of any one of clains 2 to 6, wherein the at |east one
cationically polynerizable nononer is selected fromthe group consisting
of isobutene, 2-nethyl-I|-butene, 3-nethyl-I-butene, 4-nethyl-I-pentene,
and beta-pinene. 8. The nethod of claim?7, wherein the at |east one
cationically polynerizable nononer is isobutene. 9. The nmethod of any one
of claims 2 t9 rent cationically polynerizable
nononers are enplo?ggbg%ghhﬁﬁeﬂhﬁﬁﬁbd of any one of the preceding clains,
wherein the nol ecular weight distribution of the polymer MV Mnh is |ess
than 1.5. 11. The nethod %ﬁfﬂn of the preceding clains, wherein the
N-substituted pyrrole of fdr I is one wherein mis an integer froml
to 6. 12. The nethod of aLy one of the preceding clains, further conprising
contacting the functiongth ed pol ymer produced by quenchlng t he

quasi |l i ving carbocatiogic |1 ghd N-sybstituted pyrrole wth a
hydr ogenati on agent unfler rgaq _AI3._Th pr oduced
according to the nethoa 7 i inmg 35 14. A
conmpound of the formula: whereix: ’ nt\y in each

-(CR1IR2)- unit selected fromthe group tonsistrng of hydrogen and al kyl
fromCl to C6 carbon atons; mis an integer froff to 20; and X is
selected fromthe group consisting of hydrogen, alkyl, aryl, alkaryl,

al koxy, heteroaryl, nitro, ureido, -OC(OR3, -C(O R4, -C(O)O?S,

-C(O NR6R7, -P(R8)3, -WiarRg9)3, -SRlo, -0S03R11, and -S(O)R12; wherein R3

:als k;: !<yl aﬁ{j ﬁl |k§me/1|n i nt eaé@?h r%mdﬁpﬁnde%ﬁ ea‘i% (C‘HF\% Sﬁ%%ﬂﬁ% %Frg%’lzaﬂnem
wherein Rl and R2hap@upyehgghig. of hydrogen and alkyl from C; to Cg carbon atoms;
m is an integer from 1 to 20; and
X 1s selected from the group consisting of hydrogen, alkyl, aryl,
alkaryl, alkoxy, heteroaryl, nitro, ureido, -OC(O)R3, -C(O)Ry, -C(O)ORs,
-C(O)NRgR7, -P(Rg)3, -P(ORg)s, -SR g, -OSO3R;, and -S(O)R,; wherein
R3 1s alkyl or alkenyl; and Ry, Rs, Re, Ry, Rs, Rg, Ryg, Ryj, and R, are alkyl;
and

n is an integer from 0 to 2000.
15.  The compound of claim 14, wherein R; and R, are hydrogen.
16. The compound of claim 14 or 15, wherein m is an integer from 1 to 4.
17.  The compound of claim 14, 15 or 16, wherein X is hydrogen.

18.  The compound of any one of claims 14 to 16, wherein X is heteroaryl

selected from the group consisting of furan, thiophene, and pyridine.
19.  The compound of any one of claims 14 to 16, wherein X is ~-OC(O)R; and
Rj is alkenyl selected from the group consisting of ethenyl, n-propenyl, and

iso-propenyl.
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16. The conmpound of claim 14 or 15, wherein mis an integer from1l to 4.
17. The conmpound of claim 14, 15 or 16, wherein Xis hydrogen. 18. The
conmpound of any one of clains 14 to 16, wherein X is heteroaryl selected
fromthe group consisting of furan, thiophene, and pyridine. 19. The
conmpound of any one of clains 14 to 16, wherein Xis -OC(OR3, and R3 is

al kenyl sel eghed g&ﬁ[ﬁﬁ% i $f:1 tnﬁ | . and
i SO- propenyl b36 TZTE) e%ggﬁg%n‘g%?"gaﬁfi‘ggﬁg‘ﬁé a%ﬂrln? 1{9{9 n?&%g%o{/r\}nerel n n
is an integer fraolto3Xk o 500. 21. The conpound of claim 20, wherein n is an

integer from3 to 260. 22. The conmpound of any one of clains 14 to 21,
wherein the pyrrole is 2-substituted. 23. The conpound of any one of

claims 14 toj3l, W&Aﬂbuhﬁ‘%f&)iﬁﬁQbewl'le?em%éﬂlli’ﬁftéégonsgh 3 ket fuel

conmposi tion conprising a najor amount of hydrocar olling in the
gasoline or di esel range and an effective detergent anmount of a conpound
s, 14 to

of any one of fu sitian acc rding to claim
24, wherein t%e no ompgpngvg?mone%hf%rgsgé%gﬂpﬁﬁw{egnﬂ}? t‘rlzinge of from
about 500 to 5, 00Rsub3#tuted.

23.  The compound of any one of claims 14 to 21, wherein the pyrrole is
3-substituted.

24. A fuel composition comprising a major amount of hydrocarbons boiling in
the gasoline or diesel range and an effective detergent amount of a

compound of any one of claims 14 to 23.

25.  The fuel composition according to claim 24, wherein the molecular weight

of the compound is in the range of from about 500 to 5,000.
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