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IN SITU FORMATION OF HYDROXY CHAIN END FUNCTIONAL 
POLY OLEFIN S 

1. FIELD 

[0001] Provided herein are methods for the preparation of hydroxy-terminated 

polyolefins via in situ functionalization of quasiliving polyolefins. 

2. BACKGROUND 

[0002] Hydroxy-terminated polymers, that is, polymers containing hydroxy end groups, 

are useful intermediates in the preparation of high-performance polymer products. Such 

intermediates can be useful, for example, in the production of fuel or lube oil additives, 

thermoplastic elastomers such as polyurethanes, poly(urethane-urea)s, or polyamides, 

network polymers, star branched polymers, and block copolymers. Thus, there is a need for 

hydroxyl-terminated polymers, as well as convenient methods of producing the same. 

[0003] Prior methods for synthesizing hydroxy-terminated polyisobutylene have involved 

post-polymerization modification of telechelic polyisobutylene, for example, by 

hydroboration oxidation of olefin-terminated polyisobutylene. Described herein are methods 

for the in situ functionalization of quasiliving polyolefins, including polyisobutylene. 

3. SUMMARY 

[0004] Provided herein are methods for preparing a telechelic polymer of formula I: 

p is an integer from 1 to 4; 

comprising: 

(a) generating a quasiliving carbocationic polyolefin in a quasiliving reaction system; 

(b) adding to the quasiliving reaction system of step (a) a compound of formula II: 

Jp 

I 

or a mixture thereof, 

wherein R1 is a polyolefin group, 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; 

m is an integer from 2 to 20; 

Rx is a cationic initiator residue; and 
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II 

wherein R4 is alkyl, alkenyl, alkynyl, aryl, alkaryl, aralkyl, -C(0)R5; -SO3R6, 

-S02R7,or -Si(R8)(R9) (R10) wherein R5, R6, R7, R8 R9, and R10 are each, 

independently, alkyl or aryl 

to form one or more intermediate(s); 

and 

(c) contacting the one or more intermediate(s) from step (b) with one or more acid(s) 

in situ to form the telechelic polymer of formula I. 

[0005] Further, provided herein are compounds of formula I: 

RX—Rl{J\l-(CR2R3)m—OH 

1 

wherein: 

R1 is a polyolefin group; 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; 

m is an integer from 2 to 20; 

Rx is a cationic initiator residue; and 

p is an integer from 1 to 4. 

4. DETAILED DESCRIPTION 

(a) DEFINITIONS 

[0006] Unless defined otherwise, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art. In the event that 

there are a plurality of definitions for a term used herein, the definitions provided in this 

section prevail unless stated otherwise. 

[0007] As used herein, "polyolefin group" refers to a monovalent or divalent polyolefin 

substituent. In some embodiments, the polyolefin group is a polyisobutyl group or a 

polyisobutylene group. 

[0008] As used herein, "polyolefin" refers to a polymer that comprises at least two olefin 

monomer units. In some embodiments, the polyolefin has a molecular weight from about 300 

to in excess of a million g/mol. In some embodiments, the polyolefin has a molecular weight 

of from about 200 to 10,000 g/mol. In some embodiments, the polyolefin has a molecular 

weight of from about 1,000 to 5,000 g/mol. In some embodiments, the polyolefin has a 
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molecular weight of from about 2,000 to 3,000 g/mol. In some embodiments, the polyolefin 

has a molecular weight of from about 100,000 to 1,000,000 g/mol. In some embodiments, 

the polyolefin has a molecular weight greater than 200 g/mol. In some embodiments, the 

polyolefin has a molecular weight greater than 400 g/mol. In some embodiments, the 

polyolefin has a molecular weight greater than 600 g/mol. In some embodiments, the 

polyolefin has a molecular weight greater than 800 g/mol. In some embodiments, the 

polyolefin has a molecular weight greater than 1,000 g/mol. In some embodiments, the 

polyolefin has a molecular weight greater than 5,000 g/mol. In some embodiments, the 

polyolefin has a molecular weight greater than 10,000 g/mol. In some embodiments, the 

polyolefin has a molecular weight greater than 100,000 g/mol. In some embodiments, the 

polyolefin has a molecular weight greater than 500,000 g/mol. In some embodiments, the 

polyolefin has a molecular weight greater than 1,000,000 g/mol. In some embodiments, the 

polyolefin is derived from a mono-functional initiator, bi-functional initiator, or multi­

functional initiator. In some embodiments, the polyolefin is polyisobutene. 

[0009] As used herein, "polyisobutyl group" refers to a monovalent polyolefin group 

comprising at least 2 isobutylene monomer units. In some embodiments, the polyisobutyl 

group is 

wherein R is H or alkyl of 1 to about 10 carbons, and n is an integer from about 10 to about 

2000. In further embodiments, n is about 10 to about 1000. In further embodiments, n is 

about 10 to about 500. In further embodiments, n is about 10 to about 250. In further 

embodiments, n is about 10 to about 100. In further embodiments, n is about 10 to about 50. 

[0010] As used herein, "polyisobutylene group" refers to a divalent polyolefin group 

comprising at least 2 isobutylene monomer units. In some embodiments, the polyisobutylene 

group is 

wherein n is an integer from about 10 to about 2000. In further embodiments, n is about 10 

to about 1000. In further embodiments, n is about 10 to about 500. In further embodiments, 

n is about 10 to about 250. In further embodiments, n is about 10 to about 100. In further 

embodiments, n is about 10 to about 50. 

n 

3 



WO 2011/014665 PCT/US2010/043729 

[0011] As used herein, "cationic initiator residue" refers to a mono or polyvalent radical 

of formula (-CRaRb)rRc, wherein Ra and Rb are each independently hydrogen, alkyl, aryl, 

alkaryl, or aralkyl, provided that at least one of Ra and Rb is not hydrogen, and Rc is an 

aliphatic or aromatic univalent or polyvalent radical with valence r, wherein r is an integer 

from 1 to 4. In some embodiments, Rc is hydrocarbyl. In some embodiments, Rc is aryl. In 

some embodiments, Rc is alkyl. In some embodiments, Rc is phenyl. In some embodiments, 

r is 1. In some embodiments, r is 2. In some embodiments, r is 3. In some embodiments, r is 

4. In some embodiments, the carbocationic initiator residue is derived from an initiator 

described herein. 

[0012] As used herein, "alkyl" refers to a uni-valent hydrocarbon group of about 1 to 

about 20 carbons. In some embodiments, the alkyl group contains about 1 to about 15 

carbons. In some embodiments, the alkyl group contains about 1 to about 10 carbons. In 

some embodiments, the alkyl group contains about 1 to about 8 carbons. In some 

embodiments, the alkyl group contains about 1 to about 6 carbons. In some embodiments, 

the alkyl group contains about 1 to about 3 carbons. In some embodiments, the alkyl group 

contains 1 to 2 carbons. In some embodiments, the alkyl group is primary. In some 

embodiments, the alkyl group is secondary. In some embodiments, the alkyl group is tertiary. 

In some embodiments, the alkyl group is methyl, ethyl, n-propyl, isopropyl, isobutyl, n-butyl, 

sec-butyl, tert-butyl, isopentyl, neopentyl, tert-pentyl, or isohexyl. In some embodiments, the 

alkyl group is methyl, ethyl, n-propyl, or isopropyl. In some embodiments, the alkyl group is 

methyl. In some embodiments, the alkyl group is tert-butyl. In some embodiments, the alkyl 

group is a straight hydrocarbon chain. In some embodiments, the alkyl group is a branched 

hydrocarbon chain. In some embodiments, the alkyl group is cyclic. In some embodiments, 

the alkyl group is substituted. 

[0013] As used herein, "alkenyl" refers to a uni-valent hydrocarbon group of 2 to about 

20 carbons, wherein the chain or group contains one or more double bonds. In some 

embodiments, the alkenyl group contains 2 to about 15 carbons. In some embodiments, the 

alkenyl group contains 2 to about 10 carbons. In some embodiments, the alkenyl group 

contains 2 to about 8 carbons. In some embodiments, the alkenyl group contains 2 to about 6 

carbons. In some embodiments, the alkenyl group contains 2 to 3 carbons. In some 

embodiments, the alkenyl group is an allyl group. In some embodiments, the alkenyl group 

contains one or more double bonds that are conjugated to another unsaturated group. In some 

embodiments, the alkenyl group is substituted. 
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[0014] As used herein, "alkynyl" refers to a uni-valent hydrocarbon group of 2 to about 

20 carbons, wherein the chain contains one or more triple bonds. In some embodiments, the 

alkynyl group contains 2 to about 15 carbons. In some embodiments, the alkynyl group 

contains 2 to about 10 carbons. In some embodiments, the alkynyl group contains 2 to about 

8 carbons. In some embodiments, the alkynyl group contains 2 to about 6 carbons. In some 

embodiments, the alkynyl group contains 2 to 3 carbons. In some embodiments, the alkynyl 

group is a propargyl group. In some embodiments, the alkynyl group contains one or more 

triple bonds that are conjugated to another unsaturated group. In some embodiments, the 

alkynyl group is substituted. 

[0015] As used herein, "aryl" refers to a uni-valent monocyclic or multicyclic aromatic 

group containing from 6 to about 30 carbons. In some embodiments, the aryl group is 

monocyclic. In some embodiments, the aryl group contains 6 to about 15 carbons. In some 

embodiments, the aryl group contains 6 to about 10 carbons. In some embodiments, the aryl 

group is fluorenyl, phenyl, or naphthyl. In some embodiments, the aryl group is phenyl. In 

some embodiments, the aryl is substituted. 

[0016] As used herein, "alkaryl" refers to a uni-valent aryl group substituted with at least 

one alkyl, alkenyl, or alkynyl group. 

[0017] As used herein, "aralkyl" refers to a uni-valent alkyl, alkenyl, or alkynyl group 

substituted with at least one aryl group. 

[0018] As used herein, "substituted" refers to the presence of one or more substituents. 

In some embodiments, only one substituent is present. 

[0019] As used herein, "quasiliving carbocationic polyolefin" refers to a carbocationic 

polyolefin formed under polymerization conditions such that a polymerization proceeds with 

minimal irreversible chain termination and minimal chain transfer. Such polymerizations are 

known as "quasiliving polymerizations," and proceed by initiation followed by propagation, 

wherein propagating (active) species are in equilibrium with non-propagating (dormant) 

polymer chains. 

[0020] As used herein, "quasiliving reaction system" refers to any reaction system 

suitable to carry out a quasiliving polymerization. In some embodiments, the reaction system 

comprises one or more Lewis acids, a monomer, initiator, and electron donor. In some 

embodiments, the reaction system comprises a common ion salt or common ion salt 

precursor. In some embodiments, the reaction system comprises a diluent. 

[0021] As used herein, "Lewis acid" refers to a chemical entity that is capable of 

accepting a pair of electrons. 
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[0022] As used herein, "monomer" refers to an olefin that is capable of combining with a 

carbocation to form another carbocation. 

[0023] As used herein, "initiator" refers to a compound that provides a carbocation. 

[0024] As used herein, "electron donor" refers to a molecule that is capable of donating a 

pair of electrons to another molecule. 

[0025] As used herein, "common ion salt" refers to an ionic salt that is optionally added 

to a reaction performed under quasiliving carbocationic polymerization conditions to prevent 

dissociation of the propagating carbenium ion and counter-ion pairs. 

[0026] As used herein, "common ion salt precursor" refers to an ionic salt that is 

optionally added to a reaction performed under quasiliving carbocationic polymerization 

conditions, wherein the ionic salt generates counter-anions that are identical to those of the 

propagating chain ends, via in situ reaction with a Lewis acid. 

[0027] As used herein, "halide" refers to halogen. In some embodiments, halogen is F, 

CI, Br, or I. In some embodiments, halogen is F. In some embodiments, halogen is CI. In 

some embodiments, halogen is Br. In some embodiments, halogen is I. 

[0028] As used herein, "contacting" refers to bringing two or more compounds into 

physical contact with each other. In some embodiments, two or more compounds react with 

each other when contacted. 

[0029] As used herein, "reacting" refers to contacting two or more compounds with each 

other, wherein at least one of said two or more compounds is chemically transformed into a 

different compound. 

[0030] As used herein, "alkyl aluminum halide" refers to a compound of formula 

RnAlX3-n, wherein n is 1, 1.5, or 2; R is an alkyl group; and X is a halogen, and mixtures 

thereof. 

[0031] As used herein, "about" refers to up to plus or minus 10% of the indicated 

number. For example, "about 25 °C" refers to 22.5 °C to 27.5 °C. In some embodiments, 

about refers to up to plus or minus 9, 8, 7, 6, 5, 4, 3, 2, or 1% of the indicated number. When 

only integer values are possible, "about" refers to up to plus or minus 10% rounded to the 

nearest integer number. For example, "about 9 carbons" refers to 8-11 carbons. 

[0032] As used herein, "in situ" refers to a step performed in the same reaction system. 

For the methods described herein, contacting the one or more intermediate(s) from step (b) 

with one or more acid(s) in situ means that the one or more acid(s) is/are contacted with the 

one or more intermediate(s) in the same reaction system where steps (a) and (b) were 

performed, and prior to termination. 
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(b) METHODS 

[0033] Provided herein are methods for preparing a telechelic polymer of formula I: 

FT R1-^N-(CR2R3)m—OH 

I 

or a mixture thereof, 

wherein R1 is a monovalent polyolefin group, 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; 

m is an integer from 2 to 20; 

Rx is a cationic initiator residue; and 

p is an integer from 1 to 4; 

comprising: 

(a) generating a quasiliving carbocationic polyolefin in a quasiliving reaction 

system; 

(b) adding to the quasiliving reaction system of step (a) a compound of formula II: 

[^\j-(CR2R3)m—OR4 

II 

wherein R4 is alkyl, alkenyl, alkynyl, aryl, alkaryl, aralkyl, -C(0)R5; 

-S03R6, -S02R7, or -Si(R8)(R9) (R10) wherein R5, R6, R7, R8 R9, 

and R10 are each, independently, alkyl or aryl 

to form one or more intermediate(s); 

and 

(c) contacting the one or more intermediate(s) from step (b) with one or more 

acid(s) in situ to form the telechelic polymer of formula I. 

[0034] Without being bound or limited to any theory, in some embodiments, the 

compound of formula II reacts with the quasiliving carbocationic polyolefin to form the one 

or more intermediate(s). Without being bound or limited to any theory, in some 

embodiments, the one or more intermediate(s) is or includes a compound of formula III. 

R* -R1-jJ\-(CR2R3)m—OR' 

7 



WO 2011/014665 PCT/US2010/043729 

III 

[0035] In some embodiments, greater than or equal to 80% of the compound of formula 

III is consumed by the one or more acid(s) of step (c). In some embodiments, greater than or 

equal to 85% of the compound of formula III is consumed by the one or more acid(s) of step 

(c). In some embodiments, greater than or equal to 90% of the compound of formula III is 

consumed by the one or more acid(s) of step (c). In some embodiments, greater than or equal 

to 95% of the compound of formula III is consumed by the one or more acid(s) of step (c). In 

some embodiments, greater than or equal to 98% of the compound of formula III is consumed 

by the one or more acid(s) of step (c). 

[0036] Without being bound or limited to any theory, in some embodiments, the one or 

more intermediate(s) is or includes a compound of formula IV. 

FT x R1 
J^N-(CR2R3)m-OR4 

IV 

[0037] Without being bound or limited to any theory, in some embodiments, the one or 

more intermediate(s) is or includes a compound of formula V 

(CR2R3)—OR4 

Rx-hRl/N 

V 

[0038] Without being bound to or limited to any theory, in some embodiments, the one or 

more intermediate(s) is or includes a compound of formula VI. 

R* 

CH2 x 
R1-CH2 ICH3 

VI 

[0039] Without being bound or limited to any theory, in some embodiments, the 

quasiliving carbocationic polyolefin reacts with the compound of formula II to form a 

mixture comprising a compound of formula IV, V, and VI. 

8 



WO 2011/014665 PCT/US2010/043729 

[0040] Without being bound or limited to any theory, in some embodiments, the one or 

more intermediate(s) reacts with the one or more acid(s) of step (c) to form the telechelic 

polymer of formula I. 

[0041] Without being bound or limited to any theory, in some embodiments, the one or 

more acid(s) of step (c) reacts with the compound of formula IV 

R 
,0-

R1 

(CR2R3)m—OR4 

IV 

to form the compound of formula VII. 

R* 
J^\|-(CR2R3)m-OH 

VII 

[0042] Without being bound or limited to any theory, in some embodiments, the 

compound of formula V: 

(CR2R3)—OR4 

Rx-hRl/N X) 
V 

reacts with the one of more acid(s) of step (c) to form a compound of formula VIII. 

(CR2R3)~OH 

Rx—hRl^N XJ 
VIII 
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[0043] Without being bound or limited to any theory, in some embodiments, the 

compound of formula II reacts with the compound of formula VI 

CH2 

X 
Rx-hR1-CH2 CH3 

VI 

in the presence of acid to form the telechelic polymer of formula IV, V, VII, or VII. 

[0044] Without being bound or limited to any theory, in some embodiments, the 

compound of formula VIII isomerizes to the compound of formula VII. 

R 
J^N-(CR2R3)m-OH 

-R1 

VII 

In further embodiments, the compound of formula VIII isomerizes to form the compound of 

formula VII at a temperature of at least 25°C, at least 30°C, at least 35°C, at least 40°C, at 

least 45°C, at least 50°C, at least 55°C, at least 60°C, at least 65°C, or at least 70°C. 

[0045] In some embodiments, the method yields at least 80% of the compound of formula 

VII, i.e., at least 80% by mole of the compound of formula VII forms relative to all polymer 

products formed. In some embodiments, the method yields at least 85% of the compound of 

formula VII. In some embodiments, the method yields at least 90% of the compound of 

formula VII. In some embodiments, the method yields at least 95% of the compound of 

formula VII. In some embodiments, the method yields at least 97% of the compound of 

formula VII. In some embodiments, the method yields at least 98% of the compound of 

formula VII. In some embodiments, the method yields at least 99% of the compound of 

formula VII. 

[0046] In some embodiments, R1 is a divalent polyisobutylene group. 

[0047] 

carbons. 

[0048] 

[0049] 

In some embodiments, R2 and R3 are each, independently, H or alkyl from 1 to 3 

In some embodiments, R2 and R3 are both H. 

In some embodiments, m is an integer from 2-10, from 2 to 8, from 2 to 6, from 2 

to 4, or from 2 to 3. 

[0050] In some embodiments, R is alkyl, alkenyl, alkynyl, aryl, alkaryl, or aralkyl. 
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[0051] In some embodiments, R4 is alkyl of 1 to 6 carbons, alkenyl of 3 to 6 carbons, 

alkynyl of 3 to 6 carbons, aryl of 6 to 10 carbons, alkaryl of 7 to 16 carbons, or aralkyl of 

16 carbons. 

[0052] In some embodiments, R4 is is 

G1 
I , 

—C-G2 

9 

wherein G1 is H or alkyl of 1-3 carbons; and G2 and G3 are each, independently, alkyl of 1-3 

carbons. 

[0053] In some embodiments, G1 is alkyl of 1-3 carbons. 

[0054] In some embodiments, R4 is isopropyl or tert-butyl. 

[0055] In some embodiments, R1 is a divalent polyisobutylene group, R1 and R2 are both 

H, m is 2-3, and R4 is isopropyl or tert-butyl. 

[0056] In some embodiments, p is 1. In some embodiments, p is 2. In ; 

embodiments, p is 3. In some embodiments, p is 4. 

[0057] In some embodiments, the telechelic polymer of formula I 

formula VII. 

some 

a compound of 

FT 
J^\|-(CR2R3)m-OH 

VII 

[0058] In some embodiments, the telechelic polymer of formula I is a compound of 

formula VIII. 

(CR R ), 2R3\—OH 

Rx—rR1wN\ 

\J 

VIII 

[0059] In some embodiments, p is 1 and Rx is 
,, ^ CH3 CH3 H3CJ 3 Y3 
HoCr^TJH, 
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[0060] In some embodiments, the telechelic polymer of formula I is a compound of 

formula IX 

RX-Rl{^\l-(CR2R3)m—°H 

IX 

wherein Rx is a monovalent cationic residue. 

[0061] In further embodiments, the telechelic compound of formula I is a compound of 

formula X. 
R1-RX 

N-(CR2R3)m-OH 

X 

wherein Rx is a monovalent cationic residue. 

[0062] In further embodiments, the telechelic compound of formula I is a compound of 

formula XI. 

J^N-(CR2R3)m-OH 
RX-R1 

XI 

wherein RX is a monovalent cationic residue. 

[0063] In some embodiments, Rx is 

^CH3 

CH3 
Rb 

wherein RB is alkyl and t is an integer from 1-3 and t and p are the same integer. 

[0064] In some embodiments, the telechelic polymer of formula I is a compound of 

formula XII: 
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HO-(CR2R3)m-l/^— R1 R1-^N-(CR2R3)m—OH 

wherein R is alkyl. 

[0065] In some embodiments, the telechelic polymer of formula I is a compound of 

formula XIII. 

HO—(CR2R3)m—N N-(CR2R3)m-OH 

[0066] In some embodiments, the telechelic polymer of formula I is a compound of 

formula XIV. 

HO—(CR2R3)m—N L N-(CR2R3)m-OH 

[0067] In some embodiments, the telechlic polymer of formula I is a compound of 

formula XV. 

HO-(CR2R3)m-N. 
N-(CR2R3)m-OH 

XV 

[0068] In some embodiments, RB is alkyl of 1 to 6 carbons. In some embodiments, RB is 

tert-butyl. 
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[0069] In some embodiments, the telechelic polymer of formula I has a polydispersity 

index of from about 1 to about 2, about 1.0 to about 1.5, about 1.0 to about 1.2, or about 1.00 

to about 1.10. 

[0070] In some embodiments, the telechelic polymer of formula I has a number average 

molecular weight between about 5.0 xlO2 g/mol to about 1.0 x 105 g/mol. 

[0071] In some embodiments, the telechelic polymer of formula I has a number average 

molecular weight between about 1.0 x 103 g/mol to about 1.0 x 104 g/mol. 

[0072] In some embodiments, the telechelic polymer of formula I has a number average 

molecular weight between about 1.0 x 103 g/mol and about 5.0 x 103 g/mol. 

[0073] In some embodiments, the telechelic polymer of formula I has a number average 

molecular weight between about 2.0 x 103 g/mol and about 3.0 x 103 g/mol. 

[0074] Quasiliving carbocationic polyolefins may be generated by methods known to 

those of ordinary skill in the art. Non-limiting examples of such methods are described in EP 

206756 B1 and WO 2006/110647 Al, both of which are incorporated by reference herein. 

[0075] In some embodiments, a monomer, an initiator, and a Lewis acid are used. In 

some embodiments, an electron donor, common ion salt, and/or common ion salt precursor 

is/are used. In some embodiments, the ionized polyolefin is a quasiliving carbocationic 

polyisobutylene of the following formula: 

[0076] In some embodiments, the quasiliving carbocationic polyolefin is generated from 

a preformed polyolefin. 

[0077] Some non-limiting examples of reagents and conditions suitable for 

polymerizations producing quasiliving polyolefins will be described below. 

[0078] In some embodiments, the initiator is a compound or polyolefin with one, or more 

than one, end group capable of initiating a cationic olefin polymerization. For example, the 

initiator can be a compound of formula (X'-CRaRb)rRc wherein Ra and Rb are independently 

hydrogen, alkyl, aryl, alkaryl, or aralkyl, provided that at least one of Ra or Rb is not 

hydrogen; and Rc is an aliphatic or aromatic univalent or polyvalent radical with valence r, 

wherein r is an integer from one to 4. X' is an acyl, alkoxy, or hydroxy group, or a halogen. 

In some embodiments, Ra, Rb and Rc are hydrocarbon groups containing one carbon atom to 

(i) Generating quasiliving carbocationic polyolefins 

Polyisobutylene 

(A) Initiators 
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about 20 carbon atoms. In some embodiments, Ra, Rb and Rc are hydrocarbyl groups 

containing one carbon atom to about 8 carbon atoms. In some embodiments, X' is a halogen. 

In some embodiments, X' is chloride. In some embodiments, the structure of Ra, Rb and Rc 

mimics the growing species or monomer. In some embodiments, such structure is a 1-halo-l-

tolylethane initiator for polystyrene or a 2-halo-2,4,4-trimethyl pentane initiator for 

polyisobutylene. In some embodiments, Ra, Rb and Rc are each hydrocarbon groups 

containing one carbon atom to about 10 carbon atoms for the initiation of an isobutylene 

polymerization. In some embodiments, the initiator is a cumyl, dicumyl or tricumyl halide. 

In some embodiments, r is 1 or 2. 

[0079] Some exemplary initiators include 2-chloro-2-phenylpropane, i.e., cumyl chloride; 

l,4-di(2-chloro-2-propyl)benzene, i.e., di(cumylchloride); l,3,5-tri(2-chloro-2-

propyl)benzene, i.e., tri(cumylchloride); 2-acetoxy-2-phenylpropane, i.e., cumyl acetate; 2-

propionyloxy-2-phenyl propane, i.e., cumyl propionate; 2-methoxy-2-phenylpropane, i.e., 

cumylmethyl ether; l,4-di(2-methoxy-2-propyl)benzene, i.e., di(cumylmethyl ether); 

l,3,5-tri(2-methoxy-2-propyl)benzene, i.e., tri(cumylmethyl ether); 2-chloro-2,4,4-trimethyl 

pentane (TMPC1); 2-chloro-2,4,4,6,6-pentamethylheptane (PMHC1); l,3-di(2-chloro-2-

propyl)benzene; 2,6-dichloro-2,4,4,6-tetramethylheptane; and 

1,3,-di(2-chloro-2-propyl)-5-tert-butylbenzene (bDCC). 

[0080] In some embodiments, the initiator is mono-functional, bi-functional, or multi­

functional. As used herein, "mono-functional initiator" refers to an initiator that provides 

approximately one stoichiometric equivalent of carbocation relative to initiator. When a 

mono-functional initiator is used, the chain-end concentration is approximately equal to the 

initiator concentration. As used herein, "multi-functional initiator" refers to an initiator that 

provides approximately x stoichiometric equivalents of carbocation relative to initiator, 

wherein x represents the functionality of the initiator. When a multi-functional initiator is 

used, when the functionality of the initiator equals x, then the chain-end concentration is 

approximately equal to x times the initiator concentration. In some embodiments, x is 2, and 

the initiator is a bi-functional initiator. 

[0081] In some embodiments, the mono-functional initiator is 2-chloro-2-phenylpropane, 

2-acetoxy-2-phenylpropane, 2-propionyloxy-2-phenylpropane, 2-methoxy-2-phenylpropane, 

2-ethoxy-2-phenylpropane, 2-chloro-2,4,4-trimethylpentane, 2-acetoxy-2,4,4,-

trimethylpentane, 2-propionyloxy-2,4,4-trimethylpentane, 2-methoxy-2,4,4-trimethylpentane, 

2-ethoxy-2,4,4-trimethylpentane, or 2-chloro-2,4,4-trimethylpentane, 2-chloro-2,4,4,6,6-

pentamethylheptane, 2-acetoxy-2,4,4,6,6-pentamethylheptane, 2-propionyloxy-2,4,4,6,6-
15 



WO 2011/014665 PCT/US2010/043729 

pentamethylheptane, 2-methoxy-2,4,4,6,6-pentamethylheptane, or 2-ethoxy-2,4,4,6,6-

pentamethylheptane. In some embodiments, the initiator is 2-chloro-2,4,4-trimethylpentane. 

[0082] In some embodiments, the bi-functional initiator is l,3-di(2-chloro-2-

propyl)benzene, l,3-di(2-methoxy-2-propyl)benzene, l,4-di(2-chloro-2-propyl)benzene, 1,4-

di(2-methoxy-2-propyl)benzene, 1,3-di(2-chloro-2-propyl)-5-tert-butylbenzene, 1,3-di(2-

methoxy-2-propyl)-5-tert-butylbenzene, 2,6-dichloro-2,4,4,6-tetramethylheptane, or 2,6-

dimethoxy-2,4,4,6-tetramethylheptane. In some embodiments, the initiator is l,3-di(2-

chloro-2-propyl)-5-tert-butylbenzene or 2,6-dichloro-2,4,4,6-tetramethylheptane. In some 

embodiments, the initiator is l,3-di(2-chloro-2-propyl)-5-tert-butylbenzene. 

[0083] In some embodiments, the multi-functional initiator is l,3,5-tri(2-chloro-2-

propyl)benzene, l,3,5-tri(2-bromo-2-propyl)benzene, or l,3,5-tri(2-methoxy-2-

propyl)benzene. 

(B) Monomers 

[0084] In some embodiments, the monomer is a hydrocarbon monomer, i.e., a compound 

containing only hydrogen and carbon atoms, including but not limited to, olefins and 

diolefins, and those having from about 2 to about 20 carbon atoms. In some embodiments, 

such compounds have from about 4 to about 8 carbon atoms. 

[0085] In some embodiments, the methods described herein can be employed for the 

polymerization of such monomers to produce polymers of different, but uniform molecular 

weights. In some embodiments, such molecular weight is from about 300 to in excess of a 

million g/mol. In some embodiments, such polymers are low molecular weight liquid or 

viscous polymers having a molecular weight of from about 200 to 10,000 g/mol, or solid 

waxy to plastic, or elastomeric materials having molecular weights of from about 100,000 to 

1,000,000 g/mol, or more. 

[0086] In some embodiments, the monomer is isobutylene, styrene, beta pinene, isoprene, 

butadiene, or substituted compounds of the preceding types. In some embodiments, the 

monomer is isobutylene, 2-methyl-l-butene, 3-methyl-1-butene, 4-methyl-l-pentene, or 

styrene. In some embodiments, the monomer is isobutylene. 

[0087] In some embodiments, mixtures of monomers are used. 

(C) Lewis Acids 

[0088] In some embodiments, the Lewis acid is a non-protic acid. In some embodiments, 

the Lewis acid is a metal halide or non-metal halide. In some embodiments, the Lewis acid is 

a metal halide. In some embodiments, the Lewis acid is a titanium (IV) halide, a zinc (II) 
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halide, a tin (IV) halide, or an aluminum (III) halide. In some embodiments, the Lewis acid 

is a titanium(IV) halide. In some embodiments, the Lewis acid is a tin (IV) halide. In some 

embodiments, the Lewis acid an aluminum (III) halide. In some embodiments, the Lewis 

acid is titanium tetrabromide or titanium tetrachloride. In some embodiments, the Lewis acid 

is titanium tetrachloride. In some embodiments, the Lewis acid is zinc chloride. In some 

embodiments, the Lewis acid is AlBr3. In some embodiments, the Lewis acid is ethyl 

aluminum dichloride. In some embodiments, the Lewis acid is methyl aluminum dichloride. 

In some embodiments the Lewis acid is a non-metal halide. In some embodiments, the Lewis 

acid is an antimony (VI) halide, a gallium (III) halide, or a boron (III) halide. In some 

embodiments, the Lewis acid is boron trichloride. In some embodiments, the Lewis acid is a 

trialkyl aluminum compound. In some embodiments, the Lewis acid is trimethyl aluminum. 

[0089] In some embodiments, one Lewis acid is used. In some embodiments, a mixture 

of two or more Lewis acids is used. In some embodiments, a mixture of two Lewis acids is 

used. In some embodiments, a mixture of an aluminum (III) halide and trialkyl aluminum 

compound is used. In some embodiments, a stoichiometric ratio of about 1:1 aluminum (III) 

halide to trialkyl aluminum compound is used. In some embodiments, a stoichiometric ratio 

of 2:1 aluminum (III) halide to trialkyl aluminum compound is used. In some embodiments, 

a stoichiometric ratio of 1:2 aluminum (III) halide to trialkyl aluminum is used. In some 

embodiments, the stoichiometric ratio of aluminum (III) halide to trialkyl aluminum is greater 

than 1. In some embodiments, the stoichiometric ratio of aluminum (III) halide to trialkyl 

aluminum is less than 1. In some embodiments, a mixture of aluminum trichloride and 

trimethyl aluminum is used. 

[0090] In some embodiments, the Lewis acid is a titanium halide, aluminum halide, 

boron halide, or an alkyl aluminum halide, as defined herein. 

[0091] In some embodiments, the Lewis acid is an alkyl aluminum halide. In some 

embodiments, the alkyl is methyl or ethyl. In some embodiments, the halide is CI or Br. 

[0092] In some embodiments, the Lewis acid is added in one aliquot. In some 

embodiments, the Lewis acid is added in more than one aliquot. In some embodiments, the 

Lewis acid is added in two aliquots. In some embodiments, a first aliquot of Lewis acid is 

added during the polymerization reaction, and a second aliquot of Lewis acid is added after 

the addition of the compounds of formula II. 

(D) Electron Donors 
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[0093] As is understood to one of ordinary skill in the art, some electron donors are 

capable of converting traditional polymerization systems into quasiliving carbocationic 

polymerization systems. In some embodiments, the methods described herein are performed 

in the presence of an electron donor. 

[0094] In some embodiments, the electron donor is capable of complexing with Lewis 

acids. In some embodiments, the electron donor is a base and/or nucleophile. In some 

embodiments, the electron donor is capable of abstracting or removing a proton. In some 

embodiments, the electron donor is an organic base. In some embodiments, the electron 

donor is an amide. In some embodiments, the electron donor is N,N-dimethylformamide, 

N,N-dimethylacetamide, or N,N-diethylacetamide. In some embodiments, the electron donor 

is a sulfoxide. In some embodiments, the electron donor is dimethyl sulfoxide. In some 

embodiments, the electron donor is an ester. In some embodiments, the electron donor is 

methyl acetate or ethyl acetate. In some embodiments, the electron donor is a phosphate 

compound. In some embodiments, the electron donor is trimethyl phosphate, tributyl 

phosphate, or triamide hexamethylphosphate. In some embodiments, the electron donor is an 

oxygen-containing metal compound. In some embodiments, the electron donor is 

tetraisopropyl titanate. 

[0095] In some embodiments, the electron donor is pyridine or a pyridine derivative. In 

some embodiments, the electron donor is a compound of formula: 

wherein R1A, R1B, R1C, R1D, and R1E are each, independently, hydrogen or hydrocarbyl; or 

R1A and R1B, or R1B and R1C, or R1C and R1D, or R1D and R1E independently form a fused 

aliphatic ring of about 3 to about 7 carbon atoms or a fused aromatic ring of about 5 to about 

7 carbon atoms. In some embodiments, R1A and R1E are each, independently, hydrocarbyl, 

and R1B-R1D are hydrogen. 

[0096] In some embodiments, the electron donor is 2,6-di-tert-butylpyridine, 2,6-lutidine, 

2,4-lutidine, 2,4,6-trimethylpyridine, 2-methylpyridine, or pyridine. In some embodiments, 

the electron donor is N,N-dimethylaniline or N,N-dimethyltoluidine. In some embodiments, 

the electron donor is 2,6-lutidine. 

(E) Common Ion Salts and Ion Salt Precursors 
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[0097] In some embodiments, common ion salts or salt precursors may be optionally 

added to the reaction mixture in addition to or in replacement of the electron donor. In some 

embodiments, such salts may be used to increase the ionic strength, suppress free ions, and 

interact with ligand exchange. In some embodiments, the common ion salt precursor is tetra-

n-butylammonium chloride. In some embodiments, the common ion salt precursor is tetra-n-

butylammonium bromide. In some embodiments, the common ion salt precursor is tetra-n-

butylammonium iodide. In some embodiments, the concentration of the common ion salts or 

salt precursors in the total reaction mixture may be in the range from about 0.0005 moles per 

liter to about 0.05 moles per liter. In some embodiments, the concentration of the common 

ion salts or salt precursors is in the range from about 0.0005 moles per liter to about 0.025 

moles per liter. In some embodiments, the concentration of the common ion salt or salt 

precursors is in the range from about 0.001 moles per liter to about 0.007 moles per liter. 

[0098] In some embodiments, a quasiliving carbocationic polyolefin is generated, and 

after polymerization proceeds for a desired time, the quasiliving carbocationic polyolefin is 

quenched with a compound of formula II 

wherein R4 is alkyl, alkenyl, alkynyl, aryl, alkaryl, aralkyl, -C(0)R5; -SO3R6, -SO2R7, 

-Si(R8)(R9)(R10) wherein R5, R6, R7, R8, R9, and R10 are each, independently, alkyl or aryl. 

[0099] In some embodiments, R4 is alkyl, alkenyl, alkynyl, aryl, alkaryl, or aralkyl. 

[00100] In some embodiments, R4 is alkyl of 1 to 6 carbons, alkenyl of 3 to 6 carbons, 

alkynyl of 3 to 6 carbons, aryl of 6 to 10 carbons, alkaryl of 7 to 16 carbons, or aralkyl of 7 to 

16 carbons. 

[00101] In some embodiments, R4 is 

wherein G1 is H or alkyl of 1-3 carbons; and G2 and G3 are each, independently, alkyl of 1-3 

carbons. 

[00102] In some embodiments, G1 is alkyl of 1-3 carbons. 

[00103] In some embodiments, R4 is isopropyl or tert-butyl. 

(F) Quenching Agents and Quenching Time 

II 

G1 

I , 
—C-G2 

i 
G3 
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[00104] In some embodiments, step (b) is performed for about 5 minutes to about 120 

minutes. In some embodiments, step (b) is performed for about 15 minutes to about 90 

minutes. In some embodiments, step (b) is perform for about 30 minutes to about 60 

minutes. 

[00105] In some embodiments, prior to step (b), the quasiliving reaction system of step (a) 

is terminated and subsequently reactivated zero, one, or more times at a desired time. In 

some embodiments, the quasiliving reaction system of step (a) is terminated and subsequently 

reactivated zero times, i.e., after generation of the quasiliving carbocationic polyolefin of step 

(a), the quasiliving reaction system of step (a) is not terminated at any time prior to step (b). 

In some embodiments, the quasiliving reaction system of step (a) is terminated and 

subsequently reactivated one time. 

[00106] In some embodiments, the compound of formula II is added after high conversion 

of the monomer. In particular embodiments, the compound of formula II is added after 80%, 

85%, 90%), 95%o, 97%o, 99%, or 99.9% of the monomer has been polymerized into the 

quasiliving carbocationic polyolefin. 

(G) Temperature 

[00107] In some embodiments, steps(a) and (b) are performed at a temperature from about 

-120°C to about 0°C. In some embodiments, steps(a) and (b) are performed at a temperature 

from about -110°C to about -10°C. In some embodiments, steps(a) and (b) are performed at a 

temperature from about -100°C to about -20°C. In some embodiments, steps(a) and (b) are 

performed at a temperature from about -90°C to about -30°C. In some embodiments, steps(a) 

and (b) are performed at a temperature from about -80°C to about -40°C. In some 

embodiments, steps (a) and (b) are performed at a temperature from about -70°C to about 

-40°C. In some embodiments, steps (a) and (b) are performed at a temperature from about 

-60°C to about -40°C. In some embodiments, steps (a) and (b) are performed at a 

temperature of about -40°C, -50°C, -60°C, -70°C, or -80°C. In some embodiments, steps (a) 

and (b) are performed at a temperature of about -40°C. In some embodiments, steps (a) and 

(b) are performed at a temperature of about -50°C. In some embodiments, steps (a) and (b) 

are performed at a temperature of about -60°C. In some embodiments, steps (a) and (b) are 

performed at a temperature of about -70°C. In some embodiments, steps (a) and (b) are 

performed at a temperature of about -80°C. 

(H) Concentrations 
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[00108] The chain end concentration of the methods described herein is not limited by the 

disclosed examples. The chain end concentration for the methods described herein appears to 

have no definite upper limit, and the methods described herein may be performed at any 

chain end concentration, subject to the inherent limits imposed by the density and molecular 

weight (i.e., molar volume) of the reaction components. 

[00109] In some embodiments, the molar concentration of the compounds of formula II is 

from about 1 to about 10 times the molar concentration of chain ends. In some embodiments, 

the molar concentration of the compounds of formula II is from about 1.1 to about 8 times the 

molar concentration of chain ends. In some embodiments, the molar concentration of the 

compounds of formula II is from about 1.1 to about 5 times the molar concentration of chain 

ends. In some embodiments, the molar concentration of the compounds of formula II is from 

about 1.1 to about 4 times the molar concentration of chain ends. In some embodiments, the 

molar concentration of the compounds of formula II is from about 1.1 to about 3 times the 

molar concentration of chain ends. In some embodiments, the molar concentration of the 

compounds of formula II is from about 1.1 to about 2 times the molar concentration of chain 

ends. 

[00110] In some embodiments, the molar concentration of Lewis acid is from about 0.5 to 

about 20 times the molar concentration of chain ends. In some embodiments, the molar 

concentration of Lewis acid is from about 0.5 to about 15 times the molar concentration of 

chain ends. In some embodiments, the molar concentration of Lewis acid is from about 1.0 

to about 10 times the molar concentration of chain ends. In some embodiments, the molar 

concentration of Lewis acid is from about 1.0 to about 8 times the molar concentration of 

chain ends. In some embodiments, the molar concentration of Lewis acid is from about 2 to 

about 5 times the molar concentration of chain ends. 

[00111] In some embodiments, the electron donor concentration is less than half the 

concentration of Lewis acid. In some embodiments, the electron donor concentration is less 

than 0.4 times the Lewis acid concentration. In some embodiments, the electron donor 

concentration is less than 0.3 times the Lewis acid concentration. In some embodiments, the 

electron donor concentration is less than 0.2 times the Lewis acid concentration. In some 

embodiments, the electron donor concentration is less than 0.1 times the Lewis acid 

concentration. 

[00112] In some embodiments, the chain end concentration is less than 0.010 M. In some 

embodiments, the chain end concentration is less than 0.050 M. In some embodiments, the 

chain end concentration is less than 0.10 M. In some embodiments, the chain end 
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concentration is less than 0.5 M. In some embodiments, the chain end concentration is less 

than 1.0 M. In some embodiments, the chain end concentration is greater than 0.001 M. 

(ii) In situ deblocking with acid 

(A) Acids 

[00113] In some embodiments, the one or more acids of step (c) is a Lewis acid or mixture 

of Lewis acids. 

[00114] In some embodiments, the Lewis acid is a non-protic acid. In some embodiments, 

the Lewis acid is a metal halide or non-metal halide. In some embodiments, the Lewis acid is 

a metal halide. In some embodiments, the Lewis acid is a titanium (IV) halide, a zinc (II) 

halide, a tin (IV) halide, or an aluminum (III) halide. In some embodiments, the Lewis acid 

is a titanium (IV) halide. In some embodiments, the Lewis acid is a tin (IV) halide. In some 

embodiments, the Lewis acid an aluminum (III) halide. In some embodiments, the Lewis 

acid is titanium tetrabromide or titanium tetrachloride. In some embodiments, the Lewis acid 

is titanium tetrachloride. In some embodiments, the Lewis acid is zinc chloride. In some 

embodiments, the Lewis acid is AlBr3. In some embodiments, the Lewis acid is ethyl 

aluminum dichloride. In some embodiments, the Lewis acid is methyl aluminum dichloride. 

In some embodiments the Lewis acid is a non-metal halide. In some embodiments, the Lewis 

acid is an antimony (VI) halide, a gallium (III) halide, or a boron (III) halide. In some 

embodiments, the Lewis acid is boron trichloride. In some embodiments, the Lewis acid is a 

trialkyl aluminum compound. In some embodiments, the Lewis acid is trimethyl aluminum. 

[00115] In some embodiments, one Lewis acid is used. In some embodiments, a mixture 

of two or more Lewis acids is used. In some embodiments, a mixture of two Lewis acids is 

used. In some embodiments, a mixture of an aluminum (III) halide and trialkyl aluminum 

compound is used. In some embodiments, a stoichiometric ratio of about 1:1 aluminum (III) 

halide to trialkyl aluminum compound is used. In some embodiments, a stoichiometric ratio 

of 2:1 aluminum (III) halide to trialkyl aluminum compound is used. In some embodiments, 

a stoichiometric ratio of about 1:2 aluminum (III) halide to trialkyl aluminum is used. In 

some embodiments, the stoichiometric ratio of aluminum (III) halide to trialkyl aluminum is 

greater than 1. In some embodiments, the stoichiometric ratio of aluminum (III) halide to 

trialkyl aluminum is less than 1. In some embodiments, a mixture of aluminum trichloride 

and trimethyl aluminum is used. 

[00116] In some embodiments, the Lewis acid is an alkyl aluminum halide, as defined 

herein. In some embodiments, the Lewis acid is a methyl aluminum bromide. 
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[00117] In a particular embodiment, the one or more acid(s) of step (c) is a titanium halide, 

aluminum halide, boron halide, or an alkyl aluminum halide. 

[00118] In a particular embodiment, the one or more acid(s) of step (c) is titanium 

tetrachloride, titanium tetrabromide, or an alkyl aluminum chloride or mixture of alkyl 

aluminum chlorides of the formula RnAlX3_n, wherein n is 1, 1,5, or 2, R is methyl or ethyl, 

and X is chloride. 

[00119] In a particular embodiment, at least two acids are used in step (c), and wherein at 

least one of said at least two acids is ethyl aluminum dichloride and one of said at least two 

acids is titanium tetrachloride. 

[00120] In a particular embodiment, at least two acids are used, wherein at least one of 

said at least two acids is a Lewis acid and one of said at least two acids is a Bronsted acid. 

[00121] In a particular embodiment, the Bronsted acid is such that its conjugate base does 

not significantly diminish the activity of the Lewis acid. 

[00122] In particular embodiments, the Bronsted acid is a carboxylic acid, mineral acid, 

sulfonic acid, or phosphoric acid. In some embodiments, the carboxylic acid is formic acid, 

acetic acid, or propionic acid. In some embodiments, the mineral acid is a hydrogen halide. 

In some embodiments, the hydrogen halide is HF, HC1, HBr, or HI. In some embodiments, 

the mineral acid is sulfuric acid, phosphoric acid, perchloric acid, or nitric acid. In some 

embodiments, the sulfonic acid is p-toluenesulfonic acid, trifluoromethane sulfonic acid, or 

fluorosulfonic acid. In some embodiments, the phosphonic acid is methane phosphonic acid. 

[00123] In particular embodiments, the Bronsted acid is sulfuric acid, hydrochloric acid, 

hydrobromic acid, or p-toluenesulfonic acid. 

[00124] In particular embodiments, at least three acids are used, wherein at least one of 

said at least three acids is titanium tetrachloride, one of said at least three acids is ethyl 

aluminum dichloride, and one of said at least three acids is sulfuric acid. 

(B) Temperature 

[00125] In some embodiments, step (c) is performed at a temperature of from about -75°C 

to about 80°C. 

[00126] In some embodiments, the temperature is at least 25°C, at least 30°C, at least 

35°C, at least 40°C, at least 45°C, at least 50°C, at least 55°C, at least 60°C, at least 65°C, or 

at least 70°C before, during, and/or after the addition of the one or more acid(s) of step (c). 

[00127] In some embodiments, step (c) is performed initially at a temperature of from 

about -75°C to about -55°C and said temperature is subsequently raised to from about 65°C 
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to about 85°C. As used herein, "performed initially.. .and subsequently raised," as used in 

connection with step (c), means that the addition of the one or more acid(s) of step (c) is first 

performed at the indicated initial temperature; the temperature is then subsequently raised to 

the indicated temperature at any time after addition of the one or more acid(s) has started. 

The temperature may be raised to the indicated temperature at any rate. 

[00128] In some embodiments, step (c) is performed initially at a temperature of 

about -60°C and said temperature is subsequently raised to about 70°C. In particular 

embodiments, the step (c) is performed initially at about -60°C and allowed to warm to about 

25°C over 30 minutes to 120 minutes; and then heated to about 60-80°C and maintained 

about 60-80°C over 2-6 hours. 

(C) Concentrations 

[00129] In some embodiments, the one or more acid(s) of step (c) includes one or more 

Lewis acid(s), wherein from about 0.2 to about 20 equivalents of the one or more Lewis 

acid(s) are present relative to chain ends. 

[00130] In some embodiments, the one or more acid(s) of step (c) includes one or more 

Lewis acid(s), wherein from about 0.1 to about 10 equivalents of the one or more Lewis 

acid(s) are present relative to chain ends. 

[00131] In some embodiments, the one or more acid(s) of step (c) includes one or more 

Lewis acid(s), wherein from about 1 to about 5 equivalents of the one or more Lewis acid(s) 

are present relative to chain ends. 

[00132] In some embodiments, the one or more acid(s) of step (c) includes one or more 

Bronsted acid(s), wherein from about 0.001 to about 20 equivalents of the one or more 

Bronsted acid(s) are present relative to chain ends. 

[00133] In some embodiments, the one or more acid(s) of step (c) includes one or more 

Bronsted acid(s), wherein from about 0.1 to about 10 equivalents of the one or more Bronsted 

acid(s) are present relative to chain ends. 

[00134] In some embodiments, the one or more acid(s) of step (c) includes one or more 

Bronsted acid(s), wherein from about 0.5 to about 5 equivalents of the one or more Bronsted 

acid(s) are present relative to chain ends. 

(D) Reaction Time 

[00135] In some embodiments, step (c) is performed for about 15 minutes to about 8 

hours. In some embodiments, step (c) is performed from about 2 to about 6 hours. 
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[00136] In some embodiments, the one or more acids of step (c) contains an alkyl 

aluminum halide, step (c) is performed initially at about -60°C and the temperature is 

subsequently raised to about -10°C, and step (c) is performed for about 30 minutes to about 1 

hour. 

[00137] In some embodiments, the one or more acids of step (c) contains a titanium halide 

and a Bronsted acid, step (c) is performed initially at about -60°C and the temperature is 

subsequently raised to about 5°C, and step (c) is performed for about 30 minutes to about 2 

hours. 

[00138] In some embodiments, the one or more acids of step (c) contains a titanium halide, 

step (c) is performed initially at about -60°C and the temperature is raised to about 70°C, and 

step (c) is performed for about 30 minutes to about 6 hours. 

(iii) Diluents 

[00139] In some embodiments of the methods described herein, the methods are performed 

in a diluent. In some embodiments, the diluent is a single compound or a mixture of two or 

more compounds. In some embodiments, the diluent completely dissolves the reaction 

components or partially dissolves the reaction components. In some embodiments, the 

diluent completely or nearly completely dissolves the reaction components. In some 

embodiments, the diluent completely dissolves the reaction components. In some 

embodiments, the diluent nearly completely dissolves the reaction components. 

[00140] In some embodiments, the diluent has a low boiling point and/or low freezing 

point. In some embodiments, the diluent is an alkane. In some embodiments, the diluent is a 

normal alkane. In some embodiments, the diluent is propane, normal butane, normal pentane, 

normal hexane, normal heptane, normal octane, normal nonane or normal decane. In some 

embodiments, the diluent is normal hexane or normal pentane. In some embodiments, the 

diluent is normal hexane. In some embodiments, the diluent is a branched alkane. In some 

embodiments, the alkane is isobutane, isopentane, neopentane, isohexane, 3-methylpentane, 

2,2-dimethylbutane, or 2,3-dimethylbutane. In some embodiments, the alkane is cyclic. In 

some embodiments, the alkane is methylcyclohexane. In some embodiments, the diluent is a 

mixed boiling fraction alkane. In some embodiments, the diluent is a mixed boiling fraction 

of C5 alkanes, i.e., mixed pentanes or mixed boiling fraction of C6 alkanes, i.e., mixed 

hexanes. In some embodiments, the alkane is a nitroalkane. 

[00141] In some embodiments, the diluent is an alkyl halide. In some embodiments, the 

diluent is an alkyl monohalide or an alkyl polyhalide. In some embodiments, the diluent is 
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chloroform, ethylchloride, n-butyl chloride, methylene chloride, methyl chloride, 1,2-

dichloroethane, 1,1,2,2-tetrachloroethane, carbon tetrachloride, 1,1-dichloroethane, n-propyl 

chloride, isopropyl chloride, 1,2-dichloropropane, or 1,3-dichloropropane. In some 

embodiments, the diluent is methylene chloride or methyl chloride. In some embodiments, 

the diluent is methyl chloride. In some embodiments, the diluent is an alkene or halogenated 

alkene. In some embodiments, the diluent is vinyl chloride, 1,1-dichloroethene, or 1,2-

dichloroethene. 

[00142] In some embodiments, the diluent is a substituted benzene. In some 

embodiments, the diluent is benzene. In some embodiments, the diluent is toluene. 

[00143] In some embodiments, the diluent is carbon disulfide, sulfur dioxide, acetic 

anhydride, acetonitrile, benzene, toluene, ethylbenzene, methylcyclohexane, chlorobenzene, 

or a nitroalkane. 

[00144] In some embodiments, the diluent is a mixture of two or more compounds. In 

some embodiments, the diluent is a mixture of hexane and methyl chloride. In further 

embodiments, such mixture is from about 10/90 to about 90/10 hexane/methyl chloride by 

volume. In further embodiments, such mixture is from about 20/80 to about 80/20 

hexane/methyl chloride by volume. In further embodiments, such mixture is from about 

30/70 to about 70/30 hexane/methyl chloride by volume. In further embodiments, such 

mixture is from about 40/60 to about 60/40 hexane/methyl chloride by volume. In further 

embodiments, such mixture is about 50/50 hexane/methyl chloride by volume. In further 

embodiments, such mixture is about 60/40 hexane/methyl chloride by volume. In further 

embodiments, such mixture is about 40/60 hexane/methyl chloride by volume. 

(iv) Terminators 

[00145] In some embodiments, the terminator is a compound capable of deactivating a 

Lewis acid. In some embodiments, the terminator is a base and/or a nucleophile. In some 

embodiments, the terminator is a base. In some embodiments, the terminator is an electron 

donor. In some embodiments, the terminator is an organic base. In some embodiments, the 

terminator is an alcohol or amine. In some embodiments, the terminator is an alcohol. In 

some embodiments, the terminator is a pyridine derivative. 

[00146] In some embodiments, the terminator is methanol, ethanol, or isopropanol. In 

some embodiments, the terminator is methanol. In some embodiments, the terminator is 

water. In some embodiments, the terminator is diethylamine, triethylamine, pyridine, 2,6-

lutidine, n-butylamine, or tert-amylamine. 
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[00147] In some embodiments, the terminator is added after step (c). 

(c) COMPOSITIONS OF MATTER 

[00148] In some embodiments, provided herein are compounds of formula I: 

Rx- R1-^N-(CR2R3)m—OH 

I 

wherein: 

R1 is a polyolefin group; 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; 

m is an integer from 2 to 20; 

Rx is a cationic initiator residue; and 

p is an integer from 1 to 4. 

[00149] In some embodiments, R1 is in the 3-position of the pyrrole ring. 

[00150] In some embodiments, R1 is in the 2-position of the pyrrole ring. 

[00151] In some embodiments, R1 is a polyisobutylene group. 

[00152] In some embodiments, R2 and R3 are each, independently, H or alkyl from 1 to 3 

carbons. 

[00153] In some embodiments, R2 and R3 are hydrogen. 

[00154] In some embodiments, m is an integer from 2-10, from 2 to 8, from 2 to 6, from 2 

to 4, or from 2 to 3. 

[00155] In some embodiments, p is 1. In some embodiments, p is 2. In some 

embodiments, p is 3. In some embodiments, p is 4. 

[00156] In some embodiments, the compound of formula I is a compound of formula VII. 

J^N-(CR2R3)m-OH 
Rx—R1 

VII 

[00157] In some embodiments, the compound of formula I is a compound of formula VIII. 

R 
(CR2R3)~OH 
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VIII 

[00158] In some embodiments, p is 1 and Rx is 
,, ^ CH3 CH3 H3CJ 3 Xr-
H3CT^T:H3 

[00159] In some embodiments, the compound of formula I is a compound of formula IX 

RX-Rl{^\l-(CR2R3)m—°H 

IX 

wherein Rx is a monovalent cationic residue. 

[00160] In further embodiments, the compound of formula I is a compound of formula X. 

X 

wherein RX is a monovalent cationic residue. 

[00161] In further embodiments, the compound of formula I is a compound of formula XI 

N-(CR2R3)m—OH 
RX-R1^ 

XI 

wherein Rx is a monovalent cationic residue. 

[00162] In some embodiments, Rx is 

^CH3 

CH3 
RB M 

wherein RB is alkyl and t is an integer from 1-3 and t and p are the same integer. 
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[00163] In some embodiments, the compound of formula I is a compound of formula XII 

o HO—(CR2R3)m——R1 R1-jJ\|-(CR2R3)m—OH 

wherein RB is alkyl. 

[00164] In some embodiments, the compound of formula I is a compound of formula XIII. 

HO—(CR2R3)m—N J^\|-(CR2R3)m-OH 

[00165] In some embodiments, the compound of formula I is a compound of formula IX. 

HO-(CR2R3)m-N^l ^\l-(CR2R3)m-OH 

[00166] In some embodiments, the compound of formula I is a compound of formula XV. 

N—(CR2R3)m-OH HO—(CR2R3)m—N, 

XV 

[00167] In some embodiments, RB is alkyl of 1 to 6 carbons. In some embodiments, RB is 

tert-butyl. 

[00168] In some embodiments, the compound of formula I has a polydispersity index of 

from about 1 to about 2, about 1.0 to about 1.5, about 1.0 to about 1.2, or about 1.00 to about 

1.10. 
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[00169] In some embodiments, the compound of formula I has a number average 

molecular weight between about 5.0 xlO2 g/mol to about 1.0 x 105 g/mol. 

[00170] In some embodiments, the compound of formula I has a number average 

molecular weight between about 1.0 x 103 g/mol to about 1.0 x 104 g/mol. 

[00171] In some embodiments, the compound of formula I has a number average 

molecular weight between about 1.0 x 103 g/mol and about 5.0 x 103 g/mol. 

[00172] In some embodiments, the compound of formula I has a number average 

molecular weight between about 2.0 x 103 g/mol and about 3.0 x 103 g/mol. 

[00173] The embodiments and examples described above and the examples that follow are 

intended to be merely exemplary, and such examples and embodiments are non-limiting. For 

example, included within the scope of the subject matter described herein are all 

combinations of the embodiments described herein. In addition, one of ordinary skill in the 

art will recognize, or will be able to ascertain using no more than routine experimentation, 

modifications of the embodiments and examples described herein. Such modifications are 

considered to be within the scope of the claimed subject matter and are encompassed by the 

appended claims. 

(c) EXAMPLES 

(i) Example 1 

[00174] This example involves capping of quasiliving monofunctional polyisobutylene 

with A''-(2-/e/t-butoxy-cthyl)pyrrolc to obtain hydroxyl chain ends in situ. 

[00175] Under a N2 atmosphere, 105-mL of hexane and 70-mL of methyl chloride were 

chilled to -60°C and placed in a 4-neck round bottom flask equipped with an overhead stirrer, 

thermocouple, and ReactIR probe. To the 60/40 (v/v) mixture of hexane and methyl chloride, 

were added 0.109-mL of 2,6-dimethylpyridine and 0.648 mL of 2-chloro-2,4,4-

trimethylpentane (TMPC1) providing a proton trap concentration of 0.005 M and a chain end 

concentration of 0.02 M. A final molecular weight of 2,000 g/mol was targeted by charging 

the reactor with 9.9 mL of isobutylene. After thermal equilibration, the polymerization was 

initiated with 1.26 mL (3 eq.) of TiCL(. Upon complete monomer conversion, 2 mL (3 eq.) of 

A''-(2-fer/-butoxycthyl)pyrrolc was added, and the alkylation reaction was allowed to proceed 

for approximately 50 min. The reactor was then charged with 2 mL (5 eq.) of ethyl 

aluminum dichloride and 0.4 mL (2 eq.) of sulfuric acid to promote removal of the terminal 

tert-butyl blocking group residing on the pyrrole capping agent. After addition of the acids, 

the reaction flask was immediately removed from the cooling bath and allowed to warm at 
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ambient temperature for 90 min. At this point, a majority of the methyl chloride had boiled 

off, and the reaction flask was placed on a heating mantle and heated to reflux (69°C) for 3 h. 

Finally, the catalysts were destroyed by addition of methanol. 

[00176] Initial alkylation of A''-(2-/e/t-butoxycthyl)pyrrolc resulted in 57% of the C-3 

alkylated isomer, 38% of the C-2 alkylated isomer, and 5% exo-olefin chain ends. Addition 

of the ethyl aluminum dichloride and sulfuric acid with subsequent heating resulted in 

reaction of the exo-olefin chain ends with excess A''-(2-ferf-butoxycthyl)pyrrolc, complete 

displacement of the terminal tert-butyl groups to yield terminal hydroxyl groups, and 

isomerization of the chain ends to provide 99% of the C-3 alkylated isomer and 1% of the C-

2 alkylated isomer. The final hydroxy functional polymer had a number average molecular 

weight (polydispersity) of 2,056 g/mol (1.05). 

(ii) Example 2 

[00177] This example involved capping of quasi-living difunctional polyisobutylene with 

A''-(2-fer/-butoxy-cthyl)pyrrolc to obtain hydroxyl chain ends in situ. 

[00178] Under a N2 atmosphere, 105-mL of hexane and 70-mL of methyl chloride were 

chilled to -60°C and placed in a 4-neck round bottom flask equipped with an overhead stirrer, 

thermocouple, and ReactIR probe. To the 60/40 (v/v) mixture of hexane and methyl chloride, 

were added 0.109-mL of 2,6-dimethylpyridine and 0.54 g of 1,3-^/v(2-chloro-2-propyl)-5-

tert-butylbenzene (bDCC) providing a proton trap concentration of 0.005 M and a chain end 

concentration of 0.02 M. A final molecular weight of 3000 g/mol was targeted by charging 

the reactor with 7.03 mL of isobutylene. After thermal equilibration, the polymerization was 

initiated with 1.26 mL (3 eq.) of TiCU. Upon complete monomer conversion, 2 mL (3 eq.) of 

A'-(2-fer/-butoxycthyl)pyrrolc was added, and the alkylation reaction was allowed to proceed 

for approximately 30 min. The reactor was then charged with 2 mL (5 eq.) of ethyl 

aluminum dichloride and 0.4 mL (2 eq.) of sulfuric acid to promote removal of the terminal 

tert-butyl blocking group residing on the pyrrole capping agent. After addition of the acids, 

the reaction flask was immediately removed from the cooling bath and allowed to warm at 

ambient temperature for 90 min. At this point, a majority of the methyl chloride had boiled 

off, and the reaction flask was placed on a heating mantle and heated to reflux (69°C) for 4 h. 

Finally, the catalysts were destroyed by addition of methanol. 

[00179] Initial alkylation of A'-(2-fe/t-butoxycthyl)pyrrolc resulted in 55% of the C-3 

alkylated isomer, 38% of the C-2 alkylated isomer, 5% exo-olefin chain ends, and 2% 

coupling through double alkylation of pyrrole. Addition of the ethyl aluminum dichloride 
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and sulfuric acid with subsequent heating resulted in reaction of the exo-olefin chain ends 

with excess A''-(2-/er/-butoxycthyl)pyrrolc, complete displacement of the terminal tert-butyl 

groups to yield terminal hydroxyl groups, and isomerization of the chain ends to provide 98% 

of the C-3 alkylated isomer and 2% of coupled chain ends. The final hydroxy functional 

polymer had a number average molecular weight (polydispersity) of 3084 g/mol (1.05). 

(iii) Example 3 

[00180] The following was conducted under a dry, N2 atmosphere. Into a 60/40 (v/v) 

mixture of hexane (105 mL) and methyl chloride (70 mL) at -60°C were dissolved 6.9 g of 

2,000 g/mol /erf-chloride terminated polyisobutylene, 0.11 mL of 2,6-lutidine, and 1.9 mL (3 

eq) of A'-(2-fer/-butoxycthy 1)pyrro 1 c. The alkylation reaction was initiated with the addition 

of 1.19 mL (3 eq) of TiCU. After 30-min of reaction time, additional acids were charged to 

the reactor, and it was immediately removed from the cooling bath and allowed to warm at 

ambient temperature to promote removal of the terminal tert-butyl group. The reactor was 

vented during warming to allow volatilization of methyl chloride. 

[00181] Four separate reactions were performed using the following combinations of 

additional acids for deblocking: A) 5 eq of TiCl4, B) 5 eq of TiCl4 and 2 eq of H2S04, C) 5 eq 

of EtAlCb, and D) 5 eq of EtAlCh and 2 eq of H2SO4. After less than 30 min warming at 

ambient temperature, combination D) resulted in complete displacement of the terminal tert-

butyl groups to yield 92% hydroxyl and 8% residual exo-olefin functionality. Similarly, 

combination C) resulted in complete displacement of the terminal tert-butyl groups in less 

than 30 min to yield 96% hydroxyl and 4% residual exo-olefin functionality. Combination B) 

required less than 90 min for complete deblocking, yielding 91% hydroxyl functionality and 

3%> residual /erf-chloride chain ends; the remaining 6% of the chains were coupled through 

double alkylation of single pyrrole moieties (C-2 and C-4). Combination A) provided only 

49% deblocking after 4.5 h with 4% exo-olefin, 7% chain coupling; for the remaining 40% of 

the chains the teriminal tert-buyl group stayed intact. 

[00182] After 4.5 h, the remaining contents of each reactor, i.e. the polymer in hexane with 

the acids, was heated to reflux (69°C) under N2 for an additional 3.5 h. After heating, 

condition A) provided 83% hydroxyl functionality with 5% residual exo-olefin. Chain 

coupling through the pyrrole chain end was also increased to 12%. Heating combination B) 

resulted in a slight decrease in hydroxyl functionality to 89% and an increase in coupling to 

9% with 2% residual exo-olefin. Heating combination D) induced further alkylation of 

pyrrole with the exo-olefin terminated polyisobutylene to provide 100% hydroxyl 

functionality. Heating combination C) did not induce further alkylation of pyrrole or chain 
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coupling. However, for all four conditions, heating for 3.5 h induced isomerization; the C-2 

alkylated pyrrole isomers were converted to the more thermodynamically stable C-3 

alkylated pyrrole isomers. 

(iv) Example 4 

[00183] This example involves hydroxy-terminated polyisobutylene obtained by 

quasiliving isobutylene polymerization and quenching with N-(2-tert-butoxyethyl)pyrrole 

using only dimethyl aluminum chloride catalysis. 

[00184] A stirred glass reactor was cooled to -75°C within a N2-atmosphere glovebox. To 

the reactor were charged 120 mL of a 50/50 (v/v) mixture of methyl chloride/hexane, 0.45 

mL of 2-chloro-2,4,4-trimethylpentane, 0.08 mL of 2,6-lutidine, and 6.76 mL of isobutylene. 

The (initiator) chain end concentration was 0.02 M, 2,6-lutidine was present at a 

concentration 0.005 M, and a molecular weight of 2,000 g/mol was targeted. The 

polymerization was initiated with the addition of 2.64 mL (6 eq per chain end) of a 1 M 

solution of dimethyl aluminum chloride in hexane. Full monomer conversion was reached in 

approximately 2.5 h, and a reaction aliquot at that point indicated tert-chloride chain end 

functionality. The reaction was quenched by addition of 1.4 mL of N-(2-tert-

butoxyethyl)pyrrole to the reactor (3 eq per chain end), and after 1.5 h the reactor was 

removed from the cooling bath and allowed to sit under a N2 atmosphere at room temperature 

overnight (19 h) before destroying the catalyst with excess methanol. Analysis of the final 

polyisobutylene indicated near quantitative primary hydroxyl chain end functionality (>98% 

and a C-3/C-2 isomer ratio of 62/38) with <2% residual olefin end groups). 

(v) Example 5 

[00185] This example involves hydroxy-terminated polyisobutylene obtained by boron 

trichloride (BCl3)-catalyzed quasiliving isobutylene polymerization and subsequent dimethyl 

aluminum chloride-catalyzed alkylation of N-(2-tert-butoxyethyl)pyrrole. 

[00186] A stirred glass reactor was cooled to -60°C within a N2-atmosphere glovebox. To 

the reactor were charged 175 mL of methyl chloride, 0.68 mL of 2-chloro-2,4,4-

trimethylpentane, and 0.1 mL of 2,6-lutidine. Polymerization was initiated by addition of 7.4 

mL (24 eq per chain end) BCI3. The (initiator) chain end concentration was 0.02 M, and a 

molecular weight of 2,000 g/mol was targeted. Complete monomer conversion was achieved 

in 6.6 h. A prequench aliquot indicated perfect tert-chloride chain end functionality. The 

polymerization was quenched by addition of 1.4 mL of /V- (2 - fc/Y-b u to x y e th y 1) p y r ro 1 e (2 eq 

per chain end) along with 2.64 mL (6 eq per chain end) of a 1 M dimethyl aluminum chloride 
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solution in hexane. After 2.5 h, a reaction aliquot indicated quantitative capping by the 

pyrrole quencher (C-3/C-2 isomer ratio of 63/35) and cleavage of the terminal tert-butyl ether 

to provide hydroxyl functionality at the chain end. 
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WHAT IS CLAIMED IS: 

1. A method for preparing a telechelic polymer of formula I: 

Rx--R1-^N—(CR2R3)m—OH 

I 

or a mixture thereof 

wherein R1 is a polyolefin group; 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; 

m is an integer from 2 to 20; 

Rx is a cationic initiator residue; and 

p is an integer from 1 to 4; 

comprising: 

(a) generating a quasiliving carbocationic polyolefin in a quasiliving reaction system; 

(b) adding to the quasiliving reaction system of step (a) a compound of formula II: 

[^\j-(CR2R3)m-OR4 

II 

wherein R4 is alkyl, alkenyl, alkynyl, aryl, alkaryl, aralkyl, -C(0)R5; -SO3R6, 

-S02R7, or -Si(R8)(R9)(R10) wherein R5, R6, R7, R8, R9, and R10 are each, 

independently, alkyl or aryl 

to form one or more intermediate(s); 

and 

(c) reacting the one or more intermediate(s) from step (b) with one or more acid(s) in 

situ to form the telechelic polymer of formula I. 

2. The method of claim 1, wherein the quasiliving carbocationic polyolefin is 

prepared by adding one or more Lewis acids and a monomer to an initiator in the presence of 

an electron donor, common ion salt, or common ion salt precursor, or a mixture thereof. 

3. The method of claim 2, wherein step (b) is performed after high conversion of 

the monomer has occurred. 
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4. The method of claim 1, wherein step (c) is performed at a temperature of from 

about -120°C to about 100°C. 

5. The method of claim 1, wherein step (c) is performed at a temperature of from 

about -75°C to about 80°C. 

6. The method of claim 1, wherein step (c) is performed initially at a temperature 

of from about -75°C to about -55°C and said temperature is subsequently raised to from about 
65°C to about 85°C. 

7. The method of claim 1, wherein step (c) is performed initially at a temperature 

of about -60°C and said temperature is subsequently raised to about 60°C. 

8. The method of claim 1, wherein the compound of formula II reacts with the 

quasiliving carbocationic polyolefin of step (a) to form one or more intermediates. 

9. The method of claim 8, wherein the telechelic polymer of formula I is formed 

by reacting said one or more intermediates with said one or more acid(s) of step (c). 

10. The method of claim 8, wherein the one or more intermediates is or includes a 

compound of formula III: 

FT R1-^N-(CR2R3)m—OR4 

III 

wherein R1 is a polyolefin group; 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; 

m is an integer from 2 to 20; 

Rx is a cationic initiator residue; 

p is an integer from 1 to 4; and 

R4 is alkyl, alkenyl, alkynyl, aryl, alkaryl, aralkyl, -C(0)R5; -SO3R6, and 

-S02R7, or -Si(R8)(R9)(R10) wherein R5, R6, R7, R8, R9, and R10 are each, 

independently, alkyl or aryl. 
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11. The method of claim 10, wherein greater than or equal to 80% of the 

compound of formula III is consumed by the one or more acid(s) of step (c). 

12. The method of claim 2, wherein the initiator is 2-chloro-2,4,4-

trimethylpentane, 1,3-bis(2-chloro-2-propyl)-5-tert-butylbenzene, 1,3,5-tri(2-chloro-2-

porpyl)benzene, l,3,5-tri(2-methoxy-2-propyl)benzene, or 2,6-dichloro-2,4,4,6-

tetramethy lheptane. 

13. The method of claim 2, wherein the initiator is 2-chloro-2,4,4-

trimethylpentane or 1,3-bis(2-chloro-2-propyl)-5-tert-butylbenzene. 

14. The method of claim 2, wherein the monomer is isobutylene. 

15. The method of claim 2, wherein the electron donor is 2,6-dimethylpyridine. 

16. The method of claim 2, wherein the one or more Lewis acids used to prepare 

the quasiliving carbocationic polyolefin is a titanium halide, aluminum halide, boron halide, 

or an alkyl aluminum halide. 

17. The method of claim 2, wherein one Lewis acid is used to prepare the 

quasiliving carbocationic polyolefin and the Lewis acid is titanium tetrachloride, titanium 

tetrabromide, or an alkyl aluminum chloride of the formula RnAlX3_n, wherein n is 1, 1,5, or 

2, R is methyl or ethyl, and X is a chloride. 

18. The method of claim 2, wherein the one or more acids of step (c) is a Lewis 

acid or mixture of Lewis acids. 

19. The method of claim 2, wherein the one or more acids of step (c) is a titanium 

halide, aluminum halide, boron halide, or an alkyl aluminum halide. 

20. The method of claim 2, wherein the one or more acids of step (c) is titanium 

tetrachloride, titanium tetrabromide, or an alkyl aluminum chloride of the formula RnAlX3_n, 

wherein n is 1, 1,5, or 2, R is methyl or ethyl, and X is a chloride. 
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21. The method of claim 2, wherein at least two acids are used in step (c), and 

wherein at least one of said at least two acids is ethyl aluminum dichloride and one of said at 

least two acids is titanium tetrachloride. 

22. The method of claim 2, wherein at least two acids are used, wherein at least 

one of said at least two acids is a Lewis acid and one of said at least two acids is a Bronsted 

acid. 

23. The method of claim 22, wherein the Bronsted acid is sulfuric acid, 

hydrochloric acid, hydrobromic acid, or p-toluenesulfonic acid. 

24. The method of claim 2, wherein at least three acids are used, wherein at least 

one of said at least three acids is titanium tetrachloride, one of said at least three acids is ethyl 

aluminum dichloride, and one of said at least three acids is sulfuric acid. 

25. The method of claim 18, wherein about 0.2 to about 20 equivalents of the 

Lewis acid or mixture of Lewis acids relative to chain-end concentration are used. 

26. The method of claim 18, wherein about 1 to about 5 equivalents of the Lewis 

acid or mixture of Lewis acids relative to chain-end concentration are used. 

27. The method of claim 22, wherein about 0.5 to about 5 equivalents of the 

Bronsted acid relative to chain-end concentration is used. 

28. The method of claim 1, wherein R1 is a divalent polyisobutylene group. 

29. The method of claim 1, wherein R2 and R3 are hydrogen. 

30. The method of claim 1, wherein m is 2-3. 

31. The method of claim 1, wherein R4 is 

G1 

-C-G2 
i 

G3 
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wherein G1 is H or alkyl of 1-3 carbons; and G2 and G3 are each, independently, alkyl of 1-3 

carbons. 

32. The method of claim 1, wherein R4 is tert-butyl. 

33. The method of claim 1, wherein R1 is in the 2-position of the pyrrole ring. 

34. The method of claim 1, wherein R1 is in the 3-position of the pyrrole ring. 

35. The method of claim 34, wherein step (c) is performed at a temperature of at 

least 60°C, wherein the method yields at least 85% of the compound of formula I, and 

wherein the compound of formula I is a compound of formula VII. 

^N-(CR2R3)m-OH 
Rx—|—R 

VII 

wherein R1 is a polyolefin group; 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; 

m is an integer from 2 to 20; 

Rx is a cationic initiator residue; and 

p is an integer from 1 to 4. 

36. The method of claim 1, wherein the compound of formula I is a compound of 

formula IX: 

RX-Rl{^\l-(CR2R3)m—OH 

IX 

wherein Rx is a monovalent cationic initiator residue; 

R1 is a polyolefin group; 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; 

m is an integer from 2 to 20; and 

p is an integer from 1 to 4. 
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37. The method of claim 1, wherein p is 1 and Rx is 
,, ^ CH3 CH3 HsC0f 
H3CT^T:H3 

38. The method of claim 1, wherein Rx is 

^CH3 

CH3 

RB M 

wherein RB is alkyl and t is an integer from 1-3 and t and p are the same integer. 

39. The method of claim 38, wherein the compound of formula I has the formula 

XIII: 

HO-(CR2R3)m—v K I J^N-(CR2R3)m-OH 
-R1 

wherein RB is alkyl; 

R1 is a polyolefin group; 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; and 

m is an integer from 2 to 20. 

40. The method of claim 1, where p is 1 or 2. 

41. A compound of formula I: 

Rx -R1-^N-(CR2R3)m—OH 

wherein: 

R1 is a polyolefin group; 

40 



WO 2011/014665 PCT/US2010/043729 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; 

m is an integer from 2 to 20; 

Rx is a cationic initiator residue; 

and p is an integer from 1 to 4. 

42. The compound of claim 41, wherein R1 is in the 3-position of the pyrrole ring. 

43. The compound of claim 41, wherein R1 is in the 2-position of the pyrrole ring. 

44. The compound of claim 41, wherein R1 is a divalent polyisobutylene group. 

45. The compound of claim 41, wherein R2 and R3 are hydrogen. 

46. The compound of claim 41, wherein m is 2-3. 

47. The compound of claim 41, wherein p is 1 and Rx is 
,, ^ CH3 CH3 H3CJ 3 Xr-
H3CT^T:H3 

48. The compound of claim 41, wherein the Rx is 

^CH3 

CH3 

R 

wherein RB is alkyl and t is an integer from 1-3, and wherein t and p are the same integer. 
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49. The compound of claim 41, wherein the compound of formula I is the 

compound of formula XIII: 

HO-(CR2R3)m-N J , / ^ N—(CR R )m OH 
~R1^C y— R1' 

XIII 

wherein RB is alkyl; 

R1 is a polyolefin group; 

R2 and R3 are, independently in each -(CR2R3)- unit, hydrogen or alkyl from 1 to 6 

carbons; and 

m is an integer from 2 to 20. 

50. The compound of claim 1, wherein p is 1 or 2. 
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