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| N\VENTON [ 0001] The present invention relates to the manufacture and .
synthetic nethod for producing nonodi sperse tel echelic polyners through
cationic polynerization of a suitable nononer under |iving polynerization
condi tions and quenching the polynerization with an N-substituted pyrrole.
These functionalized polyners containing N-substituted pyrroles may be
enpl oyed as fuel additives and/or [lubricating additives. For exanple, in a
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,cont rol l ed catignij C%P yneri zation requires specialize ens. The
instability ¢fataipingiN-pebsttured nyyrodds ma)damﬂdeyndmﬁmmﬁldﬁaes bmd/at es

" undesi rabl e uch as | ecul ar. chain transfer to nononer,
a-proton el |Ir§l1bﬁg tirng%ﬁﬁfn‘?zass carrt?é?‘irflﬂlr?‘i]in elrcé’a?ﬂ"éWQBr?éllﬂ TICAHRg  whi ch | i it

the control angrositive, arhiadadditiplsyaRidulaty RBR11 asTY Bkt ehﬁldm}ké?]{'}’mtt egperatures
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cgied sMbpdimanppf this invration eplaigatd mgolyxanbmtyEN( typically
substituted pyrrole prepared via carbocationic polymerization.
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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 Witﬁ 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 Jess stable and therefore,
controlled cationic polymerization requires specialized systems. The instability or
high reactivity of the carbenium ifons 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 (typicaily by
1



appropriate choice of counterion and solvent system, use of additives to
suppress ion- pair dissociation and undesirable protic initiation, and the
use of high-purity reagents to prevent the deactivation of the carbenium
by heteroatom c nucl eophiles (such as al cohols or am nes) are often

required. dipweviate, chbice ofieounzdrivhiantl yolvehtagitemy,iee 5§ 5ddiRes 16 AlfpRdy Gon-
pol ynmeri zatiop can. .di %Ell ay liying characteristics. [0004] Through these
|i ving catheFrfiEsoepuenand undssitagls otpmtiationzanditamussaf bigh-pwihreagehtsd t o

vield tai lopabeRhy Bk iohd Al Guinfh 66 YL @Loa B0 RL A SHEL PUL) gns and

precisely controlled nolecular weig cro-ar &hd group
f unct i onaldleopols@sntminks) @d often fegnired. pbyewsr) if ahd eRefufy eeldae RGykembe

achi eved under. condi.tions in. which chain end termnation is reversible
(quasi | i vif 0138388’{1168171@3“&%Bls\é\ﬂﬂ;é’i‘}gﬂa@cfeéléfé‘tsi ons such as chain transfer

and wat er -[pgid]i at IRRBu &ewﬂﬁﬁ$§zﬁfoﬂjc s@steﬁ{sﬁé’&ﬁﬂﬂig:lﬂﬁlﬁ%\fﬁ%@ggmoge l'iving and

quasiliving polynerization is the opportunity one-pot In situ

f unct i onalcPpieliaskio yield tadorsdipplymrerbwith @antwamledfuldrvesi glitdishgbaivak Aan@nds  with
an approprji at nchi eagent. . Hi storically, commerci al '
funct i onalpir%étst%ll)g%)%gf)ﬁed;@f’feﬁﬂgr Y8kt qHeferareate %?eyﬁ%‘? §giguBeen a conpl ex

mul ti - st eguptioasss. Cbﬂffﬁléﬁ%atioxﬁ@ﬁ@@ﬁﬁh@éﬁdngﬁfe%ﬁ%@% Qé‘a«%ﬁedep ut&
functionalization could reduce the'tine, energy, and overall "cost

associ at e@ouiiaNs A&V hirhothaint dndrierofinaion is reyerfsitd¢ (queslliving esndifionis)axanp! e,

pol yi sobu - il dispersants are i cally.produced by first
~ pol yneri zituﬁggsnliagigg%tcg%nes S?‘FIB}% n %Mf%ﬁn@@qrﬁmpé}% He EERPTHERdi Bobut ene
A PIB), reaetiendpushevdiidpe ofititingrml eussighy golvientai PR~ SHCEI Al C
. anhydri de {(lPI BSA) , and%te hen rsact ?ngl P %gAwg\ﬁ_lh é"lgifﬁg"a A B a
Pl B- succi ARG s fuctippalizafion of thepolymepley raetion ofdhulivieg chéineadsynt het i cs

steps; eaghnhSh SO fifpha Len condi t.ions and,. exhihits |ess
than 100 % yi e%gﬁmﬁjo%él%sﬁihw ngé%%ﬁyfé%%ﬁ%a 0l ﬁﬁ?fl}eé‘f%fﬂf‘%“"éﬁi}zmn ri zation
during whbtland fiedpddititd mrlymers beeben\d dofplemeniciteShratesal HodfeRknat i on and
chain transfer aqd talhus /i el g% polymers retaining (virtually indefinitely)
thei r abi FYTSRCE APRemGRiaHeR ohgigndrnctighaivation coud reduseitholtines enargyhe

system  ThiEoRearEdsPisks@atbd withl g i aAGhYal ppysliens and s
appr oxi mat ed herei n by éaﬁasrlﬁl}lv%l%ggﬁt{?g%gtoﬁgﬁg%Peéga‘y%}hg?ﬁ‘ 75t i)éﬁﬂnplf’Q_CCP) :

- whi ch i ncpalpissbwbre-rasgt aiviisparedynesitgrtdllynsoditad bpfies @eHmdizidye absence  of
irreversible chai reaki ng %rechani sng urigg[ the effective lifetinme of
TONOITeT ggﬁl&tﬁ[ﬁ%{lﬁ) form an Slefin-terminated polyisobitene (PIB), reacting the PIB

with maleic anhydride to form PIB-succinic 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 supplied 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

2



10006] Wth the advent of carbocationic |iving polymnerization and QLCCP,

there have been attenpts to functionalize these living polyners. The
extent of success of 2 these attenpts has been directly linked to the type
of nonomer being polynerized. Sinple one pot (or in situ) chain end

funct i onalthesatitemptsfhasibeen direaity linedaarHeagmd dfanbomTDRRFRISymerig. | sobutyl

vi nyl et he% an OCﬁ{JI’ _usi n% i.oni ¢ _nucl egphilic quenching reagents, i.e.
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(1987) . HoMenepfers ek hoBig1 {indCdth@nah Z2k Rk q9r§§ ﬂ&%o@ﬁﬁyrué’x\@: ot hese
reagents are added to |iving polynerizati or% 0 ess fTeactive noners such
as i sobut ypageats, ikpdwthanek, alklyl lithoiny nicPiSepamotbnetral. hewwmobeales, 8642) , 492
(1994). Addig-ion of these r ents .at. the end of polynerization resulted
i the cotbuthbt Faietie Shad <o ddroratizZfion fes Bocacrit MO Bse wngcrdt w91

chl ori de qiaddwodives Pyh&e-86h bF BIPMhAMVENorRIR) surcﬁtaF'%robﬁ o, Kdgy desi r ed
nucl eophilic substitution. This represented a trivial res since QLCCP of
| B pr oduc&bak Behmglrienn. iderer.cllierny iSoop3s@hyiaay19%43 Additioeof tteensagegnce of the

i nh t, Lble terninati hani smi.n t | i zat |
syoten.  FoBE I BLRUTmERARoR T BRe BTG Ao plin o Bes-Rhst Sybheal |y been
at t enpt ed foranogbf rer Pk B @fdelMBIGIANG thi Pblyidb O fend 'eﬁréggaﬁi

l;}ji glg,ITﬂaﬁn situ _
functionaljzatjon by quenchi n]{gmi Most past "effortsS to prdduce functionality
by quenchithfglesme ophiicisybstitations Trasrepresentests ivibl mesit sewetQLECR of

Bul |16, 492 FbE Bl MEERER it 85 otk cibaer evktri & s

.conposed  peviensible keymafatico breahinioh Gv@ess fIyméRaAbN§ed)s chai ns. Thus, nost
-added reagqep%f, particularly st rong nucl eophi | es,” quench the Lewis acid
an 12

co-initia Fanseensfigation afguasiBying PUk bag typicalish bean atiempbeal throapidl .
Tert - chl oy : J a.di spersant / detergent for

| ubri cant EH e;{%aQ?uthZor%Egm?%&g%\x}F%}g%n{ §PL %Jrngglg%ar%lszaé%bggﬂﬁ%@g]t“ﬁei T presence
may decr edst pdsecliditeiopradne fimotibnalitnby qhdrichigg 9P Qhiasilevifg ehdiy hRNQI ne

i ber at | ngERnd (i 169 e st Blrive Bliba. feesmalut acdematehi (15t ne

i Scover y U hok R AR LS N OKE" U8 ekt R BT o' T ng
pol yi sobuPiB srempdesdorinmaily odamant (rbversiblyliemisated)idhalie! Thas, hedst i S

2:}533/' 3'; gg%(g(%fi %Qa%legtg,%a%?aila@b%{h%h&lhﬂar (f)a}g%]g:s,g]rggﬁ/cihiing ]%e*!wiisveic?c? col?llngimrt hallylic
and therefore yield only the fert-chloride chain end. Tert-chloride 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, terz-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

allylirimethylsilane (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 sifu with suitable nitrogen compounds

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



related U.S. Pat. No. 5,580,935 teaches the use of al kyl silyl pseudohal i des
as quenching agents, thereby adding to the choice of chem stries. However,
functionalization of the cationic polymers in situ with suitable nitrogen

conpounds [(B8] U> St (AARE SRRk @S MELALIPHRSERPES BRI Ve 3
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Similarly, Tvan in WO 99/ 06074 HELG 2%’?39({%%%?"86 %ﬁgg{ ?@?Zh? B with
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have now found that there is particularity of the aromatic ring, the
subst i t uerfoghesgoulshbe ¢meplpyeidio quenetednd effectivaly fipotipndlize QECP BEB subst i t uent

group on t ri ng ct ..sel.ection he aropatic ri.ng . or

subst it uen‘?ﬁ’“gﬁ@%“%@ﬁ@‘%@? e S ’loghﬁ%éﬁvginr‘?wc’gal"{’gﬁf?t HEF%‘F Bophi | e
segnent s  -fastittilaritp 6 thOdromAMdAing @it MoaRk tdiplddahe fihg) akShelpathg ender the
P113 chain end unaffected and carrying only tert-Cl end groups, or in

certain ciBosiienwohHesybstiteans sroupina thetingi Icoireg) splettoreef thy Arommtiesingt
Cpol yier o kSRRl B o BSlchoils SRR b (el nRABRE BERHSEES ronorrer

under | i viasgQbh-WHgY danalehetivatohe catalyssandrienden e Bkl e ddakcted
pol ynmeri zati,on with an N-substituted pyrrole yields P1B with desirable
ni trogen- 48AEEYRE ARGl eRE ErQws qril) cortyip pirqyragianses.couple thyr r ol es are

uni que si- A ai : : | ot i t. e pair of
ol cat r ons S aRIE poffier. 2 frek it ihiRhkoftlaR SRS ST difhas TS

5- nenber edporadsperse telgeheliopaymenganbd prajutat byseaighic padyaetisgioniogh yi el ds of
nonodi spers%ggchai n end fupc.t i onalized polynmer. SUWMVARY OF THE | NVENTI ON
[0009] Di SBiEemonupg; tndesliyipg Pﬁﬁmﬁﬂéeﬁl‘m ngHiens gpd hat geenehingdbe f or

pr oduci ng tpmzm&ﬁh Eﬁhﬁmﬁiéu&d&ﬂﬁmﬁ‘gm& BRI &:@ﬁgﬁ@ &lﬁr@%}/ merization
.of a suitable nononer under 11 vingpol rization conditions and quenchi ng
t he - containing end functionality. Such N-substituted 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] Disclosed herein is the manufacture and synthetic method for

| prodlicing monodisperse telechelic polymers through cationic polymerization of a
suitable monomer under living polymerization bonditions and quenching the
polymerization with an N-substituted pyrrole. Particularly, the disclosure herein is
directed to fanctionalization of a living or quasiliving polymer product by reacting
and covalently bonding an N-substituted pyrrole to the carbocationic propagating

s cenfer. Surprisingly, an N-substituted pyrrole employed as quenching agent to a

living polymer or quasiliving polymer system can produce high amounts of

4



pol ymeri zation with an N-substituted pyrrole. Particularly, the disclosure
herein is directed to functionalization of a living or quasiliving polyner
product by reacting and covalently bonding an N-substituted pyrrole to the
car bocat i oninenPfpGRRAL hdl LPLLS ,.an N-substituted pyrrole
enpl oyed as Huenchl ng %g%ﬁeﬁw&lﬁéas tﬁ“ﬂ&?ﬁﬂéflb%’fm‘&ﬁﬂwme\gm@ pol yner
system can @@QE@IthIjI&H@HmlltlﬁlﬁctmhaHCﬂMﬁﬂfM@%dt F{ ershaving a
single terng Ia {i\k ﬁf?StltK}l @prrrole roup rés P3jcan ﬁd
rrultlfunctlona EHTHE PR Reshypetionalityeas Wﬁlroearehlgﬂcuupsf&ﬁrhvlﬁeg?

dependi ng onhi hetHodReh bo Batibd ¥ chitecture of the 1iVvi n

pol ymer. This nmethod can be c%tﬁﬁ:a]e%]bg&ﬁn@[ﬂ?% Pg AR H‘Ielf%fal'r’ks'l@,ﬁsmlpﬂu ng and

preferably lloe‘g%lg]@th?&rpenn@umhngbaseqbap@emal elRldr Podiased ol yner
produced. ~ Agdifdi g{g hesz) lt subst i tgtg’gi p)?r rol g(g %gﬁﬁgnélgig@??t uted at
the nitrogen posl oéw‘;{i%f G be substifnied ath e@ﬁfggﬁlp@sﬂuﬁsmﬁﬁaﬁmmm

nucl eophi | ggoughofdéss deactivs n&d) stem ~and thus

provi de a uni que opportunjlnt y@gﬁgsdﬁgiu%{}ﬁé:ﬁ&& %?%ﬂgsttsasipm

resulting '6 ‘jbflleo%i'emque Prpotihity ocak dittivg |fM1thnﬂf§o&1§Hﬁ?ﬁe regl%ne is
provi ded ap H@Eﬁggm ks, P eparing an in situ telechelic
functionaliz having a heteroatom ¢ chain end group conprising

quenchi ng [eo1opt '%bﬁmklymdﬂgasE§ WHEE Slp%\'?tl%l&lgﬁleth)odfgr termnal tert-chloride

chain end of, a gﬁn I PAEE B sHtElechelic t he
‘presence oP é{mﬁ’é §ﬁ‘§@|haedbﬁh&wmhétemuﬁosﬁ¢ thiie nd ¥ouf B %&%’%2”“' al:
formul a | caﬂu@ﬁ@inﬁ rein pendent ly in each - unit
{sel ected f rom t h group  co hTWRCiRr drtsainakisy-chilanide Gﬂlannalﬂtoftao C6

carbon at oFrgbocatiomsc qmasllnﬁl@@ﬁd’lyﬁnéﬂﬁbéuét% ﬁQ’pr%{% giff g Léjl"f%:é %%I&led rom t he

gr oup con5| th rogen, aI Kyl, ary 28 Nar yl,
nitro, uréer ’%wﬂe%@ Ra, C(O)ORS -C(ONR6R7, -P(Rs)3, -P(OR9)3i
-SRto, - OSOSth and - S(O) Rt 2; Wierein R3 is alkyl or alkenyl;

/
N-—(CR Ra)—X

\
formula I

wherein:

R; and R; are mdepcndenﬂy n each -(CR;Ry)- unit selected from the group
consisting of hydrogen and alkyl from C, to Cg carbon atoms;
m is 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)R,, -C(O)ORs, -C(O)NR¢R»,
—P(Rs)g, -P(ORy)3, -SRy, -OS0sRy;, and -S(O)R,,; wherein Ry is alkyl or alkenyl;
and R4, Rs, Rg, Ry, Re, Ry, Rio, Ry1, and Ry are alkyi.
[001 1] 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 -CH,- group. More preferably R; and R; are hydrogen, and when R, and
R, are hy#ogem X Vis preferably other than alkyl, most preferably hydrogen. In a
5



a{nd R4, R5, R6, R7, Rs, R9, Rio, Rll, and R12 are alkyl. [0011] Preferably
Rl and R2 are selected so that the carbon adjacent to the nitrogen of the
pyrrol e has at | east one hydrogen and nore preferably this adjacent carbon
is a - CH2- nasPsRferMAL : bly RlL and R2 are hydrogen, and when Rl and
R2 are hydrog_gffjlifa e)%glﬁseﬁlgpael éarg lfaBt"Plf er?‘f?&hlé‘TEW{thwabpéfMI y

hydr ogen. perhauistlypetferpedef erred enbodi ment, mis an integer from1 to 4,

with mequ 1 . bein particularly preferred. [0012] Particularly
preferred ﬁio&%gupép afjcylagly|peefermed X eonps late sglested fecuna:hesgrbﬁ}gccﬁfsistihggf ogen,

al kyl , ar yhydr ] ryl, . ni.tro, .ureid - 0O -C(O R4,
- C( O OR5, a)rfld%éé?%}&k}% 7%%?%1@@8%2%6%%’@%‘3 oRpczpéRtle (@4, above. An
especi al | y-({PaPRBs.rand - QNR4R7, wheRBLROFY Ry itV RN afd et SJSL %91 sai d

het eroaryle Scial el e tegé{romt e group consisting of ?uran, t hi'ophene and
pyri di ne: H rpfe%’ §18tp % hgtearnsyl evenampreprafembibsaid hettidahd isal keny |

Pe o or o8 fJeMﬁ%@m%up%ﬁg@%%h@@%% ’fﬁn- roegn l ang can have a

iso-propenylﬁfx and nore prefer

further stidpieged Egrowrisi-OC(ONR; whasintR.rig alkend ye r with a
ool B AR,

product sl B e frar eyl i PioBen v raere petforably et oduct
Pormod abive i (1 aihol 08 flt b el GRS Pl e reink Pl 1| oo [0014]
Sui t abl e #ued #toye with pbydrogenation egent tslehmudtive corditons Disded - chl or i de chai n

Ena(S) ol R R B BT TR LS B ST Y Lhese
by cont 233&3‘3@5& PR e THeE APD ¥ L s sl BT o

i ni ti-at or °ormFd pbyevith e hvdsogmmation sgeinumker ceacivigoqnaitieget  under suitabl e
' A particularly preferred

quasi | ivi |y ' .on. .eaction conditjons. :
at | east L@@ié@rgat :%%t%@gh{]?l Yoin] WE%PE“%‘%’M teymingbiegtethderidefaham t he group
consi st i nepds) chus bbpitcangde Br viRiohY helols!t BIAG L ghutene, |
4- et hyl - | -pent ene, and b%t- a- pi nene. A par??%ﬁ{%l?iéﬂ%% QYASTIYE | ewis acid is
Ti C14. = ARTRFBPYuciTfiag bumasie it site ghysdeading toi metpoe furgtienaiagog t h t he
N-substi tri@fdnPY tpul a |, after about 98 percent nononer
conversion_an 3@ plrsllreg“'lrr gotlg {hs? i'gh IH‘l%ﬁlﬁ Relymgr ,lﬁgt,‘ormeél LY contacting at least one

_ 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 TiCl,.
- 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, bifunctional,
having two propagation centers, or multifunctional, which can lead to the forrnaﬁon
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,-
6



which can lead to undesired side reactions. The initiator, as the nane
inplies, provides a suitable propagation center to begin the cationic
pol ynmeri zation. Thus the initiator can be nonofunctional, -having one such

ropagati o f jon havi_n tvvo ropagati on centers, or
Irorul Ito i 19 unct :]rcl)%gﬁlw\/\ﬁtamﬁ ijgl%b g&ﬁ’g‘ tl”ﬁéeﬂ? %qeg%rr?e@gom%ﬂ 4pol yrrer s.
Pr ef er abl y ttitethiylpichiant,aind |2Setma@oz 4 At ROBIpA e rrg;oest R S T

initiator i.s,s ed fromthe group consisting

2-chl or o- 2- Sp%g Fop? aﬁ’éﬂcﬂ?ﬂamw espgciptie whkmpa emghﬂnonomer such as
2- propi on e ane,
B b S P s G e S Bt ik e irasts cambesiomlyl - 2, 4, 4,

6 trimet hymsanmand.c. 2hgmopilpmyt; o2sedecfed FbmaE RULRER 2 4, 4-
trimethyl pgnt an and 2-ethoxy-2,4,4-trinmethyl pent tac%{e}&ukéﬁpre ’ably t he

initiator “f<YBO Bsr0244tr|rrethylpentane especial ly when a single

nononer Suginisp iSeRw S it abl catl_oni cal |
pol yreri zabl e ]rsmnomers %Qﬁ %ﬁe&lﬁ PCtIB . ?‘fg]rn acgorgance Withthsan of or

sel ect ed f@éﬁﬂné{@ntw@a@tnhwdnamatenmdb}ahdwn AREERY $nol : [ 0015]
A cl ass of /ﬁ’f“e‘;fgﬁ ﬂg roduced |gn@accor dgn%dgiﬁweﬁg??émtﬁogd of

this invent FQEISEPT Y fesy thag abowtdr2.0w nol ecul ar wei ght

di stributi n 1.5 and nore preferably | ess than about

1.2. [001 Tf]1e ﬁrrg?ﬁ? 3‘0&"3’8%%8@3 boys see béalﬁedobramemmﬁacuhbanmaﬁuﬁ@gtdfre and

synt hesi smmthgvﬁgr&nﬂﬁmlmg bg tute rroI roup(s).
bRt i?:e s pr}?)(\t/)I oy erfspRsliced

Accordi ngI er aspect,

accor di ng Tr R%’V’:‘}‘g‘{’ﬁlsar%ctammammo t]ﬁd)ﬁ:kﬂlbda&ﬁh@dsgﬂvger einis

pol yi sobu[@dﬂ]\l— DiRsbd unds, whi ch are useful as detergent
and/ or di’ %}r) er sant addll%%@g}sspwl%%bﬁgf ﬁrgrag "éjcﬁymlf’r@womsisp\rhmhladwkeﬁﬂ

conpound eyt sk ondispersu@RUdIRDYs: o andthek hdpodi, th&@‘?{ Ré Og |
i ndependeeligtmiyfa €ach - (CRIR2)- unit sel ect ed fromt € group &H ting of
hydrogen and alkyl fromCl to C6 carbon atons;

(CR1 Rz)“—"—x

@Wm

wherein:

Ry and R; are independently in each -(CRiR3)- 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 is selected from the group consisting of hydrogen, alkyl, aryl, alkaryl,
alkoxy, heteroaryl, nitro, ureido, -OC(O)R3, -C(O)Ry4, -C(O)ORs, -C(O)NR4R,
-P(R3z)3, -P(ORy)s, -SR;0, -OS03R,y, and <S(O)R,; wherein Rj is alkyl or alkenyl;
and Ry, Rs, Rg, Ry, Rg, Ry, Ryo, Ryy, and Ry, are alkyl; and
nis an integer from 0 to 2000.



mis an integer from1l to 20; and X is selected fromthe group consisting
of hydrogen, alkyl, aryl, alkaryl, alkoxy, heteroaryl, nitro, ureido,
-OC(OR3, -CCOR4, -C(OOR5, -C(ONR6R7, -P(R8)3, -P(OR9)3, -SRlo,

- OSO3R11i S 2: erej R3 is alkyl or alkenyl; and R4, R5, R6,
R7, Rs, :nggz% (%‘_‘Fti%ragh’\éﬁm@ ﬁ;%@”eééf%ﬁﬁf,i sciihat the p@rban)zladjawgew ter om 0 t O
2000. 7 [DikdB¢n Hitaé pradlk hafat [RAG o&h@?@g@%ﬁ%&g8%3?}5@@}&}1%“ bon

adj acent to the nitrogen of the pyrr E)%tn and nore
pr ef er abl yCaPRIsis 4d{CHeegroup.c Mdyoprefaatdy Reldad Rg ey drddy ,earp{@flﬁfﬁggﬁﬂ R, and

R2 h d R2 hyd s preferably other
than al ki <2 aeBya@R, &b SFerDlY et ol megdhroisraty hyGogontiodi Tent, m i <
an i nt egermbstprefirréderdbodiink, M BAHHMtelS ﬁJoonitq‘@ W"ﬂgﬁ’} éqgl%n‘i %Lﬂeﬁ/ed’g%ef erred.

cted 7

[0019] Particul a Lﬁ/ referred X groups are se up _
consi sti ngPaBtFCUI*H[V 1668Rd. al kyl, aryl, alkaryl, alkoxy, heteroaryl, nitro,

ureido, - R3, p; 6%% S,.and -C(O) NR6R7, where R3, R4, R5, R6
and R7 arg@ge inega@%ove. Pﬁg@s@?‘%a{ﬁ??%f%%r%ﬂ)@w@nsom%stmwér oaryl,
even nor e hydefgen,radidylsaii alkatyds s1R64). hite I far Or r onsi sting
of furan, bh@(@?ene %1& ridi ne.wAnotﬂ)gfﬁ’Igﬁ%’ﬁg?@é’dw@gg’pel@)f O R3
wher ei n RECIDUts and1C( éﬁééR'e&}’hFEthm&ngempiRﬁmsieﬁhbd\@)@fe. eihenyl
n- pr openyl k'SP referably ethenyl. [0020] Preferred
conmpounds eglf%af o!ry ?r)u??fgﬁ‘fqil)xra% Jé“%%ﬁ%??@%ﬁ‘é@épwe ﬁr‘%lfgn'%fﬂsa}l%%ﬁj@afﬂﬂfi om about 1
to 1000, wseledtedfremahe gduprconsigtiigofFoRn, ﬂ:ﬂﬁ;h@ﬂ%d@}iﬁ' refenrgd from3 to
uel a

260. Particul arl r ef.er onpounds for ‘use in ItTves are when n
(is from ggcttl%’reél@g@?ou?ds é(ﬁg‘?cpﬁﬁ vaherein Ko ds allienyé selented fiomi thatgioup addi ti ves
when n i Scoisfing of the Opl > ed as a Vi scosi | ndex i nprover
then n i S[f{{ég]l cgl |y fI?}c’)m %Elog)g?g g‘gf&ﬁ{i&oggwff, (Gpahd Pﬁfgr%w%%ut yl
N-substit py rireffetred oomppoudls of fortringa HheyR1dcRE Mideihln is%ﬁ‘fnt%gé?i cally
m Xt ures Hgfﬁiaﬂg H;&) II[DI g rou ttgched to the N-substituted pyrrole at the
2 and 3 position 0408, ‘gﬁ‘?er eterreg fromy2 {9,800, andevesanoiegnefeordifioiohs as wel |
as the rel360i ParthulaiyRRsEred cbifosiR$, n,the 1 position of the
pyrrol e, the reacti onlygn f avor ﬁ% pr Z{; o&%g%gﬁkepﬁdé%ﬁ"quc?ﬁgwiﬁ’apt“’r Boml |y,
sui t abl e 3 Ahout 20and ot hndispersess sdolabasating additives when n is from 5 to
about 50 and when used as a viscosity index improver then n is typically from 140 to
about 260. ' '
[0021]  The polyisobutyl N-substituted pyrrole compounds of the above formula IT
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 technolo gies such as
chromatography, zone electrophoresis and the like can be employed. Accordingly,
substantially 2-polyisobutyl N-substituted pyrrole or 3- polyisobutyl N-substituted
pyrrole can be formed. As used above, the term “substantiaily”, refers to having

greater than 75% of the specified isomer and preferably. greater than 90%.

- [0022] - In a further aspect, there is provided a fuel composition comprising a major
amount of hydrocarbons boiling in the gasoline or diesel range and an cffective detergent

amount of the compound as defined above.



chr omat ogr aphy, zone el ectrophoresis and the |i ke can be enpl oyed.
Accordingly, substantially 2-polyisobutyl N-substituted pyrrole or 3-

pol yi sobutyl N-substituted pyrrole can be fornmed. As used above, the term
"substantially", refers to having greater than 75% of the specified isoner

an d prlEE’EAabEJDIQESGRQPTI(DNFOEQ‘EEIIQVENTIUNa further aspect, there is
provi ded ?[{’#jl cgﬁ tion conprising a major anount of hydrocarbons
boi ling i ga Seinghe kdlovinggams hevedhe éﬁlb@ang veanieger gent anmount

f th g SCRI PTI ON_OF
PAVENT! N P g0 e kg BecBem folyBer et ko iy e Tha 2 PHESFPPowi ng

meani ngs. grmqheﬁlntheeanmgtm@llmslﬂﬁ oapacﬁg»itmﬁc{ witfa06et SoRRLNRI S havi ng
group has the capacity to react

one or nore 8 Ega}ﬂvﬁaere}# t he end

with anot R O’HBlaé Clpfh 3 h@}bl@g.ow Eeaf:@%?nd(ﬂ’foumryn@lﬁgﬂhaw ng one
reactive epéls f t| onal ymers
havi ng two r%ac%eﬁﬁoﬁtgﬁ S pgﬁﬁé?sﬁ %WO%%{%;E?] df)gerbrfl?]ﬁﬁ@ﬁ onal .
Pol yner s Wa@/w@torhﬁrlfaﬂmhmuaﬂ V\Bolymarsthavmgoime thertd® rpgtive BRAIRGHlEper € said to

be nul ti fu nal . 5 "alkyl" refers to straight and branched
chain sat J? 4e;s B‘hgf’ ﬁ%h‘@ﬁ% ypi cal |y having from| to 20 carbons
at ons, aan(mztsrje PTES REAThNyid rEi@rs@o%ﬁﬂ%ﬁ anld Hr%’[@@d @ilulﬁ{ !;aftaraf)e-ﬁh(ﬂl?)h g mis

exenpllfled by the groups Such as net |sopropyl
i sobut yI gs@ws iyrisally hegmg-from ¥ itq 2&cﬂ:tbmrtseat¢m$;and mapief&hmyuabm Atebst i tut ed

al kyl " k r.ou crj bed abov having from1l to 5

subgt it ue ‘%\% Itaéq(@n)[ aJC‘P *5‘%\1? Wge“ﬁﬁ’@gg%é'é'ﬁsg@ﬁ’%ﬁm fs mefedethsdy gropyl

/het er oar Ib tyllli 1§ riSotalyl, |, OC(O) al kenyl, and
C( OR ymﬁe)’fnlel Igﬁ)ﬁl)psyl| lalwgﬁenseb"ﬁ?(k}@)t%mﬂ%ﬁ%%%l am no. [0027] The term

"al koxy" [1¥¥6]s tHhetesn gma@iué@ﬂwikyl’t}eferptcemlkﬂogramp(wqpsgummov@r e
represent ‘BQWH fmgp{ %Qlﬂalﬁe tHEsteﬂ: é&ﬁogltéﬂ’nte(é?)l e éfaﬂ«%?y, B POy

n- but oxy, SécC-

1, 2-di net hyﬂemandmuoandldbhem@ NH,| @02@])alkHE -bermatiehkeand ers to a
rmnoval ent brafgbsq@&g@g u branc(lrfgd 2unsat t}?ﬂae?ed h(%)raocagbon g(;(g%% preferably
: g

havi ng fr She VaPohEN-disds amﬁﬁ(bferabl y 2 to 10 and even nore
pref erabl ypg37j 0 6?&%&&9“3@6%6@1[&% lﬁ?evérnﬁlp gitkyi—@-.sf’re%ened alkoxy groups

are represented by, for example, methoxy, ethoxy, n-propoxy, 150-propoxy, n—butdxy, :
tert-butoxy, sec-butoxy, n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and the like.
[0028] The term “alkenyl” refers to a 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=CHy), n-propenyl (-CH,CH=CH,), iso-propenyl (-C(CH3)=CH,), and
the like.

[0029]  The term “aryl” refers to an unsaturated aromatic carbocyelic group from 6
1o 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, naphthy! 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,



‘and ‘preferably from 1-2 sites of vinyl unsaturation. Preferred al kenyl
groups include ethenyl (-CH=CH2), n-propenyl (-CH2CH=CH2), i so-propenyl
(-(CB)=CH2), and the like. [0029] The term"aryl" refers to an
unsaturated aromati c carbocyclic group from6 to 20 carbon atons,

pr ef er abl yeds alﬁylsuifelmgh alktybsionyh alkiyh guléengl, alkdyR:artiongl, é&y@xyo@flﬁ:’?% f 4
I’ e er I’ e

nul tiple conden (fused napt hyl or anthryl)

aryl s i ncPuyEe &%ﬁ ”W&%H?M%“@ﬁdhaﬂﬁéYW‘k@lm{ eudtie likigl ess ot herwi se
constrain t hepededh ueh groups
can opti o?abl |y bgﬁ}subst ?{l%%rgél}ywqﬁ&%% %é’qlﬁ&g&éﬂ(%%?a{ ‘?p ﬁ"“‘;’;%”f erably 1
to 3 subsil? cerdnn stogwsland tldd 4fhetnoatdras @mnq:ﬂ fansikggdnngiteies|dadlsulfal koxy, 9

| | k | f Kk | f | | kyl b |
a1 Ty oxycar BB 1 o pp Tt TSRS BB AP Dot BRReHOelAURD, IESPRAS, it 1o,
and the | F?@ole[ i@;ﬁ@aﬂdole-rﬁﬁa&&?: rfhaﬂﬂé ‘%étPﬁBIé' thlarz‘SfeeB%izg?féf %891)?2[%8 tic

car boxcyclic_group from 1 carbon atons an &r oat ons
sel ect ed pxwz(@i@g@aﬂlmﬂqm@tgmolem@m puridaziiet pyrazias, ﬂy&aﬁthneﬁe ring.

Exarrpl es sed.h in are furan, th| hene, rrol e,
i m dazol eaﬁln?/fr}gez gﬁog ﬁ”? furfg?eg’lﬁ igpheng; IEQ‘E}F’én %]ﬁz@dethe ®oxazol e,
oxadi azol o3 ad]!‘l@léi’nﬁ“drélﬁb’hffﬁgr@It@ure@ﬁéﬂﬂitﬂ@s he¥¥d t‘ﬂ@%bﬁkﬁ s?%ﬁ:&lfé ne,

pyrim di ne ui_nol i ne, isoquinoline, benzofurah, ene, indole
i ndazol e, q@l\@ﬂ.%&re R ig hydtogah alicdraryland dicciike. rReéferably, (R‘tusr ea

derivativ %e\cfjll ng the general structure -NHC(O NHR where R is hydrogen,
al kyl, ar‘EfTF(1r "the like. Preferably, R is hydrogen. [0033] Living

. opol yneri zZEHOB3h i Likingpalyiierizitonds knéwal iy aﬁ%n@ﬁﬁ&%%%@hi‘é%d‘ﬁbn%ava“ ety of
systens, sonme of which are described in U S. Pat ,

5, 169, 914Valghyolsysiemsgpme Avhidearetdescaibed in Uifi. Ret. b&)ﬁb‘b&ﬁi BHhi c

pol ymeri zg n nerization, based on
cationic i trlldls??g% ?ﬁﬁh?gﬁ 3\/\/2 AEQL?%; e?%fl %#cz!rhoca éﬁﬂﬁn A1 t er mi nat i on
are zero sytstenmchant:omgmaslﬂadiI11&1rfgrpa>myme1rﬁraﬁon Elﬁ@hd(mﬁ&hbhﬂéhﬂﬁaﬁ&i yerization in

whi ch reveiéughg1F E nation s gperable but the rates of chain transfer
and irrev® TrAHEL l??é‘ifrﬁ‘i‘? erand JETppnasionaFeRese ngdﬂﬁlﬁ%ms@blﬁfﬁ@m zero.

oo 1 AL Sy ek B AT PR

chl or i desthe Baof chaimytfansfer and irreversible termination are zero or indistinguishable
from zero. Suitable systems disclosed in the art for living carbocationic
polymerization are for instance: t-alkyl esters (or ethers or chlorides)/BCls; cumyi
acetate/TiCly; CH3SO3H/SnCl + #-BugyNCI. Even more preferred systems are
hexane/MeCV/TiCly/2,6-dimethylpyridine (2,6-DMP)/-70 °C; MeClI/BCl3/2,6-DMP/
-40 °C; 1,2-EtCly/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-butyi-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 iransfer and termination reactions are suppressed but not so
unreactive that propagation by a suitable cationic monomer is 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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acetate/Ti Cl4; CH3SBH SnC 4 + n-Bu4NCl. Even nore preferred systens are
hexane/ MeCl / Ti CA2, 6- di net hyl pyridine (2,6-DWP)/-70 C, MCl BC13/ 2, 6- DMP/

-40 C, 1,2-EtCl12BC13/2,6-DWP/-10 T. Even nore preferable are those systens
enpl oyi ng i sobutyl ene as the nononer and that are initiated with

2- chl or o- 10034}~  t Bometipidal guaditiome updevR@ioh lavidg polyhyrizations can be
5-tert-buty]- - di (1 chl -1-methyl ethyl) benzene (TBDCC). An inportant
aspect to aé%g%efd?ltyyl ﬁe’(éi @5 S%‘%ﬂc@%ﬁ’l"%ri zation is the wuse of a reaction
'systemin which t(’1‘?alﬁ’ﬁﬁ@ﬂ&a&cﬂlﬂiﬁisﬁ@ﬁ@ﬁﬁr}aﬁlﬁymaliaé{faftbﬁiaﬁf‘%Jag(tﬂ R?ﬂ’i%er gactivity
so that transfer and term nation reactions are suppresse not’ so

unr eact i véeipatalisd sthan atteroantayalkykatharablegiaon aikyhéster nteotisy atkyduppr essed.
This is fagl llo%tlﬁ(g- by appropriately matching the stability of the

e . : . :
carbocationi ¢ centéer’with a suitable counterion conplex, solvent polarity,

pol yneri zation t e@peilewiyRid @-héiatoradtichityfsallyedotprib a halidest - --- [00341
Some typical .conditions under which |living polynerizations can be
achi eved, t‘FWTF’i@BOI%é‘P or 3Ry Nene incl ude: (1) an initiator conprising a

tertiary al kyl hahide.: rt kyl |1 de tertiary al kyl ether,
a tertiary aral k?/qS) g@hogrﬁl,h},gaég@;@%g%ﬁgﬁr@gﬁgglte%qn ‘iontoéf’f by aral kyl

ester, or the |ikg)a6dyen whevé dicheirid copstimtiid §McBdd conbidefing WRicE &k ¥f
conprises a hal.ide of _titanium boron, tin or alumnum (3) optionally, a
proton sc § 2l apd the gpoiomep i afsArtwish kaqwn cationic pelwoenzationwhose |
di el ectrigyganshapt is selected considering the choice of the Lewis acid
-and the nononmer in accord with known cationic polynerization systens; and

(/‘('-5) mononer s. [ Od3bthoherérkat or conpounds for |iving carbocationic
~pol ymer i Zfdd ﬁp ar.e. .k&)own in the . art. The type of contenplated initiator
' cg b

conpounds e [PILAIOL Sempeipds Jorlfyang crebpeatipnie gelvmerzetion TRERDYMRC wher ei n

Ayl ool o o oy e iRk ChRpoukisaah bpEerkRIERIR. ™ Py or ent
and X i staieral femaa(X'€ih&saRewhirgiirRuxi, agd Rupre indepanbdaiihgetected has |
from the group consisting of alkyl, aryl, aralkyl or alkaryl groups, and can be the
same or different, and X' is an acetate, etherate, hydroxyl groﬁp, 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-
chioro-2-propyl)benzene, i.e., tri(cumylchloride); 2,4,4—trimethyl-2—ch10r0pentane; 2-
acetyl-2-phenylpropane, i.e., cumyl acetate; 2-propionyl-2-phenyl propane, i.e., cumyl
propionate; 2-methoxy-2-phenylpropane, i.e., cumylmethyl ether; 1,4-di(2-methoxy-
2-propyl)benzene, i.e., di(cumylmethyl ether); 1,3,5-tri(2-methoxy-2-propyl)benzene,
L.e., tri(cumylmethyl ether), and similar compounds. Other suitable examples can be

) found in U.S. Patent No. 4,946,899. Particularly preferred examples are 2-chloro-
2,4,4-trimethy] pentane (TMPCI), ll,.3,5 tri(2-chiéfo—Z-prop.}rljbe;l.zén.c, and S-iérr~
butyl-1,3,-di(2-chloro-2-propyl) benzene (TBDCC).

11



‘a valance of n, and nis an integer of 1 to 4. Preferably Ra, Rb, and R

are hydrocarbon groups containing 1 to 20 carbon atons, preferably 1 to 8
carbons atons. Preferably X s a halogen and nore preferably chloride. In
sonme instances it is preferably to select the structure of Ra, Rb, and Rc

to mnic t[ﬁ(Bﬁq;rOV\ﬂﬂg:ts{,l&e&ts 8S5dsdre SAINBIYRS cal@lydts far pukpHdRE BY HRtiEntRY | vati ve
for olysh%rene or 4-trimethyl pentyl derivative for polyisobutene. -

Sui t abl e ﬁﬁﬂﬁﬁﬁ?nc?sﬁh?sﬁéé’“ﬁ)?m ‘Prﬁlﬁ%refw@/ﬂo asgpduifiplorsaaed bethi cuny|
hal i des, RAkdsiacdthRf ¥ eirg%lﬁcﬁilcgﬁfpgﬁ mﬁclﬁc}dbbat &FoLof l?ml%etp ﬁﬁ%/h Lepane, . €.

cunyl chlorlde 1,4- or o- enzene, 1.¢e hIorlde)
1,3,5-tri @ad bmimhdmabd@ pnrﬂpg/lhl)ljaetanmnetetracmonddarnki(hbmn/tllﬁhioﬁﬂb deirminum
2,4,4-trine L - 2- chlor t ane; . ace - 2- phen Ipro ane, i.e., cunryl
acet at e; ‘%ﬂ%bq OHS}Fet‘?C E‘ &2 lpgid, et yéllum ichlgridmansiaihers. Use

2- et hOXYD?tlﬁhRﬂﬁﬁlﬁﬁﬁH@ékeand'paﬂmula??qﬂ%.rm?{{x tﬂé&%cﬁltoh% is p"ret%rrg"i (gpget hoxy-

2-propyl ) benzene, i.e. (Cunyl e
1, 3, 5-tri ¢tzength hﬁhymwm@mmhmmﬁatm ghauld bé 4djusyd fortiiypareddter ), and
simlar co ounds Per sui t abl.e exagg{es can be found in U S. Patent No.

4,946, 899™ SP]tef TS 17 Shr et dpbutearmonamersat is pegfeighls to smploya r i et hy|

pentane (TVRFlely stib L@“Ama | RS

butyl -1, 3, -di (ezyschlngro pro;s)ﬁﬁ)a@ggcr{lz%e%gg YE)[I)%C [vg'ggg? ‘tgec{ ec? Lew s

aci ds ar eP@W&B@iCbHSa@ !@étlﬁlcygtn@ hfabdeSpCFmpdsw awﬁd tstveleited emtoroprise | n sone

I nst ances are. alsa refer.r dto co itiators, and both

terns arela?fts]g? deHerer %‘ﬁl‘étgﬁo 8?}%?}5 eFHEFLY gé strgg QP’éderqg’cgaP‘iiSrﬁuFBd to the

© titani um aafidorhel Qﬂ[ﬂdlitaiﬂaliysthe n?tl?éﬁtﬁés’ele%§ m%tb%taﬁﬁﬁﬂh% nge and boron
Ctrichloride, alum num trichlori tin tetrachloride, Zzinc chFForide, ethyl

al uni num Biepbilicpsdddivesot hers. Use of the titani um halides and

ticul t d. Th t th of th
Powi s aci oy7h' | MHedL Bt OGO B d e ROEIOhS RRHuAl Biotett ey Rt | cul ar
mononer . fidwisver,fiis detiyabbnthabineg com@BtAtRMG MTRANRAS fe%eﬂt rdiEabgrabl e to

enploy a rel ve y strong Lewi s acid such as Ti C13 orf SnCl4 whereas
vinyl et h‘é’?@e@éh Ctroshilgned pr sadironesnigtipp presant o The itmylsmsztd des. The Lew s

id th t d t t
xcl s very oy aich SnGATRLL By AP artAREE e E e i BT R |y " The |
strength [ﬂmshesé?utihw, sn alecitisn dxemr Jfpeotatljtrap be cortiiongon saltcheppdi | i C

addi ti ves 0 am)unt of .the Lewi s acid present in the I nitiator
syst em malP ese during production of the polymer. These additives have been

shown to convert traditional polymerization systems into living and/or quasiliving
cationic polymerizations systems; whereby the resulting polymers having controlled
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 n-alky] amines, aprotic amides, sulfoxides, esters, metal compounds having an
oxygen atom bonded to a metal atom, and others. Specifically, there can be
mentioned pyridine compounds such as 2,6-di-tert-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 dimethyl sulfoxide; ether compounds
such as diethyl ether; ester compounds such as methy! acetate, ethy! acetate;

phosphate compounds such as trimethy] phosphate, tributyl phosphate, triamide
12




‘however, it is desirable that the concentration of Lewis acid present
preferably exceeds the el ectron donor or salt concentration present. The
Lewis acid concentration should not be so high as to precipitate the
formed, polynmer, e.g., PIB. [0038] Further, an electron donor, proton trap
or common hiezamethyiphomhatbpandeptypanadrtainipg eseiltcodipoinds sae@dsict i on of the

pol ynmer. g ese addhgh\ées have been shown to convert traditional

pol yner i zarTOiPPERT BB 4o POt $rgvenisal Brdchnediny Vv Ry Nead-3 o8 9.

POl YITer | 236 dolsls 8% bt Ra inlIfpA S51b1S o RAPHITRL SoliAidyig, gont rol | ed
structures with narrow nol ecul ar wei ght di STribution ara produced. The

el ectron igrenRralehby ovfaiehse hesed. Comninen ipn salesndptionsiéninkp be béddddh the

el e dinha e drhat iR At sl o SRSt hedrmesron e do,
sul f oxi degsecesHsirtl beffichllERERY NG 1HAKE B%iBA e.%wﬁﬁﬁﬁ%@a%& to a

metal atom and others. Specifically, there can pyri di ne
conpounds Y8#emansammenign sals, sughuas-ByaNal. MatheDn@ehle saitbare disariséd/Inpyr i di ne
(2,6-DVP) 77@, 1= G | pryi di ne (2,4-DVP), 2,4,6- trimethylpyridine,

2- met hyl pﬁgﬁﬁﬁghg%%d@%e N, N-di net hyl ani line, aniline; am de conpounds
such as NfB6s9et Hptd iavenioh desuitdd MrdheBsl bﬁﬁﬁfoﬁ@f‘ﬁﬁdro%&%n ﬁio‘ﬁgm&sacet am de;
sul f oxi de, conmpounds such as di net hyl sul foxide; ether conpounds 5uch as

di et hyl ef-RefompEIds cOlMBBGPAL eteeasndsatbph atorey, stpecially bidfinaard at e;

phosphat e IF | .phospha tributyl osphat e,

triam de f@ﬂ@%»ﬁ%@ﬁgﬁ %%@%ﬁ%@ﬁ %ﬁn%mé%g%ﬁ'é%%ﬁ%’%ﬂ%ﬁ’fgpﬁ?fgﬁy ounds such
as tetrabsopimpyd eight aitadneatorAs. T Pidc&s a¥eBgemplogedafiighed in U.S. Pat. No.
‘5,350, 819. . El ectron donors have been defined in EPA 341 012. Both of these
docunent sPaERerzationof shely menasmers &y edvisrohanes af diffsrensrbut onifer t s -
optional | y g i L\ r jcally, these salts are
used to i ng E%glsag%eﬁ%%?gﬁiegaﬁsl r’e%%l%l\ﬁ!:)&gutg%r%gggdw;%ge ?XS%%,OfﬁﬁWﬁboéhef icially
interact gimdi. SuchaolymexstarigdowRaslbtudar eeib Ipfued e visbud helynfepalRAdar Y
amoni um sal t s lsuch@gsff}- Bu4NC1. gh&r? suitable salts are disclosed in
U.S. Pat. 2 fglechlas yeighéof iromaheyt tigdundred te tegrihousaad gimal, graelid waxy

pol ymer i zetiiaicOdr dMseiRGRY : ' : t.ai ni ng only
hydr ogen anpd carbon at om,lﬁgg%dg%?al ﬁlgfegﬂaﬁge}fglw%?‘lﬁﬁsg,h“{alﬁrganor mal |y
t hose havihagsand éore mildion g/radloort moree Seiebldmbnamerfiemateliylsfineie such

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

s

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 ionization 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 Cyy 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 chloride), carbon disulfide,
13



about four to eight carbon atons. The process can be enpl oyed for the
pol yneri zati on of such nonomers to produce pol ynmers of different, but
uni form nol ecul ar weights, for exanple, fromabout three hundred to in
excess of a mllion g/nol. Such polymers can be |ow nol ecul ar wei ght
liquid or shletobus, piblyichisrideNsbutyd chlaride nethuiate okbirity, nethyl cBldvabout- t wo

d . t /,mol .. or solid y .fo plastic,_ or elastoneric
v AP SEC e, ARt . ek an o
million gl wehchlsHdeMictonitHw, rna{meﬁtaﬁ@,%ﬁﬁénb&olmh&%&hgl?gﬂgﬁ&%g?,SUC

conpounds as isobutyl ene, styrene, beta pinene, 1so adi ene,
subst i t ut eghlorebengensdd -dehlpresthane dettdichloroettens, badidiidresthendarirbpyl ar | y

referred ' ut.ene, . 2- net hyl - but.ene, . 3-met hyl - | - but ene,
i et hyt -1 TS R BB P e e bl aRT e e AT | h
i'sobut ene. feM ofthe :epreséntathRATMRIBIITRYSRE s8§8Hs useiflQA @htiopl vent s i nfluence the
I oni zation ?qui | br.ia and rates of exchange of grow ng species through

their pol RYYGTARHPRS Mixed selverss (fenexsenple mmbihﬁiqnscbifﬂi(meﬂisﬁeg abmgst ants.
Typi cal |y, aving low dielectric constants are preferred since ion
p)altgors ar)é ﬁaggiss;}s?;@tsug%d;l ated. Suitable solvents include, but are not limted

to, |ow HOD4Eng Bickaniels tierysblahbnydation Rediin ReLNAR MG drRuE&aRANab! v | ow

freezing ppints to be used at the preferred pol'ynerization tenperature.
|l lustrat i*gﬂ agpapable §$ IRdatingdhe meRemes O(@éﬂfgéhq ?mﬁeﬁﬁéﬁid:flgi:?aigz N
[ [ r . . ,
R b e e e T A T
decane, amediapoifedblylskauldde isulstantialg fres obutvaiesd catispRYM A& IzatisPhexane,
I met hyl but ane, 2, 3-di net hyl butane 'and the |ike),

: 2, 2-d an he 1il

a1 Kened AUAPRLIRFSTGIerbE- pisERbanS IHOARFS) S ey ssabisrrahaylié | de, 13
i j | | Of. i 3 Qr met hy

Chl or i do, A G Bt dEes Broiiod acfls, Ablee S mBHLI RRELrE T8N RRIsch ot e

aceti-c anfhieh sheulddwrezoluded etestaighoor ttanchad eliabmialiphdti, aneepRNéARRedbenzene,

EL,O I1u 3 |n g hl glr% %12%]%%%:& l %%&’E’l%@lﬁog hﬁ’trlg g ﬁ’g‘ﬁe%?%rcé%&]ﬁhd;t%%-gig%ggﬂg%- pr ](c)py I f
eplortde. cimaxlhieuohsnae salol ot L1 SPH0BRN G R AR 1o o
pol yner i z&thsERged on unsebstibiteds straiglitfarbrancherbtming aliphatiat ironmtiofor khesie | i st ed
above)  Cafl it ArdEatidSEs and ethers containing from about 1 to about 30 carbon atorns.
[0042})  The polymerization reaction 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
initiators. 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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10041] Preferably the polynerization nediumis substantially free of

- wherein a

substances that are capable of initiating the nononers other than the
purposeful | y-added initiator (or mxture of initiators) enployed in this
i nvention. Therefore, the polynerization medium preferably should be
subst ant i al0P§4)f r e@hehmonmaritisitatoasinplyed pahy pRCER AT preédit Ivekiffs Or

pronoters éa!n e. a@v ntitious ini'lithi tors) such as water, alcohols,
car boxyl i ¢ Beispect Wgnh?ﬂ“&m&m?ﬁ’l" dgf’sr,eagff%%@l@@a%%d@ achievecths taygetni xt ur es
Chai . al DT 6 o ol S SR Do TR Bl eais ™"

chain, aliphatic, aromatic, or aromat|
cont ai ni ngnftlreieactionphas, thertighrer dteqrobymér rkelodida, wéiplet willchoxWideovreagi d, aci d

anhydri de reether initiators to be exclud are hal ogen substituted
or ﬁnsubst%géoga?%gp?)%fm& cug‘lr?if’r?tﬂ%é&“%‘aﬁ? ,e‘g?%ﬁ&fia@?leétﬁéﬁﬁégﬁc or m xed

al i phat i c/pilyaneihéleairde: #ds SABHIRTE RRS RMahl Wed 8P lte ﬂut@ﬁe@g?“t 30
carbon atons, 0042] The pol ynerization reaction iumpreteranly .
cont ai ns 148 & Wuheepting@ils as 2dispegtit ppm (part per nillion) of water, and

| th i gh f th of which functi
por sons 1 OV & BT ATPLECRIRR e raiSS Lhairippiod e Olehi Tonpors  The
ol efi n feeddgheid bEpdiyraed AGthiEtAE BinB¥Rs bINEcRRAE Qﬁﬁwéctg %@gﬂ%ﬁ# O

conventional neans, e.g., by use of nole sieves an

reduce t hdaSiTERBESTLPRY dndrhiglier pioldsafitrong Lawds Acitlentalyanin the aiseacabfomes (i f

desired). T VBRI ton reaction. be conduct ed batchw se or

as a semegegﬁéghﬂ%dagp%gésccgﬁtl %aﬁﬁébsgn}?%%ﬁnis ESVr]i“(i%?éWﬁe ¢ Bwtipmalibvet st reans of

i-ngr edi enttlse payraerdeid sarpeodics uhbiesinablachin iradfiBf, Opri at e reactor systens

i-ncl ude bh:é%@jee ot .limted to continuously stirred tank reactor systens,
r f 1 1BwigY obtheabeysy ard okthe fact that thefLepis yaidis dosptlededn out f or

the recoveidre 6f 1k \@roRShHTRE r&if [ fl.ow reactors. Preferably,

the reactor GONLents gﬂrye st?%eragsﬁﬁl?g%y?g gég 6n(l§11’c F%R”@néﬁe‘%%n €cat al yst

di st ri but cgalysteboeldive eliipboyereéf euffiednrmteuntto sRBR!the FeatBorbtob&dad af 0cess

al t hough theore ica#l%ﬂa gl u% flgw reactor may have process advantages. 14
[0044] Th&F © 18 qodm p gpryrolled manger (Theprefsered cefakysiscontenttationpr esent

i nvent i oncogédfom 15 BESI bl aniiﬁti{&?mrfﬁ&ﬁéﬁ moﬂﬁl& V\‘;Ié‘%e‘gﬁ{ﬂe th%tgﬁﬁﬁgper ature,

to achieve the target nunber average nol ecu The

| over t hethiednitinter eempwmde Moraspanifically, thh eatalyaic eppldyeasea rdthemaker the
and vice versa. ., Control of the polyner

pol ymer l.ar. iLght .will .pe )

nol ecul ap%g%gﬁg El\%i ? ﬁ‘gﬂ"%%fftf ﬂ%ﬁmﬁi‘?ﬁa{ groyps op Uig|igitinten of megrethan 3:1,
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 C4 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 temperatufes tend to decrease the functionalization degree. Additionally,
depending upon the living or quasiliving system, too high a reaction temperature can
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'pol ymer nol ecul ar weight is inportant when the pof particularly yner is
intended for wuse in lubricating oils as a dispersant. [0045] The catal yst
anount affects the rate of conversion of the olefin nononer and yield of
pol ymer, wi th higher anmounts of Lewis Acid catalyst typically achieving

faster condisisilonselmmidathilghieniny tiehslser ﬁlﬂmﬁomeyoﬁfnéﬁ'zgn&ﬁt Pliihal N the
absence of ? el ectron donor species can lead to"isonerizations which

reduce theéP% ﬂﬁﬁqag%FWWr%‘Fre(m&%és bﬁwy?ﬁaﬁbouhﬁ@oc@rﬂndr'd@dé‘e Rreftedly,abl e
chai n trangf ?51&/11‘%994@:15 Lu% 1%1%19({ ar}gmsg'gt\g?e A - K M?%W%h%éélat Lthe Lew s

acid is conple nor e O ESS S ron rea e pE present

in the reaZﬁ‘iCblandrpmfamblybmreenaﬂ(a‘P(S/aﬁd deal ,&.2oet erppeyeeeiof abstftls@i ent
anount to able the reaction to proceed at a reasonable rate and in a
controlled nner. The preferred catal yst concentration corresponds to

about the [qy@]tlt@héﬁ@llaghgﬁtrh%oﬁl@&ﬁ efithe ﬁﬁig\%e({% hhﬁefﬁ‘t alyst and the

initiator conmpound. More specifica g'ca I'S énpl oyed at a ratio

of nol es C@flvet_némnsl naczingl The payticniad readtonaémparatatd Igsabctgd AUahiae thde
initiator ,of m)r than41 rmreireferably nor e

bl
Lo o 3 et baRTor i pelbSb Bl Retaaiivied 10 vy e e Cemdhanl o 4- 1
to 20:1 a%@le@@é'fvalﬁé efTré abliatorSedd L8 it Qaked t\ﬁyh‘éﬁevé’ﬁe'ﬁgmp&fc Mﬂﬁﬁ%r%@%

initiators, the Lewis acid to initiator nolar ratios are pre &1 ab om

- 3:1to5:1 mcflemar]wergfé (M) presniprasatofor vabaionom menmnmﬂmmbdmmmtth@ I | qun d
hase to i nea chai ol ynerizat i radi stinction

!to o ring orfg C%%lé)ﬁ Sifigy. niP?SS PSS Ioi? ﬂ&&l‘%%té Iﬂg’é‘%}lz\m%é(ﬁhfi Rre Matshunder

canbi ent ceedidrispfiems.it is preferred to control the reaction pressure

“and/or dissolve the feed in an inert solvent or liquid diluent, in order
to mai nt ail®030he fféwagerpqlmemzaagn@mamvathmut m{spremablgal C4 cuts

conpri si NGy &ofucla o%t i@ﬂ]{l&lm% pr[s %Zabgﬁ eratures and

do not neehpa so uent Sch t he

- pol ymer i z#. goaimuaﬁetccﬂfolut E(dnmuiteS)SPtdm%lﬁ@Btymeﬁhﬁkﬁﬁs rc’khﬁﬁﬁr(mtt erat ures
tend to decrease the functionalization degree. Additionally, ependi ng

upon the MSHEaRs topllosy for mongmey sonvigisianbors 8 Yeandaueferaby tleowpd0st ure can
15 di m ni ghy ﬂlrosteﬂrhﬁ}a!ﬂgt SolB98 bk GBI PEL ST Abstht %gi%lg,o 191!1(:% to

~ pol yneri zati on
quenching the living carbocatlomc polymerization to end cap and thus functionalize

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 fert-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 jnitiator-
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
16 |
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B /‘--h\u

‘pol ynmeri zation tenperature range i s between about -100 C and +10 C

Preferably, the polynerizations are perforned at a tenperature bel ow -10
C, preferably below - 20 C, and preferably between -80 C and -30 C., e.qg.
at a tenperature of about -50 C. [0049] The |i quid-phase reaction m xture
t enper at urcembﬁled@vit}rmdimulebmtalysomvhmdis@ﬁi&@ﬂﬁﬂ&suﬂ'dﬂﬁut@@ﬁﬁr@ﬂé' ar reaction
tenperature ig.selected tp achieve the target |iving behavitor, and

pr ef er abl VIYFRCIE 2857 IBRERAUCE 2 uniopplizsd pRlymier of dis inyertionaindsethect ed val ue.
The initi ahQhods@RE:THak Bedesy, Vari ed to achi eve the desired nunber average
nol ecul ar wei ght (M) to conpensate for variations in nononer distribution
in the fd@@&gorrpli@se ponmadhieseinallp dslogénatddyol yadrs any bartkouphhbfaszed by t he

f d t t t . [ 0050] Aver. | ymeri zati ti mes can
Pyt 1 oms 3ot A R e B S iomtar preotat v AB GO A SRRSO and st
preferabl ynfl eRMaRAWE ed@vhien@RPUEMmSOF éﬂd%ﬁsfgﬂét;fglﬁqﬁybmgbog&e@ about 30

m nutes). Preferably polynerization is car r-a “trrme suitable to
al | ow f or Prenaeasdry tholiviog pobymenizaticn @lisdhutyichep Bbamipithesahalogerd®dd and nost

pr ef er abl V. % an r ef.erabl efore substantial ,aging, prior to

quenchi ng)bt0 ﬁ%@qrﬁr?%%c@g@g%%ég%aﬁlg%sgst%ral RSPy e PRlymeR in EspiVemAl t hus

f unct i onalchgiee, vl th@%é@v%ﬂth@ﬂﬂnﬁﬁ@rﬁeﬂ’ﬂnﬁ%ﬁﬁto%%ﬂ&d%ﬁﬁngyr rol e enpl oyed
P

in this invention, [0051] her methods may be used to prepare other
pre- made peIWeEzationghatgs. Thestoighiometty ofitbe eathlyst igmedientristalzdstedn with t he

bsti : | in.this ..i ion. Suitabl - mad
poryrars. vy AR aPhE R R CHh el Bk e thewer s bepedilits 1 om

-t er m nat ederhintisigequatiocn@dhitibtor Bige. DAl iREdiERE h@RABEPHICL ilibrit¥d gonvent i onal
-pol yneri zations followed by an extra hydro-chlorination step, or by other
pol yner i z &6 arediemprgies belore Bad-ewimacid isanteardaced sivfter dnsequilwitjorer ~ backbone

havi t et CIRlnoy 4 haj can..be i.0ni.zed .with a
cul t o) o PietTo% fodf £ARleR, BB xrui S BRI LS B iPHeA R Wl h ¢ he

N- subst i t polytheppreparcé sndatabaseichialyshemditions Madohgdae honebieatamRedionrer s havi ng
aterm nak tcirti ary hal i de, group. include use of a system of
i ni tiator FPReiouplization procecds ageqrdingite fheanathed deseaibedi hareinor - transf er

et orslnsh e USRS R DRSS L1
4, 316, 6730kthd quasilBdey 84Bocatihe poiysrk essaiiso bb “véit Gluctsophileioolipl hzh@d by
refer encethfé§ E'ireei a?ﬁen%ll% Qo electrophilic aromatic substitution (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 reactife with carbenium jons and forms a substantially
monoaddition functionalized 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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‘pol yi sobutyl enes termnated with tertiary halides, typically tertiary
chlorines, may be 16 conbined with a suitable catalyst or Lewis acid and
the N-substituted pyrrole quenching agent to produce a functionalized

pol ynmer of this invention under the nethods described herein. [0052] These
pre-made term nal ly hal ogenated pol yners nmay be thought of as a substitute
for the initiator_and nmonomer present in a living polynerization franmework
and are trl88%8d aBaiiquiatypeaferred N-stlkstitedpyreaies ae ddystbteddtyi fomailafly, to t he
polymers prepared by the living polynerization of isobutylene. Typically

t hese hal ogenated polyners are added to the catal yst system by di ssol ving
the polyner in a solvent of- choice, much the same way that nononer and
initiator are added to a Jiving polynerization charge. The stoichionetry

of the catalyst ingredientss is calculated assuming that the pre-nade
polymer is a substitufe fornthe@mR,jateK, i.e. one halide termnus is
equal to one initiato itg Al ingfedients are added and equilibrated at

the desired tenperaturé—Béfore the Lewis acid is irfbormgug¢ed. After an
equilibration time of 0.5 to 20 mnutes, the mxture is considered as the
equivalent to the living polynmer prepared under these catalyst conditions
at conpl et e nonogegeigoOnversion. Functionalization proceeds according to

t he net hod descri bed herein. [0053] Suitable N-substituted pyrroles for end
cappi ng the ter tRic#iiddti afeincdpéndentiydin eath +(GR 1 By)asinltiselecigd Ganbihe atdupn pol ymer

are said to nsof t," .nucl eophi | i ch ans they are anmenable to
el ect r ophi I%Oggg?%ﬁl}ygmsgﬁﬂgf“?%F%Wn%%ﬁg?%%éto&l%si living polyner
(rcar bocation but ROk af uitEdes ifiRat | Yo 20ighgophilic to conplex with or deconpose

the Lewis acid. Particularly pref erred N-substituted pyrroles are
substituted wit K& selestpgdrramthergronp ¢osisdagofydregsphalkyls atyhaitkaryle pyrrol e

and whi ch d@&ﬁ ti . he |y, onpl Th stituted
pyrrole enp oyggﬂ %t%rg?%?’s‘fn t%r’%vruger% ?’69@@#@&?@@*@@6@%&&%&% atomwi th
the |one paP(Rg], -BIORG): BR,00SOIR, Dindd -SIOIR b;MhMIn B8k alkchl M Bkergl.omBEI C
sextet of el g%tarons in the five-menbered aronatic pyrrolé ring. This
structure dPdietRedls §r.Redde o the 28dRp asrakybn of nitrogen with the Lew s

aci ds andpdsRer ea Ll4.c: r r.of. the aromatic ring, thus
o cati g A0aT  AE AR e ARt o S bl et D RSB et i 1 on
and .f or s hetemalstiantemching agemwsaaeddiy pyarolé, uhiopharainld Ze6n FBkahAEEs ATher ef or e,

referred N:-substituted rrole
pre Y and C respective }% refc¥e(f w%th %IB 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
g \ | 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
heteroatomic 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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areexenplified in part by N-substituted al kyl pyrroles, where substituted
alkyl is as defined herein. 17 [0054] Particularly preferred N-substituted
pyrroles are illustrated by formula | N (CRI R2)nX formula | wherein: Rl
and R2 are independently in each - (CRLR2)- unit selected fromthe group
consi st i ngocofir 4tyde ofjthe tan equailvhipht dartems eiljatant (5the ak Pesh (AL DHhidhNird §f an
integer from1 to. 20; ﬁlnd@ég‘bi s selected fromthe group consisting of

hydr ogen, “PRYeactiypy] whefpasfoy pyrrole, 1k eapocoprat efbartle C-4hon &8, pagitiendo,

-OC( O R3, 5 ; Py = . . -SRI O, -0OSO03RI
et - s ATyt Al conbl, P e Rl by et Pddiner o Oy g
R9, R o, Rpnized BiftchRirPersite thd dyhati¢ fi653he Asond PIB thizt esh tehcttabeittexanpl es in

Table 1 b .t - tit t.omic quenchi ng agents, nanel
oy ol e, T bshE G P A T 2B hangnd bR Ggee HouFF. 1 eact ed
with PIB gimiif GM%iélﬁdéhﬁét&i@hiEMeﬁth@@?ki?@arﬁqhﬂﬁggfmo@réa Gt ed by

the presence of two distinct PIE mass fractions I1n a pernmeat1 on

chr omat ogrihp eyt $ErC)P casoss.i Resrtioniat G-%is faforaduevte résodmce sib)lizdgbest or .
Quenchi ng vantitative.w.th rrole f.uran whil e thi ophene produced
a much Iom%ér,\@?)fh 1 o ?’H%’S%%mg*&g e %‘}/g%{?e ?Wa?Pqu’T?dﬁEWl@P @i%h vol ume
(hi gh ol egellysis oV BIMIR dafa AEEh RIGicARSIARP 6% dTRESL ' L ecul ar

- wei ght of thg hi gh el uti (a)lrﬁl vol unme (I ow %’0| ecul ar (\yf\ﬁg?égh@? @?g%(%?%n, whi ch

i s indi cataddisionnt €woand G5dn diras saeplps, end eventthgher petcentagdsomére quenchi ng
agent . BOtCQICLH{C%%&R-q)Ih%a%glr‘]l%ﬁ&gﬁ%Vg%ﬁ}]{]?aé% pai r of non- bonded el ectrons
|

Wi th one pair participatin on to forman aromatic system

(4n+2) . Py003s]e hhise akylutienef HB-pyrafle 3aAndd0aReslceliREAdVAS thetbior 1S al so
required to satisfy the (4n+2) rule for aromaticity. Further analysis by
on- 1 i ne U9CCY Rlppaisogenticaing earbemesmaining o thetting thetdd Soydiffentner e bonded

~to both ¢ = RNehungt | 1l P 4. n bei ng b d to any
‘theory, i'(ta Hﬁéﬁglgﬁﬁel\g%rg&?ﬁg?’ 9? f?g’t a ng?ioglgléi%g%n%ngﬁg?aclugef%ﬁﬁed upon
reaction of thewyrgplewahimipriakant dsiciirsEcontrotisd hiovbadifFegkidbd ends. The

reaction wiit.h furan apd thjophene is believed to
achieved as was o served f%? Z-methyl%uran and 2-methylthiophene (Examples C1

_and B1 respectively). In the case of thiophene and furan, it is easy to rationalize how

TN

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

T would appear that alkylation of specific sites on the heteroatomic rings provides

" substantial steric hindrance or direct blocking, which inhibits in-sifu functionalization
of lonized PIB chains.
[0057] Surprisingly, N-substituted pyiroles as demonstrated by I-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
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18 occur at one of the two equival ent carbons adjacent to the oxygen (C 2),
which are of equal reactivity; whereas for pyrrole, it can occur at either
the G2 or C3 position. After the first alkylation is conplete, coupling
proceeds by addition of another ionized PIE chain end to the aromatic

ring; the sabgiotbnkl BIB-DRmRtHAIYTioRAS lesdbeablivd@hn N-RRSIpYrrofe thwalls C 5
positions on the 2-PlIB-furan and 2-PI B-t hi ophene. However, PIB inposes

si gni fi carfiASbesanse ofistraicdvinrderange.tin spits o the favorably infustivepifepivthals reacti on at

the G4 a - et-eigg' ! -5 r ue .t o resonance

stabili zatr& ?1(1}%11%&\0%% ﬁ%}%FPIJ;I I°C Olcl:égtlrg %%%5%@%% &lﬁ%?ﬁ'psgm%‘eaﬁgrug%d on G4. This

i s suppor teshobyditjomatt the Ator @ @ositiomd, Yedomes imckblsidvEbiitie & BAEehen MAugat e nearly

66% of thﬁl[gou | ed . Pl ﬁ?formad by addition at_ G2 and C5 in furan sanples,
[

and even HEpareT Uy serigdrance) Ehy 4t ad-TiRenyoles Dreduepdensifed wi t h
t hi ophene ¢, g@é@ith-rtlﬂg r%ﬁﬂﬂn@%ﬂle%r £LiFaid Pl aig%nﬁfyﬁﬁ n&lr&&fce%%tlﬁﬁ%@l' ve and

can therefor occur at any rogen-bearing carbon remdl ning o e ring
to yield fmmferiadli f f erent constitutional isonmers (2-5, 2-3, 3-4, and 2-4).

Thus, bl ocgki of .the reactive site(s) ..on the pyrrole was undertaken to
det er ni ne(imsr%gont&mlﬁél&tﬁﬁﬂ&f&%i%ﬁﬁ&‘eé‘éﬁ?&ia&?&t Iy BYTRS, Whish obser ved for
2- et hyl f uhRind Rl BsdtBtHRYErS cﬁ@ﬁw&pﬁmg&c&}aIﬁé?ﬁ&lélelspétg&%g@vfp', ;’ﬁley) :

In the case of thiophene and furan, I's easy to rational
reacti on iatoll¢dhotneenoaddition ondhi myirote dyicty. 2L-Bikytylsutedd wheratilizedtabe al kyl

directly bl th t] i i t inst th d
et Tl on. aifhe RS prolaf B e s Bl B e RN geand C 4. Aa
i I'l ustr at egbnkitictriigs EOaBPpRScd dN the AE3 8l BRd, batirifdsBh MYl %férr iiednd
e In

| 2, 5-dimethyl pyrrol'e, as well as 3- nethylthiophene, resu Oow or no
conver si ofdpr further iearied invepostraelymerkationtprogeduted laBpdanyiptynaie adbibitsat i on of

specific gites: - t eroat om i.ngs, pr.ovi des , substantial steric
h}ondr ance?%er(feg]fé)d;%ut%ggtflg(g%m ?dtm%oglhﬁ?tﬁ%awﬁlg Rgs 5 e P B5O8R i zation  of
- i oni zed Phlicylbsl disnitrb@8%uAl fBtanRE hubkti@ied at N-3UGPLI dhfB8RrRMdnQlT8BleAS

denonstrated by. 1-nmet hyl pyr ole Exanpl e 1) and 1-furfuryl pyrrolé (Exanple
2) under wehP I @iuets qusached voubfiurfusyipyseledn axeass of thg ciBendhai n ends,

wh _ i.fut - funct i ffecti
Coupt i ng. S teo Ry st Ble Bl B 2 p R BER T, ©
-avai | abl eatda singledistiéipitioni of PAB comthiningsulibshbfhskésqUVOEASIC andysionl y one of
t wo

indicated that coupling did not occur or the 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

(3 quenched product indicated that ters-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 fiuran (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-Cl 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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sites is reacted. Wile not being bound to any theory, the results can be
explained sterically and electronically, since substituent groups
stabilize carbocations and pronote electrophilic addition but al so inpose
steric limtations to subsequent 19 substitutions. PIB-N-nethylpyrrole is

| ess react{i0089]t haRuitheratxpytinstits #b@ deOWREDS in@RS ceﬁlfsaﬁfgstﬁm% h¥k&ELdn

hi nder anc in spi.te of the favorabl e inductive effect; thus coup%ing does
not occur thpﬂl}'!jgfaén prd ?t%goF’@H&@V@QMﬁPm@eM-ﬁ@[’E&b@U Hxaople 3pnoaddi ti on
at the 2 omvR ARt ipble.tqg EAS even though PIB
inparts signifi car?{tér%é!tz?l} %?ﬁ}?%ﬁé@%ﬁggeﬁh%ﬁ%&%%f&h%ﬁlﬁﬁ%%?’81’3@’%6 produced in
situ conpbsubstifutdd; hévecwes i iofi §IIPY s@h@uis vetlotanaile b Br e hak hugads and
produce C(%Up| ed . mat erj@ o L 005%}1 Simlar Id(, t he difunctional quenching
agent, 1- fOPPOHRYE diraaditigr 4 mither dha GiZmar G-Adposision of pyreale end (el G-6
nucl eophi | @ghoaQRTRENE 3 also |ed to
nonoaddi ti on (_)gﬁt he pf/l“rh ?%%%Sdnlﬁ}agét%/&&%eﬁﬁ?ﬁﬁﬁ)ﬁ%@g?e Ogs\%agr%?ﬂ}%ﬂnzed as a
quenchi ng cayelmng efd1Brtbrugle bid(fBrapiiand bisipleagietisinepdérivatived 8 het er oat oni c,
aromatic r.i%ﬁs.. %1“%% BI ac?.ed.oanltﬁe PI B, chain end, both rings _can be either
reduced ARAFSFUEHCR paciaation.gf thesecondung pranmangaddition wf gresilving e

- 1-Furfurylggrrole exhibits the desired substitution regardi ng both

heteroatomi c rings - the pyrrole group is alkylated on nitrogen and furan
is substi 10N at T® chenipey effpaepacing thezattaole N-fidistimtdd pyrofic Ridpdndsuot s

guenched w -furf irylpyrrogle in.excess of the chain end.  concentration
(Exanpl e %}%reé% & erg}loéli%arﬁﬁ kpowa in ﬁ(}ﬁ@ftr 3¢ 18t exerple, e Syatfiesst et i cal ) and
ra singl e ReatmviidUiddoPieicaPPRpeRt 8F MiByEn55 BYPRIBO %ﬁ@é&@ PG anal ysis

-ndi cated_that coupling did not occur or the anount of cgupled materi al (2
PI B chai nJolft Wilekand Bensii89inensporaigd higesin by wdsrehaniniits bhiretst. he | evel of

det ecti on; ' j ; surorising given .the.fact that .
“1-furfur yF;l)l%r@F’iﬁ) %Qtag@?%é%ﬁ é@%?ﬁl\geed pgﬂol%s%kg%% SRRy smpdeveddn thes on
pyrrol e apws@d imvention ae)udeNNRIGheyras1ES &igz N-nthydyridie N-Qﬂh?ﬁg,ﬁﬁ%, ﬁ{.oduct
nd tha

i ndi cated t ha teit-CJ and ol efinic chain ends 'were absen t nost
Pl E were BERYBATEMS MesprropypymalegybutipyrralpgN-s@ubutylipyaoleyd- anal ysis by 1H

booi 1 bn BB IE Rl ghol 8 SRRSO 00 The 5
site on fhemmylpyadje, 1 efuryipsrodd, @-thiopgugheald pyRoPENBMEN pYREBe Mgact | ve
towards Eﬁllg(bxy%%opeg,r et rdeﬁl%ngA llrI]rlg-pyrrole, 1-ethoxymethyl -1H-pyrrole, 1-
propoxymethyl -1H-pyrrole, 1-butoxymethyl -1H-pyrrole, pyrrol-1ylmethyl urea,
N,N-dimethyl-2-pyrrol-1-yl acetamide, N,N-dimethyl-3-pyrrol-1-yl propionamide and
the like.
o ' [0061] At a temperature range of from about -80 °C to about -10 °C a high
' conversion (1.e. generally greater that about 90%) of isobutene t[B) 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 tert-Cl chain ends to pyrrole moieties occurs within 15 mimites.
Higher conversions are reached when reaction times approach 60 minutes. This is
attributed to a lower ionization equilibrium in a BCls 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 TiCl, catalyst
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is i'nhibited once nonoaddition of either ring has occurred. This procedure

represents a novel nethod for the single-step production of PIE containing
mul ti pl e heteroatom ¢ chain ends. Quantitative conversion of quasiliving
PIB-Cl to nonofunctional PIB-1-furfurylpyrrole can be carried out in the

absence ofpromaies fasto pRipb saidayateBimii b ragidigiendnidy falds ik o 8RAbrepAt i O
greater than 1,0. 2_8. [.00591 Further experinments were designed to induce
coupl i ng AR GELibEEY) ssspcatebwitthinaystenrand st oi chi onetric ratio to

appr oxi mat 0.5 .3 haracteri zation, reyveal ed
that |ess {tg ?\%Zrll 50@&%'@%@%%{ %ﬁbﬂl@%pg%ﬁer gBP §f?magﬁqwﬁ]6ﬁever, 31
% of Pl B- Glaloger and the @6 swhstietadgyaioheste cCabied ag tygisall uBdions n®FEW t hrough
di -additi at .either the G2 or C 3 positjon of pyrrole and the C5

car bon o_n(%ff;l?ftez?qu)r%éklﬁé%&et@’ B as o ingt lpitediios pisperdingthe Neports t hat
mai ntai N gGEd{dhtt | . | i nyd et hyl ene)
derivati vé?s S tb?g)g?gfhiagii %ﬁmﬂﬁgﬂ{ glle%%ggﬁo\%%l%ﬁ%g&l tphgg%é%gﬁ%ﬁglg &ﬁb upon
nonoaddi t idasolyed uagipbiywieng Thehdit N-9060thtelsmokemih by botirps®paldeay t he

suitable N-substituted pyrrole conpounds for use in this invention is well
known in tHECLEE SLEB%“*BP"Q%@%?@?‘P%BMW frdtapreby apengbithei ty, and Physical

Properti e?o@ﬁneﬁi@@ﬂﬂ. [ THeRR AR PWRE the @ sHRRint Sy %ﬁ‘?(glé cé%eg?%ﬂgf@&ﬁs .| ey and

sons (199(}% i ncorporated herein by reference | | ustrative
exanpl es &F-subsyiukshnyrgletd thyearbdcationibicettenafithdBviag ot qidsylivénppelysdr,i n t he

present i L on include:. N-al kyl pyrroles, e.d., N-nethylpyrrole,
N- et hyl py%{}él}&ﬂpalbzn @Fwﬂg&{’i‘%ﬂ‘%ﬂ I8 prEbe ‘Hﬁ?‘r‘%‘r’%@f&ﬂ ByEOkepyrr ol e,

-N- sec- but Yilreyiofig geouphlon BeXthEd0naRER pdN RS MlBYsiekg 8%“31? RGE Mét?ﬂéﬂiﬁ@d €

N-substit ut edal kyl pyrrol es, N _benzyl pyrrole, 1-furf pyrro
1- t hi ophuPy thsyunghes of iwyiates sites inghe jritiaigr useil tegreme tlad lcdng pylynek esthe

1- h - : . 1-eth h 3 1k le, ,1- hyl
T pyrr ot iy iy BURRSY B! Sippl i ante RyntinBae Fon ™

N, N- di met BychioReayt4-ciméthylberad 188dsde a plshh @ vt dhel prdpdRafin® benkeing
pr opi onam.de angmﬁt_he i ke. [00611 At a tenperature range of from about -80
C to aboufhus ppe Rngtippal group psypolyigh Vihereas §3ieiri2chlom-darepyltieatenabout 90%

o o RSl B E L B ML PRSI, 0 Lo
monodisperse, N-substituted pyrrole-functionalized cationic polymers having
substantially no coupled N-substituted pyrrole functionalization.

[0063]  The molecular weight of the polymer chain can be manipuiated 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 finctionalized 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 al-
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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95%conpl ete within 90 mnutes. In addition to relatively slow propagation
rates, BCl3 catalyzed reactions pronote relatively slow quenching rates.
Typically, less that 50% conversion of tert-Cl chain ends to pyrrole

noi eties occurs within 15 mnutes. Higher conversions are reached when
reaction telresddifiaratiachy &ploying peBfunthibsal ingitiadtd, kb balled Gtdr QoBmiR¥ &I

I oni zation efqui libriumin a BCl3 systemwhich yields | ower “concentrations

of reacti P& [e@ade fiymm gxameles ohthefpictiongized pabmicsnoan etrepresented st i t ut ed

pyrrol e ofrdfis: tpC K ' :Using..a Tid 4
cat al yst é%ﬁt%%tgr%?ggaf(gg{behr p# g%gg%s{ﬁ?%%ir %}8 éér% ‘%31?*3&%8?%} H89hi ng
rates due(Nesubiiguled Pgamle)(®pblyater DAmaififuhdtonkUlNthsEaedi@idd(PpslimiehL s
system [0QQ62] Techni qu under which the |iving polyner or a polymer

t er mi nat edNvepsfityted E’Xﬂﬁ%ﬁm ﬁeﬂ'h]ee%ﬂ%sd%%f‘fiﬂﬁﬁ‘?f@gt)b% pltidpe conbi ned are

typical congditdnaity, dSHONHE atg@ntstchgﬁtge logécgiorlﬁﬂ{yP—ggfyHerE ifd1ea@rt, such as,

but not limted to, suspending stitut pyrrole’in a solvent and
t her eaf t eillustratoil abon, thietihitiatve revehue cais bis pepricted bp the ditssaliore@ORLRI)RL, pol yner .

e ponded Bt K Bu Syt 1 1edeRy BT R Po e P Bty B e polger
pol yrreri-zaég"{faga frbfeat RS AfoMicAIlY SdIemMiABRIhb &GSl gecoval ently

bonds t he substituted pyrrole to the carbocationfc center of the living
or quasi | firichgnaligey Mesubstituted pyfrateqrolyoners czi bghdthepdlyeémgapddgwer . The
nunber of ubst.i tut ed pyr e functional. gr s on the functionalized
pol yner i cbﬁcgﬁ%%qlmﬁ]ise%&péﬁg* [ o}y@eghb\z'ﬁﬁqsﬁgg‘?&)g&ql%e“ﬁ&%er of initiator
sjites in idiepéddehtlpicdéctedsAmd thes K Bakind HeditEehngt R ¥ilafreRde, t he  pol yner

terminated wth tertiary halides. For exanple, initiation of isobutylene
from 2-cHO8Pb- 2 1n aprefeirpdembodimantasditiieadmetequivalpot gher Niwshbstingne

pr opagat i . functional. gr.oun. per pal yner. Wereas
e PR B htcEio cR PR R RlicR i, OrebleE ety oo

f unct i onabf yrsabgiftutePpyirdleukast soupe GEETE, Bewav® hePreRMHARM RS of N- Substi tut ed
pyrrol e-functionalized catjonic polyners having substantially no coupled

'N-subst i t SHosatRADYSIOL tojchainiegf arg b a3 0osquivatrmesier Thein sod.queferablynbight of t he

| ' | nul ' t ' f th
PolJTer a1 b A, B pUAEADO, T B g
pol ymer i z@&FHabnends Seeddiamisedeypdseertdifing Batnuniies of HitdHon 8t pk irkfRoP14; and

4,910, 321, i .ch gre I, ric.orporat ed hy reference herein.
-~ molecule and multiplying that number by the 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 pyirole
in the chosen solvent for the polymerization. The addition may be singular and

: (' A | 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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‘[ 0064] The present invention is directed to polyners having at |east one
termnal N-substituted pyrrole noiety, and these functionalized pol yners
can be derived from any suitable cationically polymnerizable nononmers. Thus
the functionalized polyners can be honopol yners having substantially the

sane repeafiosy MonEER Guetthing, Bk poBARSIZNET SroB@ i G piciey Qb di fferent
repeating units, Particul ar Igy, ‘RB_ bl ock c%&pol yrlrer gﬁ}é Aéé,&ee%ﬁobl ock
copol yner sCEYRntEat Bnipkng stepwhigh éndlusiea dapstee/Hibwvgshep sxiray catabat cont ai n

¥ﬁ; i iogist rg%gi?ﬁggydr&ﬁﬁ Ha0b%s Bﬁ%@geﬁjﬁﬁﬂ%}%ﬁ)ﬁ érgiﬁfﬁ;ég i_vggogd aatn Ee initiator.

elther mmc r‘ow - phenyl et hyl

derivat i veeximrtep dleyit Jeie retalyst 8 isblaed inrtheBiubwlPeitsy, and @@t ¥idgor

pol yi sobutene, or may jnpart some desired group such as al kyl, benzyl,

tolyl, sil$FP toremoys esidigfmquaksatpgutraiized pgiplysh Tdepolyarmpeedushis then

initiator : : : r . Thus, exanpl es of the

functi onaﬁlyg%gll%ﬁj rlg%?ghﬁggxggé?%@%%‘g%@&% J@Fﬂ’ll‘f fIgp¢fpers, such as

resi due) - (iFetpidngnidilpwediby atfitlicr wirpgingyrockiee tokeriyvdTight chdpsliepal

initiators, (N;substi tLited F%éqrol_e)-(P-pol ymer) -(multifunctional Initiator

resi due) - [@&Sﬁw %‘E?I) polyieq g stpRed pobyre preduchisthar wpigatly dgediby t he
~functionaldifkyeegf the initiator. Additionally, coupling agents can be

enployed to |ink P-polyner chains. As illustrated above, the initiator
resi due cdf0®H depidasedf piefarted pradustsorithio inventiiRaRb)e Rarrowiinbleciar Rb, RO,

and n as def.i rei b ; P-pol r, represents a polyner segnment from

at | east O‘%%g@%?q%ﬁq@g%%ﬁmﬁ%&%g&@%g REfess, e prederablytaf @bout

f-unet i onalj. g ediedt; sthShore I p?[ﬁ; | s, random
“~or bl ock copoleyrrer s, et clﬁﬁgraaﬁﬁrl?%&p%%y%eﬂ%?éz@%u@g{l 2& %yq%rsbl e) can be

i ndependerffl ynostprebrabdy d3cdbri¢sas Tipicalherasgesrefroni 1.1 ep enl .4ailikeadse,

occurrenc In.a preferred enbodiment. as little as gne equi val ent of
an N _subst]i’lff 1&,{9 @géﬂ %ef?rrl%qdeabﬁg?prgﬁlé‘ferp%gﬂ'ﬂe g@ﬂ?&%ﬁi%?ﬂé%deg@eeﬁrry out the
funct i onalfizctiohalivatiél @Rh prevasiBlvilatdé bcsHBREAINIREbIPYFJcBLRs ahg of course
useful ; however the preferred ranges of " N substi'tuted pyrro?e to chain end

are 1 to Pirfewed gnbakimentthe demnes of Tumationplizetion igxdbputl 7% or Rroequi val ent's per

chai n end b e I Lval ents r chain end, (Chain
nds.ar o Qraaneheolidle bt lert st tenSiths BRGNS hmitpel bkpi per
initiator NMRI ecul e and mul tiplying that nunber by the nunber of initiator

nol ecul es ent.) Typically the reaction is rapid and quantitative at
vari ous tgﬁiﬁgf at U'Flbesn_overlﬁtlgnmonahzed N-substituted pyrrole polymers of this invention

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 ha‘ve
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 wei ghts measured by vapor

phase osmometry. Low molecular weight polymers are useful in forming dispersants
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'substituted pyrrole may be added neat or nore preferably as a sol ution of
the pyrrole in the chosen solvent for the polynerization. The addition
maybe singular and imediate or nay be a nore slowy controlled, netered
addition. Additionally, the N substituted pyrrole may be added with

addi ti onalforllebicnasdditieataad paticulprlpuedful dré Bvw melRGlaf Qi dhe NOubsQfiuteany

conbi nation thereof which are typical conponents of the aforenentioned

li ving poPYiTRIEiPP M Shsprsprationolihe pelymersad thaprserntinventionecdndwi s aci d
does not | ' gaak v . uhst,j rrole. .[,0066] Once the
| i ving poicgllﬁrrlga}%ﬁgggth%ag% reacd#éig v?nh? ﬁwﬁ%@) ‘R@Esdu%aﬁo;ﬁg B{)%e “ﬁ%?ﬁﬁe , 1t may be
used in t palynfeos. ifterpotypoért cadbd corfveriontbneitabterfzod bhdedmal meleaily: by known
chem stries. ,For ex | e the function group may be reduced, oxidized,
hydr ogenat SHELFEES E’B’H’Fﬁ? SQPOFHISE rl‘é‘&c'ﬂ(g(?%o gepl.ostegeedigened in the

sane reael 00,080 HuRLi2Q/hdH, 98, of obfeod %%5}{13 @?@L&lmeighﬁféﬁg%%ﬁegﬁ%dPy”o' e

containing polyner is optional. 23 [0 er quefic
pol ymeri zation product is typically subjected to conventional finishing

st eps whi hlicncl ude a caustic/H20 wash to extract catal yst residue, a

hydr ocar bgﬁiaﬁ%@gﬁg%%ase separation step wherein deactivated and

ext r act ed[domwj s Aticdotioahdssif thoplehl ftvestidd)philEuidfly BONS rahiasfiadpd @ vater
eutralized cdta

washing step to renoveé residual’ anounts of yst. “The
pol ymer pfoseyk L ase nsedel asragditives injrydrocarbpe distifate foelbboiing fiethet o r enpve

o rac meelBlid by Bl RATE P b Rl EOROGRTS of Byt Ve dtaser
* rpol yner) . mbleukat weipheshddley e Pf@&mqy, i & seleed toorh 886 by, hé @f&gﬁw have a

“pitrogen. [0068] A class of preferred products of this inven
“nar r ow nofEeeEHIonE additivenesessapin asder tavagiNeve the desfivsd aloteygeanty alxbut 4 or

| ess, nor . r l.es even re preferapl 1.75 or
| ess and %\%@%%gg g%%ée#é?rgdgﬁ?%ﬁ%@éhgpgfagg glfe? brggié)yﬁ%gﬁe B]feg?né’F fhP eﬁ_’_ 2 or

| ess. Typiaterigbnts, rdispgesan@y adfotmalditived eicOGeneally, hisRl&e front AWeuf®¥ @30ds
descri bed ?& ve produyce polyners having a %r eater degree of

f unct i onal>P2APPBIRYCHAShpTElF e Frymeabapt Zintoel. 1P rrowed it presapt edditive
processe er?a&*t%fb?s%%&ﬁ% ﬁ&dg{mp%ﬁ@tthet&%t Regfee of functionalization is
0 y o or

about 70% nore, prefera nore, evén nore preferably 90% or
‘nmore, as W87Hr m Add dbyosgironivol 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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‘NVR" [0069] The novel functionalized N-substituted pyrrole polynmers of this
invention conprise termnally substituted polyners derived fromany of the
above-di scussed cationically polynerizable nononmers. The functionalized
polynmers will preferably contain at |east 4 nononer units (M per polymer

chai n, andsuegihimides; er Manaich padee. Adbiioasitye khtiedd s, MoE QeadiNaloagmdol ecul ar
wei ghts of, at .l.east 350 and up to 1,000,000 g/ nol or nore. The nol ecul ar
wei ght r arffE S My Aearsihed for particul ar pol ymers. However, preferred

functionalfogrd pPolydiBsst AGRN | i I boght . from 500 to
500, 000 anﬂd]_?gner ally up tégg%%){”g%&ﬂgﬁ%{m%‘%@tﬁgégaes ph\?,ﬁa’g’rsiu@gﬁf PAldi ti ves;
and wi t h dpadidepressenisgiew ahpR@eROGtine imPMvefOag! hollikor use as viscosity

i f 0 20, 00Q g/ nol. fqr, , di ts and
et or gont 00BLr 1 R PR RIS SoRyoTeile Bvien fid 58 ot Fapittin vl ot bhal | zed
pol ymers %V&ionﬂﬁkeﬂ\pgg%%s HPthﬁCiHJ/éi‘x'ﬁoM‘!el“% ﬂﬁlg@gagcggfﬁgc ngqng]p 5, 000,

preferably 500 to 3, ,. hore preferab a nost preferably
f r om abouthy#pgatben-s0kbiE lighirbychicld vehitosubstehigallyl iacreuset ¢t onabRtikuNber

aver age I i.gh asur e .va hase ,osmpnetry. Low nol ecul ar
W\éi ghtg pg? %/S(r?r@rrés(ﬁéfr ’ :cilgseoﬁﬁng%ﬁg lglr“ﬂi%t“&‘? %@Fg&ﬁﬁéﬁt@ﬁ&gﬂﬁ npLbri cant
addi tives oaadvmaﬁih'gwoafﬂbmwgﬁfwtw@?Mwiﬁ%ég#$@% g@kg@%{&ﬁé tut ed

pyrrole polyners. The preparation of the polyner invention
can be céi@tEdled symbeficih gegh asnaingrabiell, relirad petrotesnt ailsatymhatiovar i ous

| ecul i | s. The. pol b i ently characterized
based- on RoFakihes A0 AT incl N Ry SE 2l S0 BEEBAFRE S of | om 220, 000
(gl ol , i npelyaiptaaitns, %&%@&&X@@oﬁ/oﬂ?&lkyl@t@déﬂxﬂb_oil:b.-S%ch cﬁﬂieP?QidQQ& g/ mol ,

mol ecul ar wei, hcss can be prepared. Fuel conpositions [0070] The conpounds
of the pr8EEAPEY ANSFAMBIE: IS PatiNer ) 91,835 @nd pplyesterst exthhay thdser mul a | 1,

~are usef uljeRs bt d j | &l || fuels boiling in the
gasol i ne or d})g(gg?ltérxéﬁ%le%’ %Qﬁ?%ﬁ@?‘@%rﬁ%@#?ﬁ&%ﬂ& ]%ﬂm BPul a |11
have a | oRatentohpmdishtion Nes.giib, 7a6publigredVie 71096, ehabky,1 59, jubligiglect ed from 2

. to 20. Th r caoncentratjon of additive necessary in order to achieve
t he desi rg‘blgdgié%%n Sﬁﬁﬂ“%h‘é‘g%?’?&’ﬁ’@?ve@é?ia%tsasc@éiﬁé’lfﬂ!iquhayﬁmi the type of

fuel enpl gyBavesloRthePrERaN T Fetfon¥nh S assist in removing and retarding deposits.

“The carrier fluid may also exhibit synergistic deposit control properties when used in

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 fuei, 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 ranging from about 20 to 60 weight percent,

preferably from about 30 to 50 weight percent.
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detergents, dispersants, and other additives, etc. Generally, however, from
about 25 to 7,500 ppm by weight, preferably fromabout 25 to 2,500 ppm of
the present additive per part of base fuel is needed to achi eve the best
results. [0071] The deposit control additive may be formul ated as a
concentrate, using an inert stable ol eophilic organic solvent boiling in

t he range, ﬁgp%$§n1about 150 F to 400 F (or 65 Cto 200 C. Preferably, an
al i phat1C aromati c hydrocarbon solvent is used, such as benzene,

tol uene, XpbmEs)e orh@w&ﬁ{ontigmrtheﬁﬂﬁ& ﬂg&car %ué&ﬂlgg&hﬁglegf

Al'i phatic al cohols of from about on ato pr opanol ,

i sobutyl ca@ebloks COHﬁd@V@danbmHmVﬂjoftltsescdmd(e in conbination w t h hydrocar bon
solvents are also suitable for use with the detergent-di spersant additive.
In the concentrate, the anount of the present additive will be from about
10 wei ght Bxarmpént and general |y not exceed about 70 weight percent,
preferably fromabout 10 to 50 wei ght percent and nost preferably from
about 20 t&nSspMREPEmetignat REhwas sobwsized nsigathsl foewvingebaditionher f uel

a0 L vee IR ERLOYES, ML KBS eSO LB gt o

ant|knock[’ﬂlg?&ﬂt=800&JMh[asDMP]‘#DMMOBBmE@dsﬁpypolﬁga%ﬁgﬁ§ ff' Qﬁnyl and
ot her dispers ‘;rdetergents such as bédrocarbyl am nes, W roca

pol.y(oxyaPk YARTPHS8 22hifch gewe-byr. sty(b@wyabmbem@pommcmﬂhgmt es,

25 succi nipn fdas. qgﬁb@] B3NP nal Ly, antioxi ant met al
deact i vat.or's ang” “dentit aig Pare né‘f/er% ‘b"Ff‘edo%ﬁ?lx ‘58‘?%}]1 é@&h@npalm s,
(ot her wel bqtkhbmmniddﬁStmumm@Wmhiﬁtﬁﬁmlﬂyﬁd}h SD&thlﬁﬁlaEQHr ¢point -

depr essant fl.ow. i np {overs cetane_inprovers, and the 1ike. [0074] A

f uel - sol ubf Emeﬁaﬁm sqtutoR “@éﬂmméfha?eﬂmwmﬁ ingp 30 valy aliqunts @6z wpred Wi th t he

functi onathingdsERITYSRA fe iirmé@ Ler £l uid

chemcally inert h%gr%ééaargq @) Q‘Eﬁdﬁglﬁpﬁ‘éﬁ%ﬁé‘ & “ANHE (?fjivghbst antially

i ncr easesthrésded oapsolAditld @pmmstaimct(ohl\ﬂﬁ)e (981% 3B lcutvdrsibfi ©@etbirfiabg fraction
of thefu& addi.ti ve il ﬁ elmngly contributing to octane

r equi r emeRPT R URIEne ﬁgpﬁlg}l?l}tg)r Chastiope were wgemimeted voth either hetic oi |,

2 oo A S AT .
synt het i cl088Tlyox J%nmym@d eeagtiol midums nere Alooredaamwarerto Fbath Gmpdtfure |
and low boiling components were volatilized. A volume of hexane (2-3 mL) was
added to cach 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 guenching 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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'descri bed, for exanple, in U S. Pat. No. 4,191,537, and pol yesters, such as
those described, for exanple, in U S Pat. Nos. 3,756,793 and 5, 004, 478,
and in European Patent Application Nos. 356,726, published Mar. 7, 1990,
and 382, 159, published Aug. 16, 1990. These carrier fluids are believed to

act as a muspr@usefyctmctdthe ﬁimédculaad.télght vEsie ahqidhehdd BIBEQT), idMBAHLON and to
assi st In[’r’@?‘\%ﬁ? andretarg de gsits. The carrier fluid may al so
exhi bi t sYHEPg LN hmipigd o Praprs mdeculhelaugaehing agens olibe nat i on
with a fug 1&9&&@@%@?@5@% rier fluids
are typi caI%Ihy enpl oyed I n arma?\){cél&ir} 8}1%&? c}}r)n&%a%%%?wel%atéoo ppm by

wei ght of Semglehydrindabledn Thetonvprseherfabhiy ehdom pbold AAbtdRIReSHE ppm of

t he fuel. =) the t|o of carrier, fluid to deposit control
additive W (? o i bé’ﬂbé“‘f(?l?)ﬁ‘i‘ guethylpyre etr‘éacilensfh%oﬁ‘ﬁYfé’ %‘lﬁé‘aéﬁ%wp}fm about

0.5:1 to ﬁnéscdﬂﬂéﬁmg%@?ﬁ@ﬂiﬂs@@@ﬁhc ghé'rtﬁeﬁl%tﬁeré%t? in a fuel

concentrate, carrier fluids wl gener be pres In am) nts rangi ng
f r om aboufefiylnerobo Tessyfindipes m'@rstgmﬁqanm’lmeahd: probeies abthetfindDoil/aeb0 wei ght

percent. E 007 |n ntion is further illustrated by the
fol | owi ng exarrp%'\l/Plhl %v%ﬁg%)ﬁn‘g%né eBQP Hhslugs dyedtly Banded H’ttihﬁe of its
scope. Exaemplogtoinit g aFuMRR@bi) &1 :8N8hctR

fol |l ow ngm%@[ndlot |lonsgE Hexane/ Met ﬁyl Cﬁdgﬁ%@%%ﬁ%ﬁ?%@%ﬁ%ﬁ'?w tenperat ure

-70 C gF rath)otb]pgmherlphqm;mq remagnsQBeaten th@ml 6} PAgjices rﬁht&ialsttbl B] 0.5

M Pol yne r S gl ove- box.
Vst or bat &Reasr il Pl BbRRRor AR, o etk yaREE R snady 2. o: v
(were al | olledreta, smplésiezg Exaiylea pdof BAG bod be) dich mﬁbﬁété@édd}kmdf or 15 min
prior totggltlatl n with TiCl4, cf)onlnltlatlon t he pol yneri zation

'sol ution {RYIONS e SEL faces oxhibited MVPDsgrepter tian duid: §*‘r(vlvuthlsalatar s chl |l ed 50
L graduagied el H@ﬁﬁﬂmﬁ&ﬁh%tﬂﬁeoq' lfvﬂlgs(g‘lqgkmi \?irsr%t% cttﬁé /gtﬁ%mgﬁ%%pgl on -

~ threaded caps. e appropriatée re
~det er mi newith fappmplpa'teqummhmlglagaﬁts careyiplmhomidispirst el BAtbZAL | ONS wer e

term nateg wiih hq rechilled MeOH (control) or quenched with a
nucl eophi ﬂlloﬁbi}ue glﬁé&'ﬂm egff’@é'l’? pk atepsithe egonanges asepristed withes wer e
al | QV\Ed t&em{cﬁbﬁﬂlzé@&m E@UPEBYE B those for all chain end protons were treated

using the following equation:

Appx

F(PIB-X) =
Avert-c1 TAexo TAcnaot App.x

[0080] where Apip-x is the normalized area associated with characteristic
proton(s) of the quenched product (e.g., Apm.x/3 for N-methylpyrrole)}, A, is the

- average area of the two olefinic protons of the exo isomer (4.85 and 4.63 ppm) and
Acndo 1s the area of the single olefinic resonance at 5.15 ppm. Ayer.cr Was calculated
according to the following expression: Aer.c1 = (A165.1.712)/6 ~As15; where A} g5.1.72
is the convoluted, integrated area associated with the methyl protons of the endo and
tert-C{ 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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C-5

N,N-Diacetylfurfurylamine

0.120

0.109

U

C-6°

2-Furanacrylonitrile

0.120

1.224

U

<o O© §R§C>

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

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

¢ Reaction conditions: Hexane/MECI 60/40 v/v; temperature -70 °C; [chain end]=0.06M; [TiCH] =0.018 M;
[2,6-DMP] =0.01 M; [IB] = 2.0 M; quench time= 15minutes.
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‘10079] Using "H NMR, integrated peak areas of the resonances associ ated
with the functionalized end groups relative to those for all chain end
protons were treated using the follow ng equation: APIB-x F(PIB-X) =
Ater,-C +Aezo +Aendo+API B- X [ 0080] where APIB-X is the normalized area

associ at ed wi EHamplss4dt eristic proton(s) of the quenched product (e.g.,
the average area of the two

AP>B- x/ 3 for hylpyrr ol Aexq i. .

ol efinic prot E;ldsﬁg fot %11%‘%8%\)“‘3%1&@;08(“233@laﬁampbd,ﬁ‘ﬁwd@ﬁgnalm@@ﬁ is the
area of the sijngicRingh@fl Wefe dofiaRiANESn @&-&55 AL eLegis! Ti@s cal cul ated
according to the fQIgI OW Ng_expr essi on:_ga%ﬂagjlg??% = Y@%?‘é@l@_%m - A5. 15;
wher e Al. 65- 1Pqiymefigtioneanchpiesorhing teactintserratadedverumisseifall@dingistl of he

hy! L]y and _tert-d. chaj 1.65 - 1.72 .
To084] S m | arerhuslt FRReL A0 pab i et LA bt s Thcipird Sebbitbises 2
and 3 as wel DMR =00d( HB] *@.(EK@'II?'I,@SEP(@%)&@&%FE -&@%;TT 1&0@2&

[ 0082] Tabl e Exanpl e Quenchi ng Agent
Traces .1 1- lﬁll’lrl(g%%l[%@?mgﬂﬁéﬂ‘@; [UB]:60.6 1. Thuinié aljdwad foplgendhiagd0

0.165 U 100 f 0.007.0.04Q B 69 A-0 Pyrrole 0.015 0.040 B
100 A-1 2,4, @q&%rengr}’ P#%%‘JF%%@(?% "8“‘-’61'%‘?’6%%&5?%83“@9@‘1?{@1- DUV ard GPEr ol e
0.0 5 - 0.057wtle@seBolhTntterinene ppodith Ad ARLaB 431Bd %iﬁﬁfgtzg%iﬁitﬂe‘)he”e

0.015 0.057 U 100 B-2 3-Methyl t hi opene 0. 015 0.059 B uran 0.015
0.440 B 100 REloys st himogal pmples eshibfed wudlobigh: .TWDs thanyiniheddiol

'0.115 0. 558 Léaglples (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(g) |GPC | Yo Yiéldb
(QA) oD Trace® |Rnx1' | Rnx2’
4 1-Methylpyrrole 0.048 |[0.12 U 20 60
5 I-Furfurylpyrrole 0.012 |0.05 U <5 <5
6 [-Furfurylpyrrole 0048 [021 B 32 -
A-3 Pyrrole 0.048 |0.10 B 15 50
A-4 2,4,-Dimethylpyrrole 0.048 |0.14 U 0
_ A-5 2,5-Dimethylpyrrole 0.048 |0.14 u 0
( B-3 Thiophene 0.048 [0.12 B <5 78
| B-4 2-Methylthiophene 0.048 |[0.12 U 70 100
B3 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; [TMPC1]=0.024 M; [BCl;] =0.50 M; [2,6-DMP] =0.01 M;
{IB] = 0.6 M; quench time= 70 minutes.

*Reaction conditions: 1,2-EtCly; temperature -10 °C; [TMPCI}=0.024 M; [BCl;) =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;

b . .
Percent yield based on fraction of PIB-Cl converted to functionalized PIB as determined by NMR.
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‘C-3 Furfurylacetate 0.015 0.084 U0 C14 Furfgryl amne 0.015 0.058 UO G5
NN-Di acetyl furfurylamne 0.120 0.109 UO GC6 2-Furanacrylonitrile O. 129
1.224 U O a Qualitative shape of refractive index trace acquired by GPC
B=bi nodal ; U= urinodal; b Percent yield based on fraction of PIB-C
converted to functionalized PIB as determned by "H NVR. C Reaction

condi ti onsg e/ MEC160/40 v/v; tenperature -70 C [chain end]=0.06M
[ Ti C14] :0]%@%? [2,6-DMP] =0.01 M [IB] = 2.0 M quench tine= | 5m nutes.

29 Exanpl e[9085]6 [ BOBBlroidbiottan flask WwhechBNRA70tE icH, eh%ﬁé%‘ﬁ?&%ﬁe two

addi ti onal , set f uenching trials were conducted uUsing analogous _
quenchi ng @é’ﬂﬁé’?fmﬁ ous deyarsy 3 &b enbiidsousunetbyl ehjorideazt 2opefder e carri ed

(TP 0. 0o B S REhBne \pvPCDE! R sdtudRRaTRE 8 'y 2y ©
[1T2/-P Et ]CIZ:anhedmesr wolurtenc-(IB). CThd sHMBGhwad s824d Mr 15[BaLak P&yﬁéﬁ%ﬁi%lz’ 6- DVP]
:b o1 M ,[I Bl. = 0.% M, . The ti al | oned for quenching equaled m nut es
after 98 FNEIRVALY; XﬁdgpglﬂmﬁgFTQtW thesriwtign nA fteniRmimdesClE4 mieo used t o

i : jsted in.Table 2. As in the
rovt ous cwantpERTRQENEL SRl yigheh HebBl ol b ind AU Gt R uni rodal
sanpl es ( Exanish ésthﬂrehylﬁlr@)ionﬂimﬂwEBL ohginlixlgﬁ?'ﬁﬁﬁe Pca@tli(%ﬂ'dﬂ}&gﬂ &@-ege\rqltere S ;’iln o)

d i Wi t hi § ,met hod an e results are _ _
%gfgrg. Iﬂ%ﬁ’%ﬁ%ﬂg@?@”% %@aﬁ&@ﬂm@mﬂﬁ@m@m@dm Qc\I (2 8) 6@305% Yield (QA)

: 1 . = :

(1MFurT1[ or 5?%‘???‘o| eﬂg%%ﬁs%ﬁ%?%rgé%%wﬁ% &@?‘ﬁ?@iﬁéﬁvmﬁ#%ﬂ@ 21 B 32
(-- A3 Pylissandworgdded o Bpastesointifatlorlyidls-cbhtaitifiy | Py dileed). 048 0. 14 U 0
0 A5 2 Mdg@&srﬁé@ﬁr rﬁlleSGG soam%zfe% vn(r)e'réL g'ubljjec(f)edoto 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 HCl/deionized H,0 solution, washed with pure
deioinized H,0, and dried over MgSO,. 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:Clp), 1.18 gisopropyl 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 mI 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. o

[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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‘( 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 0.448 0.14 B 5 84 C-7 Furan0.048 0.10 B 8 90
C-8 2-Methylfuran 0.048 0.15 U 20 100 Reaction conditions: MC ;
tenperature -45 C, [TMPCI]=0.024 M [BCI3] =0.50 M [2,6-DW] =0.01 M

[1B] = 0.6[#90uenthe finahBB-gahstiuet-NamctARpaabicorasaiadivei @ Bexahe 2TE: Cl 2;

t enperature,. - [LIVPCL] =0. 024 M 3] =0.25 M [2,6-DVW] =0.01 M
[11B] = O. grﬁ@%{%&&eﬁg‘ﬁmﬂa a "7*8“ 1oy b?ﬂde@%%eflﬁaﬁ spiltioRaysashef! wit puaet i ve

i ndex tr acédeiatired IR, Byd GREd o BT BE algqi j ' P . yjel d based
on fracti op of PIB-O converted t%@%u#gglﬁgﬁgﬁe@%gédﬁrﬁngéggﬁé?wed by NMR
30 Exanpl el¥xanp@gs removed by g distiBation! ta pkodwas theHidal pebduet. - 70 C. Char ged
to the flask were 460 nL of anhydrous hexane, 307 nL of anhydrous net hyl
chloride, 21.24 g of 2- chloro-2,4,4-trinmethyl pentane (TMPCl), 1.16 nL

2, 6- | ut Extinnele 9amitpd&il CohtrslfEvaiiaiyglr ous i sobutene (IB). The sol ution was
stirred f0£p %i m nutes. Polynerization was initiated by adding 47 ni of
Ti C14 to t f998b udp e follewing testyrihinRBssubstined N-nuthyliyrrde By, =Iy300! € was

added to q . f4 and allowed to react for 12, mnutes to

Fher aby r WEeE s AenaRl TRBR | B A B iR ot Bt Mmootine o

~anhydrous itedHoniasorari eshaciapbstelitn B ASTMUFRESn S ABRRHer BAABET.RO! yrer
intermttent reaction tines and

sanpl es we tracted .fromthe mxture at >

wer e added[roﬁ%ﬁé epilil SATEY1a% PHithe teale; W apkeshs CEBrainglericyinded engine iak | ed,

anhydr ous- ) ' .ected t C apal ysis and NWVR
spectrosc %@%ﬁ%@?ﬁ?ﬂ@?ﬁ%ﬁ 88%?5’[‘%&% ?r}?g‘?fc‘;&l@ B‘Wﬁéﬁ? F‘Ltﬁ‘éd’-a}\vrerret hyl
{pyrrol e welasdieBovédedshel Witk hoane ZkweiphadNTe prayRbs|pAsteHARRE b otiith 5% v/ v

‘HCl / dei oni. 20 sol ution, washed with pure_ deioinized H2O and dried
over NgSOfP.Zf‘?%OHFWsV ‘@asff’l"l,bfré‘i%@gf’mdh? wigieht of the ivalveaFie diffeseape was r enpved

i T e e s o PP
i ndi cat ed megured dodisasds uBetdraiddriveo Thabpedting coriditidng Br fHel test hralgd Ur es.
follows: water jacket teﬁlperafure of 200 °F.; manifold vacuum of 12 in. Hg; air-fuel
ratio of 12; ignition spark timing of 400 BTC; engine speed of 1,800 rpm; 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)
0 SAMPLE RUN 1 RUN 2 AVERAGE
| Base Fuel 2043 192.5 198.4
N-methyl PIB pyrrole | 131.7 134.6 1332
[EXAMPLE 711

1 . . .
50 ppma (parts per million actives) of N-methyl PIB pyrrole and 50 ppm of o-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 ﬁlel employed in the above single-cylinder engine tests was a
regular octane unleaded gasoline containing no fuet detergent. The test compounds

were admixed with the base fuel to give a concentration of 50 ppma (parts per million
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'Exanple 8 [0088] A 250 nL roundbottom flask was chilled to -10 C. Charged
to the flask were 156 nL of anhydrous nethylene chloride (CH2C12), 1.18 ¢
i sopropyl alcohol, 0.24 nL 2,6-lutidine, and 36.0 nL of anhydrous
i sobutene. The solution was stirred for 15 mnutes. Polynerization was
initiated #iveddif fiy HBrubstituBCIS nicthyiferdoknt S@ppm ohbligir§8-Giout es, 3. 10
mL of Nm&{%hﬁgﬁol e \iﬁg’ addec{gtéeg t he pol ynerization and "allowed to react
for 70 mi nutes PTREXRIEHIKTRIGPY.En PYRe dh avaresnidd- By oaddonylere wiits 20 L of
anhydr ous (dedpkked BEARLILPR dBIATRRETHIS & X! PACKEY [FORIANE m xture al
e |

intermttent reaction ‘tines and were 0 separa‘f’ t%® ation vials
cont ai ni ngf@ErPil chi |l ed, anhydrous MeOH. These sanpl es were subjected to

GPC anal ysj nd speect.r.oscopi c, characterization. 31 [0090] The final
Pl B—substilltoﬁ%‘gd- Nlijh{t&fl?{ﬁfrb@?mﬁﬁéﬁ tedheedpcian inAntgks e dapesits or gani ¢ | ayer
was was hedprovited bthe/fmdichaldel 98] yhgs Is . d.with pure
dei oi ni zed H2Q, g%d dried over.%]\/gsm.é_%%lﬁ%g%vé&ényl ?‘Zer%e%\g:“%e%rot e
sol uti on &REcCFaleH elt ity theramlicipatsy that bydnogetiasivh ol dte ry dﬂlh@[\pﬂéﬁlﬁl—t he

e

final pro - 0sit ntrol Evaluation [0091] In t
fol | ow ngcgig?t:s, t he g’f@e&%g F?B?rg%ml@%t hyl pyrrole (M = 1,300 g/nol)

as prepared in Exanple 7 of the present invention was bl ended in gasoline

and i dePolsit control capacity tested in an ASTM CFR Si ngl e- Cyl i nder
Engi neﬁ@ﬁﬁ—‘}[ pEaatien rirgpangiasuat Poldsobetl-substititéd Nesibhy R olidine

si ngl e-cylp r I .. Fach run.was rried qut for 15 hours', at
t he end of[ G\Aﬁche?(??rgst eglla?]t §Ee°%}3’al%%/° Ve\ﬁﬁéwﬁéﬂ@%@o‘%gm%ad\ﬂﬂth hexane and

‘ “(wei ghed. Tharcpal evtialysisingt tol diie vk Bﬁfbd\@iwaciﬂfacétﬂ?a&(ﬁ.e’?ﬁbnvﬁg%’ éé‘%st he two

'subtracted fr gméég isvei, ht of the valve. The difference
wei ghts i PR OLR; @ﬂ HEtureRf Zyasbipelyispbuterd snbstiteied N-oictydmpesile Myreasur ed
i ndi cat es =3, 3MPEmoHwRGdHLd. Ve ; ' condi tions of the test were as
foll ows: water | aclkaet t enper ateur-rgg&gﬁg%%f %Q ﬁ%ﬁﬁ?%’Fg t?/%\@ﬁ‘ﬁm of 12 in. Hg;
ai r-fuel hydwpenasr a8¢ 50 pejgittyilges prestars ivas aspiietl. 406 r&iEGon @291 Ne speed of
1,800 rp he r.an il s a.comercial 30Woil. The anmpunt of
hydrd ga ? ﬁBEC;T? 1 i
car bonacep&s #2p it 2; T QT isgﬁ%&’f?s n therepgitoalaixiune was filtleedmedsur ed and
reported toludngadddd T¢I pAstiubaRhE wished first with 20% KOH in water, then with
water, and then the product was dried over anhydrous MgSO,. 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:
CH
N
N

CH,
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TABLE 3 | ntake Val ve Deposit Weight (in mlligrams) SAMPLE RU-NI RUN 2
AVERAGE Base Fuel 204.3 192.5 198.4 Nnethyl PIB pyrrole 131.7 134.6
133.2 [EXAMPLE 7]1 50 pprma (parts per mllion actives) of N-nethyl PIB
pyrrol e and 50 ppm of a-hydroxy-co: 4 dodecyl phenoxypol y(oxypropyl ene)
havi ng an average of 12-13 oxypropylene units (prepared essentially as
described in Exanple 6 of U S. Pat. No. 4,160,648) carrier oil [0093] The
base fuel e in the above single-cylinder engine tests was a regular
oct ane unl eaded gasol i ne containing no fuel detergent. The test conpounds
were adm xed with the base fuel to give a concentration of 50 ppma (parts
per mllion 1.32 aCinkMda)fordlr Rhiss 'NST 3 rrple and 50 ppm
of a-hydroxy-co-4- _dodecylqu)%ﬁ%y%éﬁﬁ%%%*g%ﬁg%e%\% }{Iﬁ?ﬁg’ax)%rage of
12-13 oxypr opy| ehevinapisterqatoraisahein cad gemty, abinprisiag desehingadationisxanpl e 6
of U S. Pat. No. 4, 48) a carrier oil. [0094] The data in Table 3
illustrate the rggﬁét%?)g%n ?rr?r?ﬁ{cg%a &EPV’@E fepehlpEde chapendd@ by t he
functionalized podrsoefidnizfqubbifivial [ [ t very. l.ow
concentration. It _is furthqe_r ant ?g}i%ggl%% t(ﬁia%hﬂ%?%egge}hcgtolfgr{ﬁ%%ﬁ‘g ring of
the N nethyl - Pl BithyenNysebsiguedipyrole néformmhaince per f or nance. Exanpl e 10 -
Hydr ogenation -Preparation of Polyisobutyl-substituted N nethylpyrrolidine
[ 0095] To a 50 niL glass hydrogenation vessel was added 6g of 10% Pd on
charcoal catalyst and to thi s added 59.5g glacial acetic acid. Then
| 8.02g (6.2 mmol) of a 50/p0 m Le_gh -and g pol yi sobut enyl - substi tut ed
~ N-nmethylpyrrole (M 1,300 ¢/nol) s ¢ T reacti on vessel was then
| ¢attached to a Parr hydrog and 50 psig hydrogen prﬁi’%ﬂﬁems appl i ed.
“The reaction was hydrogenated at 25-30C for 18 hours. T reaction
m xture was filtered and toluene added. The product was washed first with -
20 KOH in water, then,wth water, and then the product was dried over
anhydr ous MySO4. The BPY8Wct fromthis reaction, the 2-and

3- pol yi sobut yl - subst i}tpmg\lﬁmd%gnmﬁ{,m é&hq@cﬂ\@)_%gl ra eE:t%criiﬁZo?nd
the group consisting of hydrogen and alkyl from C, to Cg carbon atoms;

m is 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)NReR7, -P(Rg)s, -P(ORy)s, -SR )9, -OSOsR, 1, and -S(O)R,2; wherein
Rj is alkyl or alkenyl; and Ry, R, Re, R7, Rg, Ro, Ryg, Ryy, and Ry, are alkyl.

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

quasiliving polymerization reaction conditions.

3. The method of claim 2, wherein 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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‘by positive ion electrospray ionization nass spec. ESI-Ms. The ESI-M gave
peaks at niz of 366, 422, 478, 534, 590, 646, 702 etc. which are
characteristic of the amoniumsalt of the desired product with the
following structures: CH3 n CH3 n 33 CLAIMs: 1. A nmethod for preparing
an in situ telechelic polynmer functionalized by having a heteroatom c chain
end group, conprisin enching a cationic living polyner product or a
termnal ter chjlrg?r‘%@%g ic}?ﬂé%dw@ﬂeéil theanietoais sshcteddims ithd grong  pol yner

product in the piggs ) Wi_S. . aci w4 h substituted pyrrole of
formula | / fornul agﬁﬁg\?ﬁ%r%f“k&w@“egﬁfﬁgﬁﬁ“%%aﬁeﬁﬁ%@mﬁ?w "each
-(CRLR2) - unit spiopmngt2fphemylpiobened DauptheoRivhith Enémdé@(ggn and al kyl
fromC, to C6 carbon atons;.  in is an int?élerpﬁfr%lgﬂm? to 20:; n%j Xis

sel ected from t he Gy HEPRE s clpTong4d tragethvipentancaiagetyl-adyd.~  al kary!

al koxy, het er oar pmetfNib&fRaneib S ¢ )N ST LR4, ., -C(O

-C(O) NR6R7, - P(R8) 3,H%( ORS9 3?’*&%%’%%8&%&“ﬁyge§?ﬁe%?%@‘%%er ein RB
is alkyl or al kemytcthydpehtie, aib-cROxyR/4,4-MmefRYpeflage. R 1, and R12 are

al kyl. 2. The nethod of claim1l1l, wherein the quasiliving polynmer product is
formed by contacting at |east one cationically polynerizable nononmer with

an_ initiatqr, iThdeon 8EaRCelt il s Pahdefle3Ploigheunder suitable
quasi | i ving pol yneri zation reaction condﬁ tfons. 3. e metfod of claim 2,
wher ei n said i ni%afarisaily polymitizdblsronomet is sclécted fienmbit heshpadonsisahgn 2,
. wherein said iniéfi-&)%%{ i bihﬁ' t.i ?nal 5.. The. nethod of claim 2, wherein
" said initiator ig&aod Oefl&?gme 21 -butene, 3-methy1—1—bu_tene, 4-methyl-1-pentene,

' and beta-pinene.

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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‘34 6. The nethod of claim5, wherein the initiator is selected fromthe
group consisting of 2-chl oro-2- phenyl propane; 2-acetyl -2-phenyl propane; 2-
propi onyl - 2- phenyl propane, 2-net hoxy-2-phenyl propane, 2-ethoxy- 2-

phenyl propane, 2-chloro-2,4,4-trinethyl pentane, 2-acetyl-2,4,4,-
trinethylpentane 2-propionyl-2,4,4-trinmethyl pentane, 2-nethoxy-2,4,4-

tri met hyl pen and 2- 2,4, 4-trimethyl pentane. 7. The nethod of any
one of claint "2 @6”@*“NH§P2ﬂWiPﬁﬁuat | east one cationically polynerizable
nononer i s selected fromthe group consisting of isobutene, .
2-met hyl - | - but ene, 3-neth¥I-I-butene 4- et hyl -1 -pentene, and bet a- pi nene.
8. The method of claim 7.} ﬁﬁ%ﬁ BinXhe at | east one cationically

pol ynmeri zabl e nononer i |sobutene 9. The nethod of any one of clains 2
to 7, wherein two differ@gt cationically polynerizable nononmers are

enpl oyed. 10. The net hod g¥7gny one of the prec dlng clainms, wherein the
nol ecul ar weight distyib an 1.5. r 11
The net hod of any one \§f t ¥'substituted
pyrrole of fornmula | is one Q 6. 12. The
met hod of any one of the préceding ¢ i contacti ng
the functionalized pol yner produced by qu*nch|nv11he quasi l i vi ng
carbocationic living polyner and N-substituted pyrrole with a

hydr ogenati on agent under reactive conditions. 13. The product produced
according to the met hgge®efy: any one of the preceding clainms. 35 14. A
conpound of the formula: (CRLR2)-X m N wherein:

- Ry and R; are independently in each - ~(CR;R>)- 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, urf;ido, ~OC(O)R3, -C(O)R4, -C(O)ORs,
-C(O)NRgR7, -P(Rg)s, -P(ORo)s, -SR 9, -OSO3R;;, and -S(O)R2; wherein
Rs is alkyl or alkenyl; and R4, Rs, Re, Ry, Rs, R, Rig, Ry, and Ry, are alkyl;

~and
n 1s an integer from 0 to 2000.
15.  The compound of claim 14, wherein R; and R, are hydrogen.
16, The compound of c¢laim 14 or 15, wherein m is an integer from 1 to 4.

7. 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
R3 is alkenyl selected from the group consisting of ethenyl, n-propenyl, and

iso-propenyl.
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‘R, and R2 are independently in each -(CRLR2)- unit selected from the group
consi sting of hydrogen and alkyl fromC, to C6 carbon atons; in is an
integer from1l to 20; and X is selected fromthe group consisting of

hydr ogen, al kyl, aryl, alkaryl, alkoxy, heteroaryl, nitro, ureido,
-OC(OR3, -CCOR4, -C(OORS, -C(ONR6R7, -P(R8)3, -P(OR9)3, -SRlo,

- 0S03R11, an -Sﬁ&%RlZ; wﬂg&ggg' R3 is al kyl or alkenyl; and R4, R5, RS,

R7, R8, Ro, Ro, ‘RELOMDIYD ref glaims 14 0)19) whereim niinereiptegef from 0 t o
2000. 15. The conpguipgd of claim 14, wherein RlL and R2 are hydrogen. 16. The
compound of claim 14 or 15, wherein in is an integer froml to 4. 17. The
conpound of claim 14, 15 or 16, wherein Xis hydrogen. 18. The conpound of
any one of c%ﬁi 14 to 1§i_¥$ere' X is heteroaryl selected fromthe
group consi sti'ng ‘&f “PHPIH ¢ '%HH%E@@“&WH“&%?W@W%Eﬂfﬁﬂk3tmﬂéOconpound of any
one of clainms 14 to 16, wherein X is -OC(OR3, and R3 is al kenyl selected
fromthe group consisting of ethenyl, n-propenyl, and iso-propenyl. 36 20.
The conpound?®of dhy compowid of aaywse bichimsl B totie mbiefeithepyadld 8t eger from 2
to 500. 21. The Egﬂngﬂg of claim 20, wherein nis an integer from3 to
260. 22. The conpoun og‘any one of clains 14 to 21, wherein the pyrrole
is 2-substituted. 23. The conpound of any one of clains 14 to 21, wherein
the pyrrole is 3-substituted. 24. A fuel conposition conprising a ngjor
amount of hy%?’roc&hﬁé@@mmdqu@gypneofﬁanqawoimemErewms@ynbﬁn-ge and an
effective deterggghbﬁﬂaggt of a conpound of any one of clainms 14 to 23.

25. The fuel conposition according to claim 24, wherein the nol ecul ar

(wei ght of the conpound is in the range of from about 500 to 5, 000.

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 wei ght

of the compound is in the range of from about 500 to 5,000.
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37 LI VI NG AND. QUASI LI VI NG CATI ONI C TELECHELI C POLYMERS QUENCHED BY

S

N- SUBSTI TUTED PYRROLE AND METHODS FOR THEI R PREPARATI ON  ABSTRACT

Di sclosed is a nethod of preparing termnally functionalized tel echelic

pol ymers using a cationic living polymer product or a term nal
tert-chloride chain end of a carbocationic quasiliving polymer product,
whi ch conprises quenching the polynmer product with an N-substituted
pyrrole to thﬁréebé functionalize the N-substituted pyrrole at the term nal
reactive pol yheYIERafNPeRHASILIKING GREEPRECITHEECHRBIC cPOLWAERS

functional | 2UENGBEDi BEbNySURSTUNETEDUPERRONE I BNE RETROUSIBoRNERET R he

pol yi sobutyl group is subsititutpgepirhffod and 3 position of the
N-substituted pyrrole. : :

ABSTRACT

Disclosed is a method of preparing terminally ﬁmctionalized telechelic polymers
using a cationic living polymer product or a terminal zert-chloride chain end of a
carbocationic quasiliving polymer product, Wh.icil 6omp'rises quenching the polymer
product with an N-substituted pyrrole to thereby functionalize the N-substituted |
pyrrole at the terminal reactive polymer chain end(s). Also disclosed are the terminal
functionalized polyisobuyl N-substituted pyrrole compounds where the polyisobutyl
group is subsitituted at the 2 and 3 position of the N-substituted pyrrole. -
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