
FUNCIONALIZATION OF POLYOLEFINS WITH PHENOXY DERIVATIVES 1. FIELD  [0001]Provided
herein are telechelic polymers and methods for producing he same. 2. BACKGROUND
100021Telechelic polymers, that is, polymers containing functional end groups, are useful
intermediates in the preparation of high-performance polymer products. For example, such
intermediates can be used in the production of fuel or lube oil additives, network polymers,
star-branched polymers, and block copolymers. For example, polymers containing primary aliphatic
hydroxyl end groups are very useful as reactive intermediates in polyurethane polymer synthesis. As a
further example, polymers containing primary aliphatic halogen end groups are useful intermediates
since the halogen group may be readily replaced by another group by reaction with a nucleophilic
reagent. As yet a further example, polymers containing phenol end groups are useful in the synthesis
of fuel and lubricating oil additives because, for example, they are readily reacted with formaldehyde
and a polyamine to generate ashless dispersants. Thus, there is a need for telechelic polymers
containing hydroxyl, halogen, phenol, etc. end groups, as well as methods of synthesizing the same. 3.
SUMMARY  [00031In some embodiments, provided herein are methods for preparing a telechelic
polymer of formula I: R3    R4 wherein Ra is a polyolefin group; RI and R2 are each, independent!y in
each -(CR R2) unit, H or alkyl; and m is an integer from 0 to 20; wherein if m is 0, 



then R3 and R4 are each independently, alkyl. and  ifrnis I. then R4 and R4 are each, independently
H. alkyl, or alkoxy. and X is H, alkyl, alkenyl, alkynyt, alkaryl, aralkyl, aryl, R5 Si R6 beteroaryl,orR7
where R5-R7 are each, independently alkyl or aryl; if m is 2, then R1 and R4 are each. independently
H. alkyl, or alkoxy, and             X is H. alkyl, ALkenyl, alkynyt, alkaryl, aralkyl, aryl, heteroaryl,alkoxy,
-F, -Cl, -Br, -1, -At, -CN, -NC, -NCO, -OCN,-NCS, -SCN, - 00 0 ne, -00 OR9,--.00)NR R1 or R5 F27
wherein A is-oi nothing, 



R5-R7 are each, independently, alkyl, alkenyl, alkynyl,alkaryl, aralkyl, aryl, heteroaryl, alkoxy,
hydroxy,-F, -Cl. -Br, -I, or --At, Its is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl,and R9-R are
each, independently, H, alkyl, alkenyl,alkvnyl. alkaryl, aryl, or heteroaryl, or, when O-(CR R )m-X is
ortho to R4, then X and R4, together, with the atoms to which X and R-1 are attached, may forma ring;
and if m is 3-20. then R4 and R4 are each, independently H. alkyl, or alkoxy, and                X is H,
alkyl, alkenyl, alkynyl, alkaryl. aralkyl, aryl, heteroaryl,alkoxy, aryloxy, heteroaryloxy, alkaryloxy, -OH,
-F, -Cl, -Br, -I,-At, -CN, -NC. -NCO, - OCN, -NCS, -SCN, -OC(O)R8, -C(0)OR9,-C(0)NRRi R5 -A-Si-R6
R7 , or -NRxRX; wherein 



heteroaryl, heterocyclyl, heteroaryl, heterocyclyl, -OW, or NRIR", alkynyl, alkoxy, hydroxy, -Br, -1.
or-At. A is  or nothing. Rx and Rxare each. independently, H, alkyl, alkenyl, alkynyl, cycloalkyl. aryl
C(0)W, where R? is H. alkyl, alkenyl. alkynyl, cycloalkyl, aryl. R5-R" are each, independently,
alkyl,Ikenyl, alkaryl, aralkyl, aryl, heieroaryl, -NRR H -I', -Cl.  W. is lR !. alkenyl, alkynyl, aikaryl, aryl or
heteroaryl,and R9-W I are each, independently. H. alkyl, alkenyl,alkynyl, alkaryl, aryl, or heteroaryl;
comprising:        (a) generating a quasiliving carbocationie polyolefin; and        (b) reacting the
quasiliving carbocationie polyolefin from step (a) with one or more compounds of formula II in the
presence of a Lewis acid or mixture of Lewis acids under quasiliving carbocationic polymerization
conditions: R3  



0-(CR1R2),,,-X  100041In some embodiments, provided herein are compounds of formula I R3 Raysck
(\-10 (CR1R2),-X R4 wherein: R" is a polyoiefin group; R1 and R2 are each, independently in each
-(CRIR2) unit, H or alkyl; wherein m is an integer from 0 to 20; wherein if m is 0, then R3 and he arc
each, independently, alkyL and X is H; if m is 1 and at least one of R' and R4 is not H, then R2 and
124 are each, independently El, alkyl, or alkoxy, and X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl,
heteroaryl Rs  Fe or             wherein R.5-R2 are eachindependently. alkyl or aryl; if m is 1 and R3 and
R1 are both H, then R3 and R2' are each, independentlyalkyl, or alkoxy, and 
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[0004a] According to an aspect there is provided a method for preparing a compound of 

formula I: 

 

I; 

or the formula 

 

wherein  

R
a
 is a polyolefin group; 

R
1
 and R

2
 are each, independently in each -(CR

1
R

2
) unit, H or alkyl;  

R
b
 is a polyisobutylene group; 

R
X
 is a polyfunctional carbocationic initiator residue; 

R is an integer from 1 to 4; and  

m is an integer from 0 to 20; wherein  

if m is 0,  

then R
3
 and R

4
 are each, independently, alkyl, and X is H;  

if m is 1,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and 

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl or 

,  

wherein R
5
 -R

7
 are each, independently, alkyl or aryl;  

if m is 2,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and 

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy, -F, 

 -Cl, -Br, -I, -At, -CN, -NC, -NCO, -OCN, -NCS, -SCN, -OC(O)R
8
,  

 -C(O)OR
9
, -C(O)NR

10
R

11
,      

 ,  

wherein A is or nothing,  
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R
5
-R

7
 are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, 

aryl, heteroaryl, alkoxy, hydroxy, -NR
10

R
11

, -F, -Cl, -Br, -I, or -At, 

R
8
 is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and  

R
9
-R

11
 are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, 

aryl, or heteroaryl,  

or, when -O-(CR
1
R

2
)m-X is ortho to R

4
 then X and R

4
, together, with the 

atoms to which X and R
4
 are attached, may form a ring;  

and if m is 3-20,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and 

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy, 

aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -I, -At, -CN, -NC, - 

NCO, -OCN, -NCS, -SCN, -OC(O)R
8
, -C(O)OR

9
, C(O)NR

10
R

11
,  

,  

or –NR
X
R

Y
;  

wherein A is or nothing,  

R
X
 and R

Y
 are each, independently, H, alkyl, alkenyl, alkynyl, 

cycloalkyl, aryl, heteroaryl, heterocyclyl, C(O)R
Z
,  

wherein R
Z
 is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 

heteroaryl, heterocyclyl, -OR
8
, or NR

10
R

11
; 

R
5
-R

7
 are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, 

aryl, heteroaryl, alkoxy, hydroxy, -NR
10

R
11

, -F, -Cl, -Br, -I, or -At, 

R
8
 is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and  

R
9
-R

11
 are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, 

aryl, or heteroaryl;  

comprising: 

(a) generating a quasiliving carbocationic polyolefin; and 
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(b) reacting the quasiliving carbocationic polyolefin from step (a) with one or more 

compounds of formula II in the presence of a Lewis acid or mixture of Lewis acids under 

quasiliving carbocationic polymerization conditions: 

 

II. 

[0004b] According to another aspect there is provided a compound of formula I: 

 

I 

or the formula 

 

wherein 

R
a
 is a polyolefin group; 

R
1
 and R

2
 are each, independently in each -(CR

1
R

2
) unit, H or alkyl;  

R
b
 is a polyisobutylene group; 

R
X
 is a polyfunctional carbocationic initiator residue; 

R is an integer from 1 to 4; and 

m is an integer from 1 to 20; wherein  

if m is 0,  

then R
3
 and R

4
 are each, independently, alkyl, and  

X is H;  

if m is 1 and at least one of R
3
 and R

4
 is not H,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and  

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl or 

, 

wherein R
5
-R

7
 are each, independently, alkyl or aryl;  

if m is 1 and R
3
 and R

4
 are both H,  
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then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and  

X is alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, or

, 

wherein R
5
-R

7
 are each, independently, alkyl or aryl;  

if m is 2,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and  

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, 

alkoxy, -F, -Cl, -Br, -I, -At, -CN, -NC, -NCO, -OCN, -NCS, -SCN, -

OC(O)R
8
, -C(O)OR

9
, -C(O)NR

10
R

11
, 

 ,  

wherein R
5
-R

7
 are each, independently, alkyl, alkenyl, alkynyl, 

alkaryl, aralkyl, aryl, heteroaryl, alkoxy, or hydroxy, 

R
8
 is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and  

R
9
-R

11
 are each, independently, H, alkyl, alkenyl, alkynyl, 

alkaryl, aryl, or heteroaryl,  

or, when –O-(CR
1
R

2
)m-X is ortho to R

4
, X and R

4
 together, with the 

atoms to which X and R
4
 are attached, may form a ring;  

and if m is 3-20,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and  

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, 

alkoxy, aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -I, -At, -

CN, -NC, -NCO, -OCN, -NCS, -SCN, -OC(O)R
8
, -C(O)OR

9
, -

C(O)NR
10

R
11

,  

,  

or -NR
X
R

Y
;  

wherein R
X
 and R

Y
 are each, independently, H, alkyl, alkenyl, 

alkynyl, cycloalkyl, aryl, heteroaryl, heterocyclyl, C(O)R
Z
,  
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wherein R
Z
 is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 

heteroaryl, heterocyclyl, -OR, or -NR
10

R
11

; 

R
5
-R

7 
are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, 

aryl, heteroaryl, alkoxy, or hydroxy, 

R
8
 is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and 

R
9
-R

11
 are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, 

aryl, or heteroaryl. 



X is alkyl, alkenyl, alkynyl, alkaryl, aralkyl, R5  S R" aryl, heteroaryl oR' wherein 125-122 are each,
independently, alkyl or aryl; if m is2, then R4 and R4 are eachindependently H, alkyl. or alkoxy, and X
is H. alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, -CI, -Br, -1, -At, -CN, -NC, -NCO, -OCN,
-NCS, - R5 -A-Si-R6 SC7N, -0C(0)R2"-00)OR',-00)NRIGR( ,R7 wherein  A is  or nothing, R"-R- are
each, independently, alkyl, alkcnyl, alkynyl, alkaryl, aralkyl, aryl. heteroaryl. alkoxy. or hydroxy,
Rs is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and R9-R are each, independently. H. alkyl,
alkenyl, alkynyl,alkaryl, aryl, or heteroaryl, or, when -044,'' is ortho to R4, then X and R1. 



together, with the atoms to which X and R1 are attached, may oring; and if m is 3-20, then R4 and R4
are each, independently H, alkyl, or alkoxy, and X is H, alkyl, alkenyl, alkynyt, alkaryl, aralkyl, aryl,
heteroaryl, alkoxy, aryloxy, heteroaryloxy, alkaryloxy - 01 F, -Cl. -Br, -1, -At,-CN, -NC, -NCO, -OCN,
-NCS, -SCN, - R5 -A-Si-R6 OC(0)R4, -C(0)0R9.-C(0)NR10R I,R7or - NRxle wherein A isflor nothing,
Rx and RY are each, independently,alkyl, alkenyl, alkynyl, eyeloalkyl, aryl, heteroaryl,
heterocyclyl.C(0)27,                    wherein Ry is H. alkyl, alkenyl, alkynyl, cycloalkyl, aryl,heteroaryl,
heterocyclyl" - OR. or -NRi(312.11 Rs-R7 are each, independently, alkyl, alkenyl, alkynyl, alkaryl,
aralkyl, aryl, heteroaryl, alkoxy, or h droxy. R' is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, 



andR9-Ril are each, independently, H, alkyl, alkenyt, alkynyl, alkaryl,aryl. or heteroary:I.  4.DETAILED
DESCRIPTION DEFINITIONS [0005]Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as is 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. [0006]As used herein, "alkane" refers to a zero-valent
hydrocarbon containing only single bonds. In some embodiments, the alkane contains a straight
hydrocarbon chain. In some embodiments, the a]kane contains a branched hydrocarbon chain. In
some embodiments, the alkane is cyclic. In some embodiments, the alka.ne contains I to 10 carbons.
In some embodiments, the alkane contains I to 8 carbons. In some embodiments, the alkane contains
I to 6 carbons. In some embodiments, the alkane contains I to 3 carbons. In some embodiments, the
alkane contains 1 to 2 carbons. In some embodiments, the alkane contains 5 to 6 carbons. In some
embodiments, the alkane is pentane. In some embodiments, the alkane is hexane. In some
embodiments, the alkane is substituted. 100071As used herein, "alkaryl" refers to a un 'alent aryl
group substituted with at least one alkyl, alkenyl, or alkynyl group. [0008]As used herein, "alkaryloxy"
refers to a uni-valent group of formula --OR, wherein R is alkaryl. [0009]As used herein "alkenyl" refers
to a uni-valent hydrocarbon chain or group of about 2 to about 20 carbons, wherein the chain or group
contains one or more double bonds. In some embodiments, the alkenyl contains about 2 to about 15
carbons. In some embodiments, the alkenyl contains about? to about 10 carbons. In some
embodiments, the alkcnyl contains about 2 to about 8 carbons. In some embodiments, the alkenyl
contains about 2 to about 6 carbons. In some embodiments, the alkenyl contains about 2 to about 3
carbons. In some embodiments, the alkenyl is an allyl group. in some embodiments, the alkenyt group
contains one or more double bonds that are conjugated to another unsaturated group. In some
embodiments, the alkenyl is substituted. [00101As used herein, "alkoxy" refers to -OR, there n R is al
[0011]As used herein, "alkyl" refers to a uni-valent hydrocarbon chain or group of about 1 to about 20
carbons. In some embodiments, the alkyl contains about I to about 15 carbons. In some embodiments,
the alkyl contains about I to about I 0 carbons. In some embodiments, the alkyl contains about I to
about 8 carbons. in some embodiments, the alkyl contains about I to about 6 carbons. In some
embodiments, the alkyl contains about 1 to about 3 carbons. In some embodiments, the alkyl contains
I to 2 carbons. In some embodiments, the alkyl is primary. in some embodiments, the alkyl is
secondary. In some embodiments, the alkyl is tertiary. In some embodiments, the alkyl is methyl, ethyl,
n-propyl, isopropyl, isobutyl, n-butyl, sec-butyl, tert-butyl, isopentyl, neopentyl, tert-pentyl, or isohexyl.
In some embodiments, the alkyl is methyl, ethyl, n-propyl, or isopropyl. In some embodiments, the
alkyl is methyl. In some embodiments, the alkyl is tert-butyl. In some embodiments, the alkyl is a
straight hydrocarbon chain. In some embodiments, the alkyl is a branched hydrocarbon chain. In some
embodiments, the alkyl is cyclic. In some embodiments, the alkyl is substituted. 100121As used
herein, "alkynyl" refers to a ualent hydrocarbon chain or 



group of about 2 to about 20 carbons, wherein the chain contains one or more triple bonds. In some
embodiments, the alkynyl contains about 2 to about IS carbons. In some embodiments, the alkynyl
contains about 2 to about 10 carbons. In some embodiments, the alkynyl contains about 2 to about 8
carbons. in some embodiments, the alkynyl contains about 2 to about 6 carbons. In some
embodiments, the alkynyl contains about 2 to about 3 carbons. In some embodiments, the alkynyl 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 is substituted. [00131As
used herein, amiderefers to a compound of the following formula: 0 R' NR2R3 wherein R I-R" are
each, independently, hydrogen or optionally substituted hydrocarbyl. In some embodiments, R is
hydrogen. In sonic embodiments. R is hydrocarbyl. In some embodiments. R2 is hydrogen. In some
embodiments, R' and R.' are hydrocarbyl. In some embodiments, the amide is
N,N-dimethylformamide.  [00141As used herein, "aralkyl" refers to a uni-valent alkyl, alkenyl or alkynyl
group substituted with at least one aryl group. 100151As 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 is monocyclic. In some embodiments, the aryl contains about 6 to about 15
carbons. In some embodiments, the aryl contains about 6 to about 10 carbons. In some embodiments,
the aryl is fiuorenyl, phenyl, or naphthyl. In some embodiments, the arvl is phenyl. In some
embodiments, the aryl is substituted. 100161As used herein, "aryloxy" refers to a uni-valent group
having the -OR, wherein R is aryl. 100171As used herein, "binifer" refers to an ini e- that is capable of
initiation and propagation at two separate sites of an inifer. In some embodiments, the initiation and
propagation occur simultaneously or nearly simultaneously at the two sites. 100181As used herein,
"carbocation terminated polyolefin" refers to a polyolefin containing at least one carbocation end
group. Examples include, but are not limited to, compounds of the formula:  wherein R is a polyolefin
group. 100191As used herein, -chain-end concentration" refers to the sum of the molar concentration
of carbocationic end groups and dormant end groups. When a mono-functional initiator is used, the
chain-end concentration is approximately equal to the initiator concentration. For a multi-functional
initiator, when the functionality of the initiator equals x. then the chain end concentration is
approximately equal to x times the initiator concentration 



100201As 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 On pairs. 1002111As used herein. -common ion salt precursor
refers to an ionic salt that s 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.  100221As used herein, "diluent"
refers to a liquid diluting agent or compound. Diluents may be a single or a mixture of two or more
compounds or agents. Diluents may completely dissolve or partially dissolve the reaction components.
100231As used herein, "electron donor" refers to a molecule that is capable of donating a pair of
electrons to another molecule. 100241As used herein, "halo" refers to halogen. In some embodiments,
halo is F. Cl. Br, or I. In some embodiments, halo is F. In some embodiments, halo is Cl.In some
embodiments, halo is Br. In some embodiments, halo is I. [00251As used herein, "heteroaryl" refers to
a uni-valent monocyctic or multicyclic aromatic ring system containing about 5 to about 15 ring atoms
wherein at least one ring atom is a heteroatom. In some embodiments, the heteroaryl contains 5 to
about 10 ring atoms. In sonic embodiments, the heteroaryl contains 5 or 6 ring atoms. In some
embodiments, the heteroaryl is monocyclic. In some embodiments, the heteroatom is N, 0, or S. In
some embodiments, the heteroaryl contains one heteroatom. In sonic embodiments, the heteroaryl
contains I to 3 N atoms. In some embodiments, the heteroaryl contains one 0 or S atom and one or
two N atoms. In some embodiments, the heteroaryl is fury', imidazolyt, pyrimidinyl, tetrazolyl, thienyl,
pyridyl, pyrrolyl, thiazolyl, isothiazolyl, oxazotyl, ismazotyl, thiazoly1" quinolinyl, or isoquinolinyl. In
some embodiments, the heteroaryl is fund. In some embodiments, the heteroaryl is substituted.
100261As used herein, "heteroaryloxy" refers to a uni-valent group of formula OR, wherein R is
heteroaryl. 100271As used herein, "hydrocarbyl" refers to a monovalentbranched, or cyclic group
which contains carbon and hydrogen atoms, and in certain embodiments, is substituted. In some
embodiments, the hydrocarbyl is alkyl, alkenyl, alkynyl, aryl, alkaryl, or aralkyl, each optionally
substituted. In some embodiments, the hydrocarbyl is substituted. In some embodiments, the
hydrocarbyl is not substituted. [00281As used herein, "heterocycly1" refers to a uni-valent monocyclic
or multicyc lc non-aromatic ring system containing about 3-30 ring atoms, wherein at least one ring
atom is a heteroatom. In some embodiments, the heterocyclyl contains 5 to about 10 ring atoms. In
some embodiments, the heterocyclyl contains 5 or 6 ring atoms. In some embodiments, the
heteroatom is N. 0, or S. In some embodiments, the heterocyclyi is monocyclic.  [0029]As used herein,
"inifer" refers to a compound that acts as both an initiator 



and a chain transfer agent. [0030]As used herein,"initiator" refers to a compound that provides a
carbocation. 10031jAs used herein, 'Ionized polyolefin" refers to a polyolefin containing at least one
carbenium ion. In some embodiments, the ionized poly-olefin is a tert-halide terminated polyolefin that
has been ionized into a cationic polyolefin. In some embodiments, the ionized polyolefin is a
quasiliving carbocationic polyolefin. In some embodiments, the ionized polyolefin is a
vinylidenc-terminated polyolefin that has been ionized into an ionized polyolefin or quasiliving
polyolefin. In some embodiments, the ionized polyolefin is a polyolefin containing an olefin that has
been ionized into a quasiliving carbocationic polyolefin or a cationic polyolefin. In some embodiments,
the ionized polyolefin is derived from an inifer. 100321As used herein, "Lewis acid" refers to a
chemical entity that is capable of accepting a pair of electrons. 100331As used herein,
"mono-functional initiator" refers to an initiator that provides approximately one stoichiornetric
equivalent of carbocation relative to initiator. When a mono-functional initiator is used, the chain-end
concentration is approximately equal to the initiator concentration. [0034]As used herein, "monomer"
refers loan olefin that is capable of combining with a carbocation to form another carbocation.
100351As used herein, "multi-functional initiatorrefers to an initiator that provides approximately x
stoichiometrie equivalents of carbocation relative to initiator, wherein x represents the functionality of
the initiator. When a multifunctional initiator is used, when the functionality of the initiator equals x,
then the chain-end concentration equals x times the initiator concentration In some embodiments, x is
2, and the initiator is a bi-functional initiator. [00361As used herein, "nitroalkane" refers to RNO2,
wherein R is hydrocarbyl. In some embodiments, R is alkyl 100371As used herein, "polyfunctional
carbocationic initiator residue" refers to a polyvalent, i.e., divalent or greater, radical of formula
(-CR"Ri"),R,, wherein R, and Rh are each independently hydrogen, alkyl, aryl, alkaryl, or aralkyl,
provided that at least one of R", and Rh is not hydrogen, and K 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 embodiements, R, is and. In some embodiments, R, is alkyl_ In some
embodiments, R., is phenyl. In some embodiments, r is I. In some embodiments, r is 2. In some
embodiments, r is 3 In some embodiments, r is 4. in some embodiments, the polyfunctional
carbocationic initiator residue is derived from an initiator described herein. [0038IAs 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 I 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. f0039IAs used herein, "polyisobutylene group"
refers to a divalent polyolefin group comprising at least 2 isobutylene monomer units. In some
embodiments, the polyisobutylene group is -n 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. [00401As 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 glmol. 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 100,000 to 1,000,000 glmol. In some embodiments, the polyolefin has
a molecular weight greater than 200 glmol. In some embodiments, the polyolefin has a molecular
weight  greater than 400 glmol. In some embodiments, the polyolefin has a molecular weight greater
than 600 glmol. 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 1000 Ono]. In some
embodiments, the polyolefin has a molecular weight greater than 5000 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 glmol. 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 glmol. In some embodiments, the polyolefin is derived from a
mono-functional initiator, hi-functional initiator, or multi-fimetional initiator. In some embodiments, the
polyolefin is polyisobutylene. [00411As used herein, polyolefin group" refers to a polyolefin substituent.
In some embodiments, the polyolefin group is a polyisobutyl group or a polyisobutylene group.
[0042]As used herein, "quasiliving carbocationic polyolefin" refers to a carbocationic polyolefin that has
been formed under quasiliving carbocationic polymerization conditions. 100431As used herein,
-quasiliving carbocationic polymerization conditions" refers to conditions that allow for quasiliving
polymerizations, which are polymerizations that proceed with minimal irreversible chain termination
and minimal chain transfer. Quasitiving, polymerizations proceed by initiation followed by propagation,
wherein propagating (active) species are in equilibrium with non-propagating (dormant) polymer
chains. 100441As used herein, "substituted" refers to the presence of one or more substituents. In
some embodiments, only one substituent is present. (0045]As used herein, "telechelic polymer" refers
to a polyolefin having a 



functionalized endgroup. [00461As used herein, "ten-halide terminated polyolefin" refers to a polyotefin
that contains at least one tertiary halide end group. In some embodiments, the terthalide terminated
polyolefin has the following formula: CH3 X    CH3 -12-  wherein R is a polyolefin group and X is halo.
In some embodiments, the ten-halide terminated polyolefin has the following formula: CH3 CH3
[00471As used herein 'trinifer" refers to an inifer that is capable of initiation and propagation at three
separate sites of an inifer. In some embodiments, the initiation and propagation occur simultaneously
or nearly simultaneously at the three sites. 4.2 METHODS 4.2.1 METHODS OF PREPARING
TELECHELIC POLYMERS 100481In some embodiments, provided herein are methods for preparing
telechelic polymer of formula I:    I; wherein R.' is a polyolefin group; 



R1 and R2 are each, independently in each -JCR) unit, H or alkyl; and m is an integer from 0 to 20:
wherein if m is 0, then R3 and R.11 are each independently, alkyl, and X is 1:1; if m is I, then R3 and
R1 are eachindependently H, alkyl, or alkox} and  then R4 and R.4 are each. independently H, alkyl. or
alkoxy, and             X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl,alkoxy, -F, -Cl, -Br. -I,
-At, -CN, -NC, - NCO, -OCN, -NCS,-SCN, -0C(0)1e. -C(0)0R9,- 5 C(0)NeR", or wherein A is- or
nothing,                                17.5-R7 are each, independently, alkyl, alkenyl, alkynyl.alkaryl, aralkyl,
aryl, hcteroaryl, alkoxy. hydroxy,-NRI I, -F, -CI, -Br, -I. or -At, Rs is alkyl, alkenyl, alkynyl, alkaryl, aryl,
or 



heteroaryl,and R9-R' I are each, independently. H, alkyl, alkenyl,alkynyl, alkaryl, aryl, or heteroaryl,
-0-(CR1R2),,-X or,nis ortho to R4, then X and R4.                                      together, with the atoms to
which X and R.' are attached. may forma ring: and if m is 3-20. then R4 and R' are each,
independently H. alkyl. or alkoxy, and             X is H. alkyl, alkenyl, alkynyl, alkaryl, aralkyl, awl.
heteroarylalkoxy, aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -I, NCO. -OCN, -NCS, -SCN,
-0C(0)Rs. -C(0)0R9, R5 -A-Si-R6 C7(0)NeRil,R7 , or -Nit RY, wherein A is  or nothing, -CN, -NC, -
hetcroaryt. heterocyclyl, Rx and R' are each, independently, H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl. 



C(0)R7, where R7 is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,  heteroaryl. heterocyclyl, -Ore. or NeR":
R5-R are each, independently, alkyl, alkenyl, alkynyl,alkaryl, aralkyl, aryl. hetcroary1, alkoxy.
hydroxy,-NeRn, -F, -Br,or - At, Rs is alkyl. alkenyt, alkynyl, alkaryl, aryl, or heteroaryt,and R9-R11 are
each, independently, H, alkyl, alkenyl,alkynyl, alkary1, aryl, or heteroaryl; comprising: (a)generating a
quasiliving carbocationic polyolefin; and (h)reacting the quasiliying carbocationic polyolefin from step
(a) with one or more compounds of formula 11 in the presence of a Lewis acid or mixture of Lewis
acids under quasiliving carbocationic polymerization conditions: R3 CI0-(CR1R2),-X R4 II [0049]In
some embodiments, provided herein arc methods for preparing a 



tcicchciic polymer of formula R3    wherein R" is a polyolefin group: R1 and R2 arc each,
independently in each -(CR`R-) un t. H or alkyl: and m is an integer from 0 to 20; wherein if m is 0,
then R3 and R4 are each, independently, alkyl,  and Xis H; ifm s then R4 and Ri are each dependently
H,or alkoxy, and alkyl. alkenyi, alkynyl, alkaryl, aralkyl, Rs R6 R7 heteroaryl,or wherein RIR are each.
independently. alkyl or aryl; 



if rn is 2 or 3, then le and R.4 are each, independently H. alkyl, or alkoxy. and             X is H. alkyl.
alkenyl. alkynyl. alkanst, aralkyl. aryl, heteroaryl,alkoxy, -F, -Cl. -Br,-At, -CN, -NC, - NCO, -OCN,
-NCS,-SCN,-C(0)0R14, - R5 C(0)NeRH,R7 wherein A is- or nothing,                                R5-R7 are
each, independently, alkyl. alkenyl. alkynyl,alkaryl. aralkyl, aryl, heteroaryl, alkoxy. hydroxy,-NRI6RI I,
-F, -CI, -Br, -1, or --At, Ft.5 is alkyl lkenyl. alkynyl. alkaryl, and, or heteroaryl,and 1244-R I are each,
independently, H, alkyl, alkenyl,alkynyl. alkaryl, aryl, or heteroaryl: or. when-0-(CR1R2)m-X is ortho to
R4, then X and R4 .                          together, with the atoms to which X and R are attached, may
forma ring, and if' m is 4-20,  



then R3 and R4 are each, independently H. alkyl, or alkoxy" and               X is H, alkyl, alkenyl, alkynyl,
alkaryl, aralkyl, aryl, heteroaryl,alkoxy, aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl. -Br, -1,-At, -CN,
-NC. NCO, -OCN, -NCS, -SC'N, -0C(0)1e, C(0)0R9, F?5 RI"RiFR7, or -NRxRv: wherein A is  or
nothing, Rx and R7 are each, independently. H, alkyl. alkenyl, alkynyl, cycloalkyl, aryl. heteroaryl,
heterocyclyl,C(0)127, wherein R/ is H. alkyl. alkenyl, aft, nyl, cycloalkyl. aryl. hetcroaryl, heterocyclyl,
-OR', or NRIuR":                                     R'-R are each, independently, alkyl, alkenyl, alkynyl,alkaryl.
aralkyl, aryl, heteroaryl, alkoxy, hydroxy,-NRI9R11, -F, -Cl. -Br, -I. or At, R9' is alkyl, alkenyl, alkynyl,
alkaryl, arvi. Or heteroaryl,and R9-R are each, 



independently. H. alkyl. alkenyl,alkynyl. alkaryl, aryl, or heteroaryl, comprising         (a) generating a
quasiliving carbocationic polyolefin and         (b) reacting the quasiliving, carbocationic polyolefin from
step (a) with one or more compounds of formula II in the presence of a Lewis acid or mixture of Lewis
acids under quasiliving carbocationic polymerization conditions: R3  0-(CR1R2),-X  10050]In further
embodiments, Re is a polyisobutyl group. In even further embodiments, the polyisobutyl group is R
wherein R is H or alkyl of 1 to about 10 carbons, and n is an integer from about 10 to about 2000. In
one embodiment, n is about 10 to about 1000. In one embodiment, n is about 10 to about 500. In one
embodiment, n is about 10 to about 250. In one embodiment n is about 10 to about 100. In one
embodiment. n is about 10 to about 50. [00511In lunher embodiments, the compound of formula I is
R3R3 R [0053(In further embodiments, the compound of formula I is R3    



[0054]In further embodiments, the compound of formula I is: Re  0-(0R1R2),,-X R4 100551In further
embodiments, the method is performed in the presence of a mono-functional, hi-functional, or
multi-functional initiator. 100561In further embodiments, the compound of fotiula 1 is    0-(CR1R2),-X
wherein Rh is a polyisobutylene group; R' is a polyfunctional carbocationic initiator residue: and r is an
integer from I to 4. [0057]In even further embodiments, m is 4-20. In even further embodiments, m is
6-20 In even further embodiments, r is 1. In even further embodiments, r is 2. In even further
embodiments, r is 3. In even further embodiments, r is 4. 



[0058]In some embodiments, the compound of formula I is Rx 0-(CR1R2)"-X r [00591In some
embodiments, the compound of formula 1 is R3    100601In some embodiments, the compound of
formula I is 100621In some embodiments. the compound of formula I is  100631In some
embodiments, the compound of formula I is R3    R4 100641In some embodiments, the compound of
formula I is Rs 



R4 100651In some embodiments, the compound of formula I is Rs 100671In some embodiments, the
compound of formula I is  100681In some embodiments, . the compound of formula I is R3
X-(CR1R2)m-49  R4Rb_RX 'Rb    100691In further embodiments, the compound of formula I is R3R3
XCR1R2),-  



b'/ 0R2)m- X R4R4  Rc wherein Rh is a polyisobutylene oum, and 44( is H or alkyl. 100701In even
further embodiments, Rb is  wherein p is an int  P froi about 10 to about 2000. In further embodiments,
p is  about 10 to about 1000. In further embodiments, p is about 10 to about 500. In further
embodiments, p is about 10 to about 250. In further embodiments, p is about 10 to about 10 to about
100. In further embodiments. p is 10 to about 50. 100711In even further embodiments, Rc is alkyl of 1
to about 10 carbons. In one embodiment. R( is alkyl of I to about 6 carbons In one embodiment. R( is
alkyl of 1 to about 4 carbons. In one embodiment, R)(Ay'.  Rc 100731In even further embodiments, the
compound of formula I is X 



Rc [0074IIn even further embodimet s he corn ound of formula I is R3R"  0 0    IR I0076IIn even further
embodiments, the compound of formula I is    Rc 100771In even further embodiments he compound of
formula is X 00  



100781In even further embodiments. the compound of formula Ii X  100791In even further
embodiments, the compound of formula I is X 0 0  100801In even further embodiments, the compound
of formula is X   X  10082]In some embodiments, the compound of formula I is R3R3 100841In some
embodiments, he compound of formula  100851In some embodiments, the compound of formula I is
R3R3 



X-(CR1R2) -0   0-(0R1R2),-X  [00861In some embodiments, the compound of formula I is DC X DC 0
R4 100871In some embodiments, the compound of formula I is    R4 [0088]In some embodiments the
compound of formula I is X 



[0089]In some embodiments he compound of formula is X   100911In some embodiments he
compound of formula I is X 0    [0092]In some embodiments, the compound of formula I is XX
100931In some embodiments, the compound of formula I is XX Nec"cc 



0o II 00 ,..,  100941In some embodiment X he compound of formula I is 0_(cRiR2)m_x    10095]In
some embodiments, the compound of formula I is  100961In some embodiments, the compound of
formula I is R3R3  R4 100981In some embodiments, the compound of formula I is ),( 



0 , R4R3R4  100991In some embodiments, the compound formula I is    R4 j00100j In some
embodiments, the compound of formula I   1001011In some embodiments, the compound of formula I
is X    1001021 In some embodiments he compound of formul is ci  



1001031 In some embodiments, the compound of formula I is XX 0  1001041 In some embodiments,
the compound of formula! is    [00105] In some embodim R3 R4 , the compound of formula I is R3
Rb  



0 cc X 1001061In some embodiments for the compounds of formula I or 11 RI and R2 are both H.
1001071In some embodiments, R1 and R2 are each, independently in each - (CRIRM unit, alkyl of Ito
about 6 carbons or hydrogen. 1001081In some embodiments, RI and 122 are each, independent]each
(CR 'R) unit, methyl or hydrogen. 1001091In some embodiments, R and le are identical. 1001101In
some embodiments, m is 1-20 and R' and R4 are hydrogen. 1001111In some embodiments, m is 1-20
and R' and R4 are each, independently, alkoxy of I to about 6 carbons.  [001121In some
embodiments. m is 1-20 and re and R4 are each, ndependently, alkoxy of ] to about 3 carbons.
1001131In some embodiments, m is 1-20 and W and 124 arc each, independently alkyl of 1 to about 6
carbons or alkoxy of 1 to about 6 carbons. 



1001141In some embodiments, R3 and R4 are each, independently, alkyl of 1 to about 6 carbons.ln
some embodiments, R" and R4 are each, independently, alkyl of 1 to about 3 carbons. [00115]In some
embodiments, m is 1-20, and Wand R4 are each, independently. H. alkyl of ] to about 6 carbons. or
alkoxy of 1 to about 6 carbons. 1001161In some embodiments, m is 1-20, and W and 12.1 are each,
independently. H. alkyl of 1 to about 3 carbons, or alkoxy of I to about 3 carbons. 1001171In some
embodiments, R.' and R" are each, independently e -butyl. 1001181In some embodiments, m is O.
100119!In some embodiments, m is I. 1001201In some embodiments. m is 2. 1001211In some
embodiments, m is 2 or 3. 1001221In some embodiments, m is 3-20. 1001231In some embodiments,
m is 4-20. 1001241In some embodiments, m is 0-10. 1001251In some embodiments, m is 0-3.
1001261In some embodiments, m is 0 and fe and R4 are alkyl of 1 to about 6 carbons. 1001271In
some embodiments,'s 0 and R' and R are alkyl of Ito about 3 carbons. 1001281In some
embodiments,is I and X is H. alkyl, or alkenyl. 



1001291In some embodiments, m is 1 and X is H, alkyl of Ito about 6 carbons or alkenyl of 2 to about
6 carbons. 1001301In some embodiments, m is 1 and X is H. \T-C H2 1001311In some embodiments,
m is I and X is H 1001321In some embodiments, m is I and X is methyl. In some embodiments. m R5
Si Ru is I and X isRI 7In even further embodiments, at least one of R5-R is  tert-butyl. In even further
embodiments, at least one of R5-127 is phenyl. In even further embodiments. R5 and R6 are phenyl
and R7 is tert-butyl. [00133]In some embodiments. m is 3-20 and X is H, alkyl. alkenyl, alkynyl, alkaryl,
aralkyl, aryl, heteroaryl, alkoxy, -OH. -F, -CI, -Br. -1, -At, -CN, -NC, -NCO, -A-Si-R- -OCN, -NCS.
-SCN.-0C(0)Rs, -C(0)0R9. -C(0)TRorR7 1001341In some embodiments, m is 3-20 and X is H, alkyl,
alkenyl, alkynyl, alkaryl, aralkyl, heteroaryl, alkoxy, -OH, -F. -CI, -Br, -I. -At, -CN, -NC, -NCO, -A-Si-R6
OCN, -NCS, -SCN, -0C(0)1e, -C(0)0R9, -C(0)NRIIIRI I, orR7 , 1001351In some embodiments, m is
4-20 and X is H. alkyl, alkenyl, alkyn 



alkaryl, aralkyl, aryl, heteroaryl, alkoxv, -OH. -El, -CI, -Br, -I, -At, -CN, -NC, -NCO, R5 -A-Si-R- , -OCN.
-NCS. -SCN,-0C(0)12k, -C(0)0R9, --C(0)NR R or [00136]In some embodiments, m is 4-20 and X is H,
alkyl, alkenyl, alkynyl, alkaryl, aralkyl, heteroaryl. alkoxy, -OH, -F. -Cl, -Br,-At. -CN, -NC, -NCO, , -NCS,
-SCN, -0C(0)W, -C(0)0R9, -C(0)NR-, OrR7 1091371In some embodiments, 125-R5 are each,
independently, alkyl. aryl, or halo. In some embodiments, R>-R. are each, independently. tert-butyl,
methyl. phenyl. or chloro. 1001381In some embodiments, m is 2-20 and X is H, alkyl of I to about 6
carbons, alkenyl of 2 to about 6 carbons, F. Cl, Br, or I. [00139]In some embodiments, m is 2-5 and N
is H. alkyl of o about carbons, Amyl of 2 to about 6 carbons, F, Cl, Br, or I. 1001401In some
embodiments, m is 2-20 and X is Cl or Br. [00141]In some embodiments, m is 2-5 and X is CI or Br.
[00142] In some embodiments, m is 3 to 20 and X is OH. In some embodiments. m is 4 to 20 and X is
OH. In some embodiments, m is 6-20 and X is OH. In some embodiments, m is 4 to I I and X is OH.
1001431Without being bound or limited to any theory, in some embodiments, 



when m is 4 to 20 and X is OH for the compounds of formula I, these compounds form titanates upon
contact with a titanium tetrahalide. Without being bound or limited to any theory, in some
embodiments, these titanates are the quenching species. Without being bound or limited to any theory,
in some embodiments, the titanate is a compound of the following formula:  0-(CH2)rn-0 Ti-(Y)4-q
qHCI /  wherein m is an integer from 4-20, q is an integer from 1-4, and Y is halo. Without being bound
or limited to any theory, in some embodiments, limited solubility of the titanate for low values of m may
be overcome by formulation of the polymerization medium or by replacing the halide lit:ands with alkyl
ligands. In some embodiments, the titanate may be formed in a separate reaction and subsequently
added to the polymerization. In some embodiments, other phenoxy alkyl metal oxides are used. In
some embodiments, the titanium is replaced with aluminum or boron. 1001441In some embodiments,
125-R II are each, independently, alkyl of I to about 6 carbons 1001451In some embodiments, R<-R11
are each, independently, alkyl of I to about 3 carbons 1001461In some embodiments,is 2; R and R2
are--(CR1R2)m-Xis ortho to R4, and X and R. together, with the atoms to which X and R4 are
attached, tbrm a ring. R5 -A-Si-R6 1001471In some embodiments. m is 2 and X isR7. In even further
embodiments, at least one of R5-12- is tert-butyl. In even further embodiments, at least one of R5-12.
is phenyl. In even further embodiments. R5 and R.6 are phenyl and R is tert-butyl. In even further
embodiments, R5-R8 are each, independently, alkyl, aryl, or halo. In even further embodiments,
12.5-Fe are each, independently, tert-butyl, methyl, phenyl, or chloro. R5 -A-Si-R 1001481In some
embodiments, m is 3-20 and X isR7n even further 



one of Rs-R- is phenyl. In even further embodiments, Its and R6 are phenyl and R." is tert-butyl. In
even further embodiments, Rs-Rs are each, independently, alkyl, aryl, or halo. In even further
embodiments, W-125 are each, independently, tert-butyl, methyl, phenyl, or chloro. -- 1001491In some
embodiments, m is 2-3: R and R2 are H -0(cR1R2),,x is ortho to 124; and X and R4, together, with the
atoms to which X and R4 are attached, form a ring. R5 -A-Si-R6 1001501In some embodiments, m is
-) and X isIn even further embodiments, at least one of Rs-R7 is tert-butyl. In even further
embodiments, at least one of R5-12' is phenyl. In even further embodiments. R5 and R6 are phenyl
and R" is tert-butyl. In even further embodiments. Rs-Rs are each, independently, alkyl, aryl, or halo.
In even further embodiments, R5-RR are each, independently, tert-butyl, methyl, phenyl. or chloro. R5
1001511In some embodiments. m is 4-20 and X isR7In even further embodiments, at least one of
R-R. is tert-butyl. In even further embodiments, at least one of 125-17.- is phenyl. In even further
embodiments. W and R6 are phenyl and 12' is tert-butyl. In even further embodiments, R5-le are each,
independently, alkyl, aryl, or halo. In even further embodiments. W-Rs are each, independently,
tert-butyl. methyl, phenyl. or chloro. 1001521In some embodiments. A is  1001531In some
embodiments, le andare each, independently. alkyl or hydrogen. In some embodiments. Rx and RY
are both hydrogen. 1001541In some embodiments. RR-R11 are each, independently. alkyl, alkenyl,
alkynyl, or alkaryl 1001551In some embodiments. Rs-R1 I are each alkyl. 1001561In some
embodiments, the compound of formula II is 



100157]In some embodiments, the compound of formula I is between about 5.0 x 102 gmol to about
1.0 x 105 glmol. In further embodiments, the compound of formula I is between about 1.0 x 10 g/mol to
about 1.0 x I0 glmol. In further embodiments, the compound of formula I is between about 1.0 x 10
g/mol to about 5.0 x 103 glmol. In further embodiments, the compound of formula I is between about
2.0 x 103 Ono' to about 3.0 x 10 gimol. 100158]In some embodiments, the methods provided herein
comprise a further step of reacting the compound of formula I with an acid to form a compound of
formula III R3    R4 111. 100159]In some embodiments, the step of reacting the compound of bla II
with an acid is performed in situ following step (b). 1001601In some embodiments, the acid is a boron
halide, aluminum halide, titanium halide, or silyl reagent. In some embodiments, the acid is or is
derived from BC13, Bk BEz0Et2, Me2BBr, MezSiSMe. Me;SiSPh, 1-12Si12. SiCI4, Me3SiCI. Me3Sil,
(Me3Si)2. PhSiMel, P2I4, ZnBr2. TiCI4. TiBr4, AlBr3, or SnC14. In some embodiments. the acid is
AlBn, TICI4 TiBr4. or SnCli. In some embodiments, the acid is BBrz In further embodiments. a protic
acid is used. In some embodiments, the protic acid is  H2SO4, HBr. HO, trifluoroacetic acid,
p-toluenesulfonic acid, or methanesulfonic acid. In some embodiments, more than one acid is used
1001611In some embodiments, the compound of formula I that is formed from the reaction of the
quasiliving carbocationic polyolefin and the compound of formula IL R5 -A-Si-R6 



when X isR7and one or more of R 5-R- is a halide uroup. upon termination with an alcohol, reacts with
the alcohol, and the halide group(s) is replaced with an alkoxy group (s). In some embodiments, the
compound of formula I that is formed from the reaction of the quasiliving carbocationic polyolefin and
the compound of R5 formulawhen X is1:27and two or more of R5-12- is a halide group, upon
termination with an amine reacts to form a silyl amide, which can be converted to a siloxane or a
silicone using methods known in the art. 1001621In some embodiments, the compound of formula 11
is not  1001631In some embodiments he compound of formula II is not 0-to )\ 1001641 In some
embodiments, the compound of formula II is not  1001651In some embodiments, the compound of
formula 11 is not Re 1001661 In some embodiments, the compound of formulanot  1001671In some
embodiments, the compound of formula 11 is not Ra  [00168]In some embodiments, the compound of
formula 1 is not 



R8 [001691In some embodiments,the compound of formula II is not  1001701In some embodiments,
the compound of formula II is not Ra  1001721In some embodiments, he compound of formula II is not
1001731In some embodiments. the compound of formula II is no Ra   1001741In some embodiments,
the compound of formula II is not 0 1001751In some embodiments, the compound of formula II is not
Re 0 1001761In some embodiments. the compound of formula 11 is not  0 



(a)Reoioselectivitv 1001771In some embodiments he compound having the formula R3    is the major
isomer product. 1001781In some embodiments, the compound having the formula Rs is the major
isomer product.  (b)Reaction Time  1001801In some embodiments, step (b) is performed for less than
3 hours In further embodiments, step (b) is performed for less than 2 hours In further embodiments,
step (b) is performed for less than 1 hour. 4.2.2 IONIZED POLYOLEF NS 1001811Ionized polyolefins
may be made by any method known to those of skill in the art Examples include, but are not limited to,
ionizing a tert-halide terminated polyolefin with a Lewis acid under quasiliving conditions; ionizing a
preformed polyolefin containing a terminal unsaturation with a Lewis acid in the presence of a proton
source under quasiliving conditions. polymerizing an olefin monomer under quasiliving carbocationic
polymerization conditions; or performing the -inifer" polymerization method. 1001821In some
embodiments, the ionized polyolefin is a carbocationic polyolefin. In some embodiments, the
carbocationic polyolefin is a carbocation terminated polyolefin. In some embodiments, the
carbocationic polyolefin contains one or more earboeation end groups. In some embodiments, the
carbocationic polyolefin contains one carbocation end group. In some embodiments, the carbocationic
polyolefin contains two carbocation end groups. In some embodiments, the carbocaitonic polyolefin
contains three carbocation end groups. In some embodiments, the carbocationic polyolefin is a
polyisobutylene with a cationic end group. In some embodiments, the carbocationic polyolefin is a
compound of the following formula: 



Polyisobutylene H3C CH3 CH3 0 CH3  (a)Ionized polvolefins from ten-halides under quasiliving
conditions  1001831In some embodiments, the ionized carbocationic polyolefin is derived from a
ten-halide terminated polyolefin under quasiliving conditions. In some embodiments, the ionized
polyolefin is derived form a tert-chloride terminated polyolefin, ten-bromide terminated polyolefin, or
ten-iodide terminated polyolefin under quasiliving conditions. In some embodiments, the ionized
polyolefin is derived from a ten-chloride terminated polyolefin or ten-bromide teiminated polyolefin
under quasiliving conditions. In some embodiments, the ionized polyolefin is derived from a
ten-chloride polyolefin under quasiliving conditions -40-  1001841 Ten-halide terminated polyolefins
may be made by any method known to those of skill in the art. 1001851In some embodiments, the
ionized polyolefm is generated by contacting a tert-halide terminated polyolefin with a Lewis acid under
quasiliving conditions. In some embodiments, the ionized polyolefin is generated by contacting a
ten-chloride terminated polyolefm, ten-bromide terminated polyolefin, or tert -iodide terminated
polyolefin with a Lewis acid under quasiliving conditions. In some embodiments, the ionized polyolefin
is generated by contacting a tert-chloride terminated polyolefin with a Lewis acid under quasiliving
conditions. 1001861In some embodiments, the ten-halide terminated polyolcfin is derived from an
inifer. (b)Ionized polvolefins from preformed polvolefins under upasiliving conditions 1001871In some
embodiments, the ionized polyolefin is derived from a preformed polyolefin under quasiliving
conditions. In some embodiments, the preformed polyolefin contains one or more double bonds. In
some embodiments, the preformed polyolefin contains one double bond. In some embodiments, the
preformed polyolefin is a polyisobutylene derivative. In some embodiments, the preformed polyolefin
contains one or more endo olefins. 



1001881In some embodiments, the ionized polyolefin is generated by contacting a Lewis acid with a
preformed polyolefin in the presence of a proton source under quasiliving conditions. In some
embodiments, the ionized polyolefin is generated by contacting a preformed polyolefin containing one
or more double bonds with a Lewis acid in the presence of a proton source under quasiliving
conditions. In some embodiments, the ionized polyolefin is generated by contacting a preformed
polyolefin containing one double bond with a Lewis acid in the presence of a proton source under
quasiliving conditions. In some embodiments, the ionized polyolefin is generated by contacting a
polyisobutylene derivative with a Lewis acid in the presence of a proton source under quasiliving
conditions. In some embodiments, the ionized polyolelin is generated by contacting a preformed
polyolefin containing one or more endo olefins with a Lewis acid in the presence of a proton source
under quasiliving conditions.  (c) ionized polyolefins from the inifer method  [00189]In some
embodiments, the ionized polyolefin is derived from an inifer using methods known to those of ordinary
skill in the art. Non-limiting examples of such methods are described in U.S. Patent Nos. 4,276,394
and 4,568,732, each of which is incorporated by reference herein. In some embodiments, a monomer
is reacted with an inifer carrying at least two tertiary halogens under cationic polymerization conditions.
[00190]Non-limiting examples of inifers suitable for use in the methods described herein are those
inifers disclosed in U.S. Patent Nos. 4,276,394 and 4,568,732, each of which is incorporated by
reference herein. In some embodiments, the inifer is a binifer or a trinifer. In some embodiments, the
inifer is a binifer. In some embodiments, the inifer is a trinifer. In some embodiments, the inifer is
tricumyl chloride, paradicumyl chloride, metadicumyl chloride, or tricurnyl bromide. (d) Ionized
noIvolefins from olefinic monomers under uuasiliving carbocationicpolymerization conditions
1001911In some embodiments, the ionized polyolefin is derived from olefinic monomers under
quasiliving carhocationic polymerization conditions. Under such conditions, a quasiliving carbocationic
polyolefin is generated. Such conditions may be achieved by any method known to those of skill in the
art. Non-limiting examples of such methods are described in EP 206756 BI and WO 2006/110647 AI,
both of which arc incorporated by reference herein. [00192]In some embodiments, a monomer, an
initiator, and a Lewis acid are us d In some embodiments, an electron donor, common ion salt, and/or
common ion salt precursor is/are used. In some embodiments, the ionized poly:olefin is a quasiliving
carbocationic polyisobutylene of the following formula: cH, CH3 Polyisobutylene",..,:) (r) [00193]Some
non-limiting examples of reagents and conditions suitable for polymerizations producing quasi-living
polyolefins will be described below. (i)Initiators [00194]In some embodiments, the initiator is a
compound or poiyolefin 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-CR"Rb),R." wherein R" -42-  and Rh are
independently hydrogen, alkyl, aryl, alkaryl, or aralkyl, provided that at least one of R, or Rb is not
hydrogen: and R., is an aliphatic or aromatic univalent or polyvalent radical with valence n, wherein n
is an integer from one to 4. X' is an acetate, etherate. hydroxyl group, or a halogen. In some
embodiments, K. Rh and 12,, are hydrocarbon groups containing one carbon atom to about 20 carbon
atoms. In some embodiments, 12,, Rh and K 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, Rh and K mimics the growing species or monomer. In some
embodiments, such structure is a 1-halo,1-phenylethane initiator for polystyrene or a 2.4.4-trimethyl
pentyl halide initiator for polyisobutylenc. In some embodiments. R3, Rh and R. are each hydrocarbon
groups containing one carbon atom to about 8 carbon atoms for the initiation of an isobutylene
polymerization. In some embodiments, the initiator is a cumyl, dictimyl or tricumyl halide.
1001951Some exemplary initiators include 2-chloro-2-phenylpropane. i.e.. cumyl chloride;
1,4-di(2-chioro-2-propyl )benzene. Le., di(cumylchloride): 1.3.5-tri(2-chloro2-propyl)benzene, i.e..
trifcumylchlorider, 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;
1.4-di(2-methoxy-2-propyl)benzene, i.e., di(cumylmethyl ether): I 5-tri(2-methoxy2-propyl)benzene, i.e.,
tri(cumylinethyl ether): 2-chloro-2.4.4-trimethyl pentane (TMPCI): I .3-di(2-chloro-2-propyl)benzene:
2.6-dichloro-2,4.4.6-tetramethylheptane: and I .3,-di(2-ehloro-2-propyI)-5-tert-butylbenzene (bUCC).
1001961In some embodiments, the initiator is mono-functional, bi-functional. or m u Iti-fun ction a l
1001971In some embodiments, the mono-functional initiator is 2-chloro-2- phenylpropane,
2-acetoxy-2-phenylpropane. 2-propionyloxy-2-phenylpropane, _ methoxy-2-phenylpropane,
2-ethoxy-2-phenylpropanc. 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-
trimethylpentanc, or 2-chloro-2.4,4-trimethylpentane. In some embodiments, the initiator is
2-chloro-2.4,4-trimethylpentane.  1001981In some embodiments, the bi-functional initiator is
13-di(2-chloro-2- propyl)benzene. 1.3-di(2-methoxy-2-propyl)benzen 1.4-di(2-chloro-2-
propyl)benzene, 1A-di(2-methoxy-2-propyl)benzen,3-di(2-chloro-2-propy1)-5- tert-butylbenzene"
1,3-di(2-methoxy-2-propy1)-5-tert-butylbenzene, 2.6-dichloro2.4.4.6-tetramethylheptane. or
2.6-dimethoxy-2,4,4,6-tetramethylheptane. In some embodiments, the initiator is
1,3-di(2-chloro-2-propy1)-5-tert-butylbcnzene or 2,6- dichloro-2,4,4,6-tetramethylheptanc. In some
embodiments, the initiator is 1.3-di(2- chloro-2-propy1)-5-teit-butylbenzene. 1001991In some
embodiments, the multi-functional initiator is I.3.5-tri(2-ch oro-2- propyl)benzene.
1.3.5-tri(2-bromo-2-propyl )benzene, or I .3,5-tri(2-methox y-2- propyl)henzene. (ii) Monomers
1002001In 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. [002011In 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 glmol, or solid waxy to plastic, or elastomeric materials
having molecular weights of from about 100,000 to 1,000,000 g/mol, or more. 1002021In 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-]-butene, 3-methyl-I -butene, 4- methyl-I -pentene, or styrene. In some embodiments, the
monomer is isobutylene. 1002031 In some embodiments, mixtures of monomers are used. (iii) Lewis
Acids i002041 In some embodiments, the Lewis acid is a non-prot c 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 -44-  is a titanium (1V) halide, a zinc (11) 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 (Ill) 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 AlBrl. In some embodiments,
the Lewis acid is ethyl 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 (111) 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. [002051In 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 a aluminum (111) 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 (Ill) halide to trialkyl
aluminum is greater than I. In some embodiments, the stoichiometric ratio of aluminum (III) halide to
trialkyl aluminum is less than I. In some embodiments, a mixture of aluminum tribromide and trimethyl
aluminum is used. 1002061In some embodiments, the Lewis acid is an alkyl aluminum halide. In some
embodiments. the Lewis acid is a methyl aluminum bromide. 1002071In 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 I.  (iv)Electron Donors 1002081As 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. 1002091In some
embodiments, the electron donor is capable of complexing with 



Lewis acids. In some embodiments, the electron donor is a base andior 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-dimethytacetamide,
or N,N-diethylacetamide. In some embodiments, the electron donor is a sulfoxidc. 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 hexamethylphosphatc. In some embodiments,
the electron donor is an oxygen-containing metal compound. In some embodiments, the electron
donor is tetraisopropyl titanate. 100210iIn some embodiments, the electron donor is pyridine or a
pyridine derivative. In some embodiments, the electron donor is a compound of formula: ,E NIR1 A
R1,R1 R 1 wherein RIA.R RID, and RIL are each, independently, hydrogen or hydrocarbyl: or R IA and
RIB. or RIB and RI( . or RR and RID, or RID and RIF independently form a fused aliphatic ring of about
3 to about? carbon atoms or a fused aromatic ring of about 5 to about 7 carbon atoms. In some
embodiments. Ri A and RI are each, independently, hydrocarbyl, and RIB-R II) are hydrogen.
1002111In some embodiments, the electron donor is 2.6-di-ten-butylpyridine, 2,6- lutidine, 2,4-lutidinc,
2.4.6-trimethylpyridine. 2-methylpyridine, or pyridine. In some  embodiments. the electron donor is
N.N-dimethylaniline or Ndimethyltoluidine. In some embodiments, the electron donor is 2.6-lutidine.
(v)Common Ion Salts and Ion Salt Precursors (002121 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-nbutylammonium 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 4.2.3 DILUENTS 1002131In sonic 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. 1002141In some
embodiments, the diluent has ov? 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 &cane. 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 



-47-  alkane is isobutane, isopentane. neopentane, isohexane. 3-methylpentanc. 2,2- dimethylbutane.
or 2.3-dirnethylbutane. In some embodiments, the alkane is cyclic In some embodiments, the alkane is
methylcyclohexane. In some embodiments, the diluent is a mixed boiling fraction alkanc. 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.
100215]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 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, iso-propyl 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. 1002161In some embodiments, the diluent is a substituted henzene. In some
embodiments, the diluent is benzene. In some embodiments, the diluent is toluene. 1002171In some
embodiments, the diluent is carbon disulfide, sulfur dioxide. acetic anhydride, acctonitrile. benzene,
toluene, ethylbenzene, methylcyclohexane. chlorobenzene, or a nitroalkane. 1002181 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 901 0 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 40160 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.  4.2.4 TEMPERATURE 1002191 In some embodiments, the
methods described herein are performed at a temperature from about -120C to about 0C. In some
embodiments, the methods described herein are performed at a temperature from about -110C to
about -10C. In some embodiments, the methods described herein are performed at a temperature
from about -100C to about -20C. In some embodiments, the methods described herein are performed
at a temperature from about -90C to about -30C. In some embodiments, the methods described herein
are performed at a temperature from about -80C to about -40C. In some embodiments, the methods
described herein are performed at a temperature from about -70C to about -40C In some
embodiments, the methods described herein are performed at a temperature from about -60C to about
-40C. In some embodiments, the methods described herein are performed at a temperature of about
-40C. -50C. -60C,-70C, or -80C. In some embodiments, the methods described herein are performed
at a temperature of about - 40C. In some embodiments, the methods described herein are performed
at a temperature of about -50C In some embodiments, the methods described herein are performed at
a temperature of about -60C. n some embodiments, the methods described herein are performed at a
temperature of about -70C. In some embodiments, the methods described herein are performed at a
temperature of about - 80C. 4.2.5 CONCENTRATIONS 1002201 The chain end concentration of the
methods described herein are 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. [002211In some
embodiments, the molar concentration of the compounds of formula I 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 I 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 I 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 I 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 I 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 I is from about 1.1 to about 2 times the molar concentration of chain ends. 



1002221In 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. 002231In 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. 1002241In 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
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 4.2.6 TERMINATORS
1002251In 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. 100226]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, miethylamine, pyridine, 2,6-lutidine, n-butylamine, or
tert-amylamine. 100227]In some embodiments, the terminator is added after the quenching step. 4.3
COMPOUNDS 100228]In some embodiments, provided herein are compounds of formula II: R3    



R4 wherein fe is a polyolefin group: RI and R4 are each, independently in each -(CRIR2) unit, H or
alkyl; wherein m is an integer from 0 to 20; wherein if m is 0. then R4 and R4 are each, independently,
alkyl. and X is H. if m is 1 and at least one of R.' and R4 is not H, then R. and 124 are each.
independently H, alkyl, or alkoxy, and X is H, alkyl, alkenyl, alkynyl. alkaryl. aralkyl, aryl, heteroaryl. R5
I -Si R or             wherein Rf-R- are each independently. alkyl or aryl: if m is 1 andand R4 are both H.
then 124 and R4 are each, independently H. alkyl, oroxy and  X is alkyl, alkenyl, alkynyl, alkaryl,
aralkyl, aryl etcroaOr R5 -St R6 R7 



wherein R5-R7 are each, independently, alkyl or aryl; then R- and R4 are each, independently H. alkyl,
or alkoxy, and X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy,-F, -Cl. -Br, -1, -At,
-CN, -NC, -NCO, -OCN, -NCS, - R5 -A-Si-R6 SCN, -0C(0)R6,-C(0)0R6,-C(0)NRI6RII,R7 wherein A is
or nothing, R5-RT are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl,
alkoxy, or hydroxy,             Rs is alkyl, a kenyl, alkynyl, alkaryl, aryl:, or heteroary and R6-Ril are each,
independently. H. alkyl, alkenyl, alkynyl,alkaryl, aryl, or hetcroaryl, or, when(cR1R)",-x is ortho to R4,
then X and R4,                                too-ether, with the atoms to which X and R4 are attached may form
aring; and if m is 3-20, then R4 and R4 are each, independently H, alkyl, or alkoxy, and X is H, alkyl,
alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy, aryloxy, heteroaryloxy, alkaryloxy -OH, -F, -CI,
-Br,-CN,-NC, -NCO, -OCN, -NCS, -SCN, - R5 -A-Si-R6 OC(0)R8, -C(0)0R9, -C(0)NR 'RI I,R7 NR \R'I 



wherein A is  or nothing, Rx and R \I are each, independently, Halkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, hcterocyclyl,C(0)R'. -51-  wherein R7 is H. alkyl, alkenyl, alkynyl, cycloalkyl.heteroaryl,
-NRI"R"; R5-R3 are each. independently. alkyl, alkenyl, alkynyl. alkaryl, aralkyl, aryl. heteroaryl,
atkoxy, R  is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl. and R9-R1' arc each, independently, H.
alkyl, alkenyl, alkaryl, aryl, or hcteroaryl.  100229] In some embodiments, provided herein are
compounds of o ula R3    R4 wherein R' is a polyolefin group; 



R and R2 are each, independently in each -(CR R") unit, H or alkyl: wherein m is an integer from 0 to
20; wherein if m is 0, then R' and R4 are each, independently, alkyl and X is H; is I and at least one of
R' and R4 is not H. then R3 and R4 are each, independently H. alkyl, or alkoxy. and X is H, alkyl,
alkenyl, alkynyl, alkaryl, aralkyl. aryl, heteroaryl, R5 ,  R6 orR7             wherein R5-R are each,
independently. alkyl or aryl: if m is I and R3 and R4 are both H. then Fe and R4 are each,
independently H, alkylalkox and  X is alkyl alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl. or Si R6
wherein 12.5-R are each, independently, alkyl or aryl: if m is 2 or 3.    then P.' and R4 are each.
independently H, alkyl, or alkoxy. and X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl,
alkoxy.-F. -Cl, -Br. -I. -At. -CN, -NC, -NCO, -OCTS, -NCS, SCN OC(0)Rs.-C(0)0Re,-C(0)NRIuRII,R7 



wherein A is=or nothing. R5-1( are each, independently, alkyl, alkenyl. alkynyl, alkaryl. aralkyl, aryl,
heteroaryl, alkoxy. or hydroxy,             Rt is alkyl, alkenyl, alkynyl, alkaryl, aryl, or ieteroaryl. and R9-R
are each, independently. H, alkyl. alkenyl, alkynyl,alkarvl. aryl, or heteroaryl, lo-(cR1R2)",-x or, whenis
oho to R4, then X and R4,                                together, with the atoms to which X and R4 are
attached, may form aring: and if m is 4-20, then R4 and R4 are each, independently H. alkyl, or alkoxy,
and X is H, alkyl, a lkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy. aryloxy. heteroaryloxy.
alkwyloxy, - OH. -F. -Cl. -Br. -I, -At. -CN,-NC. -NCO, -OCN, -NCS. - SCN, -0C(0)Rs, -C(0)0R9,
-A-Si-R6 R7 , or NRxle :       wherein Rx and R \ are each, independently, H. alkcnyl, alkynyl.
cycloalkyl, aryl, heteroaryl, heterocyclyl,C(0)127,            wherein Rz is H, alkyl, alkenyl" alkynyl,
cycloalkyl, aryl, heteroaryl, heterocyclyl, -Ole, or-NRNR": A is-oi nothing, W-R 



are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroacyl, alkoxy, or hydroxy,
R5 is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and R9-RII are each. independently, H. alkyl.
alkenyl, alkynyl.alkaryl, aryl, or heteroaryl. 1002301In further embodiments, Rd is a polyisobutyl group.
In even further embodiments, the polyisobutyl group is wherein R is H or alkyl of 1 to about 10
carbons, and n is an intcucr from about 10 to about 2000. In one embodiment, n is about 10 to about
1000. In one embodiment, n is about 10 to about 500. In one embodiment. n is about 10 to about 250
In one embodiment. n about 10 to about 100. In one embodiment, n is 10 to about 50. 1002311In
some embodiments, the compound has the formula  0-(CR1R2),TX  1002321 In some embodiments,
the compound has the formula R3  0-(CR1R2),TX  1002331In some embodiments. h compound has
the formula R2  1002341 In some embodiments, the compound has the formula Ra  



1002351 In some embodiments, the compound has the formula    wherein Rh is a polyisobutylenc
group: 1.2.' is a polyfunctional carbocationic initiatorresidue: and r is an integer from I to 4. 1002361In
further embodiments. m is 4-20. In further embodiments. m is 6-20. In further embodiments, r is I. In
further embodiments, r is 2 In further embodiments, r is 3. In further embodiments, r is 4 1002371In
further embodiments, the compound has the formula 1002381In furtherbodiments, the compound has
the fonnula    1002391In further embodiments, the compound has the formula R3  1002401 In further
embodiments, the compound has the formula 



Rx Rb    [002411In further embodiments, the compound has the formula R3R3 X-(CRIR2)m-0 R4
1002421In further embodiments,the compound has the formula R3 x-(CR1R2),-0Rb_Rx_Rb Re
0-(CR1R2),-X R4 [00243]In further embodiments, the compound has the formula R3   R4 1002441In
further embodiments, the compound has the formula 



R3  [002451 In further embodiments the compound has the formula R4 X-(CR1R2),-0  0-(CR1R2),-X
1002461In further embodiments, the compound has the formula R3 Rh-Rx  0-(CR1R2)n1-X  R4
[002471In further embodiments, the compound has the formula R3 wherein R1 is a polyisobutytene
group; and 124 is H or alkyl. [002491In some embodiments. Rh is P 



wherein p is an integer from about 1010 about 2000. In further embodiments. p is about 10 to about
1000. In further embodiments, p is about 10 to about 500 In -58-  further embodiments, p is about 10
to about 250. In further embodiments. p is about 10 to about 100 In further embodiments, p is 10 to
about 50. 1002501 In some embodiments, the compound has the formula XX L.)    1002511 In some
embodiments, the compound has he formula 1002521In some embodiments, the compound has the
formula R"R3  1002531In some embodiments, the compound has the formula X    



100254] In some embodiments, the compound has the formula X    100255] In some embodiments the
compound has the formula  X  1002561 In some embodiments, the compound has the formula
1002571In some embodiments, the compound has the formula  Re 1002581 In some embodiments,
the compound has the formula ),<   1002591 In some embodiments,the compound has the formula XX



7)c-cc 0  Rc 1002601 In some embodiments, the compound has the formula    1002611In some
embodiments, the compound has the formula    [002621 In some embodiments, the compound has the
formula  1002631 In some embodiments. the compound has the formula  0    



[00265) In some embodiments, the compound has the formula 0    R4 [002661 In some embodiments,
the compound has X   he formula `Cc 0 ,  1002671 In some embodiments, the compound has the
formula X    1002681 In some embodiments, the compound has the formula ),( 



1002691 In some embodiments, the compound has the formula X  [00270]In sonic embodiments, the
compound has the formula  1002711 In some embodiments, he compound has the formula X
1902721 In some embodiments, I -ompound has the formula DCDC 0 1002731 In some embodiments,
the compound has the formula Nx 1002741 In some embodiments he compound has the formula
R3R3  100275] In some embodiments, the compound has the formula ),(  



R4 1002761 In some embodiments, the compound has the formula  1002771In some embodiments,
he compound has the for I    R4 1002781 In some embodiments. the compound has the formula X
1002791In some embodiments, the compound has the formula X    1002801 In some embodiments,
the compound has the formula X  



1002811In some embodiments, the compound has the formula ),< (N CC 0C) 00   1002821 In some
embodiments, the compound has the formula R3R3 x-(CR1R2),-0-(CR1R2)m-X 1002831In some
embodiments, the compound has the formula R3R3    CC DC 



X 1002841In some embodiments.Rc is alkyl of 1 to about 6 carbons. [002851In some embodiments.
12' is tert-butyl. 1002861 In some embodiments of the compounds of formula RI and R2 arc both H.
1002871In some embodiments. R' and R2 are independently in each -(CR1R2) uni alkyl of I to about 6
carbons or hydrogen. 5 1002881In some embodiments. R and 122 arc each, independently in each -
(CRIR.2) unit, methyl or hydrogen. [002891In some embodiments. R3 and le are identical.  [002901In
some embodiments, m is 3-20 and X is H, alkyl, alkenyl, alkynyl, alkaryl. aralkyl, aryl, heteroaryl.
alkoxy, -OH. -F. -CI, -Br, -1. -At, -CN, -NC, -NCO, R5 -OCN, -NCS, -SCN,-0C(0)1e, -C(0)012',
-C(0)NRIuRI I. orR7 [00291]In some embodiments. m is 3-20 and X is H. alkyl, alkenyl, alkynyl, alkaryl,
aralkyl, heteroaryl, alkoxy. -OH, -F. -Cl, -Br, -I. -At, -CN. -NC. -NCO. - R5 -A-41-R6 OCN, -NCS, -SCN,
-0C(0)1e, -C(0)0R9, -C(0)NR 'R, orR7 



1002921In some embodiments, m is 4-20 and X is H. alkyl, alkenyl, alkynyl, alkaryl. aralkyl, aryl,
heteroaryl, alkoxy. -OH, -F. -CI, -Br. -I, -At. -CN, -NC. -NCO, -A-Si-F:26 -OCN, -NCS. -SCN,-0C(0 )R8,
-C(0)0R9, -C(0)NRorR7 [002931In some embodiments, m is 4-20 and X is H, alkyl, alkenyl, alkynyl,
alkaryl, aralkyl, heteroaryl. alkoxy, -OH. -F. -CI, -Br, -I. -At, -CN. -NC. -NCO, - F5. OCN. -NCS. -SCN,
-0C(0)RII, -C(0)01(9, C(0)NR ", orR7 [002941 In some embodiments, m is 1-20 and R4 and R4 are
hydrogen. 1002951In some embodiments, m is 1-20 and R.4 and R4 are each, independenly, alkoxy
of 1 to about 6 carbons. [00296] In some embodiments, m is 1-20 and Wand R4 are each
ndependenly, alkoxy of 1 to about 3 carbons. [00297]In some embodiments, m is 1-20. and R' andarc
each dependently. H. alkyl of 1 to about 6 carbons, or alkoxy of 1 to about 6 carbons [00298]In some
embodiments, m is 1-20, and R.3 and R4 arc each, independently, H. alkyl of I to about 3 carbons, or
alkoxy of 1 to about 3 carbons. [00299]In some embodiments. m is 1-20 and R3 and R4 are each,
independen alkyl of 1 to about 6 carbons or alkoxy of 1 to about 6 carbons. 1003001In some
embodiments, RI and R4 are each, independently. alkyl of 1 to about 6 carbons. 



1003011In some embodiments. R and R4 are each nd endently. alkyl of 1 to about 3 carbons.
[00302]In some embodiments, R.' and R4 are each, independently. tert-butyl. [003031In some
embodiments, m is I and at least one of R' and R4 is not H. [00304]In some embodiments, m is 1 and
R3 and R4 are both H. [00305] In some embodiments, m is 0 100306]In some embodiments. m is I.
1003071In some embodiments, m is 2. 1003081In some embodiments, m is 2 or 3. 1003091 In some
embodiments, m is 4-10. 1003101 In some embodiments. m is 3-20. In some embodiments, m is 0-10.
In some embodiments, m is 1-10 In some embodiments. m is 2-10. In some embodiments, m is 3-10.
In some embodiments, m is 1-3. 100311]In some embodiments, m is 0 and R3 and R4 are each,
independently, alkyl of 1- about 6 carbons. [00312]In some embodiments, m is 0 and W and 12' are
each, Independently, alkyl of 1 to about 3 carbons. 1003131In some embodiments. m is 0 and R3 and
R4 are each, independently. alkyl of at least 6 carbons 1003141In some embodiments. m is 0 and 123
and R.' are each, independently, alkyl of at least /I carbons 



1003151In some embodiments,is 0 and R.' and R4 are each, independently, alkyl of at least 10
carbons 1003161In some embodiments, m is I and at least one of R3 and R4 is not H. and X is H.
alkyl. or alkenyl. [003171In some embodiments, m is 1 and at least one of R" and R' is not H, and X is
H, alkyl of 1 to about 6 carbons or alkenyl of 2 to about 6 carbons. [00318]In some embodiments. m is
1 and at least one of R' and le is not H and X is H. 1003191In some embodiments, m is 1 at least one
of R' and R is not H, and X is [00320]In some embodiments, m is 1 at least one of 122' and 121 is not
H. and X is methyl.  1003211In some embodiments, m is I. at least one of R.' and 124 is not H, and X
is R5 S R6 R7In further embodiments, at least one of R.5-R- is te -butyl In further embodiments, at
least one of R5-12- is phenyl In further embodiments, Wand R6 are phenyl and R is tert-butyl.
1003221In some embodiments, m is I. R2 and R4 are both H. and X is alkyl, or alkenyl. 1003231In
some embodiments, m is I. 12.3 and R.4 are both H, and X is alkyl of Ito 



about 6 carbons or alkenyl of 2 to about 6 carbons.
'\\C H2 1003241In some embodiments, m is I, R3 and Ri are both H, and X is H 1003251In some
embodiments, m is 1 and R' and R4 are both H. and X is methyl. 1003261In some embodiments. m is
I, R' and R4 are both H. and X is R5 $ t R6 R7. In further embodiments, at least one of 12.5-R- is
tert-butyl. In further embodiments, at least one of R5-R" is phenyl. In further embodiments, 12' and R6
are phenyl and R7 is tert-butyl. 1003271In some embodiments, m is 2-20 and X is H. alkyl of I to about
6, carbons, alkenyl of 2 to about 6 carbons, I:, Cl, Br. or I. 1003281In some embodiments, m is 2-5 and
X is . alkyl of 1 to about 6 carbons, alkenyl of 2 to about 6 carbons. F. CI, Br. or I. 1003291In some
embodiments, m is 2-20 and X is Cl or Br. 1003301In some embodiments, m is 2-5 and X is CI or Br.
1003311 In some embodiments, m is 3-20 and X is OH. In some embodiments, m is 4 to 20 and X is
OH In some embodiments, m is 6-10 and Xis OH. In some embodiments, m is 4-I I and X is OH
1003321In some embodiments, Rs-R 11 are each, independently, alkyl of Ito about 6 carbons
1003331In some embodiments,; RI and It' are H; -C)-(CR1R2)m-X is ortho to R4; and X and le
together, with the atoms to which X and le are attached, form a ring.  



R5 -A-Si-R6 1003341In some embodiments. m is 2 and X isR7In further embodiments, at least one of
R5-R- is tert-butyl. In further embodiments, at least one of R5-127 is phenyl, In further embodiments,
R5 and R6 are phenyl and 12' is ten-butyl. Rs 1003351In some embodiments, m is 3-20 and X isR7. In
further embodiments, at least one of R5-12.- is tert-butyl. In further embodiments, at least one of
R5-12- is phenyl. In further embodiments. R5 and R6 are phenyl and 12- is tert-butyl. 1003361 In
some embodiments, m is 2-3; RI and R2 are K. -0-(cRIR2)ni-x is ortho to R4; and X and R4 together:
with the atoms to which X and 124 are attached. faun a ring. R5 -A-SHRG 1003371In some
embodiments, m is 1-3 and IX is. In further embodiments, at least one of R5-12.- is tert-butyl In further
embodiments, at least one of R5-12.' is phenyl. In further embodiments. 12' and R6 are phenyl and
Rtert-butyl. R5 -A-Si-R6 R7 1003381In some embodiments. m is 4-20 and X is, In further
embodiments, at least one of R5-R- is tert-butyl. In further embodiments, at least one of R5-R- is
phenyl. In further embodiments. R5 and R6 are phenyl and R- is ten-butyl. 1003391 In some
embodiments, A is  - [003401In some embodiments, Rx and RY are each, independently, alkyl or
hydrogen. In some embodiments. Rx and RY are both hydrogen. 1003411In some embodiments, le-R!
are each, independently. alkyl, alkenyl, alkynyl, or alkaryl, 



1003421In some embodiments, Rs-RI' are each alkyl. [003431In some embodiments, the compound is
Br R,a.,,\ CH3  RaW  ri"NE Ra-,Rer 0OH0OH , or    1003441In farther embodiments, the compound is
a para isomer. 1003451 In some embodiments, the compound is between about 5.0 x102 g/mol to
about 1.0 x 105 iilmol. 1003461In some embodiments. compound is between about 1.0 x 103 Lilmol to
about 1.0 x 104 (//mol. 1003471 In some embodiments, the compound is between about 1.0 x 10 tnol
and about 5.0 x 103 g/mol. 1003481In some embodiments, the compound is between about 2.0 x 10'
gimol and 



about 3.0 x 103 almol. 1003491 In some embodiments, the compound is not  1003501 In some
embodiments, the compound is not 0 1003511 In some embodiments. the compound is not Re
1003521 In some embodiments, the compound is not  [003531 In some embodimmts, the compound
is not    1003541 In some embodiments, the compound is not Re  [003571 In some embodiments, the
compound is not Re 



1003581In some embodiments, the compound is not Ra  [00359] In some embodiments, the
compound is not Re 0 100360] In some embodiments, the compound is not  1003611 In some
embodiments, when 2 or more ofR_RT is hydroxy, the compound of formula I may polymerize to form
a siloxane or silicone. [00362] The embodiments and examples described above 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 lobe within the scope of the claimed subject
matter are encompassed by the appended claims. 4.4 EXAMPLES  4.4.1 EXAMPLE 1 [00363]This
example involved alkylation of anisolc with mono-functional tert- chloride polyisobutylene activated
with TiC14 (titanium tetrachloride). A 0.02 M solution of 2 x10" g(mol tert-chloride polyisobutylene
(100-mt.) was prepared at -60C in a 60/40 (v/v) mixture of hexanemethyl chloride. To this solution
were added 3 eq. (0.66 mL) of anisole and 6 eq. (1.33 mt.) of TiCI4 Quantitative capping of the
polyisobutylene chain ends was achieved in 45 mm, The product consisted exclusively of the para
substituted anisole. 4.4.2 EXAMPLE 2 [00364]This example involved in situ alkylation of anisole by
quasiliving polyisobutylene from a difunctional initiator. The polymerization/alkylation was performed
within a N2 atmosphere dry box equipped with a cryostat bath. To a 60/40 (v/v) mixture of methyl
chloride (90 mL) hexane (60 mL) at -60C were added 2.6- lutidine (0.1 rn L). 5-terr-butyl-13-bisi I
-chloro- I -incthylethyl lbenzenc (0.448-0. and -7s- 



isobutylene (3.9 mL). The polymerization of isobutylene was catalyzed by the addition of 5 eq of
TiC,14 (1.71 mI.,). The polymerization was complete in approximately 2 min, at which point 3 eq of
anisole (1.02 mL) was immediately added. Quantitative capping of the chain ends by anisole
(determined by IH-NMR) was achieved in approximately 45 min. The catalyst was destroyed by the
addition of excess methanol, and the polymer was recovered after volatilization of the methyl chloride
and precipitation from hexane into methanol. The number average molecular weight of the final
polymer was 2.3 x103 g/mol with a polydispersity of 1.03. 4.4.3 EXAMPLE 3 1003651 This example
involved in situ alkylation of (3-bromopropoxy)benzene by quasiliving polyisobutylene from a
difunctional initiator. The polymerizationIalkylation was performed within al\i, atmosphere dry box
equipped with a cryostat bath. To a 60/40 (N/A?) mixture of methyl chloride (90 mL) / hexane (60 mL)
at -60C1 were added 2,6-lutidine (0.1 mL), 5-ten-buty1-1,3-bis(l -chloro-1 - methylethyl)benzene (0.4*
g), and isobutylene (3.9 mL). The polymerization of isobutylene was catalyzed by the addition of 5 eq
of TiCLI (1.71-mL). The polymerization was complete in approximately 2 min, at which point 3 eq of (3-
bromopropoxy)benzene (1.47 mL was immediately added. Quantitative capping of the chain ends by
anisole (determined by 1H-NMR) was achieved in approximately 80 mm. The catalyst was destroyed
by the addition of excess methanol, and the polymer was recovered after volatilization of the methyl
chloride and precipitation from hexane into methanol. The number average molecular weight of the
final polymer was 2.5 x10' g/mol with a polydispersity of 1.02. 4.4.4 EXAMPLE 4 1003661This
example involved alkylation of f3-chlorophenetole with mono- functional ten-chloride terminated
polyisobutylene activated with 'fiat A 0.02 M solution of 2 xlO7 glmol ten-chloride terminated
polyisobutylene (50 mL) was prepared at -60C in a 60/40 (v/v) mixture of methyl chloride and hexane.
To this solution were added 5 eq of 1:1 -chlorophenetole (0.71 m:L) and 6 eq of TiC14 (0.67
Quantitative capping of the polyisobutylene chain ends was achieved in under 1 h.  4.4.5 EXAMPLE 5
1003671This example involved alkylation of allyl phenyl ether with mono- functional ten-chloride
terminated polyisobutylene activated with TiC14. A 0.02 M solution of 2 x103 g/mol ten-chloride
terminated polyisobutylene (15 mL) was prepared at -60C in a 60/40 (v-v) mixture of methyl chloride
and hexane. To this solution were added 3 en of ally' phenyl ether (0.12 mL) and 6 en of Trek; (0.2
mL). Quantitative capping of the polyisobutylene chain ends was achieved in under 2 h. However, after
extended reaction time (>)the allyl phenyl ether terminated polymer undergoes a pericyclic
[3.3,1-sigmatropic rearrangement resulting in ortho placement of the ally' group. Furthermore. the allyl
functionality is partially hydrochlorinated yielding a secondary halide. 4.4.6 EXAMPLE 6 1003681 This
example involved alkylation of isopropyl phenyl ether with mono-functional rert-chloride
polyisobutylene activated with TiCI4. A 0.02 M solution of 2 x103 Wm& /err-chloride polyisobutylene
(15 mL) was prepared at -60C in a 60/40 (viv) mixture of methyl chloride and hexane. To this solution
were added 4 en (0.163 g) of isopropyl phenyl ether and 6 en (0.198 ml.) of TiC14. Quantitative
capping of the polyisobutylene chain ends was achieved in under 3 h. 4.4.7 EXAMPLE 7 1003691This
example involved alkylation of .6-di ert-butylphenol with mono- functional rut-chloride terminated
polyisobutylene activated with TiC14. A 0.02 M solution of 2 x10." gimol rert-chloride terminated
polyisobutylene (15 mL) was prepared at -60C in a 60/40 (wv) mixture of methyl chloride and hexane.
To this solution were added 4 en (0.248 g) of 2.6-di-tert-butylphenol and 6 en (0.198 mL ) of TiC14.
Quantitative capping of the polyisobutylene chain ends was achieved in under 3 h. The product
consisted of an approximately equimolar mixture of meta and para substituted isomers. 



4.4.8 EXAMPLE 8 1003701This example involved cleavage of the methyl phenyl ether functional
groups of the product of Example 1 to yield phenol terminated polyisobutylene. Into a 5 mm NMR tube
were charged 40 mg of anisole-capped polyisobutylene, from Example 1. and 0.7 mL chloroform-d. To
the resulting solution at room temperature was added 8 u.L neat 13Br: (4 en relative to anisole
groups). The reaction was allowed -77-  to proceed at room temperature, and the progress of cleavage
of the anisole methyl group to yield phenol-capped polyisobutylenc was monitored by observing the
disappearance of the methyl hydrogens signal at 3.78 ppm via 1H NMR spectroscopy. Cleavage was
first order with rate constant 9.1 xl 0-3 min-1. Essentially complete conversion (-98%) was achieved in
approximately 7 h. 4.4.9 EXAMPLE 9 [003711This example involved alkylation of phenoxy derivatives
having alkanol tethers with mono-functional tert-chloride terminated polyisobutylene activated by
TiCI4. In vials, 0.02 M solutions of 2 x103 ghnol tert-chloride terminated polyisobutylene (15 mL) were
prepared at -60C using a 60140 (viv) mixture of methyl chloride and hexane. To separate vials
containing the polymer solution were added 3 eq of 11-phenoxy- 1 -undecanol (0.238 g),
6-phenoxy-l-hexanol (0.175 g), 4- phenoxy-l-butanol (0.150 g). and 2-phenoxyethanol (0.124 g). The
alkylation reactions were catalyzed by addition of 6 eq of TiCI4 (0.264 mL) to each vial. The reactions
were allowed to proceed at -60C for 3 h before addition of chilled methanol to destroy the catalyst. For
the phenoxy derivatives with alkanol tether lengths from 11 to 4 carbons. 1H NMR analysis of the
product polymer chain ends indicated high fractions of hydroxyl functionalization. Integration of the 'H
NMR spectra provided          of 94% capping with ll-phenoxy-1-undecanol, 93% capping with 6-
phenoxy-l-hexanol, 83% capping with 4-phenoxy-I -butanol, and no capping with 2- phenoxyethanol. In
each case, the balance of the chain ends was ten-chloride 4.4.10 EXAMPLE 9 [003721This example
involved alkylation of tert-butyl(3-phenoxy- I - propynyl)diphenylsilane with mono-functional
ten-chloride terminated polyisobutylene activated with TiCI4.
[0037131tert-Bury4(3-phenoxy-l-propynyl)diphenylsilane was synthesized as follows: to a solution of
phenyl propargyl ether (5.15 tt. 39.0 mmol) in tetrahydrofurane (50 mL) was added n-buthyllithium
(17.14 mL of a 2.5 M solution in hexanes) (42.86 mmol) dropwise at -40 C. The mixture was stirred at
-40 C for 2 h: then tert-butylchlorodiphenylsilane (12.85 g. 46.76 mmol ) was added, and the resulting
mixture was stirred for 2 h at -40 C. The reaction mixture was allowed to warm to room temperature
and stirred for 24 h. The solvent was removed using a  rotary evaporator, and the crude product was
purified by distillation from calcium hydride 1003741Into a 75-mL culture tube equipped with a
Teflon-lined screw cap were charged 1.5 g of 2 x10' glmol tent-chloride terminated polyisobutylene, 10
inL of methyl chloride, 15 mL of n-hexane. and 0.008 ra, (0.008 g, 0.074 mmol) of 2,6- lutidine. The
mixture was cooled to -70 "C with swirling, and then 0.66 mL (1.15 g. 6.08 mmol) of TiC14, followed by
a pre-chilled (-70C) solution of terf.buty1(3- phenoxy-l-propynypdiphenylsilane (1.41 g in 15 mL of
n-hexane and 10 mL methyl chloride) were added to the tube. Quantitative capping of the
polyisobutylene chain ends was achieved in under 5 h. 4.4.11 COMPARATIVE EXAMPLES 



[003751 When phenol was used as a quencher under conditions otherwise identical to Example 6,
quenching did not produce any of the desired compound of formula II [00376]When tert-butyl phenyl
ether was used as a quencher under the conditions of Example 6 with a 3 h quenching time,
quenching did not produce any of the desired compound of formula II. 1003771When
2-ten-butoxyethyl phenyl ether was used as a quencher under the conditions of Example 1 with a 3 h
quenching time, quenching did not produce any of the desired compound of formula II. 1003781 When
4-tent-butoxybutyl phenyl ether was used as a quencher under conditions otherwise identical to
Example I. quenching did not produce any of the desired compound of formula II R103791 When
phenoxyacetonitrile was used as a quencher under the conditions of Example 5 with a 2 h quenching
time, quenching did not produce any of the desired compound of formula II [003801When
1,2-diphenoxyethane was used as a quencher under the conditions of Example 5 with a 2 h quenching
time, quenching did not produce any of the desired compound of formula II.  WHAT IS CLAIMED: A
method for preparing a telechelic polymer of formula 1:    1; wherein R is a polyolcfin group RI and R2
are each, independently in each -(CRIR2) unit. H or alkyl: and m is an integer from 0 to 20: wherein if
m is 0, then R and R4 are each, independently, alkyl, and X is H: if m is I 



then R and R4 are each, independently, H, alkyl, or alkoxy, and X is H. alkyl, alkenyl, alkynyl, alkaryl,
aralkyl, a Si Fe heteroarylorR7 whereinare each, independently, alkyl or aryl: if m is 2, R and R4 are
each, independently, H, alkyl, or alkoxy, and X is Halkyl, alkenyl, alkynyl, alkaryl, aralkyt, aryl,
heteroaryl, -NC, -NCO, -OCN, C(0)0R9, -C(0)1NR30R , -A-Si-R6 R7 alkoxy, -F, -CI, -Br, -I, -At, -CN,
-NCS, -SCN, -0C(0)R8, -  wherein A is  or nothing,  



12.>-R are each. independently, alkyl, alkenyl, alkynyl,alkaryl, aralkyl, aryl, hetcroaryl, alkoxy,
hydroxy,-NRI, -F, -Cl, -Br, -I, or -At,                    le is alkyl, alkenyl, alkynyl, alkaryl, aryl, or
heteroaryl,and R9-Rli are each, independently, H. alkyl, alkenyl,ailcynyl, alkaryl, aryl, or heteroaryl, or.
when --(CR1R2)m-X is ortho to R4, then X and R4, together, with the atoms to which X and 1.2.4 are
attached, may forma ring: and if m is 3-20. then R3 and R4 are each independently, H, alkyl, or alkoxy,
and             X is H. alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl,alkoxy, aryloxy,
hcteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -I.-At, -CN, -NC. - NCO, -OCN, -NCS, -SCN, -0C(0)R.
-C(0)0R9, -A-Si-R- 00)NRIuR ,R7 , or -NR R wherein A is- or nothing, Rx and R \ are each,
independently. H, alkyl, heteroaryl, heterocyclyl, 



heteroaryl, heterocyclyl, -OW, or NRI"Ril: alkenyl. alkynyl, cycloalkyl. aryl, C(0)R7, wherein R' is H,
alkyl. alkenyl, alkynyl, cycloalkyl, aryl,  are ch, independently, alkyl, alkenyl, alkynyl,alkaryl, aralkyl,
aryl, hcteroaryl, alkoxy, hydroxy,-Nett* -F. -Cl, -Br, -I. or -At,                     R  is alkyl, alkenyl, alkynyl,
alkaryL aryl, or heteroaryl,and R9-R I I arc each, independently, H, alkyl, alkenyt,alkynyt, alkaryl, aryl,
or heteroaryl: comprising: (a) generating a quasiliving earbocationic polyolefini and (b) reacting the
quitsiliving carbocationic polyolefin from step (a) with one ormore compounds of formula 11 in the
presence of a Lewis acid or mixture of Lewisacids under quasiliviniz carbocationic polymerization
conditions:  
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WHAT IS CLAIMED: 

1.  A method for preparing a compound of formula I: 

 

I; 

or the formula 

 

wherein  

R
a
 is a polyolefϊn group; 

R
1
 and R

2
 are each, independently in each -(CR

1
R

2
) unit, H or alkyl;  

R
b
 is a polyisobutylene group; 

R
X
 is a polyfunctional carbocationic initiator residue; 

R is an integer from 1 to 4; and  

m is an integer from 0 to 20; wherein  

if m is 0,  

then R
3
 and R

4
 are each, independently, alkyl, and X is H;  

if m is 1,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and 

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl or 

,  

wherein R
5
 -R

7
 are each, independently, alkyl or aryl;  

if m is 2,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and 

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy, -F, 

 -Cl, -Br, -I, -At, -CN, -NC, -NCO, -OCN, -NCS, -SCN, -OC(O)R
8
,  

 -C(O)OR
9
, -C(O)NR
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R
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,      

 ,  

wherein A is or nothing, 



Rx is a polyfunctional carbocationic initiatorresidue: and r is an integer from 1 to 4. The method of
claim 6. wherein the telechelic polymer of formula I is:    The method of claim 6, wherein the telechclic
polymer of formula I is: Rx Rb    9,The method of claim 6. wherein theelecheiic polymer of formula I is:
ER` wherein Ror alkyl.  II.The method of claim 9. wherein the teleche lc polymer of formula I is: RsR3 
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R
8
 is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and  

R
9
-R

11
 are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, 

aryl, or heteroaryl;  

comprising: 

(a) generating a quasiliving carbocationic polyolefin; and 

(b) reacting the quasiliving carbocationic polyolefin from step (a) with one or more 

compounds of formula II in the presence of a Lewis acid or mixture of Lewis acids under 

quasiliving carbocationic polymerization conditions: 

 

II. 

2.  The method of claim 1, wherein the compound of formula I is: 

 

or wherein the compound of formula I is: 

. 

3.  The method of claim 1, wherein R
a
 is a polyisobutyl group. 

4.  The method of claim 1 , wherein the method is performed in the presence of a mono-

functional, bi- functional, or multi-functional initiator. 
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5.  The method of claim 1, wherein: 

R
1
 and R

2
 are both H; or 

R
1
 and R

2
 are each, independently in each -(CR

1
R

2
) unit, alkyl of 1 to 6 carbons or hydrogen; 

or 

R
1
 and R

2
 are each, independently in each -(CR

1
R

2
) unit, methyl or hydrogen; or 

R
3
 and R

4
 are identical; 

m is 1-20 and R
3
 and R

4
 are hydrogen; or 

R
3
 and R

4
 are each, independently, tert-butyl; or 

m is 0; or 

m is 1; or 

m is 2; or 
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m is 3-20; or 

m is 1 and X is H, alkyl of 1 to 6 carbons, or alkenyl of 2 to 6 carbons; or 

m is 1 and X is  

, 

optionally wherein at least one of R
5
-R

7
 is tert-butyl, or wherein at least one of R

5
-R

7
 is 

phenyl; or m is 2-20 and X is H, alkyl of 1 to 6 carbons, alkenyl of 2 to 6 carbons, F, Cl, Br, 

or I; or  

m is 2-20 and X is Cl, or Br; or 

m is 3 to 20 and X is OH; or 

R
8
-R

11
 are each, independently, alkyl of 1 to 6 carbons; or 

m is 2; R
1
 and R

2
 are H; -O-(CR

1
R

2
)m-X is ortho to R

4
; and X and R

4
, together, with the 

atoms to which X and R
4
 are attached, form a ring; or 

m is 2 and X is  

, 

optionally wherein at least one of R
5
-R

7
 is tert-butyl, or wherein at least one of R

5
-R

7 
is 

phenyl; or  m is 3-20 and X is , 

optionally wherein at least one of R
5
-R

7 
is tert-butyl, or wherein at least one of R

5
-R

7 
is 

phenyl. 
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6.  The method of claim 1, wherein the compound of formula II is 
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7.  The method of claim 1, wherein the quasiliving carbocationic polyolefin is prepared 

by adding a Lewis acid and a monomer to an initiator in the presence of an electron donor, 

common ion salt, or common ion salt precursor. 

8.  The method of claim 7, wherein the initiator is mono functional (for example 2-

chloro-2,4,4-trimethylpentane), or wherein the initiator is bifunctional (for example 5-tert-

butyl-l,3-bis(l-chloro-1-methylethyl)benzene) or wherein the initiator is multifunctional (for 

example l,3,5-tri(2-chloro-2-propyl)benzene or l,3,5-tri(2-methoxy-2-propyl)benzene). 

9.  The method of claim 7, wherein the monomer is isobutylene, 2-methyl-1-butene, 3-

methyl-1-butene, or 4-methyl-l-pentene, or wherein the monomer is isobutylene. 

10.  The method of claim 7, wherein the electron donor is 2,6-dimethylpyridine; or 

the common ion salt precursor is tetrabutylammonium chloride or tetrabutylammonium 

iodide; or 

the Lewis acid is a titanium tetrahalide, a boron trihalide, aluminum trichloride, tin 

tetrachloride, zinc chloride, or ethyl aluminum dichloride, or mixtures thereof; or the Lewis 

acid is titanium tetrachloride; or  a mixture of Lewis acids is used. 
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11.  The method of claim 1, wherein a diluent is used. 

12.  The method of claim 1, wherein 

 

is the major isomer product, or wherein 

 

is the major isomer product. 

13.  The method of claim 1, further comprising a step of reacting the compound of 

formula I with an acid to form a compound of formula III: 

 

III. 

14.  The method of claim 13, wherein the acid is a Lewis acid, wherein the Lewis acid is a 

metal halide or a mixture of metal halides; or wherein the acid is BBr3, BCl3, AlCl3, AlBr3, 

TiCl4, or TiBr4 or wherein the acid is BBr3. 
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15.  The method of claim 14, wherein the Lewis acid is used in conjunction with a protic 

acid, wherein the protic acid is optionally selected from H2SO4, HBr, HCl, trifluoroacetic 

acid, para-toluenesulfonic acid, or methanesulfonic acid. 

16. A compound of formula I: 

 

I 

or the formula 

 

wherein 

R
a
 is a polyolefin group; 

R
1
 and R

2
 are each, independently in each -(CR

1
R

2
) unit, H or alkyl;  

R
b
 is a polyisobutylene group; 

R
X
 is a polyfunctional carbocationic initiator residue; 

R is an integer from 1 to 4; and 

m is an integer from 1 to 20; wherein  

if m is 0,  

then R
3
 and R

4
 are each, independently, alkyl, and  

X is H;  

if m is 1 and at least one of R
3
 and R

4
 is not H,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and  

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl or 

, 

wherein R
5
-R

7
 are each, independently, alkyl or aryl;  

if m is 1 and R
3
 and R

4
 are both H,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and  
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X is alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, or

, 

wherein R
5
-R

7
 are each, independently, alkyl or aryl;  

if m is 2,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and  

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, 

alkoxy, -F, -Cl, -Br, -I, -At, -CN, -NC, -NCO, -OCN, -NCS, -SCN, -

OC(O)R
8
, -C(O)OR

9
, -C(O)NR

10
R

11
, 

 ,  

wherein R
5
-R

7
 are each, independently, alkyl, alkenyl, alkynyl, 

alkaryl, aralkyl, aryl, heteroaryl, alkoxy, or hydroxy, 

R
8
 is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and  

R
9
-R

11
 are each, independently, H, alkyl, alkenyl, alkynyl, 

alkaryl, aryl, or heteroaryl,  

or, when –O-(CR
1
R

2
)m-X is ortho to R

4
, X and R

4
 together, with the 

atoms to which X and R
4
 are attached, may form a ring;  

and if m is 3-20,  

then R
3
 and R

4
 are each, independently, H, alkyl, or alkoxy, and  

X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, 

alkoxy, aryloxy, heteroaryloxy, alkaryloxy, -OH, -F, -Cl, -Br, -I, -At, -

CN, -NC, -NCO, -OCN, -NCS, -SCN, -OC(O)R
8
, -C(O)OR

9
, -

C(O)NR
10

R
11

,  

,  

or -NR
X
R

Y
;  

wherein R
X
 and R

Y
 are each, independently, H, alkyl, alkenyl, 

alkynyl, cycloalkyl, aryl, heteroaryl, heterocyclyl, C(O)R
Z
,  
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wherein R
Z
 is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 

heteroaryl, heterocyclyl, -OR, or -NR
10

R
11

; 

R
5
-R

7 
are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, 

aryl, heteroaryl, alkoxy, or hydroxy, 

R
8
 is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and 

R
9
-R

11
 are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl, 

aryl, or heteroaryl. 

17.  The compound of claim 16, wherein the polyolefin group is a polyisobutyl group. 

18.  The compound of claim 16, wherein the compound: 

 

or wherein the compound is 

. 

 



90 

 

19.  The method of claim 4 or the compound of claim 16, wherein the compound is: 

; 

or wherein the compound is: 

; 

or wherein the compound is: 

; 

wherein R
c
 is H or alkyl, optionally wherein R

c
 is alkyl of 1 to 6 carbons; or wherein the 

compound is: 

;
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or wherein the compound is: 

; 

or wherein the compound is: 

; 

or wherein the compound is: 

; 

or wherein the compound is: 

;
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or wherein the compound is: 

; 

or wherein the compound is: 

; 

or wherein the compound is: 

; 

or wherein the compound is: 

;
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or wherein the compound is: 

. 

20.  The compound of claim 16, wherein:  

R
1
 and R

2
 are both H; or 

R
1
 and R

2
 are independently in each -(CR

1
R

2
) unit, alkyl of 1 to 6 carbons or hydrogen; or 

R
3
 and R

4
 are identical; or 

m is 1-20 and R
3
 and R

4
 are hydrogen; or 

m is 1-20 and R
3
 and R

4
 are each, independently, alkyl of 1 to 6 carbons or alkoxy of 1 to 6 

carbons; or. 

m is 1 and at least one of R
3
 and R

4
 is not H; or 

m is 1 and R
3
 and R

4
 are both H; or 

mag
Text Box
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m is 0; or 

m is 1; or 

m is 2; or 

m is 3-20; or 

m is 1, at least one of R
3
 and R

4
 is not H, and X is H, alkyl, or alkenyl; or 

at least one of R
5
-R

7
 is tert-butyl; or 

at least one of R
5
-R

7
 is phenyl; or 

m is 1, R
3
 and R

4
 are both H, and X is alkyl, or alkenyl; or 

m is 2-20 and X is H, alkyl of 1 to 6 carbons, alkenyl of 2 to 6 carbons, F, Cl, Br, or I; or 

m is 2-20 and X is Cl or Br, or m is 3 to 20 and X is OH; or 

R
8
-R

11
 are each, independently, alkyl of 1 to 6 carbons; or 

m is 2; R
1
 and R

2
 are H; -O-(CR

1
R

2
)m-X is ortho to R

4
, and X and R

4
, together, with the 

atoms to which X and R
4
 are attached, form a ring. 
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21.  The compound of claim 16, wherein the compound is: 

 

 

 




