FUNCIONALIZATION OF POLYOLEFINS WITH PHENOXY DERIVATIVES 1. FIELD [0001]Provided
herein are telechelic polymers and methods for producing he same. 2. BACKGROUND

100021 Telechelic 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 B¥EN e QN aful 44 Teatifari RSl HESNS PYNIHSHHNEGS N mer synthesis. As a
further example, polymers containing primary, glighatigiRglggen 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 furfner example, polymers containing phenol end groups are useful in the synthesis
of fuel and Iub]rlcatin #elditives because, for example, they are readily reacted with formaldehyde
and a polyamii#gao]generatedashless dispersants:. dhuscthend iscghneethfgrdaledhetie:polymers
containing hyql;rox_ [, halogen, phenol, etc. end groups, as well as methods of synthesizing the same. 3.
SUMMARY [0616l 1in some embodiments, provided herein are methods for preparing a telechelic
polymer of forfaula |1 BRLKRRGHARIN Ra is a polyolefin group; RI and R2 are each, independently in

each -(CR R2)¢4y1 H orallfle ROAM IR AN IMSOSIEAN B3 fn PSR LM & Peroups,
are uscful 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 polvmers, star-branched polvmers, and block copolymers. For
example. polvmers containing prirnary aliphatic hydroxy! end groups are very uscful
as reactive intermediates m polyurcthane polvmer synthesis. As a further example,
polymers containing primary aliphatic halogen end groups are useful infermediates
since the halogen group may be readily replaced by another group by reaction with a
nucleophilic reagent. As yet a further example, polymers contaming phenol end
groups are useiul in the synthests of fuel and tubricating oil additives because, for
example, they are readily reacted with formaidehyde 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
[0003] In some embodiments, provided herein are methods for preparing a

telechelic polvmer of formula I

whercin R" is a polyolefin group:
R' and R” are each, independently in cach (CR'R?) unit, H or alkyl:
and m 1s an mteger from 0 to 20; wherein
ifmis 0,
then R and R are cach. independently, alkyi, and

X s H:
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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 Xis 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, ifmis 1,

then R and R” are each, independently H. alkyl, or

alkoxy, and
Xis H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl,
RE
=== GRS
heteroaryl, or R’

wherein R7-R are cach, independently. alkyl or
aryl;
ifmis 2,
then R” and R” arc cach, independently H, alkyl. or
alkoxy, and

X 18 H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl.

heteroaryl, alkoxy, -F. -Cl, -Br, -1, -At, -CN,
-NC., -NCO, -OCN, NCS, -8ON,. -
OC(OIR®, -C{OYOR” ~CLOWR'R™ or
RS
— A-Gi~RE
i£27
wherein A 1s —==— or nothing,

R*-R” are each, independently. alkyl, alkenyl,

alkynyl alkaryl, aralkyl, aryl. heteroaryl,
alkoxy, hydroxy, NR'"R',-F, -Cl,
-Br, -1, or ~At,

R s alkyl. alkenvl, alkynyl, alkaryl, aryl, or
heteroaryl, and R™-R'" arc cach,
mndependently, H, alkvi, alkenyl. alkynyi,

alkarvl. arvl. or heteroaryi,

o S trody . a &
O (CRIR X is orthe to RY. then X and R‘,

or, when
together, with the atoms to which X and
R* arc attached, may form aring,
and if m 15 3-20,
then R and R” are each, independently H. alkyl. or

alkoxy. and
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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 Xis H,
alkyl, alkenyl, alkynyl, alkaryl. aralkyl, aryf, Ihé{e?g‘étlyf%%%y?%?ﬂ?ﬁw lﬁ’é%éréfé K¥oxyYhlkaryloxy, -OH,
-F, -Cl, -Br, -1,-At, -CN, -NCheNG@y+ OCN, -NCS, -SCN:0-Q GRS, rER)OR%x+C(0)NRRI R5 -A-Si-R6
R7 , or -NRxRX; wherein

atkaryloxy, -OH, -F. -Cl, -Br, -1, -At, -ON, -NC, -NCO, -
OCN, -NCS, -SCN. -OC{O)R", -C(OOR”, ~C(OINR'R',
R5
—A—sfi—Rﬁ
R"  or-NR*R":
wherein
A is —==— or nothing,

R™ and R" arc cach, independently, H, alkyl,
alkenvl, alloynvl, eycloalkyi, arvl,
heteroaryl, heterocyelyl, C(OYR,
wherein R” is H. alkvl, alkenyl. alkynyl,
cycloalkyl, arvi,

heteroaryi, heterocyclyl, -OR", or -

NRICR!

R-R" are each, independently, alkyl, atkenyl,
alkvnyl. alkaryl, aralkyl, arvl heteroarvi,
alkoxy, hydroxy. ANRRYGE,-CHL
-Br, -1. or ~At,

R™ is alkyl, alkenyl, alkynyl. alkaryl, arvl, or
heteroaryi, and R-R'" are each,
independentiy. H, alkyl, alkenyl, alkynyi,

alkaryl, aryl, or heteroarvl; comprising:

{a) generating a Quasiliving carbocationic polyolefin: and

(b} reacung the quasiliving carbocationic polvolefin from step {a) with one
or more compounds of formula I in the presence of a Lewts acid or mixture of Lewis

acids under quasiiiving carbocationic polymerization conditions:

R3
{:}&—(CR‘ R%y,-X
Rt



heteroaryl, heterocyclyl, heteroaryl, heterocyclyl, -OW, or NRIR", alkynyl, alkoxy, hydroxy, -Br, -1.
or-At. Ais or nothing. Rx and Rxare each. independently, H, alkyl, alkenyl, alkynyl, cycloalkyl. aryl
C(0O)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 IR !. alkenyl, alkynyl, aikaryl, aryl or
heteroaryl,and R9-W | are each, independently. H. alkyl, alkenyl,alkynyl, alkaryl, aryl, or heteroaryl;
comprising: |08l gendratiiiy a”’e‘flﬁ‘&%w‘/%g RS dehhieiie %IW[@WW“&W? fomw)ﬂ reacting the
quasiliving carbocationie polyolefin from step;:;(?a) with one or more compounds of formula Il in the
presence of a Lewis acid or mixture of Le’a\i@: s under quaS|I|V|ng carbocationic polymerization
conditions: R3 ~(CR'R%jpe~

wherein:
R® is & polyolefin group:
R' and R” are cach. independently in cach «(CR'R”) unit, H or alkyi:
wherein m 1s an integer from 0 to 20, wherein
ifmis 0,
then R and R” are each, independently, alkyl. and
Xis H:
if mis 1 and at lcast onc of R™ and R™ is not H,
then R and R” are each, independently H, alkyl, or alkoxy, and

X 15 H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl

or R’
wherein R™-R " are cach, independently. alkvl or aryl,
ifmis 1 and R* and R arc both H,
then R and R" are cach, independently H, alkyl, or alkoxy, and
X s alkyl, alkenyl, alkynyl, alkaryl, aralkvl,

F'QS
S|E—R’3

i [
arvl, heteroaryl, or R

wherein R™-R” are cach, independently, alkyl or aryl;
ifmis 2,
then R” and R” are cach, independently H, atkvi, or alkoxy, and

X s H. alkyl, alkenvl. alkynyl, alkaryl, aralkyl, aryl, heteroaryi,

alkoxy. -F. -Cl. -Br, -1, -At, -CN. -NC, -NCO, -OCN, -NCS, -
R5
—A-Gi-RE
SCN, -OC(OIR". -C{OYOR —CIOINR'"R ", R
wherein

e



0-(CR1R2),,,-X 100041In some embodiments, provided herein are compounds of formula | 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-eacHindeéidently. alkyl or aryl; if m is 1 and R3 and
R1 are both H, then R3 and R2' are each; iRtependentyabeiti @nalkmxy, anehyi. alkynyl,
alkaryl, aralkyl, arvl heteroaryl, alkoxy,
or hydroxy,
R”is alkyl, alkenyl, alkynyl, atkaryl, arvi, or heteroaryi,
and R"-R'" are cach, independently. H. alkyl, alkenyl,
alkynyl, alkaryl, aryl. or heteroaryl,
or, when O CRR)eX 1o e 10 R, then X and R
together, with the atoms to which X and R* are
attached, may form a ring;
and 1f m1s 3-20,
then R and R” are cach, independently H, alkvl. or alkoxy. and
X s H, alkyl, alkenyl, alkyny!, alkaryl, aralkyl. arvi, heteroarvl,

alkoxy, aryloxy. heteroaryloxy, alkarvioxy , -

OH. -F. -Cl, -Br, -L, -At, -ON, -NC, -NCO, -OCN, -NCS. -SCN, -
RS
wA*S{ina
OC(OR", -CLOYOR”, ~C(OWR'MR, R or-
NRXR‘;‘;
wherein
A 1s —==— or nothing,

R* and RY are each, mdependently, H, alkvl,
alkenyl. atkvoyl. eveloalkyl, aryl,
heteroaryl, heterocyclyl, C(O)R”.
wherein R” is H, alkvl, alkenyl. alkynyl,
cycloalkvl, aryi, heteroaryl, heterocvelyl, -
OR™ or -NR''R'":
R7-R” arc cach, independently, alkyl, alkenyl, alkynyi,
alkarvi, aralkyl, arvi. heteroarvl, alkoxy,
or hvdroxy,
R is alikyl, alkenyl, alkynyl, alkaryl, aryi, or heteroaryi,
and R-R'* are cach, independently, H. alkyl,

alkenvl, alkynyl, atkarvi, aryl, or heteroarvl,



[0004a] According to an aspect there is provided a method for preparing a compound of

formula I:

R3
Ri~=|=

§|}D—{CR1R2},H->¢
L

L
or the formula

R3
——pb
" R\“{:_ 12
%_ O~ (CR'RY) X
L R

r
wherein
R" is a polyolefin group;
R' and R? are each, independently in each —(CR1R2) unit, H or alkyl;
R” is a polyisobutylene group;
R¥ is a polyfunctional carbocationic initiator residue;
R is an integer from 1 to 4; and
m is an integer from 0 to 20; wherein
ifmisO,
then R® and R* are each, independently, alkyl, and X is H;
ifmisl1,
then R? and R* are each, independently, H, alkyl, or alkoxy, and
X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl or
RS
= s:i-RIS
RT

wherein R’ -R” are each, independently, alkyl or aryl;
ifmis?2,

then R® and R* 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, -SCN, -OC(O)R®,
-C(0)OR’, -C(O)NR'R",

RS
—A -E:,i-ﬁﬂ

RT

wherein A is or nothing,

Sa



R>-R’ are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl,
aryl, heteroaryl, alkoxy, hydroxy, —NRIOR“, -F, -Cl, -Br, -1, or -At,

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

R’-R'! are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl,
aryl, or heteroaryl,

or, when —O—(CRIRZ)m—X is ortho to R* then X and R4, together, with the

atoms to which X and R* are attached, may form a ring;
and if m is 3-20,
then R® and R* 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, -, -At, -CN, -NC, -
NCO, -OCN, -NCS, -SCN, -OC(O)R?, -C(O)OR’, C(O)NR'’R"",
$5
—A-Si-R®
R?’

]

or -NR*RY;

wherein A is or nothing,

RX and RY are each, independently, H, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, heteroaryl, heterocyclyl, C(O)R?,
wherein R” is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl, —ORS, or NRlOR“;

R>-R’ are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl,
aryl, heteroaryl, alkoxy, hydroxy, —NRlORH, -F, -Cl, -Br, -1, or -At,
R¥is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and

R°-R!! 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:

H"'.-

_|_ =
{}D—{CR =X

Ly

II.

[0004b] According to another aspect there is provided a compound of formula I:
f-l
K(‘_ >— —(CR'R?),~X

or the formula

wherein
R" is a polyolefin group;
R' and R? are each, independently in each —(CRlRZ) unit, H or alkyl;
R isa polyisobutylene group;
R* 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 misO,
then R® and R* are each, independently, alkyl, and
X is H;
if m is 1 and at least one of R* and R* is not H,
then R? and R* are each, independently, H, alkyl, or alkoxy, and
X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl or
RS
=—gi-R"
R’

wherein R>-R are each, independently, alkyl or aryl;
if mis 1 and R® and R* are both H,

Sc



then R® and R* are each, independently, H, alkyl, or alkoxy, and
X is alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, or
RE
— s:i-RG
R?

>

wherein R*-R” are each, independently, alkyl or aryl;
ifmis?2,
then R? and R* 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§, -SCN, -
OC(O)R?, -C(O)OR’, -C(O)NR'R",

RE
—A—S:i—RG
R7
wherein R>-R’ are each, independently, alkyl, alkenyl, alkynyl,
alkaryl, aralkyl, aryl, heteroaryl, alkoxy, or hydroxy,
R® is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and
R’-R'! are each, independently, H, alkyl, alkenyl, alkynyl,
alkaryl, aryl, or heteroaryl,
or, when —O—(CRle)m—X 1s ortho to R4, X and R* together, with the
atoms to which X and R* are attached, may form a ring;
and if m is 3-20,
then R? and R* 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, -SCN, -OC(O)R®, -C(O)OR’, -
C(O)NR'R",
RS
—A- s:i—R‘3
RT

or —NRXRY;

wherein R* and RY are each, independently, H, alkyl, alkenyl,

alkynyl, cycloalkyl, aryl, heteroaryl, heterocyclyl, C(O)R%,
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wherein R” is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl, -OR, or —NRIOR”;
R>-R’ are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl,
aryl, heteroaryl, alkoxy, or hydroxy,
R® is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and
R°-R!! are each, independently, H, alkyl, alkenyl, alkynyl, alkaryl,

aryl, or heteroaryl.

Se



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, -Cl, -Br, -1, -At, -CN, -NC, -NCO, -OCN,
-NCS, - R5 -A-Si-R6 SC7N, -0C(0)R2"-00)OR',-00)NRIGR( ,R7 wherein Ais or nothing, R"-R- are
each, independently, alkyl, alkcnyl, alkynyl, alkaryl, aralkyl, aryl. heteroaryl. alkoxy. or hydroxy,

Rs is alkyl, alkenyl, 2Myhai IALBEMARIBIHAMroaryl, 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.

DEFINITIONS

[0605] Unless defined otherwise, gl technical and scientific terms used herein
have the same meaning as 1s comonly 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
defimitions provided in this section prevail unless stated otherwise.

[8696] As used herein, “alkane” refers to a zero-valent hvdrocarbon containing
only single bonds. In some embodiments, the atkane contains a straight hydrocarbon
chain. In some embodiments, the alkane contains a branched hydrocarbor chain, In
some embodiments, the alkane is eyelic. In some embodiments, the alkane contains |
o 10 carbons. In some embodiments, the alkane contains 1 to & carbons. In some
embodiments, the alkane contains 1 to 6 carbons. In some embodiments, the alkane
contains | to 3 carbons. In some embodiments, the alkane contains 1 to 2 carbons, In
some embodiments, the alkane contains 3 to 6 carbons. In some embodiments, the
alkane 18 pentanc. In some cmbodiments, the alkane is hexane. In some
embodiments, the alkane 1s substituted.

[9067] As used herein, “alkaryl” refers to a uni-valent arvl group substituted with
at least one alkyi alkenyl. or alkyny! group.

[0008| As used herein, “alkarvioxy™ refers to a uni-valent group of formula ~OR,
wherein R 1s alkaryl.

[6009] As used herein, “alkenyl” refers o 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 atkenyl contains about 2 to about 15
carbons. In some embodiments, the alkenyl contains about 2 to about 10 carbons. In
somge embodiments. the alkenyl contains about 2 to about R carbons. In some
embodiments, the alkenyl contains about 2 to about 6 carbong. In some embodiments.,
the alkenyl contains about 2 to about 3 carbons. in some embodiments, the alkenvl is
an allv! group. In some embodiments, the alkenyl group contams one or more double
bonds that are conjugated to another unsaturated group. In some embodiments. the
afkenyl is substituted.

[0018] As used herein, “alkoxy” refers to -OR. wherein R s alkyl.
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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, -CI. -Br, -1, -At,-CN, -NC, -NCO, -OCN,
-NCS, -SCN, - R5 -A-Si-R6 OC(0)R4, -C(0)OR9.-C(0)NR10R I,R70r - NRxle wherein A isflor nothing,
Rx and RY are each, independently,alkyl, alkenyl, alkynyl, eyeloalkyl, aryl, heteroaryl,

heterocyclyl. Q@2,  As uscd mndmer&inﬁyzisﬁbﬂs a:llayhpau«zmsryl hgﬂcywib@yclmalky{ aaryhheteroaryl,

heterocyclyl" - o d%(}t(ljtri I{\(I)R @&2,&% Féls reo%%ch i‘ &anqdqatlyi”\avl}(g(li gl%&“ alkynyl alkaryl,

aralkyl, aryl, heteroaryl alkoxy, or rox IS alk ynyl alkaryl, ary or ﬁeteroaryl
about 13 carbons, In some LmbOdlmCﬂ{b, thc atkyl contamns about 1 to dbou% 10
carbons. In some embodiments, the alkyl contains about 1 to about 8 carbons. In
some embodiments. the alkyi contains about I t0 about 6 carbons. In some
embodiments, the alkyl contains about 1 to about 3 carbons. In some embodiments.
the alkyl contains | to 2 carbons. In some embodiments. the alkyl is primary. In
some embodiments, the alkyi is secondary. In some embodiments, the alkyl is
tertiary. In some embodiments, the alkyl is methyl, ethyl, n-propvl, isopropyl,
isobutyl, n-butyl, sec-butyl, tert-butyl, isopentyl, neopentyl, tert-penty!, or isohexyl.
In some embodiments, the alky! 1s methyl, ethyl, n-propyl. or isopropyl. In some
embodiments, the alkyi s methyl. In some embodiments, the alkyl is tert-butyl, In
some embodiments, the alkyl 1s a straight hydrocarbon chain. In some embodiments,
the alkyl 1s a branched hydrocarbon chain. In some embodiments, the alkvl is cyclic.
In some embodiments, the alkyi is substituted.
0012} As used herein. “alkynv!l” refers to a uni-valent hvdrocarbon chain or
group of about 2 to about 20 carbons, wherein the chain contains one or more triple
bonds. In some embodiments, the alkynyi contains about 2 to about 15 carbons. In
some embodiments, the alkynyl contains about 2 1o about 10 carbons. In some
embodiments, the alkynyi contains about 2 to about ¥ carbons. In some embodiments,
the alkynyl contains about 2 to about 6 carbons. In some embodiments, the alkvnyi
contains about 2 to about 3 carbons. In some embodiments. the alkynyl is 4 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
15 substituted.
[0013] As uscd herein, “amide” refers to a compound of the following formula:
i
R‘J\NRER%
wherein R'-R” are cach, independently, hydrogen or optionally substituted
hydrocarbyl. In some embodiments, R’ is hydrogen. In some embodiments, R is
hydrocarbyl. In some embodiments, R is hydrogen. In some embodiments. R” and

R" are hydrocarbyl. In some embodiments, the amide is N.N-dimethyiformamide.



andR9-Ril are each, independently, H, alkyl, alkenyt, alkynyl, alkaryl,aryl. or heteroary:l. 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 ci@étbihing ankysinglelondsikyl sares embadimanisaithe, alkane, econtaing a straight
hydrocarbon C(t‘r%i@- in some f@g%?%iﬁ@%‘tsﬁ Ctg(rev Ll%rlle contains a branched hydrocarbon chain. In
some embodin’lenps;"f}'{e‘ alkane'is cy'cﬁ‘c. h some embodiments, the alka.ne contains | to 10 carbons.
In some emboditiéhts, the wikhhe dontaips 1t68 tarbonsalensomeembodimeritisythe alkane contains
| to 6 carbons., |y, 50me MPOIGNNS AHE BlANG CoNANRLIR 3 SRS B AOMECpPodiments, the
alkane contains 1 to 2 carbons. In some embodiments, the alkane contains 5 to 6 carbons. In some
embodiments, ¥ aRaAec pentanelhesdind epbodimentsoeinikhae & hekane! In some
embodiments, dhepkanesissubstituied, A0AQaEAS ssed Narein . Blkasvl eferstaa wn ‘alent aryl
group substituted with at least one aIkYIi,‘aIkenyI, or alkynyl grouFHPéOOO8]AS used herein, "alkaryloxy"

refers to a uni*PAERYISIP B fo e - LOROiHRERTARYs AIRARIO0 O TRE T SER 4RI R alkeny " refers
to a uni-valent:hyedrocankienghansemng onipairbout 2 te-abouiaadons, wherein the chain or group
contains one cﬁ%m%ﬁ dog‘ple_ I%thds..llrl;ome;enl ‘pditmg-:-nts,“t“ e alyerg‘\él qo:nta}ir}ls ?bout 2 to about 15
carbons. In so bodiments, the alké%W ConTains QBAH I BbEGH G AT RS T8
embodiments he& alkemyinddmtains about 2 to about 8 carbons. In some embodiments, the alkenyl
contains abouy{,2bout. 6, cartans, Imsgme srhodiments i kel sontaing abaut 3 to about 3
carbons. In some embodiments, the alkenyl is an allyl group. in some embodiments, the alkenyt group
contains one drRegatgoutevborris Hiat e conjagatethteomscinbpdinsatar frechgioup. andsome
embodlmentsﬁ%@%&t%mmwmi@%P;lféﬁ»l#§ﬁ9uh%%mmigauawéyvsfﬁl;ésto “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 solt&1&mbodinsitsheranaiic beritins aBa 1o dbeistes siBons. Nl ¥ embodiments,
the alkyl contaipg: et 4itR.abost LAcRIBOASHINSOME embroineapisidhe.alikyheontaing about | to
about 8 carbons. in some erra:‘bH%diﬁnentﬁ,l the alkyl contains about | to about 6 carbons. In some
embodiments, th& XM IR ABBULA to about 3 carbons. In some embodiments, the alkyl contains
| to 2 carbons. In some embodiments, the alkyl is pfifaary. in some embodiments, the alkyl is
secondary. In some embodiments, the alkyl is téMéﬁaHln 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 embo‘dﬁﬁ‘@ﬂié,{ thé B‘lﬁ}f/ﬁg‘ﬁﬁé’fﬂk’/ﬂ’; ethyl, n-propyl, or isopropyl. In some embodiments, the
alkyl is methyljdnispme embodinents, theialkyl is:ieesbutyin insome embogiarantsnthe alkyl is a
straight hydrocarbon chain. iln some embodiments, th? gllﬁ lis a t%ranched }édrocarbon chain. In some
LI

embodiments, THE AT QST ESHE B BEHPR SRS ISR ISEIRstit B 15891As used
herein, "alkynylinafens! toiaasialentfyld focanbmrechaimomtraton is approximately equal o 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.
{0020} As used herein, “common ton salt” refers to an ionic salt that is optionally
added to a reaction performed under quasiliving carbocationic polvmerization
conditions to prevent dissociation of the propagating carbentum ion and counter-jon
pams.,
{0021] As used herein, “common ton salt precursor™ refers to an onic salt that is
optionally added to a reaction performed under quasiliving carbocationic
polymerization conditions, wherein the ionic salt generates counter-anions that are

identical to those of the propagating chain ends, via in situ reaction with a Lewis acid.

K-



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 groufa]somesemblddimients;itha:alkiayl grotigueo niainsconembmorerksiple. bonds that are
conjugated to.another unsaturated group..In some embodiments, the alkynyl is substituted. [00131As
(et herain, Ao S T e e U B SIS 1R are
each, indeperidentyhiadebydnsolvoptiontll substivteddypdrocadsyhpmsome embodiments, R is

nydrogen. In sgpia embadiments. &.is budrosahyh . some embrdiments, R shydrogen. In some

embodiments, R' and R." are hydrocarbyl. In some embodiments, the amide Is
N,N-dimethyIfépfianide’* f0014IAS s PitsTIalky/l" refers to a uni-valent alkyl, alkenyl or alkynyl

group substitygebyyith ak laash eeeayHareuR 4003 Rlnstsed hereinhatvhdalers to @ pni-valent
monocyclic or multicyclic aromatic group containing from 6 to about 30 carbons. In some

embodiments “th&aRjiis IhemBeyere s mbddirieitdc e reahtahy abblit B'to about 15
carbons. In somecambodimenishihe: aBi. coniainscabodifdoabadtid 0 carbons. In some embodiments,
the aryl is fiuo phepyl, or.naphthyl. In some embadiments, the arvl is phenyl. In some
embodiments,{ @%g}:\ryl i‘sg gﬂﬁs%i?ﬁ%@f 1%‘6&%)&}1 Jgécclf’ﬁ(érde]i‘ﬁ}'}""“é‘}ﬁfci)@mr%cf%%cté?% uni-valent group
having the -ORpWherein:RIsaryling 04 FhAsusedhherein, 3'lmnifer!: refensutac@nsiniterdhadis capable of
initiation and propagatian at e sepaIAE sites,of an. iniferIn, same, embodiments, the initiation and
propagation occur simultaneously or near?y smu)taneous‘ly at the' two sites. 1 63&1&3 used herein,
"carbocation tEraipiitee fHislyetin" ifefers o pbiyeiefinhedistaining aefesst dme carbpcation end
group. Examplgginclydgnut-asesnat imitediaccampaunds.efdhe farmula:. whersin i is a polyolefin

group. 100191As used herein, -chain-end concentration” refers to the sum of the molar concentration
of carbocatiorit SAtFGARIpL aNd HEFmant NG BUREE oHEN Y hdHEFheaBHEISARRALOr is used, the
chain-end congentiatian is approxipatel:equakiadtbe inliatorconcentration,kon a multi-functional

initiator, when the functionglity of the initiator equals x. then the chain end concentration is

approximatelycre%ﬁgﬁﬁ%ﬁti%%i %ﬁé%ﬁf?a%%’?%@ﬁ%&ﬁt a%glarom and one or two N atoms. 1n
some cmbodiments. the heteroaryl is furvl, imidazolyl. pvrimidinyl, rewrazolyl,
thienyl, pyridyl, pyrrolyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, thiazolyl,
quinolinyi, or isoquinohny!. In some embodiments, the heteroaryl is furvi. In some
embodiments, the heteroary! is substituted.
j0026] As used herein. “heteroaryloxy™ refers to a uni-valent group of formula —
OR., wherein R is heteroarvi.
10627] As used herein, “hyvdrocarbyl”™ refers to a monovalent, linear, branched, or
cychic group which contains carbon and hydrogen atoms. and in certain embodiments,
is substituted. In some embodiments, the hydrocarbyt is alkyl, alkenyl, alkynyl, arvl,
alkaryl, or aralkyl, cach optionally substituted. In some embodiments, the
hydrocarbyl is substituted. In some embodiments, the hydrocarbyi is not substituted.
[6028] As used herem, “heterocyeliyl” refers to & uni-valent monocyclic or
multicyclic non-aromatic ring system containing about 3-30 ring atoms, wherein at
Icast one ring atom is & heteroatom. In some embodiments, the heterocycly! contains
3 10 about 10 ring atoms. In some embodiments, the heterocyelyl contains 5 or 6 ring
atoms. In some embodiments. the heteroatom is N, O, or S, In some embodiments.

the heterocyelyl is monocyelic.



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 propagatingiifain eadssudehimesitu redctionwittva tewisacidral002 2 Ashusedihiaten, "diluent”
refers to a Iiquai]qddaiI%m%@%@g%gﬂmpound. 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 usdd®d8tein, Aelestddrdonomitafers tofanolecuteoiat iboapableot donating a pair of
electrons to apgthermqlecule. 100241As used herein, "halo” refers to halogen. In some embodiments,
halo is F. CI. Br, or I. In some embodiments, halo is F. In some embodiments, halo is Cl.In some
embodiments#hiblis Bf*31s6te @inbeainseme yRlIBTS oo 251 a deldnHersin Mseteroaryl” refers to
a uni-valent men@eyetic@emuticyclic armatieHaesystam cerainiag shayts.49.a0uLS ring atoms
wherein at least one ring atom js a heteroatom. In some embodiments, the heteroaryl contains 5 to
about 10 ring StOHTE 5 LY LM BB ERTE (98 Frstersah SRS 5P riRgESmS. In some
embodiments qthiss ietenoatt inmedqeyelit:n samessmbngdireats;thecheteratamiis N, 0, or S. In
some embodiments, the,heteroaryl.contains one eteroatom, In §onic gamcpo%imﬁgts, the heteroaryl
contains | to 3N &toms. h sorme embod é)rﬁg,'ct]ré]héit\é*?]a”airyﬁfné:oﬁ LR SHE YS! S At and one or
two N atoms. hnssorre emivddinventsyritrecheterdafiyl is fumyt)imidapolyts Pyribnidimyd, tetrazolyl, thienyl,
pyridyl, pyrroldl (agolyl. spiazaly aaralvtimazeih biggalvh, duinglini.erisgaunoliny. In
some embodiments, the heteroaryl is fund. In some embodiments, the heteroaryl is substituted.
100261As usednHEreiRo havetdaijiocyrorstaiants eolimilvalcntagroupisfmannglZn OR stiherein R is
heteroaryl. 10027dAs dsedidarsinedhviocay srefers 19,3 mapgyalentbranched, or cyclic group
which contains carbon and hydrogen atoms, and in certain embodiments, is substituted. In some

embodiments! h&hydrdeartyt ISRy LaREnAIQIKTSYT, A/ FhaREAH coi aidikyt, @Rehloptionally
substituted. In.samenembodibnentsydhe hydrocarbyl is substituted. In some embodiments, the
hydrocarbyl is 6‘[?%? ubstituted. B0_02.81As use he.reniaa), hetergcyclyl” refers to a yni-valent monocyclic
or multicyc Ic hoh-AromatidHig Sebent SR ARG KO SUN Y50 HHG At iiErélk at least one ring
atom is a hetgreatdm.zhpsomerembadimeritstheiheteiocyohlyd Containsimta:abioutdl0 ring atoms. In

some embodimgnl&% thﬁ heterocyclyl contains 5 or 6 rin ms. In some embodiments, the
diments, g neterocyclyl contains o, 19 ARMS, 1N Some embo .
heteroatom |s”I1\i.h(i), or S. In some emboc |Ir]ﬁ1eir§§t]s},dtﬁfe'hg?eroclyc(ffﬁg rﬁ}oncggsc/cﬁgfm[‘ab?g]As used herein,

"inifer" refers fpRIcoMpolymd thbivdbtsas hothamdanitistor.
[0034] As used herein. “monomer” refers (o an olefin that is capable of combining
with a carbocation to form another carbocation.
10035} As used herein, “multi-functional inttiator™ refers to an mitiator that
provides approximately x stoichiometric equivalents of carbocation relative to
initiator, wherein x represents the functionality of the initiator. When a multi-
functional initiater is used. when the functionality of the initiator equals x, then the
chain-cnd concentration cquals x times the initiator concentration. In some
embodiments, x 15 2, and the inttiator 13 & bi-functional initiator.
{00306] As used herein, "nitroalkane™ refers to RNO,, wherein R 1s hvdrocarbyl,
In some embodiments, R is alkyl.
[0037] As used herein, “polviunctional carbocationic initiator residue” refers 1o a
polyvalent, i.e.. divalent or greater, radical of formula (-CR.Ry)Re, wherein R, and Ry,
arc cach independently hydrogen, alkvl, aryl, alkaryl, or aralkyl. provided that at least

one of R, and Ry, 15 not hydrogen, and R, is an aliphatic or aromatic univalent or

-10-



and a chain transfer agent. [0030]As used herein,"initiator" refers to a compound that provides a
carbocation. 10031jAs used herein, 'lonized 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
guasiliving carbocationic polyolefin. In some embodiments, the ionized polyolefin is a
vinylidenc-termihatéchpolyeléfinthatibas beehctonized dntetagcidmzed polydlefimar quasiliving
polyolefin. In some,embedimente the, jonized palvalelin s a.pplyplein, conjaining an olefin that has
been ionized into a quasiliving ca?boca fohic popflole'ﬁn ora cat“lbnl‘c'potyble]}ih; T some embodiments,
the ionized polybledimisdeRved ks arinifeerbo0Baas Bsedherginsenis acid” refers to a
chemical entity.fhayiscApahle of aceaptingainainef elesrons 1003 IARRSRd herein,
"mono-functional initiator” refers to an initiator that provides approximately one stoichiornetric
equivalent of cafscERlHIPEIAtVE 1 inftistSIe YWHEH B #Hbn B iREHERET I A8PIS UK the chain-end
concentration;js;apRreximatelyequal 1e.iha initiater sancenration, [0034]As used herein, "monomer"
refers loan olefin that is capable of combjining with a carbocation to form another carbocation.
100351As usétfREFein, AititeiieHon AP IR eRETERo Al iR BI WA HTEREES ShBroximately x
stoichiometrie:eqipivatentsiof carbaeationrelativedentnitiator iwhareimX sepoasanissthiecfunctionality of
the initiator. WQFQ\(%n}u}tijTlJnctggnal initiator is used, when the functionality of the initiator equals X,
then the chaif-end concentration equals x times the initiator concentration In some embodiments, x is
2, and the initiator is a bi-functional initiator. [0 As used herein, "nitroalkane” refers to RNO2,
wherein R is hydrocarbyl. In some embodimen%lkyl 100371As used herein, "polyfunctional
carbocationic initiator residue” refers to a polyvalent, i.8., divalent or greater, radical of formula
(-CR"RI"),R,, wherein R, and re each independently hydrogen, alkyl, aryl, alkaryl|, or aralkyl,
provided that at /58t h“eﬂ;‘?rl:\l;i?ﬁ R RIPIRBE K cirogar, Sd! ke i AR HEgie ioatdihdfic univalent or
polyvalent radicalnitkiovale ficehenwdreredmecisan intdger fiom dboa 4.0 som@@mbodiments, Rc. is
hydrocarby!. In some, embadiements, B, jsand i pome,embodiments, R.is alkyl, n some
embodiments,]ﬁ., IS pfwe'riy. In some em%oclilirﬁen‘ts, ris mn"some embo ir'ﬁé'nfs, Fis 2. In some
embodimentsalrast 23A. sonhiertbmisotiedents s isigahegomecainbodifiemsuthiepolyfunctional
carbocationic ipjtigtasLesidug is,gderived fiom ap initiator described herein. [0038IAs used herein,

"polyisobutyl ?roug" refers to a monovalent polyolefin
0639] As used herein, “polvisobutylene group™ refers to a divalent polvolefin

group comprising at least 2 isobutvlene monomer units. In some embodiments, the

[

wherein n is an integer from about 10 to about 2600, In further embodiments, n is

polvisobutyiene group is

about 10 to about 1000. In further embodiments, n 1s about 10 1o about 500. In
further embodiments, n is about 10 to about 250, In further embodiments, n is about
10 to about 106G, In further embodiments. n is about 10 ro about 56,

0040} As used herein, “polvolefin™ refers to a polymer that comprises at least
two olefin monomer units. In some embodiments, the polyolefin has a molecular
welght from about 300 to in excess of & million g/mol. In some embodiments, the
polyolefin has a molecular weight of from about 200 to 10.000 g/mol. In some
embodiments, the polyolefin has a molecular weight of from about 100,000 to
1,000,600 ¢/mol. In some embodiments, the polvelefin has a molecular weight

greater than 200 g/mol. In some embodiments, the polyolefin has a molecular weight
-11-



group comprising at least 2 isobutylene monomer units. In some embodiments, the polyisobutyl group
is wherein R is H or alkyl of | 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. fO039IAs used herein, "polyisobutylene group”
refers to a divaleat:pdlyol&fingraup lecmptisinbodineast, Zisplutylencmanamentinits:ilthsome
embodiments, e, galyisoRttylene group.is-auhereln s aninfeder fom apou 19 to about 2000. In
further embodiments, n is abdut 10 to a o"uttTE)(Bid. A further embodimen S, N is"dbolt £0 to about 500.
In further embodirrenisy 448 aarit 10 vorabout@boemsfurther evhifodiments)  ncidaiborizl10 to about
100. In further embodiments, B i AP AR o AR R, (80401 A5 dsed.hetein, cpglyolefin” refers to a
polymer that comprises at leasSt two olefin monomer units. In some embodiments, the polyolefin has a
molecular weidi§t $Po#TabEEBS0TY inextelsssens srillishratiiol hin ke Embsdiments, the polyolefin
has a moleculafoyeight ofifien.ahou209 1o dL.090 9imal,1n SR8 i sMROdINEBIS. (the, Polyolefin has a
molecular weight of from about 100,000 to 1,000,000 gimol. In some embodiments, the polyolefin has

a molecular wBRHU PGP RaH DT Giiohah 'WH8%siBeidifentac fRbpeIysRifintias a molecular
weight greatefdhan400.glmeabibrseme gmiediments, the @ulyolefin hassameleeulaicweight greater
than 600 glmol. In some.embodiments, the polyolefin has lecular weight greater than 800 g/mol.
In some embotltl]lC §1n\’f{gi:“t{il1ne 68@'/6“8 |ﬁlh‘é{s“acg1%6>ll€‘é’ﬂ'}5r%‘vde gh&éirgg@e? fﬂ%ﬁnqlbﬁ%‘@)no]. In some
embodiments sthieogotyelefithhas w kiolas dlarwe iy greater- than 6000rg/fmot. hi-8emeeshbodiments,
the polyotefin g malseuRTEIRL arealel han SRCORGMIALID some sihediments, the polyolefin
has a molecular weight greater than 100,000 gimol. [n some em odiment , the polyolefin has a
molecular weighgieateraan 500,000 g/mol. In some embodiments, the polyolefin has a molecular
weight greater ggap 1,000,000;9lmal, ksemeremRaimeRts. e RAIVAIEAN fdeliyediTom a

mono-functional initiator, hi-functional initiator, or multi-fimetional initiator. In some embodiments, the
polyolefin is pSNTSOBLRYEAS fO0AA RAE @y Havis, PONIGRERH Er ST refe Rl s BBy SIeTin substituent.
In some embogdisagnts, the polyolefin group is a polyisobutyl group or a polyisobutylene group.
[0042]As useﬂ é—g in, "%u‘as\ili ing carbocatjonic polyolefin” refers to a carbocationic polyolefin that has
been formed tlquas ﬁ\ﬂh‘ijy STB8caliBHIE PoR RS ASH RHAMONS. 169431 As used herein,
-quasiliving carbboatianit: polymetization:canditins:tefedstqueondiigrathataliew for quasiliving

polymerizations, whjch[%re po%nerizations that proceed with minimal irreversible chain termination
olvinerizaton it

and minimal chain transfer. uasll?l]\]ﬁhg, polymerizations proceed by initiation followed by propagation,
wherein propd@8dfl (activeysipecies deeds ] equiliariomanith orsprepagating (domnsint) polymer

chains. 10044143 .used Nerain. dsvbsbiuisd; (8I8rs 10 IR IIESEN6R.OhANG qrmore substituents. In
some embodiments, only one substituent is present. (0045]As used herein, “telechelic polymer" refers
to a p0|y0|eﬁnmé>gm§i;§uions that proceced with minmimal irreversible chain termination and minimal

cham transfer. Quasiliving polvmerizations proceed by initiation followed by
propagation, wherem propagating {active) specics are im cquilibrium with non-
propagating (dormant) polymer chains.

[0044] As used herem, “substituted” refers to the presence of one or more
substituents. In some embodiments, only one substituent is present.

[0045] As used herem, “telechelic potymer™ refers 1o a polvolefin having a
functionalized endgroup.

[6046] As used herem, “tert-halide terminated polvolefin® refers to a polyolefin

that contains at least one tertiary halide end group. In some embodiments. the tert-

CH;
=3 X
Ch
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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 CHS3 -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 ohaaiinias.d rrx(soamleml@eﬁimmhm@oini&'hawb@%M%@aﬁ@@r@eq+aﬁi@'@nultaneously

or nearly simultaneousl| e three sites. 4.2 M THODS 4.2.1 METHODS OF PREPARING
TELECHELIC ?SHLW%@ 0 Jﬁfﬁfé%fﬂ %&ﬁ%}i’ts provided herein are methods for preparing
telechelic polymer of formula I:  I; wherein R." is a flyolefin group;
R\/%CI
CH;
[0047] As used heren, “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 simuitaneously or nearly simultancously at the three sites.

4.2 METHODS
4.2.1 METHODS OF PREPARING TELECHELIC POLYMERS
{0048} In some cmbodiments. provided herein are methods for preparing a

telechelic polymer of formula I

R3
=& m|m
S
M}—o——(cwa?)w-x
R‘i

I:
wherein R* is a polyolefin group:
R' and R’ are cach. independently in cach —(CR'R”) unit. H or alkvl:
and m is an integer from 0 to 20. wherein
ifm s 0.
then R and R" arc cach, independently, alkvl, and
Xis H
ifmis |,

then R" and R arc cach, independently H, aikyl, or

alkoxy, and
X 1s H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl. aryl,
5
Si-R®
heteroaryl, or R
wherein R™-R are cach, independently. alkvl or
arvl:
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R1 and R2 are each, independently in each -JCR) unit, H or alkyl; and m is an integer from O to 20:
wherein if m is 0, then R3 and R.11 are each independently, alkyl, and X is 1:1; if mis 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 Xis 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)OR9,- 5 C(0)NeR", or wherein A is- or
nothing, 17.5-R#age each, independently, alkyl, alkenyl, alkynyl.alkaryl, aralkyl,

aryl, hcteroaryl, alkoxy. hydroxy,-NRI I, EC %\L c{’R digcrcfé andl?s gllﬁyllm%lIﬁerjl ]\nyal@/nyl alkaryl, aryl,
or

atkoxy, and

X 1s H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl,

heteroaryl, alkoxy, -F, -Cl, -Br. -I, -At, -CN, -NC, -
NCO, -OCN, -NCS, -SCN, -OCIOR, -C(OYOR” -
Rif}
—A-Si-R®
C(OWR'R'", or R
wherein A 1s —F=— or nothing,

R-R” are cach, independently, alkyl, alkenyl,

atkynyl. alkaryl, aralkyl, aryl. heteroaryl,
atkoxy. hydroxy, NRRY -F, -,
-Br. -I. or —~At,

R™ is alkyl, alkenyl, alkynyl, alkaryl, arvl, or
heteroaryl, and R"-R'" are cach,
independently. H, alkyl, alkenyl. alkynyl,

alkaryi, aryl, or heteroaryl.

or, when —OTCRR)X s 51k 1o R, then X and RY,
together, with the atoms to which X and
R are attached. may form aring;
and if m s 3-20,

then R* and R arc cach, independently H, alkyl, o1
atkoxy. and

X 1s H, alkyl, alkenyl, alkynyl, alkaryl, aratkyl, aryl,
heteroaryl, atkoxy, aryloxy. heteroaryloxy,
alkaryloxy, -OH. -F, -Ci, -Br, -1, AL, -CN, -NC. -
NCO. -OCN, -NCS, -SCN, -OC(OR", -C(O)OR”, -

RS

—A-Gi-RS

C(OWR'R", R"  or -NR'RY;

wherein A 1§ —==— or nothing,



heteroaryl,and R9-R' | are each, independently. H, alkyl, alkenyl,alkynyl, alkaryl, aryl, or heteroaryl,
-0-(CR1R2),,-X or,nis ortho to R4, then X and RA4. 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 Xis 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,RT wer RNiRYacwhareinfids:or mothipg, -CN, -NC, -
hetcroaryt. heterocyclyl, Rx and R' are each, independently, 1I‘Z|(m Ilkyl alkenyl, alkxgyl cycloalkyl aryl.

alkynyl, cycioaiky, aryl,

heteroaryl, heterocyelyl, CIOWR’,
wherein R” is H, alkyl, alkenyl, allkynyl.

cvcloalkyl, arvl,

heteroarvi, heterocyelyl, -OR”, or -

NRR™;

R-R” are each, independently, alkyl. alkenyl,
alkynyl. atkaryl, aralkvl, aryl, heteroaryl,
alkoxy, hydroxy, NRUYRMGF, LC,
-Br, -1, or ~At,

R™ is alkyl. alkenyl, alkynyt, alkaryl, arvl, or
heteroaryl, and R™-R'" are cach,
independently, H, alkyl, atkenyl, alkynyl,

alkaryl, aryl, or heteroaryl; comprising:

(a) generating a quasthiving carbocationic polvolefin: and

(b)  reacting the quasiliving 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 quastiiving carbocationic polvmerization conditions:

=}
Q}@%m%x
L

11
(0049} In some embodiments, provided herein are methods for preparing a
telechelic poiymer of formula I
K
" Qﬁi}ow(caﬁaz)w—x
FL:S
I

wherein R" is a polyolefin group:
R' and R are cach, independently in cach (CR'R?) unit, H or afkvl;
and m 1s an integer from 0 to 20; wherein

Hmis 0,
-]

tLn



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. hetcroaryl, 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
guasiliving carbocationic polyolefin; and (h)reacting the quasiliying carbocationic polyolefin from step
(a) with one or more compounds of formule, KT indhe’ presancenal-h@wis agid or.ixture of Lewis
acids under quasiliving carbocationic polymetization conditions: R3 CI0-(CR1R2),-X R4 11 [0049]In

some embodiments, provided herein arc hethods for preparing a
itmis 1.
then R™ and R* are cach, mdependentiy H, alkyl, or
alkoxy, and
X 1s H. alkvl, alkenyl, alkynyl, alkarvl, aralkyl, aryl,
Fss
=—Gi-R°
heteroaryl, or R’

wherein R*-R” are cach. independently, alkyl or
aryi,
ifmis2or3,
then R and R are cach, independently H, alkyi, or
alkoxy, and

X s H, alkyl. alkenyl. alkynyl. alkaryi, aralkyi, arvl,

heteroaryl, alkoxy. -F. -CL -Br. -1 -At, -CN, -NC, -
NCO, -OCN, -NCS, -SCN. -OC(OR®, -CLOIOR’, —
R5
—A-Si-RS
C(OINR'R', R7

wherein A 1s === or nothing,

R™-R” are cach, independentiy, alkyl, alkenyl.
alkynyl, alkaryl, aralkyl, arvl, heteroarvl.
alkoxy. hydroxy, NR™R", -F. -CI,
-Br, -1, or ~At,

R"is alkyl, alkenyl, alkynyl, alkaryt, arvl, or
heteroaryl, and R7-R'" are cach,
independently, H, alkyl, alkenvi, alleynvl,
alkaryl, arvi, or heteroaryl:

or. when TOTCRRInX i¢ ortho to RY, then X and R,
together, with the atoms to which X and
R* are attached, may form a ring;

and 1fm 15 4-20,

16



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 O to 20; wherein if m is O,
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;

then R and R* are cach, independently H. alkyl, or
alkoxy. and
X s H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl,
heteroaryl, alkoxy, arvioxy, heteroaryloxy,
alkaryloxy, -OH, -F, -CL, -Br, -1, -At -CN, -NC, -
NCO, -OCN, -NCS, -SCN, -OC(OR", -CIOIOR’, -
*;35
—A-§i-R®
CIOWRR", R"  or -NR'R":
wherein A is —==— or nothing,
R™ and R arc cach, independently, H, alkyvl.
alkenvl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyelyl, COIRY,
wherein R” is H. alkyl. alkenyl, alkynyt,
cycloalkyl, arvi,

heteroaryl, heterocyclyl, -OR®, or -

NRIR!

R™-R " are cach, independently, alkvl, alkenyl.
alkynyi, atkaryl, aralkyl, arvi, heweroaryt,
alkoxy. hydroxy. NR''RM, -F, -CL
-Br. -1, or —At,

R" is alkyl. alkenyl, alkynyi, alkaryl, aryl, or
heteroaryl, and R™-R'" are each,
independently, H, alkyl, alkenyi. alkvnyl,

alkaryl, arvl, or heteroarvl: comprising

{a) generating a quasiliving carbocationic polvolefing and

(b) reacting the quasiliving carbocationic polvolefin from step (a) with one
or more compounds of formula IT in the presence of a Lewis acid or mixture of Lewis

acids under quasiliving carbocationic polymerization conditions:

RS
(FE;}OM{CR‘ R2),-X

IL



if rnis 2 or 3, then le and R.4 are each, independently H. alkyl, or alkoxy. and Xis H. alkyl.
alkenyl. alkynyl. alkanst, aralkyl. aryl, heteroaryl,alkoxy, -F, -Cl. -Br,-At, -CN, -NC, - NCO, -OCN,
-NCS,-SCN,-C(0)0OR14, - 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, -Cl, -Br, -1, or --At, Ft.5 is alkyl Ikenyl. alkynyl. alkaryl, and, or heteroaryl,and 1244-R | 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 antPisll s Lﬂ_rbgf’rlzhcr embodiments, R™ 15 a polyisobutyl group. In even further

embodiments, the polyisobutyl group is
R%
LA

wherein R 18 H or alkyl of 1 to about 10 carbons, and n is an integer from about 10 to
about 2000. In onc embodiment. n is about 10 to about 1000. In onc embodiment, n
is about 10 to about 300. In one embodiment, n is about 10 to about 250. In one
embodiment. 1 is about 10 to about 100, In one embodiment. n is about 10 to about
5@,

[0051] In further embodiments. the compound of formula | is

rRa RS
o~{CR‘fR2>mwx
R4

[0052] In further embodiments, the compound of formula I is

RB
Q—O—(CR"RE}W'X
R R4

[0053] In further embodiments. the compound of formula | is
RB
R® O O~(CR'R¥),~X
R-’i

[0054] In further embodiments. the compound of formula I is:

Ra
Q‘o-(CR‘*R2>m—X
R4

[0055] In further embodiments, the methed is performed in the presence of a
mono-functional, bi-functienal, or multi-functional initiator,

[0056] In further embodiments, the compound of formula 1 is



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, -CI. -Br, -1,-At, -CN,
-NC. NCO, -OCN, -NCS, -SC'N, -0C(0)1e, C(0)OR9, F?5 RI"RiFR7, or -NRxRv: wherein Ais 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 are each, independently, alkyl, alkenyl, alkynyl,alkaryl.
aralkyl, aryl, heteroaryl, alkoxy, hydrg NRISﬁRll -F, -Cl. -Br, -|. or At, R9' is alkyl, alkenyl, alkynyl,
alkaryl, arvi. Or heteroaryl,and R9-R are ea% }-o (CRIR2)-X

Rfa

wherein R” is a polyisobutylene group;

R* is a polyfunctional carbocationic initiator residue;

and r1s an integer from 1 to 4,
[0057] In even further embodiments, m is 4-20. In even further embodiments, m
15 6-20. In cven further embodiments, ris 1. In even further embodiments, ris 2. In
even further embodiments, ris 3. In even further embodiments, ris 4.

[0058] In some embodiments. the compound of formula 1 is

RX”““”"Rb RG

O—(CR'R?),~X

A

- - r

[0059] In some embodiments. the compound of formula T is

R*+RE O—{CR'R?} -

A i Py
E- (¥

|
<
5
I

[0060] In some embodiments, the compound of formula | is
i

[0061] In some embodiments, the compound of formula 1 s

RX
i

Qfo——(cwﬁ?)m_x

4
R r

—(CR'R?)-X

Q@,

R“ R4
r.

[062] In some embodiments, the compound of formula s
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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 Il 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 10z¢arbons, and n is an integer from about 10 to about 2000. In

one embodiment, n is about 10 to about O. In one embeditment, n ig about 10 to about 500. In one
pn&erRbodh isCat6if R0-to<about 100. In one

embodiment, n is about 20-t6RIBOMt
embodiment. n is about 10 to about 50. J00511In lunher emboadjments, the compound of formula I is
R3R3 R [0053(In further embodiments the compound of formffla 1 is R3

[0063] In some embodiments, the compound of formula I 1s
R3
x—(CR‘R?)m—o@Rb—R*—RD R®
R4 O—(CRTR?},~ X
Rd
[0064] In some embodiments, the compound of formula I is
Rfﬂ

R® O—{CR"RZ)R;X

X-(CR‘Rz)m—O@Rb*R“~Rb R?

Rd
[0065] In some embodiments, the compound of formula I s
Rfﬁ
X~(CR'R?),-0— H—rRo—Rx
— \Rb
R4
O—(CRIR?), X
R-ﬁ
[0066] in some cmbodiments, the compound of formula I is
R3
O—(CR'R%),-X

R3 Rmewab RQ
X—(CR'R?}, -0
RA
[0067] In same embodiments. the compound of formula | s

3 b
R? R RX\RD

XM(CR‘RZ);;O@ )
O—{CR'R%)-X
Ré

Rfi
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[0054]In further embodiments, the compound of formula | is: Re 0-(OR1R2),,-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 | to 4. [0057]In even further embodiments, m is 4-20. In even further embodiments, m is

6-20 In even fujgg] emhodimentsyddintnll avenfithes embedimants. ris 2. In even further
embodiments, r is 3. In even further embodim&nts, ris 4.

\
X~{CR'R%),~0O
Rd Rb_Rx
AS
Rb
QD—{CR‘RQ}m-X
RA

[0069] in further embodiments, the compound of formula 1 is

R R3
x%CR’szm—o{t} (l;}—Om{CR‘sz -X
Id \Rb Rb/\\_[

R Ré

RC
wherein R" is a polyisobutylene group:
and R® is H or alkyl.

[00G70] In even further embodiments, R" is

[

wherein p is an integer from about 10 to about 2000, In further embodiments, p is
about 10 to about 1000, In further embodiments, p is about 10 to about 300. In
further embodiments, p is about [0 to about 230. In further embodiments, p is about
10 to about 10 to about 100. 1n further embodiments. p is 10 to about 50.

(0671} In even further embodiments, R is atkyl of 1 1o about 10 carbons. In one
embodiment, R" is alky! of 1 to about 6 carbons. In one embodiment. R is alky! of |

to about 4 carbons. In one embodiment, R® is tert-butyl.



[0058]In some embodiments, the compound of formula | 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 | is 100631In some
embodiments, the compound of formula | is R3 R4 100641In some embodiments, the compound of

formula | is Rs

[06072] In cven further cmbodiments., the compound of formula s
X X
& =
o &
& r
x 4
2 &
i !
Cg} Q
4 3 2 4
R~ I R R i@R
X Rb Rb
S
[ |
=
Re
[0073] in even further embodiments, the compound of formula s

Rb
| 2
=
RC
[0074] In even further embodiments. the compound of formula 1 is
R'ﬂ RB
X-*{CR"Rz)m—"G@-Rb
Rd




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

XCR1R?2),-

[0075] In even further embodiments, the compound of formula 1 is

G-Q-(CR"Rz)m—x
2

R 2
XMCR‘Rz}mmo@st | | R®
R4
Re
{0076} In even further embodiments, the compound of formula 1 is

O—(CR'R?)-x

Vs

"
| =

F0077} In even further embodiments, the compound of formula 1 is

X
L
QO-(GR‘R% >
el
.
A
GO“(CRTRZ)”;X
A
n

Rh



b/ OR2)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 cagaers- In ene &MBeRiMeRt.REisalky.obhipabeut fearkons 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 | is X

O— CR%RZ}H&

X—{CR R2}W—C}‘©' )U& \[j

10079} In even further embodiments, the compound of formula I is

R4

\ / 40*(CR1R2)m'x

10080] I even further embodiments, the compound of formula T is

g,
Q*O"(CRWQZ}”{X
X Py
& 1S
2
\ /' —O (CR]RZ)HI >
X
B

4.



Rc [0074lIn even further embodimet s he corn ound of formula | is R3R" 00 IR 10076lIn even further
embodiments, the compound of formula 1 is Rc 100771In even further embodiments he compound of

formula is X 00

[0081] In even further embodiments, the compound of formula 1 1s

O
Asavared
RC

[6082] in some embodiments, the compound of formula I is

_(CR1 Rz)nf><
O-(CR'R?),,,~>

R R?
|- e ?
X—-(CR1Rz)mwo{i;}\RWbQA}OﬂCR R~)m—X.

[0083] in some embodiments, the compound of formula T is

Q_{CR1 Rz)m’><

[6084) in some embodiments, the compound of formula I is

[0085] In some embodiments, the compound of formula L is
R R3

x—{CR‘RZ)mmo@WbQ—o—(CR*RE)m«x

R4 R*



100781In even further embodiments. the compound of formula li X 100791In even further
embodiments, the compound of formula I is X 0 0 100801In even further embodiments, the compound

of formulais X X 10082]In some embodiments, the compound of formula | is R3R3 100841In some
embodiments, he compound of formula 100851In some embodiments, the compound of formula | is
R3R3

[80846) In somc embodiments, the compound of formula 11s

O_(CR1 Rz)m—>< -

e R4:©/ RS

oL ) L

R4
[0087] In some embodiments, the compound of formula T is
X
s
4
<
|
O
R? RSKj R*
0L sl (L
RA
[0088] In some embodiments, the compound of formula | is

[0089] In some embodiments, the compound of formula 1 is

X —CR'R?),, 4@‘ W

26-



X-(CR1R2) -0 0-(OR1R2),-X [00861In some embodiments, the compound of formula | is DC X DC 0
R4 100871In some embodiments, the compound of formula lIis R4 [0088]In some embodiments the

compound of formula | is X

[0096] In some embodiments. the compound of formula I s

Og(CR1R2)m"X

[0091] In some embodiments, the compound of formula | is

[0092] In some embodiments, the compound of formula [ 1s



[0089]In some embodiments he compound of formula is X 100911In some embodiments he
compound of formula Iis X 0  [0092]In some embodiments, the compound of formula | is XX

100931In some embodiments, the compound of formula | is XX Nec"cc

0693} In some embodiments, the compound of formuta 1 is

W(CRTRz)m_X

X
i<
2
S
t
0 C
R3\©/R4 RB N R4
| |
AN L

[0094] In some embodiments, the compound of formula I 'is
X X
£ E
X x
n x
S S
| I
o} o

10095] In some embodiments, the compound of formula 1 is
X X
r e
3] S
i [
C O
R3 E RA R4 E =3
Ty~ I
/N N\
[0096] In some embodiments, the compound of formula | is

R? R®
X""‘(CRi Rz}m_o\@RbRbQOM(CR?RZ)ﬂ”_X
R R? .

0%



0o 1100 ,.., 100941In some embodiment X he compound of formula | is 0_(cRiIR2)m_x 10095]In
some embodiments, the compound of formula I is 100961In some embodiments, the compound of

formula | is R3R3 R4 100981In some embodiments, the compound of formula | is ),(

[0097] In some embodiments, the compound of formula s

X
T
e
2]
5
R3 R4 R3
xm{CR‘RZ)m—o—@»R“/\) &P Rb:t

/
N7 \
R4
10098) In some embodiments, the compound of formula I is
X X
£ s
i I
o o
< S
' |
! !
3 ; §
R %E - R4 R'D/R“
U =
Ao TN/
R® RY
/NN .
{0099] In some embodiments, the compound of formula 1 is
X
&
x
2
|
O
RS RBij
X—CR'R?),,—O R L
TR VAR W/
R4
(00100}  In some embodiments, the compound of formula I s
X
;m’g_:“
S
R T
L= YA, b\\ - / b
X—~{CR'R?),,~—~0 R N ) CR { LR
R* =



0, R4R3R4 100991In some embodiments, the compound formula I is R4 j00100j In some
embodiments, the compound of formula | 1001011In some embodiments, the compound of formula |

is X 1001021 In some embodiments he compound of formul is ci

[00101]  In some embodiments, the compound of formula 1 is

O—(CR'R?),,-<

X
I
Q@W(CWRZ)WX
4 =
:[: | %
A
[=a
Y
=

{00102}  In some embodiments, the compound of formula | is

A,
QQ*’(CWRZM >
4 2
2
Q'VOM(CRiRE)m'X
A

100103}  In some embodiments. the compound of formula 118

R4

\_

A
~J
= i
S |
/
2
zfow(cR‘FaZ)m <
Y
Ir



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

[00104] In somc embodiments, the compound of formula I is

R R
e —od T o
X—{CRIR%), =0~ Y /}\,\_}O—(CWR?}MX
by by
AN L
Rb
O
Lo
R-ﬂ-

{00105]  In some embodiments, the compound of formula I is

R® R3

X—{CR?RZ)MM—ORE RbQom(CRTRE)m—x

!\
R4 E/ R*

R‘%

A,
XM{CR1R2)mWO O ?T}‘

[00106]  In some embodiments for the compounds of formula I or [I, R and R are
both H.

[00107]  In some embodiments, R’ and R” are cach. independently in each —
(CR'R7) unit, alkyl of 1 to about 6 carbons or hydrogen.

[60108]  In some embodiments. R’ and R* arc cach, independently in cach ~
(CR'R™} unit, methyl or hvdrogen.

[00109]  In some embodiments, R and R are identical.

[00110]  In some embodiments, m is 1-20 and R and R” are hydrogen.

[00111]  In some cmbodiments, m is 1-20 and R™ and R” are cach, independently,

alkoxy of T to about 6 carbons.



0 cc X 1001061In some embodiments for the compounds of formula | or 11 Rl and R2 are both H.
1001071In some embodiments, R1 and R2 are each, independently in each - (CRIRM unit, alkyl of I1to
about 6 carbons or hydrogen. 1001081In some embodiments, Rl 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@/e gpchyinderendeniv. Akexy;at 1o, abrut g qrhons, (00t isHns0me

embodiments. m is 1-20 and re and R4 are each, ndependently, alkoxy of ] to'about 3 carbons.
1001131In sofE &M, he4e2u20 and W and 124 arc each, independently alkyl of 1 to about 6

carbons or alkogy 1] 1 talBaidt EneBHIABSts, m is 1-20 and R” and R” are cach, independently.
alkyl of 1 to about 6 carbons or alkoxy of 1 to about & carbons.
[00114] In some embodiments, R* and R” are each, independently, alkyl of 1 to
about 6 carbons.In some embodiments, R” and R” are cach, independently, alkyl of 1
to about 3 carbons.
[00115] In some embodiments, m is 1-20, and R™ and R” are cach, independently,
H. alkvi of | to about 6 carbons. or alkoxy of 1 o about 6 carbons.
[00116]  In some embodiments, m is 1-20, and R" and R* are each. independently.
H. alky! of 1 to about 3 carbons, or alkoxy of 1 to about 3 carbons.
[00117]  In some embodiments, R and R* are each. independently, tert-butyi.
(00118} In somc embodiments, m is 0,
(00119} In some embodiments, mis 1.
100120  In some embodiments, mis 2.
[08121]  In some embodiments, m s 2 or 3.
00122} In some embodiments, m1s 3-20.
[00123] In some embodiments, m is 4-20.
[00124]  In some cmbodiments, m is 0-10.
[00125] In some embodiments, m is 0-3.
[00126] In some embodiments, m is 0 and R and R are alkyt of 1 to about 6
carbons,
100127}  In some embodiments, m is 0 and R and R* are alkyl of 1 to about 3
carbons.
[00128] In some embodiments, mis T and X is H, alkyl, or alkenyl,
(00129}  In somc embodiments, mis 1 and X is H, alkyl of | to about 6 carbons or
atkenyl of 2 to about 6 carbons.

1001307  In some embodiments, nmris | and X is H.
S=CH,
H .

[00132] In some embodiments, m1s | and X ts methyl. In some embodiments, m

(0131}  In some embodiments, mis | and X 1s

R5
}
e G RO

- Fos 7 . oy S T
18 1 and X 18 R . In even further embodiments, at least one of R™-R 7 1%

14
3o



1001141In some embodiments, R3 and R4 are each, independently, alkyl of 1 to about 6 carbons.In
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 | to about 3 carbons. 1001171In some
embodiments; 8.,an4l R, aenearl RARRARASHLY. £12RU Y. %Q%anm qaagiments, mis O.
100119!In some embodiments, m is . 1001201In some embodiments. m i§ 2. 1001211In some
embodiments! i sBbestimenit 2B 1 M Bniscathsuditéits 1T 3120, 1001231In some embodiments,

m is 4-20. 1004@¢BIN sqnm%@mbmqtm@mm s 03044001251 nisenagembadigaents, mis 0-3.

1001261In somé‘ﬁemb entsia{}g is 0 and fe and R4 are alky| of 1 to about 6 carbons. 1001271In
some embodifhEhts, & n“ﬁ FRAYE dh8Nor ftd abodt 3 drbbnd a0t 28 in Sohie:
embodiments,is | and X is H. alkyl, or alkenyl. R
—A—$i—R6
-OCN, -NCS, -SCN, -OC(O)R, -C{OYOR’, —C(OINRRY  or R

[00134]  In some embodiments, m is 3-20 and X is H, alkvl, alkenyl, alkynyl,
alkaryl, aralkyl, heteroaryl, alkoxy, -OH, -F. -Cl, -Br, -1, -At, -CN, -NC, -NCO, -
REE
—A~8i~R°
OCN, -NCS, -SCN, -0C(OIR", -C(O)OR”, -C{ONR™ R, or R’
[00135] In some embodiments, m is 4-20 and X is H, a]kyl.‘ alkenyl. alkynyl,
alkaryl, aralkyl, aryl, heteroarvl, alkoxy. -OH, -F, -Cl, -Br, -1, -At, -CN, -NC, -NCO,

RS
—A-Si~RE
-OCN, -NCS. -SCN. SOCORE, -CIONR", -C(ONRR', or R’
[00136] In some embodiments, m is 4-20 and X 1s H, alkyl, alkeny!, allynyi,
alkaryl, aralkyl, heteroarvl, alkoxy, -OH, -F. -Cl, -Br, -L, -At, -CN, -NC, -NCO, -
FSE
‘ | —A-Si-R®
OCN, -NCS, -SCN, -OC(OR", -C{OYOR”, ~COINR'R", or R
100137]  In some embodiments, R™-R" are cach, mndependently, alkyl. aryi. or halo.
It some embodiments, R™-R™ are each. independently. tert-butvl, methyl, phenyl, or
chioro.
{00138} In some embodiments, m is 2-20 and X 1s H, alkyl of I to about 6 carbons,
atkenyt of 2 to about & carbons, F, CL, Br, or 1.
(00139} In some embodiments, m i 2-3 and X 1s H. alkyi of | to about 6 carbons,
alkenyl of 2 to about 6 carbons, F, Cl, Br, or 1.
[00140]  In some embodiments, m is 2-20 and X is Cl or Br.
0141 In some embodiments, m s 2-5 and X 1s Cl or Br.
[00142]  In some embodiments, m 18 3 10 20 and X is OH. In some embodiments,
mis 4 to 20 and X 1s OH. In some embodiments, m is 6-20 and X is OH. In some

embodiments, mis 4 to 11 and X is OH.



1001291In some embodiments, mis 1 and X is H, alkyl of Ito about 6 carbons or alkenyl of 2 to about
6 carbons. 1001301In some embodiments, mis 1 and X is H. \T-C H2 1001311In some embodiments,
m s | and X is H 1001321In some embodiments, m is | and X is methyl. In some embodiments. m R5
Si Ruis 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 R s ter figls[0013 ). come. SMpAdMERiRaT Bif A3 ANt bl Al ey, allynyl, alkary!
aralkyl, aryl, heteroaryl, alkoxy, -OH. -F, -CI, -Br. -1, -A O, -A-Si-R- -OCN, -NCS.

-SCN.-0C(0)R¥ ¢ (D)OR 3@(@)¢ﬁd¥@ﬁ1f90§@@m%ﬁfb @ﬁf@@@ﬂﬁﬁén@ﬂ%%@@@éﬁd X is H, alkyl,

alkenyl, alkynyl, alkanylaralkvl, Datecoan. Ak Qb ki cClwBloal téte TinalE, -NCO, -A-Si-R6
OCN, -NCS, -SCN, -0C(0)1e, -C(0)OR9, -C(0O)NRIIIRI I, orR7 , 1001351In some embodlments m is

4-20 and X is ngﬂ{y oamewxc/prgmy some embodiments, these titanates are the quenching species
Without bemng bound or limited to any theory, in some embodiments, the titanate is a

compound of the following formula:

(@—om(CHg}m—mo}Ti—(y>4_q gHCI
q

wherein m is an integer from 4-20, g 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 ligands 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 1s replaced with aluminum or boron.

[06144]  In some embodiments, R*-R'" are cach, independently, alkyl of 1 to about
6 carbons.

[00145]  In some embodiments, R*-R'" are each, independently, alkyl of 1 to about
3 carbons.

Ty .
—CRIR%eX 1§ ortho

(60146]  In some embodiments, m is 2; R’ and R arc H;
o R and
X and R”, together, with the atoms to which X and R” are attached, form a ring.

RS

—A-Si-R5
[00147]  In some embodiments, m is 2 and X 18 R"  In even further
embodiments, at least one of R*-R is tert-butvl. In even further embodiments. at feast
one of R*-R is phenyl. In even further embodiments, R* and R® are phenyl and R is
tere-butyl. In even further embodiments, R™-R" are each. independently, alkyl, aryl, or
halo. In even further embodiments, R™-R" arc each, independently, tert-butyl, methyl,
phenyl. or chloro.

R5
B
—A=-Si-R
[60148] In some embodiments, m s 3-20 and X is R” . Ineven further
embodiments. at Jcast one of R™-R7 is tert-butvl. In even further embodiments. at least
-34.



alkaryl, aralkyl, aryl, heteroaryl, alkoxv, -OH. -El, -ClI, -Br, -, -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. pheny, of ehiogo 100138 1ip a%wﬁlﬁnlab%mamﬁnm i8:2ir@nd Xilsh Aligyt Ofl to about 6

carbons, alkenyl of 2 to about 6 carbons, F. Cl, Br, or |. [00139]In some embodiments, m is 2-5 and N
is H. alkyl of dSEbhoIY Cabher BRI erPediaratt 8 cBristnsae, ad@endet10014o2n soime

embodimentsj, 41 isi2 2QAfigk eI S QN BENMOGT4R 1IN somme. armbedimants; i is21SandyX is Cl or Br.
[00142] In some embodiments, mis 3 to 20 and X is OH. In some embodiments. mis 4 to 20 and X is

OH. In some BMBYAhENE m is 6-20 and X is OH. In some embodiments, mis 4 to | | and X is OH.
1001431 Witheyf26{ng ROUGL QLIIDAGALIR, ANy heQny: I SQME SRDSBIMERR?) X (g
to R*: and
X and R*, together, with the atoms to which X and R” are attached. form a ring.
RS
%AijimRE
(00150}  In some embodiments, m1s 2-3 and X is R” . Incven further
embodiments, at least one of R™-R’ is tert-butyl. In even further embodiments, at least
one of R*-R” is phenyl. In even further embodiments, R® and R” are phenvl and R is
tert-butyl. In even further embodiments, R™-R" are each, independently, alkyl, aryl, or
halo. In even further embodiments, R*-R" are each, independently, tert-butyl, methyl,
phenyl, or chloro.

R5
{
—A=~Si~R"
[00151]  In some embodiments, m is 4-20 and X 1s R . Ineven further

embodiments. at least one of R™-R’ is tert-butyl. In even further embodiments. at least
on¢ of R™-R” is phenvi. In even further embodiments, R and R® are phenyt and R is
tert-butyl. In even further embodiments. R™-R" are cach. independently, alkyi, aryl, or
halo. In even further embodiments, R™-R" are each. independently, tert-butyl, methyl,
phenyl. or chloro.

{86152}  In somc embodiments, A {s —=—=—

[00153]  In somc embodiments, R™ and R” are each, independently, alky! or
hvdrogen. In some embodiments, R* and R” are both hydrogen.

[00154] In somc embodiments, R*-R" are cach. independently, alkyl, alkenyl,
alkvnyvl, or alkaryl.

[00155]  In some embodiments. R™-R'" are cach alkyl,

[00156] In some embodiments, the compound of formula i is



when mis 4 to 20 and X is OH for the compounds of formula |, 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
gHCI/ wherein m is an integer from 4-20, g is an integer from 1-4, and Y is halo. Without being bound
or limited to any theofy;+n some embadiments, limited solubility of the titgpate for low values of m may
be overcome mulatio e polymeriz ion"medium ©f acmg e halide lit:ands with alkyl
ligands. In some#£mbodiments’ the titanate m e formed in a~séparate reaction and subsequently
added to the polymerization. In some embodiments, oH}%r Bp'enoxy alkyl metal oxides are used. In

some embodiments, the titanium is replaced with alu;:p3 ¢ ot haron. 1001441In some embodiments,
125-R Il are each, independently, alkyl of | to about 6 carb@ns 1451In some embodiments, R<-R11
50

are each, independentl Ikybof | 1Q abalt 3 rbgrls/kﬁ/@ﬁl 4 me.emhodiments,is 2; R and R2
are--(CR1R2) @ or%}cﬁo R4, > and ether, Wi atoh X and R4 are
attached, tbrm a+fing. R5 -A-Si-R6200147150ome embodiments. mis7Z arid, X isR7. In even further

embodiments, z\efast one of R5-12- is tert-butyl. In e in further embodiments, at least one of R5-12.

is phenyl. In evien further embodiments. R5 and R.6 phenyl and R is tert-butyl. In even further

embodiments, R&ZR&are~eath; Tdependenty, alkyl, aryl, or hato In-éver fitther 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 isR7if eVen further ©\ CHy
o T o~ s:s~{:i
0T H“ Gl . or CHy

[00157]  In somc embodiments, the compound of formula I 18 between about 3.0 x
107 g/mol to about 1.0 x 10° g/mol. In further embodiments, the compound of
formula 1 is between about 1.0 x 10° g/mol to about 1.0 x 10" g/mol. In further
embodiments, the compound of formula s between about 1.0 x 10° g/mol to about
5.0 x 10% g/mol. In further embodiments, the compound of formula 1 is between about
2.0 x 10° g/mol to about 3.0 x 10" ¢/mol.
{00158} In some cmbodiments, the methods provided herein comprise a further
step of reacting the compound of formula I with an acid to form a compound of
formula i
R*

R‘”-:\f:!—

Q\; }—'OH

L
TH.

[00159]  In some embodiments, the step of reacting the compound of formula 11
with an acid 1s performed in situ following step (b).
(00160} In some embodiments, the acid 1s & boron halide, aluminum halide,
titanium halide, or sily reagent. In some embodiments, the acid is or is derived from
BCla, Bl:, BF:OEt:, Me;BBr, Me:SiSMe, Me:SiSPh, HoSilz, SiCl4, Me;SiCl. MesSil,
{Me:Si). PhSiMes, Pols, ZnBra, TiCls, TiBry, AlBr:, or SnCly. In some embodiments,

the acid is AlBrs, TiCly, TiBry, or SnCle. In some embodiments, the acid is BBr:. In

further embodiments, a protic acid is used. In some embodiments, the protic acid is

36



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, mis 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 qyapfuiier AEbOAMERLS. Al 1eastong. of RIS RYN N QYRR A ther

embodiments, at least one of R5-12"is phenyl. In even further embodiments. R5 and R6 are phenyl
and R" is tert-Btyl Trieve s RS @RbaambatsoRaRE iarsdach, independently, alkyl, aryl, or halo.

In even furthefgmagdimenis R A ©ae0 cdaReRdantymiertomivl: methy sRieayl. or chloro. RS
1001511In some embodiments. m is 4-20 and X isR7In even further embodiments, at least one of

R-R. is tert-butfitTeR e tarhel drsaifeHr P REec R st e 5ormo AR Hkdlen further
embodiments. W and R6 argphenyl and 12' is tert-butyl. In even further embodiments, R5-le are each,
independently, alkyl, aryk,ﬁoréhadé. In even further embodiments. W-Rs are each, independently,

tert-butyl. methylpRenyl. orehlorg, JQQIGZHRSAME RMPRUIMENtSo Ahisipb 043N spMe
embodiments, le andare each, independently. alkyl or hydrogen. In some embodiments. Rx and RY
are both hydrogef B4 LS KL ehbYoRintad i B T4 usshisirabisefdaitny alkyl, alkenyl,
alkynyl, or alkaiy-10836514n soRemembesiments. iRscRhjoara eaahalkyll 4Q0L564RE0Me
embodimentsfthe ompound ?f formp__!e}.ll. is . )

rom the rcaction of the quasiiving carbocationic polyolefin and the compound of

RS
6
—A-Si-R
. it ST R
formula H, when X is R and two or more of R™-R " is a halide group, upon
termination with an amine, reacts to form a sily! amide, which can be converted to a

sifoxane or a silicone using methods known in the art.

[00162] In some embodiments, the compound of formula H is not

L)<

[00163]  In some embodiments, the compound of formula il is not

o,
N

[00164] In some embodiments, the compound of formula H is not

Yt

[00165]  In some embodiments, the compound of formula 1 is not

Oyt

[60166] In some embodiments, the compound of formula I is not

ot



100157]In some embodiments, the compound of formula | 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 10 glmol. In further embodiments, the compound of formula | is between about 1.0 x 10
g/mol to about 5.0 x 103 glmol. In further embodiments, the compound of formula | 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 iR sfer ff Sactaadan.armnavacoldamia il an.acd to form a compound of
formula lll R3" R4 111. 100159]In some embodiments, the step of reacting the compound of bla Il
with an acid is performed in situ following step (b)?1001601In some embodiments, the acid is a boron
halide, aluminum halide, titanium halide, or s} a e_n%n some embodiments, the acid is or is
derived from BC13, Bk BEzOEt2, Me2BBr, M SMe. Me;SiSPh, 1-12Si12. SiCl4, Me3SiCl. Me3Sil,
(Me3Si)2. PhSiMel. P214, ZnBr2. TiCl4. TiBr4, AIBr3, or SnC14. In some embodiments. the acid is
AlBn, TICI4 TISPAB} shEreht sBhe BB dikteErtiva b idae s Y i faither embodiments. a protic
acid is used. In some embodiments, the fithtic acid is H2S0O4, HBr. HO, trifluoroacetic acid,
p-toluenesulfonic acid, or methanesulfonic gefth, In some embodiments, more than one acid is used
1001611In some embodiments, the compoynd/o fb‘thy_la | that is formed from the reaction of the
quasiliving carbocationic polyolefin and the compound of tformula IL R5 -A-Si-R6

[00169] In somc embodiments, the compound of formula H is not

O,
X

[00170]  In some embodiments. the compound of formula 1T is not
Ra

S,
Ny

{00171}  In some embodiments, the compound of formula 1T 1s not

O,

[00172]  In some embodiments. the compound of formula 11 is not

Rl

[06173]  In some cmbodiments, the compound of formula I1 is not
RB

Cr-

8]
v
ot

w3



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 | 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 -mﬁﬂﬂﬂds known. mntg(%%tcn}p%6 I gﬁg}g%ng}qgt@ ,{the compound of formula 11
is not 1001631In some embodiments he compound of formula 1l is not 8-to )\ 1001641 In some
embodiments, the compound of formula Il i £801651In some embodiments, the compound of
formula 11 is not Re 1001661 In some emﬁg\dﬁu\mnt theygompound of formulanot 1001671In some
embodiments, the compound of formula 11 is not®a [00168]In some embodiments, the compound of

formula 1is N@jo175]  in some embodiments. the compound of formula 11 is not

Ré'i
@\O/\\/OH

f00176] In some embodiments, the compound of formula 11 is not

Ra
\Q O/\‘/OH

(a) Regioselectivity

[00177]  In some embodiments, the compound having the formula

R3
RaQo—(csz)m—x
. §

is the major 1somer product,
[60178]  In some embodiments, the compound having the formula

2

=y |
R* Rb‘QOW(CR1 R¥)-X
R4

15 the major 1somer product.

r

(00179}  In some embodiments, the compound having the formula
R® R®
x——{CR‘Rz)W—O—@be RGO—(CR?F@H»X

R* R4

15 the major 1somer product.
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R8 [001691In some embodiments,the compound of formula Il is not 1001701In some embodiments,
the compound of formula Il is not Ra 1001721In some embodiments, he compound of formula Il is not
1001731In some embodiments. the compound of formula Il is no Ra 1001741In some embodiments,
the compound of formula 1l is not 0 1001751In some embodiments, the compound of formula Il is not
Re 0 1001761In some embodiments. the compound of formula 11 is not 0

(b) Reaction Time

[00186]  In 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 JONIZED POLYOLEFINS

{00181} lonized polyolefins may be made by any method known to those of skill in
the art. Examples include, but are not limited to, lonizing a tert-halide terminated
polyolefin with a Lewis acid under quasiiiving conditions; ionizing a preformed
polyolefin containing a terminal unsaturation with a Lewis acid in the presence of a
proton source under quasiiiving conditions; polvmerizing an olefin monomer under
quasiliving carbocationic polymerization conditions; or performing the “inifer”
polymerization method.

[08182]  In some embodiments, the ionized polyolefin is a carbocationic polyolefin,
in some cmbodiments, the carbocationic polyolefin is a carbocation terminated
polyolefin. In some embodiments, the carbocationic polvolefin contains one or more
carbocation 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 polvisobutylene with a cationic end group. In some
embodiments, the carbocationic polyolefin is a compound of the following formuia:

30 CHg CHB

H
PCJIyiScJE}utyiene\)Q)S9
CHs

(a) lonized polvolefins from tert-halides under quasiliving conditions

[00183]  In some embodiments, the ionized carbocationic polyolefin is derived from
a tert-haiide terminated polyolefin under quasiliving conditions. In some
embodiments, the onized potyolefin is derived form a tert-chloride terminated
poiyolefin, tert-bromide terminated polyolefin, or tert-iodide terminated polyolefin
under quastliving conditions. In some embodiments, the jonized polvolefin is derived
from a tert-chloride terminated polyolefin or tert-bromide terminated polyolefin under
quasiliving conditions. In some embodiments, the ionized polyolefin is derived from
a tert-chloride polyolefin under quasiliving conditions.
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(a)Reoioselectivity 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 1001811lonized polyolefins
may be made By method known to those of skill in the art Examples include, but are not limited to,
ionizing a tert-ihall%% ter_%‘]rﬁiﬁ:‘élﬁ E\é\zf%fge}ﬁtr? V\Hfh%g%fkfe%\?’lém 5‘&%%”%‘65& du?ﬁlﬁ?ﬁ%oc%‘ﬁaiﬁgﬁg; lonizing a
preformed polyforefiel ebititairiimgia terminal unsaturation with a Lewis acid in the presence of a proton
source under gaRiing. conditions.patmenzng ARARI mArRenderduasiling garbocationic
i0 od.

i
polymerization conditions; or performing the -inifer" polymerization mett ] ti n some
embodiments [#id' b1z EayBRRlaTmR disarbs cdionic asolysietimursdbime embiodiments, the
carbocationic pelyalafindsa caraecationdeunisrisd pelyeleflin. Jp semecmbadimentsqthe

carbocationic polyolefin contains one or more earboeation end groups. In some embodiments, the
carbocationic [SGR/8FH ROHREHY: SHE WRRBGE ARSH BHRS SRV TR soinfatdRbidiaraitacthe carbocationic
polyolefin containsitfio satbocationenicd.gioLps.siihsome emhedimenisathe,sadbasaitomic polyolefin
contains three carbfgl)ca}ion %nd groupastéértsome embodiments, the carbocatio Ii%c?‘{)izéﬁlyolefin isa

polyisobutylene with & Hiomic et RO T LB A BB HES (RS SN Bolyolefin is a
compound of thighfellewingdormmgla; quasitiving conditions,

[00186] In some embodiments, the tert-halide terminated polvolefin is derived

from an inifer.

(b} lonized polvolefins from preformed polvolefins under guasiliving

conditions

[00187]  In some embodiments, the onized 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 embediments, the preformed
polyoictin is a polyisobutylene derivative. In some embodiments, the preformed
polyolefin contains one or more endo olefins.

[00188]  In 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 gencrated by
contacting a preformed polvolefin 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 & proton
source under quasiliving conditions. In some embodiments, the ionized polyvolefin is
generated by contacting a polvisobutylene derivative with a Lewis acid in the
presence of a proton source under quastliving conditions. In some embodiments, the
tonized polyelefin is generated by contacting a preformed polvolefin containing one
or more endo olefins with a Lewis acid in the presence of a proton source under

quastiiving conditions.
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Polyisobutylene H3C CH3 CH3 0 CH3 (a)lonized 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, palyolefin or ten-bromide teiminated polyolefin
under quasiliving cohcc}itior?h.] l‘mlﬂ alvoie ,e nifer e 5 lyolefin is derived from a
ten-chloride pB1)o¥&fin Undemguasitivinoonditiomsze4(0i1001844 deemelidlide termifzated polyolefins

may be made 10 own to | 4 ifl, & rt,. 1 3; Iinl_spmggzﬁz CQO iments, the
ionized poIyoliﬁﬁgi%gﬁéygtg%l&%ﬁéﬁr%%gg?n%g%ﬁjyt-%\kmmh% it Q%Ih il Dtefi rﬂ qJ

contact 1alide terminated polyofefin w a Lewis acid under
quasiliving coriditionshed ssemécembrstime s thaiohized golydefin is Yentratedbyicontacting a
ten-chloride terminatedpalelRim, ieahromide terminaian PolQIGHR, O fa1b,indide terminated

polyolefin with a Lewis acid under quasiliving conditions. In some embodiments, the ionized polyolefin
is generated BYAEGAEEEY AMER-CRIBHES RIS AR EHEIYd U0 NHE T Siie eid under quasiliving
conditions. 10@186iH.amemmbegiments, the ten-halide terminated polyolcfin is derived from an

inifer. (b)loniz cél lvolefins from preformed polvalefing under upasiliving conditions 1001871In some
embodiments,ﬁ[ Q)?’ niz%&lﬁgwgfgﬁﬁ’igna%lﬁ‘\’/é%?ﬂ &P Sr(%%‘é?bgwgﬁﬂﬁ%ﬂfhé%ﬁé&‘fﬁving
conditions. In isonie mboedimédits dihdgpedforndd inotyoledin ¢antakig entiofanore dayble bonds. In
some embodi eq]tfs the preforn e,Q polgpl_efin %ontain§ one double bond. In some embodiments, the
which. s icotporatcd By refergnce herein. In some embodiments, the inifer is a .
preformed pofi/ole In is a polyisobutylene denvative. In'some embod’?qments,(ihe pre?ormed polyolefin

contains one drmpfisrer eritpl Glefimssome embodiments, the inifer is a binifer. In some

embodiments, the inifer 18 a trinifer. In some embodiments, the inifer is ricumyl

chloride, paradicumy! chloride. metadicumyl chloride. or tricumyl bromide.

{d) lonized polvolefins from olefinic monomers under quasiliving
carbecationic polvmerization conditions

[00191]  In some embodimients, the ionized polyolefin is derived from olefinic
monomers under quasiliving carbocationic 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 B and WO 2006/110647 A1, both of
which arc incorporated by reference hercin,

HH192]  In some embodiments, a monomer, an inttiator, and a Lewis acid are used.
In some embodiments, an clectron donor, common ion salt. and/or common ion salt
precursor is/are used. In some embodiments, the 1onized polvolefin 1s 4 quasiliving
carbocationic polyisobutyleng of the following formula:

H3C CH& CHE

@
Potyiscbutylene. X__A&
ISORE CH

[00193]  Some non-limiting cxamples of reagents and conditions suitable for

Kkl
]

polymerizations producing quasi-living polvolefins will be described below.

{i) Initiators
[00194]  in some embodiments, the initiator is a compound or polvolefin with one,
or more than one, end group capable of initiating a cationic oiefin polymerization.

For example, the initiator can be a compound of formula (X'-CR R, 1,R. wherein R,
40



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 tqe resence of a proton source under
quasiliving codrllléllr%%"r%g fﬂdggﬁﬁlécgn‘?b%yd?rmoéﬁ%”s%&e’ i0 f‘zgi(ij’dﬁg “y%péi fﬁﬁTg?g%rr?é}% géfjﬁgldéontacting a
polyisobutylehasderivative with: & newisdheitinahkresendwbfta pretomsounee uiederguasiliving
conditions. Insme embariments.heonized polyqlelinis.eenefried Ry Gontastng.a preformed

polyolefin containing one or more endo olefins with a Lewis acid in the presence of a proton source
under quasilidiifiEostiEsHs YETROHiLEY POy 8IBHAS FroA teeintaPedBTsBE- [DoR8eiHh Bome
embodiments;:the, iepizechPebsalaflinis.denyed ftamanipies using roethads kpawnip those of ordinary
skill in the art. Non-limiting examples of such methods are described in U.S. Patent Nos. 4,276,394
and 4,568,73%, BAER BIWHTER 18 inBorPt Bticoly FETETENC S RERSIFPTHSEHRE BIIGAMTENTS, a monomer
is reacted with abdnifeccasryingnat leastiweritididfy-halogans dgacationiepolymerization conditions.
[00190]Non-li£pnign examples of inifers suitable for %se in the methods qieigcr'bed(!wﬁrein are those

inifers disclosad in g].t?-’é ent NOs. i‘,é%%@%c%é) r@%‘? n, SRR ST UWhiEN fsafhcorporated by

reference hersimiin someempepiments nthevinifer iis @binfebodimdnnifercinsemecambodiments, the

inifer is a binifef, smbadiments: e inifer.is a trinifer, In some embodiments, the inifer i
icamy! chor R e A R, o et G onized

ide, _ dicumy chloride, or tri romide. (d) lonized
nolvolefins fréftislefifienvionomersemder ynusivingieanodatiBaiopblimerization conditions
1001911In sopgsmbedimans iheionized-Ralyelefin s dervedk ram.alefinic mempemers under

quasiliving carhocationic polymerization conditions. Under such conditions, a quasiliving carbocationic
polyolefin is BBt 8! SUERREHENTINY A B8 HcHie Vea 4R HRY imethoh ki 0itHose of skill in the
art. Non-limitingrgxadnplas of sue-ethogs are described in EP 206756 Bl and WO 2006/110647 Al,
both of which S\EEévggorgorated %Yarefer.ence he_rei‘g]. 00192£n some embodiments, a monomer, an

IS a

- PRt St N ] e )
initiator, and & A S L T SBHE W6 tRerte A SRS P ESABY: contiiBion salt, and/or
common ion shlvpdecursdi(istaieruskdrdpy bbmecambeditients; ithéidhizedipotyi@lefitbis-a quasiliving
Caquc"’_‘t_'on'czﬁ’gor'é’ ',%?y%‘é%%%%%f th J@LL?YXQ%%’%WE%%@SU%ci%%l}é#%gggé}’}.%ﬁ%ugf: () [00193]Some
non-limiting exampies or reagents and conditions suitablé Tor poymerizations producing quasi-living
polyolefins witkbiétdestritieehbsiow. (intiatore {00194 ]msphrecemirsdiments, the initiator is a
compound orpRIVRIEANWIHRLANGRLMOTE Than.eRerenEgroup capable of initiating a cationic olefin
polymerization. ~ ° ) T

1. 4-di(2-methoxy-2-propyl)benzene. ie.. difcumylmethyl ether): 1.3.5-tri(2-methoxy-
2-propylybenzene, Le., tri{cumyimethy! cther): 2-chloro-2.4.4-trimethyl pentane
{TMPCI); 1.3-di(2-chlore-2-propylibenzene; 2.6-dichloro-2.4.4 6-tetramethvlheptane:
and 1.3.-di(2-chlore-2-propyl)-S-tert-butyibenzenc (bDCC)H.

{00196}  In some embodiments, the initiator is mono-functional, bi-functional, or
multi-functional.

(00197}  In somc cmbodiments, the mono-functional initiator is 2-chioro-2-
phenyipropane, 2-acetoxy-2-phenylpropane. 2-propionyloxy-2-phenyipropane, 2-
methoxy-2-phenyipropane, 2-ethoxy-2-phenylpropane. 2-chloro-2.4.4-
trimethylpentane, 2-acetoxy-2.4.4,-trimethylpentane, 2-propionyloxy-2.4.4-
rimethylpentane, 2-methoxy-2.,4.4-trimethylpentane, 2-ethoxv-2,4,4.
trimethylpentane, or 2-chloro-2,4 4-trimethylpentane. In some embodiments, the

initiator is 2-chioro-2.4.4-trimethylpentane.



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 somgyRgodiments: 4w imand thage fdiasariu rguRs soiaining pne carbon atom to
about 8 carbon atoms. In some embodiments, X' is a halogen. In some embodlments X' is chloride. In
some embod|Pﬁ%lﬁ{§hFﬁé@?rdcm@éﬂf@%m%hﬂﬁﬂ)wmim@Qhé@ﬁb@vrﬁ@ gjgeties or monomer. In some

embodimentsp%glp,;gﬁgg{gg@ R TEE ﬂ@!@olxpﬂ%&ﬁm%%%t'@t%fpf H@Nﬁt&‘fﬁﬂﬁaﬁﬁ a.2.4.4-trimethyl
pentyl halide initiator for polylso Clé%/lenc In some embodiments. R3, Rh and R. are each hydrocarbon

groups contailifig KL THB6n [t tarabut 8 Jarpsh at&?ﬁé’%\”?ﬁé%ﬁ?ﬁaﬁér‘filflhé‘ﬁ(isobutylene

polymerization,4n SQBﬁalﬁéﬂhQﬁbﬁﬂﬁtH&;ﬂhﬁ»J@ﬂﬂﬂtﬁéiS@ @wm%tdaﬁtmylmptél&umykbaiwe
1001951Somen§g<%{nnplary |tlators |ncl %m}}“ oro- %phen op ane i.e.. cumyl chloride;
u

1,4-di(2-chior&- 2 BT8Py b alZBHE e’ I(g ﬁfS’rm’QﬁO}l\ {?1(238518’1%}5“[9? ?fyt)Benzene ie..
trlfcumylchIorrdjelniczeahétéx»yk@rpmemw)n@p@me I eonmylbadetates, 2kpriapienylexyRdphenyl propane,

i.e.. cumyl propignats %p{/mﬁtglq@{ gﬁpvhgc ?ropane I.e.. cumylmethyl ether;

1.4-di(2-methoxy-2-p enzene, i.e., di(cumylmethyl ether): | 5-tri(2-methoxy2-propyl)benzene, i.e.,
tri(cumylineth{tEtHdr): znd@r@mlmdnrtmﬁetﬁw pehitdnacomp Oijiaio8 di{ 2-EHinib<2propyl)benzene:

2.6-dichloro-2,4,4 Srtetramethylhentane; and |3 sdif2:ehlora;21prapy|)-Sstexzhutylbenzene (bUCC),

1001961In some embodiments, the initiator is mono-functional, bi-functional. of m u Iti-fun ction a |
1001971In so?ﬁé’éﬁ%%ﬁﬁents 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-chlorg-2.4.4- trimethylpentane, 2-acetoxy-2.4,4.-trimethylpentane.
2-propionyloxy-2,4.4- trlmeth(prentg 0P éthoxy-2,4.4-trimethylpentane, 2-ethoxy-2.4,4-

wimethylpentaiady 2 chlotiech dImalty Renians 1 sameambdments, e iniiator s

2-chloro-2.4,4-trime hylpentane 10019811In some embodiments, the bi-functional initiator is

13-di(2- chIormm@%mm@@w@@m%m%@m)bmiw% g2+ Choirg- 2.

propyl)benzene, 1A -dik2rmethoxy:d RERPYIRG 2R3 A-chloniase ProRvllasn dalL-bitylbenzene”
1,3-di(2-methoxy-2-propy1)-5-tert-butylbenzene, 2.6-dichloro2.4.4.6-tetramethylheptane. or

2 6-dimethoxy 228 AWIEEHERYIHSSTARRN S5 e ERIBa B S bME Tt oms.

1,3-di(2-chlorpy@2propy b)-niert-hubdbsazent.and Brdichian:d fuh6-tetramethyfieptanc. In some
embodlments the nltlator is 1. %dl( chloro-2- ropy )-5-teit- butyl% gz ne. 1001991In some

embodiments, fh%or?lmlcflri fhetiohat idABr e %D{ﬁ PRSI H6P t)‘ES%‘HZ(L,Wn‘e‘m’ orm
1.3.5-tri(2- broméezupnopyig,)hs:nhemen@nﬂzt&,{ﬁfﬁu(ﬁsme&h@myeaf pf@py,j)he:nﬂeﬁ&i(dibltMOﬂomers
1002001In som%gxmLQOd@m%éb&mopqme%sc ocar on qﬁ mer a compound containing

am L b
only hydrogen and carbon atoms m&ludlng but not Tirr mlte ntS 0 gand rdl‘%)l”e ins, and those having

from about 2 tookisolir 26 ghtbon dtomisichvspaiorembodingentsy 'sadhroarypoufidshabedtom about 4 to
about 8 carbom@igms ofR02QLL 1B seme.emPRAIMENts, e MEhodsdesgringd;hgrein can be employed

for
molecular weights of from about 100,000 to 1,000,000 ¢/mol, or more.

[00202]  In some embodiments, the monomer 15 1sobutylene, styrene, beta pinene,
1soprenc, butadiene, or substituted compounds of the preceding types. In some
embodiments, the monomer is isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 4-
methyl-1-pentene, or styrene. In some embodiments. the monomer is 1sobutylene.
[00203]  In some embodiments, mixtures of monomers are uscd.

{iii) Lewis Acids

[00204]  In some embodiments, the Lewis acid is a non-protic acid. In some
embodiments, the Lewls acid ts a metal halide or non-metal halide. In some

embodiments. the Lewis acid 1s a metal halide. in some embodiments, the Lewis acid
44



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, (e monemer s isgutvieny styrene, beta pinefis. isoprenc, butadighe. or substituted
compounds of the preceding types. In'some embodimen s, the moénomer is isobutylene,
2-methyl-]-buténied3-metyd-trbudinens. iethylsk pehtenéor stiléhehdhdsorhesembodiments, the
monomer is iSgRbdERGL0A20RLIN same BARYIMEARLS. IbgHLes ALMARAMAS Arg Lsed. (i) Lewis
Acids 1002041 In some embodiments, the Lewis acid is a non-prot ¢ acid. In'some embodiments, the
Lewis acid is & fifetaldhnas s Honinhetal aifes fmiomiacampbdisentgctiésllswisicid is a metal
halide. In somg emRediments el enisacithe44n ISAtIRRMMCLY) halide,R zine;(11) halide, a tin
(IV) halide, or an aluminum FIII_) halide. In some embodiments, the Lewis acid is a titanium(lV) halide.

In some embotfHRRIRISHEN Wite dBisPie P e RafiddeIh S8 BRI thd Lewis acid an
aluminum (Ill) fatidemiroSpmerembadimentsd the Bwisaeishis:Hivniumielrakromide;ogtitanium
tetrachloride. Iqhs?me embodim ntﬁ.‘t e Lewis agid is titanium; ;etraph?ri_de. In some embodiments,
the Lewis acid 182G CHISHAS MY ES e B SAEIEthe MSis e i AP HSShe embodiments,
the Lewis acidhigiéthyihawmirurmodichiordéc nesome idmbadimentsythéllLbwiscacigkisanon-metal

halide. In som ﬁmgﬁaim?qt?s&gﬁgﬁmgi%%id;ass%nmf?@%@é’ }xghé!g)_ &%‘Fﬁﬁe 2 gallium (lil) halide, ora
(0] Id IS

boron (111) halide. In some embodiments, the Lewis ac oron trichlonide. In some embodiments.
the Lewis acidiisidaridikylnatemiriurhodonmpoutie. lasorme embudifenttinie hewisraoietis trimethyl
aluminum. [00205Hp SARMRIRMACdINE LS, QRe Lewina6id ifHsagnIn 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,! 8 fiRturd b GrtRdIR ¢ 19 Halies and diaiylal imimse6ripseeme: is used. In some
embodiments @ gteichiometrieniatio of abeits 1it aluminumgl b badige-fes trialkyhalusninum compound is
used. In some embodiments, a stoichiometric ratio of 2:1 aluminum (Il ) halide to trialkyl aluminum
compound is U€84° 'S8 &S b SdfTEn 2 L YiBRKioratE b ot Y™ M HURR AR 34lide to trialkyl
aluminum is usedkyh Somewembadicients, thel staishionetticdiaiio of alwnrinome(Hy hakderto trialkyl
aluminum is greater, '_[Ip%p _rlm.lnn SOME gmgggi I_?rhgs,l ;pellﬁslgloigqhiometrici!atio_9, uminum (IIl) halide to
trialkyl aluminum is less thanT. In'some em(boﬁfim\ér‘l%g, a mixtareror afufirttm tiBromide and trimethyl
aluminum is usedird 00206 tisisommarembodimnents) tHertiewis(Htidisiantalkil gilinmiminubalide. In some
embodiments. (e | eyis agid _'Siﬁu%}mym&mwm DIQIMIAS P20, !0 oMy &gggﬁ%'mem& the

Lewis acid is added in one aliquot. In some embodiments, the Lewis acid is added in more than one
aliquot. In sontHlaRibisdim &t thewenis deie s abuednin wverdimerts fin Seirfeasmisdiments, a first

aliquot of Lewis:acid isadaed durjngiihepalymerizationseactinnangha seonghaliquot of Lewis acid is
added after the addition of the compounds of formula I. (iv)Electron Donors 1002081As is understood

to one of ordirfaly SRIMAhE Bt SEIBBIECHIR tiotBra e SAhABlEel e HHIEHIAY RNl
polymerizationesystems inta@biasitivingreaocationie pohimerizationsystemsdlniseme embodiments,
the methods d3 S}'%réir?erg 1Qeurs%i are performed in the presence of an electron donor. 1002091In some
embodiments, theé €iectron donor is capable of complexing with

{00206]  In some embodiments, the Lewts acid is an alkyl aluminum halide. In

some cmbodiments, the Lewis acid is a methy! aluminum bromide.

[06207]  In some embodiments, the Lewis acid is added in one aliquot. In some
embodiments, the Lewis acid is added in more than one aliquot. In some
embodiments, the Lewis acid is added in two aliguots. In some embodiments, a first
atiquot of Lewis acid is added during the polymerization reaction, and a second

aliquot of Lewis acid 1s added after the addition of the compounds of formuta I.



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 dg@pr issgimesavhshlfexide. In some embodiments. the electron donor is an
ester. In some embodiments, the electron donor is methyl acetate or ethyl acetate. In some
embodimentsjgiheygjectrandaneris & phesphate £ompaunds nseme.enbrdimeals.dhe electron donor
is trimethyl phosphate, triputyl phosphate, or triamide. hexamethylphosphatc, In some embodiments,
the electron dBRGFTE AR B GEn WBnEIRTRR A BELY BSHBARAY IR B ME ShibHitents, the electron
donor is tetraisepropybtitapaien FOQZ20Enssome embodimentsniheseleetiamdonosisipytdine or a
pyridine deriv%\g}é% In some ercn(}nlg%mepé%ngréeogIae},]c(t:(ocrgrgt(])%grr] Is a compound of formula: ,E NIR1 A
R1,R1 R 1 wherein RIAR (I}Eﬁf) and RIL are each, inaepen ethfy, hydrogen or hydrocarbyl: or R 1A and
RIB. or RIB affffHi?l. oriRRuandrRiBliwrR DisndeRIFriddependemiyfofmoarfusedeatiphatic ring of about
3 to about? cqrhon ARMS|ALAUSRARIMANCHDYRL ARGHR:IR aRQU! 7,63t300 Alam#. In some
embodiments. Ri A and RI are each, independently, hydrocarbyl, and RIB-R |l) are hydrogen.
1002111In soth&csiaSBUiIPHERES HHBlston HOWs IS DB UGiteRBipyridirene BLlatidine, 2,4-lutidinc,
2.4.6-trimethylpydding, 2rnethylpyridin, @k BMigineddRsome ¢nhpdiments. dheelectron donor is

N.N-dimethylaniline or Ndimethyltoluidine. In some embodiments, the electron donor is 2.6-lutidine.
(v)Common |G &g 1Bh &Sl Braetrsbran e 1 in omabniiBdiieits SsHiMon ion salts or
salt precursorsomayshe, vptianally fackdedite theNeasion mixumad addifion ¢oekraeplacement of the
electron donoy. In some embodiments, such ialts may be used g;ﬁincreasg]the ionic strength.
suppress free Tohs aRd TRTETEEEWitS AFSRa eeitanye T SEite ehiBadimEte e Ldsmon ion salt
precursor is tetratmbdtylamndonitim: chltridés | nlsemme: embodimenishthe ccommiondois salt precursor is
tetra-n-butylammEnioy ROl I SRME. CMDAGIENIP« R AOMMONIAN SRl RIEEHISILS
tetra-nbutylammonium iodide In some embodiments, the concéntration of the common ion salts or salt
precursors in th@tcmbrdsrton. thixelgermagoperin thehpspfscfromnabot 010008 moles per liter to about
0.05 moles peklitghiHHAme: %r&tmim%ﬁ,sm%@mw@m%ﬁnﬁmggg%@%ﬁa'ts or salt

precursors is in the range from about 0.0005 moles per liter to about O. moles per liter. In some
embodiments a6 AEEHTEH B UIHE R oMmEAS G Setfi BF ¥t 8 KGFSr§989R & range from about
0.001 moles pek/literdonabeul CLORT IRalRsREr Heh ke RILWENT §4 02181 isanic embodiments of

the methods described h?rein, the methods are performed in a diluent. In some embodiments, the
. . Lfetraisopropy! fdtanate . .
diluent is a smgie ¢ Mun Or a mixture of two or more compounds. In some embodiments, the
diluent compl&i@hi dlissotvesithembadtiomcorinporents dopariiallyidissolvegthemeaction components.
In some embadiments. e diuensamplstely ornsat campleleldissoliesdne reaction components.
In some embodiments, the diluent completely dissolves the reaction’components. In some
embodiments, the diluent nearly completely dis fR¥ reaction components. 1002141In some
embodiments, the diluent has ov? boiling point hdp low freezing point. In some embodiments, the
diluent is an alkane. In some embodiments, tR& diienti&’a normal alkane. In some embodiments, the
diluent is propane. normal butane, normal pentané? ‘fiormal hexane, normal heptane. normal octane,
normal nonane or normal &cane. In some embodiments, the diluent is normal hexane or normal

pentane. In serhergmiodiRiénts; thedilient is:rofronl hexgnrdmnisomeremiadiments, the diluent is a
branched alk%@%i‘olgar ,%f ;%re@'bggérﬁeﬂtg% H]Q and R' or R’ and R'™”, or R and R

independently form a fused aliphatic ring of about 3 to about 7 carbon atoms or a

fused aromatic ring of about 3 to about 7 carbon atoms. In some embodiments, R

and R'" are cach, independently, hydrocarbyl, and R'®-R'" are hydrogen.

[00211]  in some embodiments, the clectron donor is 2.6-di-tert-butylpyridine, 2,6-

lutidine, 2.4-lutidine, 2.4.6-trimethylpyridine, 2-methylpyridine, or pyridine. In some

TS



-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 so bodi ts, the diluent is an alkyl halide. In some embodiments, the diluent is an
alkyl monoha?é%%? ]ﬁhg{flﬁsﬁggi%{ﬁ%é}? ﬁrsléf%%é(}%}{gcotﬁ?frrgglr%fg? ﬁwr(reﬂ gﬁa‘%‘ﬁ}cfs%@]ﬁ ({)Efio orm. ethylchloride,
n-butyl chlorid® spesthyine ohtoridde miethyinctiloridie, 216 dudidioroethane, 1.1.2.2-tetrachloroethane,
carbon tetrachloride, 1,1-dichlproetiayie iR M VRS, I Qah PRYshIgrde, 1.2- dichloropropane,

or 1.3-dichloropropane. In some embodiments, the diluent is methylene chloride or methyl chloride. In

some embodimepig| tha dilseatissnginyhehlerideodnsome emhnginants: dhe dilent is an alkene or
halogenated alken%g%sdﬁgj% ten&)bocli'mtents, the (__Jlilugnﬁjs vingl chloride. 1.1-dichloroethene. or 1.2-
dichloroethen&’18 e O a e B BRI e lEH: R Y SUEREEEY HanIBhe. In some
embodiments ctherdiluentis beswwenentnsomeembbdiments; thaditlentisdoliended02171In some
embodiments .,m%{quue{j IS gq{_ggn i_sglfédg s'ulfur,. ioxide, acetic anhydride, acctonitrile. benzene,
toluene, ethylgenz%né? %a%i\ylcyclghé'x;né. Eﬁrgrtﬁenqzué?\né %(rC%adﬁ ?Oaﬁ%\?qﬂé? 1002181 In some
embodiments cthodilnetisigha enirtupe whtwd oromoser cotppourisy iimsome erabodiderits, the diluent is
a mixture of hexape ancimeihyl tﬁbla{mommg@wm%m%a}ﬁaéﬂgmmtﬁfﬁd&f rom about 10°90 to
about 901 0 hexane/methyl chloride by volume. Infurther embodiments, such mixture is from about
20/80 to abouPBEMNT hEXshTRARBIMA BRIHdE P TENeE R fUPRBsPRBOIfEnts, such mixture is from
about 30/70 tealeuimessdhRaneimethi ahleridedbys velurg: ipfiithesembagdimsnts,asuch mixture is
from about 40160 to about 60'40 hexane-methyl chloride by volume. In further embodiments. such

mixture is abotit BOEH hEGEHER R UITIBY HEEPUSRIHES A% h B SRBBEHEREeHE mixture is
about 60/40 hexanemethylechierideabywolomeolssfirthree mbesimentsdsqehumixture is about 40/60
hexane/methyé %Qlé)rg%%@t}yo\#%%rpg. rﬁ(}%ft I‘}I’%I}/IP@I%R@TURE \10_02_19t In ,s%cncg embodiments, the
methods described herein are perormed ata temperature from about -3¢ 8 aE8E oC. In some
embodiments Jthé0meth odrcdéseribeddve feid are perforimed dt acempebatlirefrerrhabout -110C to
about -10C. | I ime _' ein are perfarmed at a temperature
from about 1%@3%?@%%%%&%%@3’%@%%%%%%ﬁfgﬁéggﬁ’ég fi%tﬁo%g‘ g%éqr{oéﬂd ‘)ﬁglr}gin are performed
at a temperat&¥toneiabbtit 190 @ taBdlL 30 anrsokierembodiments, the methods described herein
are performedsat # teyppetature 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! A& HethBHOHE S msirmavain’ de Belotmbaabatdmparatara fissasout -60C to about
-40C. In somerembodiments;) ihe Metheds desetibed:herein atanedormrd-ahadamperature of about
-40C. -50C. -60C,-70C, or -80C. In some e{rinb diments, {gg.metho S gg_spribed herein are performed
at a temperattre of aBout> 08" Th 8B Me BRibodiHERE IRE MBthodS JeLeHISEREIEH are performed
at a temperatyresofvabtdutr 0@ inrsemeembodmaents dike mstihedsadescribegdierein are performed at
a temperature, y : e iments, the method scribed herein are.performed at a
temperature d‘i‘géfrt])gb%%tg§§%ﬁ%§%§%&%%§%§&% men?ﬁq‘e}fh%o spsl g(s%é“rf%%" qﬁé‘?e{% gr‘gtf)g?formed ata
temperature ofEbBHEIS0E PPECOONCENTRATIONS 100p2e1y Hredhnaithend:carcentration of the
methods describgdherginaienotlimitedby.the disclased examples Jhe:shainsend concentration for
the methods described herein appears to have no definite upper limit, and the methods described
herein may bé PEMIHTEEPAREHY chain end concentration, subject to the inherent limits imposed by the
density and molenupr weight d-enbsaatanwlume) rhthereastionsappanentsk082211Iin some
embodiments, the molar co _centrgt_jo? of the gog}gg_gngs of formula | is from about 1 to about 10 times
the molar cond&rtFatiBR Bt cHa Enda T S5hiE EinBOREhtE, 1 nolar¥Bhcentration of the
compounds offarmiitactis fhoriiiabaut 1 dotemaboui R tilnesithe mealameencentratiom:of.chain ends. In
some embodirrfgnegg&tggrmgl%{%gnc%%@ ion of ghggcggmq}o@%[gﬁs of forﬂulag,_l iS from‘z?bout 1.1 to about
5 times the mblal concentration of chain ends. T SOmeé embo iments, the molar concentration of the
compounds offsaul@iniglfromzboutctmatcieadboat biines théamiiolansomeeaiitration ofroidin ends. In
some embodiments. dhsmelassencentraion of theisompaypds.ofiQrmuyia s em agout 1.1 to about
3 times the molar concentration of chain ends. In some embodiments, the molar concentration of the
compounds of98IRIEIGENBN BSctuEM ot ABEIRTdiHeEth &' roTer akrsbmgatiodf chain ends.
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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 moladfk%on%eir);trg&itpg ofgchagr] gn%s. In some _etgwbgdimqntgthtl?e ngplar;g_ncentration of Lewis
acid is from aBout 2 fo about b5 ines the molar concentration of chain ends 002231In some
embodiments dietbldettor:donbf conctnliatior isl tessrthan hefthe concehtratisrofllcewis acid. In
some embodifpegts. ik BIERIAN denaleRNRSAUAIRIR IEse e Q-4 UMES e bwig,acid

concentration. In some embodiments, the electrori donor concentration Is less than 0.3 times the Lewis
acid concentrdtigfntiv $oniece bbeimantsnthik e ctrowaenorbedheentkdtiodilgdess than 0.2 times the

Lewis acid congepiralian, IR2ameembogimanis, g eleptandopprconasniialiandsdess than 0.1

times the Lewis acid concentration. 1002241In some embodiments, the chain énd concentration is
less than 0.019NKH'Sbrre: MBEdIRTEME, IReVRARTERE SR HIF 4o s 1¢sy TRalk 1950 M. In some
embodiments;gbeishaimensheoncentration, is iegs.than @xlOu azeme esabodiments, the chain end

concentration is Jess than 0.5 M In some en tf[Odim nts, the chain end concentration is less than 1.0 M.
In some embézgi]#oéﬁ sﬂﬁeﬂé%é\éll MEE ‘%l;en% P&?fbﬁ‘%’%‘r@éﬁé‘r%ﬁhpﬁ%ﬁfl F4%8HERMINATORS

end'con
1002251In someednbodimnénidlibe tenitinatoris alcothpouhdcapablaiofideaatiuating a Lewis acid. In

some embodiigs, e IerMiNALOTIS a bass.andiona nycieoptileln soms, embediments, the
terminator is a base In some embodiments, the termihator is an electron dorior. In some embodiments,

the terminatortésaahl grdanid tsaddoipedum e embpilinidetdsthe teeninaideisian dlcohol or amine. In
some embodigjens, g eiTinaterizanaieahel NS cRBogimenis, (g {ermipator is a pyridine

derivative. 100226]In'some embodiments, the terminator is methanol, ethanol, or isopropanol. In some
embodiments HEtERMBeS et shirTideme emscamrshirctietbeiirrtos imsilter. In some
embodiments theterminateris-igthyiaminge migthylmingRyifipgoLfalutiding, N-pytylamine, or

tert-amylamine. 100227%1:$%some embodiments, the terminator is added after the quenching step. 4.3
COMPOUNDE TG sohie Enibgairenteyhro\ady hdrdirh e e8mMbotings of formula 11: R3

dichloroethene.

[00216] In some ecmbodiments, the diluent 1s a substituted benzene. In some
embodiments, the diluent 1s benzene. In some embodiments, the diluent is toluene.
{00217]  In some embodiments, the diluent is carbon disulfide, sulfur dioxide,
acetic anhydride, acetonitrile, benzene, toluene, ethylbenzene, methylcyclohexane,
chiorobenzene, or a nitroalkane.

{00218]  In some embodiments, the diluent i1s a mixture of two or more compounds.
[ some embodiments, the diluent is a mixture of hexance and methyl chloride. In
further embodiments, such mixture is from about 10/90 to about 90/10 hexanc/methyl
chioride by volume. In further embodiments, such mixture is from about 20/80 to
about 80/20 hexane/methy! chloride by volume. In further embodiments, such
mixture 1s from about 30/70 to about 70/30 hexane/methyl chloride by volume. In
further embodiments, such mixture is from about 40/60 1o about 60/40 hexane/methyl
chloride by volume. In further embodiments, such mixture is about 30/30
hexanc/methyl chloride by volume. In further embodiments, such mixture is about
60/40 hexane/methyl chioride by volume. In further embodiments, such mixture is

about 40/60 hexane/methy] chloride by volume.

i



R4 wherein fe is a polyolefin group: Rl 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
| -SiR or wherein Rf-R- are each independently. alkyl or aryl: if m is 1 andand R4 are both H.

then 124 and 551 ‘;\rele%ﬁ?gi%%e%gﬁ%ently H. alkyl, oroxy and X is alkyl, alkenyl, alkynyl, alkaryl,

aralkyl, aryl etcroaOr
[00219]  In some embodiments, the methods described herein are performed at a

temperature from about -120°C to about 0°C. In some embodiments, the methods
described herein are performed at a temperature from about -110°C to about -10°C.

In some embodiments, the methods described herein are performed at a temperature
from about -100°C to about -20°C. In some embodiments, the methods described
herein are performed at a temperature from about -90°C to about -30°C. In some
embodiments, the methods described herein are performed at a temperature from
about -80°C to about -40°C. In some embodiments, the methods described herein are
performed at a temperature from about -70°C to about -40°C. Tn some embodiments,
the methods described herein are performed at a temperature from about -60°C to
about -40°C, In some embodiments, the methods described herein are performed at a
temperature of about -40°C. -50°C. -60°C, -70°C, or -80°C. In some
embodiments, the methods described herein are performed at a temperature of about -
40°C. In some embodiments, the methods deseribed herein are performed at a
temperature of about -50°C. In some embodiments, the methods described herein are
performed at a temperature of about -60°C. n some embodiments, the methods
described herein are performed at a ternperature of about -70°C. In some
embodiments, the methods described herein are performed at a temperature of about -
®0°C.

4.2.5 CONCENTRATIONS

[80228]  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 moiccular weight (i.c.. molar volume) of the reaction
components.

[00221]  In some embodiments, the molar concentration of the compounds of
formula 1 is from about ! to about 10 times the molar concentration of chain ends. In
some embodiments, the molar concentration of the compounds of formula 1 1s from
about 1.1 to about & tirnes the molar concentration of chain ends. In some
embodiments, the molar concentration of the compounds of formuia T is from about

1.1 to about 5 times the molar concentration of chain ends. In some embodiments, the
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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)0OR6,-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, alken I nyI alkaryl, apyl, or Te cr I échR)" X IS ortho to R4,
then X and R4, (I;Li? Coh dcngdfl% 0?5t¢ EJOe r&gm B{ ea oms it éIC?"l{g\(l gr% attached may form

aring; and if s B0, Wrﬂmﬁmwﬁmane:e@chimn@epenﬂeﬁttydﬂgsaikylmohalkoxy, and X is H, alkyl,

alkenyl, a'kynxb,-,@me%oﬁr@#wé &mg%&wﬁf 1Lm"i‘1|llﬁq)§¥ m'%xuhﬁe&@%xlfwmaﬂsqmoxy “OH, -F, -Cl,
-Br,-CN,-NC, -NCO, - OC(0)R8, -C(0)OR9, -C(O)NR 'RI I,LR7 NR \R'l
molar wnccntmnon of chain ends. In somc LmbOdlmCI’ltS thc moidr concentration of

the compounds of formula ! is from about 1.} to about 2 times the molar
concentration of chain ends.

180222]  In some embodiments, the molar concentration of Lewis acid 1s from about
0.5 to about 20 times the molar concentration of chain ends. In some embodiments,
the molar concentration of Lowis acid 15 from about 4.5 to about 15 umes the molar
concentration of ¢chain ends. In some embodiments, the molar concentration of Lewts
acid 1s 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
¥ times the molar concentration of chain ends. In some embodiments, the molar
concentration of Lewis acid 1s from about 2 to about 5 times the molar concentration
of chain ends.

[06223}  In some embodiments, the clectron donor concentration 1s less than half
the concentration of Lewis acid. In some embodiments, the electron donor
conceniration is less than 0.4 times the Lewis acid concentration. In some
embodiments, the electron donor concentration 15 less than 0.3 times the Lewls acid
concentration, In some embodiments, the electron donor concentration 1s tess than
0.2 tmes the Lewis acid concentration. In some embodiments. the electron donor
conceniration is less than 0.1 times the Lewis acid concentration.

100224}  In some embodiments, the chain end concentration 1s 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 1s iess than 0.1¢ M. In some embodiments,
the chain ond concentration is less than 0.5 M. In some embodiments, the chain end
concentration 1s less than 1.0 M. In some embodiments, the chain end concentration
18 greater than 0.001 M.

4.2.6 TERMINATORS

[06225]  In some embodiments. the terminator 15 a compound capable of
deactivating a Lewis acid. In some embodiments, the terminator is a base and/or a
nucieophile. In some embodiments, the terminator is a base. In some embodiments.,

the terminator is an electron donor. In some embodiments. the terminator is an
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wherein A is or nothing, Rx and R\l are each, independently, Halkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, hcterocyclyl,C(O)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 oulaR3 R4 wherel%(l)?g1 IS a Lyolefln group;

organic base. In some embodiments, termnator is an alcohol or amine. In some
embodiments, the terminator is an alcohol. In some embodiments, the terminator is a
pyridine derivative.

[00226]  In some embodiments, the terminator is methanol, ethanol, or isopropanol.
In some embodiments, the terminator is methanol. In some embodiments, the
terminator 18 water. In some embodiments, the terminator is diethylamine,
tricthylamine, pyridine, 2.6-lutidine, n-butvlamine, or tert-amylamine.

[00227]  In some embodiments. the terminator is added afier the quenching step.

4.3 COMPOUNDS

[06228]  in some embodiments, provided herein are compounds of formula H:

3

Ru

Ra\éz:}—ow(cmre%m—x

R4

wherein
R% is a polyolefin group:
R' and R” are each, independently in cach —(CR'R?) unit, H or alkyl;
wherein m is an integer from § to 20, wherein
ifmis 0,
then R” and R” are each, independently, alkvl. and
XisH:
if mis 1 and at least one of R and R” is not H,
then R™ and R” are cach, independently H, alkyl, or alkoxy, and
X 1s H, alkyl, alkenyl, alkynyl, alkaryl. aralkyl, arvl, heteroarvl,
B8
Si-RE
or R’

wherein R™-R” are each, independently. atkvl or arvl:
ifmis | and R” and R are both H,

then R™ and R® are each, independently H, alkyl, or alkoxy, and

t
in
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R and R2 are each, independently in each -(CR R") unit, H or alkyl: wherein m is an integer from 0O to
20; wherein if m is O, then R' and R4 are each, independently, alkyl and X is H; is | 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 | and R3 and R4 are both H. then Fe and R4 are each,
independently H, alkylalkox and X is en I l, Ika alk I ryl, heterparyl. or Si R6
wherein 12.5-R are each, mdeperﬁie 6\&?%aﬂ<yrorxarﬂi %Pr}rq |sﬁ ggram)thé/n g?{ané) ﬁylparg each.
independently H, alkyl, or alkoxy. and X is H, alkyl, alk§nyl aIkynyI alkaryl, aralkyl, aryl, heteroaryl,
alkoxy.-F. -Cl, -Br. -1. -At. -CN, -NC, -NCO, OC*:F%N@SQBSCN OC(0)Rs.-C(0)ORe,-C(0)NRIuURIIL,R7
RT

wherein R™-R” are cach, independently, alkyl or aryl;
ifmis 2,
then R™ and R* arc each, independently H. alkyl, or alkoxy. and

X 1s H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryi,

alkoxy, -F,-Cl, -Br. -1, -At, -CN, -NC, -NCO, -OCN, -NC§, -
RS
—A-SRE
SCN, -OC(OR", -CIOYOR® ~CIOWNR'RM, RY
wherein A is —==— or nothing,

R'-R” are cach, independently, alkyl. alkenyl. alkynyl,
atkaryl, aralkyl, arvl, heteroaryl, alkoxy,
or hydroxy,
R is alkyl, alkenyl, alkynyl, alkaryl, arvi, or heteroaryl.
and R™-R'" are cach, independently, H, alkyl, alkenyl,
alkynvi, alkaryl, aryl, or heteroaryl,

v { Y Toe ) ; .
O{CRRNm-X 1§ ortho to R*, then X and R,

or, when
together, with the atoms to which X and RY are
attached, may form a ring;
and if m is 3-20,
then R™ and R” are cach, independently H. alkvl, or alkoxy. and
X s H, alkyl, alkenvl, alkynyi, alkaryl, aralkyl, aryl, heteroarvl,
alkoxy, aryloxy. heteroarvioxy, alkarvloxy -OH,

-F.-CLL -Br, -1 A -ON, -NC, -NCO, -OCN, -NCS, -5CN, -

oy
~ A~Si-R?
OC(OIR®, -C(OYOR”, -C{OINR'*R", R" or-
NR*RY;
wherein A is — = or nothing,
R* and RY are each, independently. H. atkyl,
alkenyl, alkvnyl, cvcloalkyl, aryi,
heteroaryl, heterocyelyvl C{OHR”
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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 Ikenyl, alkynyl, alkaryl, aralk hetero g yloxy. heteroaryloxy.
alkwyloxy, - OH. -F. -ClI. -Br. -1, -At. -CN,-NC. NX(L,CT%X ESFHN% k d 81%/ %ﬁg és -C(0)0OR9,

-A-Si-R6 R7 , or NRxle :  wherein Rx and R \ are each, mﬁ@péhmbﬁtl\j}; Hlffétrm‘myl alkynyl.

cycloalkyl, armcg%@{;@@qyldp@tqucyclyl C(0)127, wherein Rz is H, alkyl, aligenyl* aIkynyI
cycloalkyl, aryl, heteroaryl, heterocyclyl, -Ole, or-NRNR": A is-oi nothing, W-R
R™-Rare cach, independently. alkyl, d]\LﬁV] alkynyl.

alkaryl, aralkyl, arvi, heteroaryl, alkoxy,
or hydroxy,
R" is alkyl, alkenyl, alkynyl, alkaryl, aryl. or heteroaryl,
and R*-R'" are cach, independently, H, alkyl, alkenyl,

alkynyl, alkaryl. arvl, or heteroaryl.

[00229]  In some embodiments, provided herein are compounds of formula I:

]

Ru
a8

\{;}o—{cwmm—x

;{4

wherein
R" is a polyolefin group.
R' and R” are cach, independently in cach —(CR'R?) unit, H or alkvl
wherein m is an integer from 0 to 20; wherein
ifmis 0,
then R™ and R are each, independently, alkyl, and
X s H,
ifmis | and at least one of R and R is not H,
then R and R* are each, independently H. alkyl, or alkoxy, and
X s H, alkyl, alkenyl, alkynvl, alkaryl, aralkyl. aryl, heteroarvl,
;?5
=—5Si-R°
or R

wherein R™-R arc cach, independently. alkyl or aryl;
if mis ] and R* and R" are both H,

then R* and R are each. independently H, alkyl. or alkoxv, and

t
[V
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are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroacyl, alkoxy, or hydroxy,

R5 is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and R9-RIl 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 abgut 10 t out 5Q0. In.one embodiment. p js about 10 to about 250
In one embodiment. n about 10 toga’t%(z)ilij'ny%ECfﬁ%’n%géﬂ*\(%‘o%%%%t?rﬁ l@%?&zﬁﬁ%ﬂ?%’ff@%llln
some embodiments, the compound has the formula OFE(CRlRZ),TX 1002321 In some embodiments,
the compound has the formula R3 0-(CR1R2)>£6032381In some embodiments. h compound has

the formula R2 1002341 In some embodiments, the cémpqund has the formula Ra
wherein R™-R are each, independently, alkyl or aryl;
ifmis 2 or 3,
then R* and R” are each, independently H. alkyl, or alkoxy, and

X 15 H. alkyl, alkenvl, alkynyl, alkaryl, aralkyl, aryi, heteroaryl,

alkoxy, -F, -Cl, -Br. -1, -At, -CN, -NC. -NCO, -OCN, -NCS. -
FSE
—A-Si-R®
SCN., -OC(OR”, -CLOYOR” ~COWRRY, RT |
wherein A is —F= or nothing,

R-R are each, independently, alkyi, alkenyl, alkynyl,
alkaryl, aralkyl, aryl. heteroaryl, alkoxy,
or hydroxy,
R is alkyl, alkenyl, alkyny!, alkaryl, aryl, or heteroaryl,
and R7-R ™" are cach. independently, H, alkyl, alkenvi,
aticynyl, alkaryl. aryl, or heteroaryl,
or, when O CRR)eX 1o yriho 10 RY, then X and R*,
together, with the atoms to which X and R are
attached, may form a rng:
and if m is 4-20,
then R and R* are each, independently H, alkvl, or alkoxy, and
X is H, alkyl. alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroarvl,

alkoxy, arvloxy, heteroaryloxy. alkaryioxy, -

OH, -F. -Cl. -Br. -1, -At. -CN. NC. -NCO. -OCN, -NCS, -

SCN, -OC(OR®, -C(OYOR?, ~C{ONR'R!,
;35

—A=Si~RE

R or-NR™R':
wherein R™ and RY are cach. mdependently, H, atkyl,
atkenyl, alkynyl, cycloalkyl, aryi.

heteroaryl, heterocyclyl, CIOWR’,
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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 | to 4. 1002361In
further embodiments. m is 4-20. In further embodiments. m is 6-20. In further embodiments, ris 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, Vmgrggrﬁpcl)yﬂdarﬂgﬁ tmc%orpa%a! R}? 1002401 In further
embodiments, the compound has the formula ST Fi alRynys

cycloalkyl, arvl, heteroaryl.

heterocyclyl, -OR", or -NR'"R'":
A ig === or nothing,
R™-R” are cach, independently. alkyl, alkenyl, alkynyl,
alkaryl. aralkyl, arvi, heteroaryl. alkoxy,
or hydroxy,
R" is alkyl, alkenyl, alkynyl. alkaryl, aryl, or heteroaryl,
and R”-R' are each, independently, H, alkyl. alkenyl,
alkynyl, atkaryl, aryl, or heteroaryl.
[00230]  In further embodiments, R is a polyisobutyl group. In even further
embodiments, the polyisobutyl group is
xt
' .
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 ermbodiment, n
15 about 10 to about 5300. In one embodiment, n is about 10 10 about 230. In one
embodiment. n about 10 to about 100. In one embodiment, n is 10 to about 30.

[00231}]  In some embodiments, the compound has the formula

R? R®

O O—(CR'RY—X
R .

4

[00232]  In some embodiments, the compound has the formula

R3
RBQO—(CRW);’“X

R4

[06233]  In some embodiments, the compound has the formula

R3
Qo—(cwﬁa?)m-x
Rd

RB



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),-ORb_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

[00234]  In somc embodiments, the compound has the formula
Ra

Q‘o—{oRfRﬁ)m—x

R/i
[86235]  In some embodiments, the compound has the formula
R*——RP f;?j

\<:§>—O“(CR1R2} -X
&\_[ / " i
R4 |

4 r.

wherein R” is a polyisobutylene group;

R" is a polyfunctional carbocationic initiator residue;

and r 15 an integer from | to 4.
[00236]  In further embodiments, mis 4-20. In further embodiments. m is 6-20. In
further embeodiments. ris 1. In further embodiments, ris 2. In further embodiments., r
18 3. In further embodiments, 11§ 4.

[00237]  In further embodiments, the compound has the formula

;’_*_’QX_,,WREJ =%

QO—(CR‘Rz)W-X

R4
b _{.

{00238}  In further embodiments. the compound has the formula

RJ

§
R RbQ-OM(CR‘RE)m-XE

R4
_dr..

[00239]  In further embodiments, the compound has the formula

R |
§ owcawym—x
RX‘{ij R4
r



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

[00240] In further embodiments, the compound has the formula

R!
i

QOM(CR‘RQ)m-X

4
R .

(08241}  In further embodiments. the compound has the formula

RB R3
x~{CR“RZ)m-O@RmeX—Rb@—OﬂCWRE)M
R* R

[00242]  In further embodiments, the compound has the formula

R3
xw(cWR?)m—@QRb—R*mRb R®
R% QommR‘R?)m-x

R4

[00243]  In further embodiments, the compound has the formuia

R3
RS Om(CR‘RZ)mmX
X“{CR*RZ),N—O‘@‘RD—RX—RD R
4

[00244]  In further embodiments, the compound has the formula

RB
x~<CR‘R?)m-—o@Rb—W
Y
Qb
R4 e

\ O—(CR'R?),~ X

R#i



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'R 40PAT11) SoMe, SRSHmEn s NS Spmpand 2 he Jormuta X
RJ
O~{CR'R),-X
R3 Rmex_..,RD R4
X—(CR'R%),,—0
Rd’z

[00246] in further embodiments, the compound has the formula

RB R!)_Rx
\
Rb
X“{CR’RZ)m—O@
O~ {CR'R%)~X
R4
RA

[00247]  In further embodiments, the compound has the formula

R3
X-(CR'R%),, -0
RT  RE-RX
\Rb
o-—(CR*R?)m—x
R/z
|00248]  In some embodiments, the compound has the formula
R® RS
X—{CR'R?) O—{I} f|:>, 10?2
'R7y — - \ O—{CR'R%, X
Y P P "
R4 R*

wherein R” is a polyisobutyiene group:
and R® is H or alkyl.

[00249]  In some embodiments. R” is

(2

"

wherein p is an integer from about 10 o about 2000, In further embodiments, p is

about 10 to about 1000. In further embodiments, p is about 10 to about 500, In
-5%-



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

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.

[00250]  In some embodiments, the compound has the formula

2y X
m

A
i
Q»ow((:ﬁ*a‘?)mmx
Py
(o]
2 &
QGw(CR‘RZ)
A
BN

[00251]  In some embodiments, the compound has the formula

Rb
i
Re
{00252]  In som¢ embodiments, the compound has the formula
Rl%
X-—{CWRZ)mMOOR
R4




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

{00253}  in some cmbodiments, the compound has the formula

O—(CR'R2),—x

/

R3 R‘*ﬁ =&
!
) -
x——(CR?RE}m—o@—RD RY
R#l
RC

[00254]  In some embodiments, the compound has the formula

O—(CR'R?),,,—x
O—(CR'RE),,~—x

[00255]

-60)-



[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 ),(

[00256]  In some embodiments, the compound has the formula

X
&
4
. O
R? T
o
X—{CR'R%),,—0 R® R® R4
R-’i
RC
[00257]  In some cmbodiments, the compound has the formula

O—(CR'R?)
T(CRIR?),

o
;)k@%ﬁjw
RC
{00258]  In some embodiments, the compound has the formula
X
'
&
X X
i e
- =
S o™
i r
O e
<
]

&

RB R4
i R % R“[ 5\ R
-
Re .
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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, | -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 ),(

|00259]  In somc embodiments, the compound has the formula

RC

100260]  In some embodiments, the compound has the formuta

C—(CRR?),-
O_(CR1R2 >

R:} R3
|- =
xm(CR‘RE)m-—O{ > <>—O—(CR1R2)m'X
Rl e
R RY _

[08261]  In some embodiments, the compound has the formula
X X
£ £
o™ o
r x
o e
S S
| |
O O

R*"\@RB R R
J
LK

[88262] In some embodiments, the compound has the formula

O—{CR'R?),,-
OW(CR§R2)m“X

3 ' 4 4 3
R \@R R :©/R
o
[60263]  In some embodiments, the compound has the formula

RB RB
Rd R4 .

w32



R4 1002761 In some embodiments, the compound has the formula 1002771In some embodiments,
he compound has the for| 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

(00264} In some cmbodiments, the compound has the formula

P
S
@OW(CR1 Rz)m'x

R? R?
s O
R4
[00265]  In some embodiments, the compound has the formula
X
J:2
i
1S5
|
O
3 4
. ¥
R4
{00266] In some embodiments. the compound has the formutla



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

[00267] In some cmbodiments, the compound has the formula

RS

RA

R*

Q‘OM(CR1R2};T{X

{00268] In some embodiments, the compound has the formula

Rii

Rl XK
|

R4

Q—O‘(CR‘RE%;‘X

R4

N\ T OHCRIR?),

[86269]  In some embodiments, the compound has the formula

R 4

[00270] In some embodiments, the compound has the formula

R4

A,
QQH(CR1R2)M'X
Q-O(CR1R2)W_X

O—(CRIR?)y->¢
OM(CR1R?)|H >
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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 Rl and R2 arc both H.
1002871In some embodiments. R' and R2 are independently in each -(CR1R2) uni alkyl of | 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 embodi s 3-20 and X.is H, a alken |, alkaryl. aralkyl, aryl, heteroaryl.
alkoxy, -OH. @8%7 Br -i"mﬁ\t"mg?é 55 LigTgany m%/ N,-0C(0)1e, -C(0)012,,
-C(O)NRIURI I. orR7 [00291]In some eﬁﬁbodlments m is 3-20 &nd X is H. alkyl, alkenyl, alkynyl, alkaryl,
aralkyl, heteroaryl, alkoxy. -OH, -F. Cl;“»Br -I. -At, -CN. -NC. r<NCO R5 -A-41-R6 OCN, -NCS, -SCN,

-0C(0)1e, -C(0)ORY, -C(ONR 'R, orR7+.
O

——

E
O O

Rg\/J\\\rR“ R{@R*‘
" = o

R\ 7 <R"

—(CR'R

[00272]  In some embodiments, the compound has the formula

[00273] In some embodiments, the compound has the formula

\ O~ (CRIRY,>x

St

[00274]  In some embodiments, the compound has the formula

R? R*
X-—(CR’RQ}mm—OQR“%RBQ(}W(CR‘RZ)W—X
R4 R-‘-’-

R
g— A
'Y
Qoﬁ(cawaz)m'x
2,
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1002921In some embodiments, m is 4-20 and X is H. alkyl, alkenyl, alkynyl, alkaryl. aralkyl, aryl,
heteroaryl, alkoxy. -OH, -F. -Cl, -Br. -I, -At. -CN, -NC. -NCO, -A-Si-F:26 -OCN, -NCS. -SCN,-0C(0 )RS,
-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. -Cl, -Br, -I. -At, -CN. -NC. -NCO, - F5. OCN. -NCS. -SCN,

-0C(O)RII, -C(O)Ol(9 C(O)NR ", orR7 [002941 In some embodiments, m is 1-20 and R4 and R4 are
is 1-20 and R.4 and R4 are each, independenly, alkoxy

hydrogen. 10 s me emb r%gitl i5.4:20 and R4,
of 1 to about carb ns. TOS%& iR some em% dimen S, m s ndi Wand R4 are each

ndependenly, alkoxy of 1 to about 3 carbons. [00297]In some embodinients, m is 1-20. and R' andarc
each dependently. H. alkyl of 1 to about 6 carbons, or alkoxy of 1 to abé:)ut 6 carbons [00298]In some
embodiments, m is 1-20, and R.3 and R4 arc each, independently, H.glkyl of | to about 3 carbons, or
alkoxy of 1 to about 3 carbons. [00299]In some embodiments. m is 1- 2@ and R3 and R4 are each,
independen alkyl of 1 to about 6 carbons or alkoxy of 1 to about 6 carl@pns 1003001In some

embodiments, RI and R4 are each, mdegzgndently alkyl of 1 to akgut ? carfons.

Hcmz)mmo{/}w;\ g

R4

[00276]  In some embodiments, the compound has the formula

[00277]  In some embodiments, the compound has the formula

X
&
udl
S
%
O
R3 R3 R4
X%CR’RZ),H—OOR”\ ¢ ) Rb:i

R4

[60278] In somec embodiments, the compound has the formula

OM(CRI Rz)m'x

2
e O

H-



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, mis | and at least one of R' and R4 is not H. [00304]In some embodiments, mis 1 and
R3 and R4 are both H. [00305] In some embodiments, m is 0 100306]In some embodiments. mis I.
1003071In some embodiments, m is 2. 1003081In some embodiments, m is 2 or 3. 1003091 In some
embodiments 2594-1(}.{1190%1{:0][)}) some %mgo%irggnégiamtiils }3-20.ﬂlan some embodiments, m is 0-10.
In some emb(; |merlts, mis 1-10 n some embodimients. mis 2-10. Th'some embodiments, m is 3-10.
In some embodiments, m is 1-3. 10031‘;]In some embodiments, m is 0 and R3 and R4 are each,
independently, alkyl of 1- about 6 carbg"ns. [00312]In some embodiments, mis 0 and W and 12" are
each, Independently, alkyl of 1 to abogt 3 carbons. 1003131In éﬁome embodiments. mis 0 and R3 and
R4 are each, independently. alkyl of atdeast 6 carbons 100314fIn some embodiments. m is 0 and 123
and R." are each, independently, alkyl @f at least /I carbons
R4 RB

Oy

[00280] In some embodiments, the compound has the formula

O—(CR'R

O—(CRIR?)-

pEn ]
(5]
QO~(CR1 Rz)m b
4 =
a
pa)
.

[00281]  In some embodiments, the compound has the formula

O—(CRR?),,-x

A
Q —(CR'R?),-
4
e}
/
A
Fe

\
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1003151In some embodiments,is 0 and R.' and R4 are each, independently, alkyl of at least 10
carbons 1003161In some embodiments, m is | 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 F& X |s OOm (9 Il}n,]c Cegg)%:)o%lrn_’grlmtdsS m |§ 1 aE least one of 122" and 121 is not
H.and X is m &OOQZfﬂn"some emb men rln S| tt feast one of R.' and 124 is not H, and X
is R5 S R6 R7In further embodiments, Ieast one of R.5- R |sRé -butyl In further embodiments, at
least one of R5-12- is hen LIn furth bodiments, Wand e phenyl apd R is tert-butyl.

1003221In some em n?t "mds Qnd 4 are both Qs GRYR &r Elkenyl. 1003231In

some embodiments, m is I 12.3 and R 4ar R'is a]ggyl of Ito
Rb
_[_ O—(CR'R?),- X
R3/<s;§}7 ( )
Rd

{00283]  In some embodiments, the compound has the formula

R R
xw{CR"RZ}m—o@-Rb RbQ—o—(CR’RZ)m»x
RA R
Rb

=

|

RN s

>~(CR'R?), -0

[00284]  In some embodiments, R" is alkyvl of 1 to about 6 carbons.

[00285]  In some embodiments, R® is tert-buryl,

[00286]  In some embodiments of the compounds of formula I, R’ and R? are both
H.

[00287]  In somc embodiments, R' and R? are independently in each ~(CR'R?) unit,
alkyl of 1 to about 6 carbons or hydrogen.

[00288]  In some embodiments, R and R” are each, independently in cach ~
(CR'R} unir, methy] or hydrogen.

[00289]  In some embodiments, R* and R? are identical.

“H%-



about 6 carbons or alkenyl of 2 to about 6 carbons.

"\C H2 1003241In some embodiments, mis I, R3 and Ri are both H, and X is H 1003251In some
embodiments, mis 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 ani I5 terf-butyl. 1003271In some embodiments, m is 2-20 and X is H. alkyl of | to about
6, carbons, al gﬁg?@f 2 [8 ba%ocu‘frg CAIBERE: I &1 BY. % I?ﬂbé@ég‘i’%@b‘?ﬁg’eﬁﬁ%&}ment& m is 2-5 and
X is . alkyl of l:tgboartk Canbdnbsiatkeryy] Ok@xto dABOLHIG -€arbBns] FACKBY, o¢d, 18@3291In some

embodiments, m is 2-20 and X is Cl or Br. 1003301In some embodiments, m is 2-5 and X is ClI or Br.
1003311 In some embodiments, m is 3-20 and X is OH. In some embodiments, r .i_%g, to 20 and X is

. . . . N H .
1003321in sore S Rs-R 114 dhci AAondb Ay ik ‘%P?Iésabzﬁﬁtaenﬁaxrdin‘ZH
1003331In sontdXrhbodiments sritlodndcittare il 3-0) (@R R mikyisadirtheltalRédiyand X and le
together, with fhe, afoms o, which, X Andils.are@tagheg, fem 8 ring. cn e, -Neo. -
R5
—A-8i-R®

-

OCN, -NCS, -SCN, -OC(O)R", -C(O)OR”, ~C(OINR R, or R’
[80292]  In some embodiments, m is 4-20 and X is H, alkyl, alkenyl, alkynyl,
alkarvl. aralkyl, aryl, heteroarvl, alkoxy, -OH, -F, -Cl, -Br, -I, -At, -CN, -NC, -NCO,

$5
—A-Si-R®
-OCN. -NCS. -SCN, OCOIRY, -CLOYOR®, —CCOWR'R" or R’

[00293]  In somc cmbodiments, m is 4-20 and X is H, alkyl, alkenyl, alkynyl,
alkaryl, aralkyl, heteroaryl, alkoxy, -OH, -F, -Cl, -Br, -1. -At, -CN, -NC, -NCO, -

Fsﬁ
—A-Si-R®
OCN, -NCS, -SCN, -OC(OR", -CIOYOR’, ~C(OWR R or RY

[00294]  In some embodiments, m is 1-20 and R™ and R are hydrogen.

[00295]  In some embodiments, m is 1-20 and R* and R* are each, independenly,
alkoxy of 1 to about 6 carbons.

{00296]  In some embodiments, m is 1-20 and R and R” are each. independenly,
alkoxy of | to about 3 carbons,

[00297]  In some embodiments, m is 1-20, and R and R* are cach, independently,
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" and R” arc each, independently,
H, atkyl of | to about 3 carbons, or alkoxy of I to about 3 carbons.

[00299]  In some embodiments, m is 1-20 and R and R? are cach. imdependently,
alkyl of 1 to about 6 carbons or alkoxy of 1 to about 6 carbons.

[00300]  In some embodiments, R and R” are each, independently, alkyl of 1 to
about 6 carbons.

[00301]  In some embodiments, R and R? are cach. independently, atkviof 1 10

about 3 carbons.
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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 embodi m is 2-3; Rl and.R2 are K. -Q- gRIRZ& =X i Worthot R4; and X and R4 together:
with the atomgll%gw ichl[; and ﬁ’} %gfléngﬁt tﬁ%eag.)ga%n‘lgﬁ ‘3‘ “—W—@gfﬁqé‘- $563%7 in some
embodiments,[#03631-3 anebbismbodirthes. embodimentesaatdeast Bneref IR5s1d+Hs tert-butyl In further

embodimentsg@ﬁiﬁgft gfgﬁ%&%&{éﬂnﬁ&quhlpg tﬁe‘[memoa%r}_e‘i%tﬁlz and R6 are phenyl and

Rtert-butyl. R5 -A-SI-R6 In some embodiments. mis and X is, In further
embodiments | 88383kt omeohREIRedgertsbutyd.dn further embodiments, at least one of R5-R- is

phenyl. In furtw_;gmboqjmgmse%mgig 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 S8 BmbBuiRiEhte IREBKAR Y dré-both hydrogen. 1003411In some embodiments, le-R!
are each, indejpesggintlyinalvk atesyhalkynylsoralkaryl,

[00309]  In some embodiments, m is 4-20.

[00310] 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 1s 3-10. In some embodiments, mis 1-3.

f00311]  In some embodiments, m is 0 and R” and R* are each, independently, alkyl
of 1- about 6 carbons.

[06312]  In some embodiments, m is 0 and R* and R are cach, independently, alkyl
of 1 to about 3 carbons.

[00313] In some embodiments, m is 0 and R and R¥ are each, independently, alkyl
of at least 6 carbons.

[00314]  In some embodiments, m is § and R* and R” arc cach. independently, atkyl
of at least ¥ carbons.

[00315]  In some embodiments, m is 0 and R™ and R are each, independently, atkyl
of at lcast 10 carbons.

[00316] In some embodiments. m is 1 and at least one of R and R is not H. and X
is H. alleyl. or alkenyl.

100317]  In some embodiments, m is | and at least one of R” and R? is not H, and X
s H, alkyl of 1 to about 6 carbons or atkenyl of 2 to about 6 carbons.

100318]  In some embodiments, m is 1 and at Icast one of R* and R is not H, and X
is H.

[00319]  In some embodiments, m is | at least one of R* and R is not H, and X is
\/:CHZ
H .

[00320] In some embodiments, mis 1 at least one of R and R is not H, and X is

methyl.
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1003421In some embodiments, Rs-RI' are each alkyl. [003431In some embodiments, the compound is
Br R,a.,,\ CH3 RaW ri"NE Ra-,Rer OOHOOH , 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.y 197 0oL, A003ATHI 2R STPASIENR: D COPRUIGiE REMESg00ut 2.0 10
FSS
Z==—Gi-RE
R . In further embodiments, at least one of R™-R is tert-butyl. In further

embodiments, at ieast one of R™-R” is phenyl. In further embodiments, R’ and R® are
phenyl and R is tere-buryl.

[60322]  In some embodiments, m is 1. R* and R* are both H, and X is alkyi, or
alkenyl.

[06323]  In some embodiments, m is 1, R and R” are both H, and X is alkylof 1 to

N

[60324] In some embodiments, m is I, R and R” are both I, and X is H .

about 6 carbons or alkenyl of 2 to about 6 carbons.

[00325]  In some cmbodiments, m is 1 and R* and R arc both H. and X is methy!.
[60326] In some embodiments. m is 1. R* and R” are both H. and X is

R5
i
e S‘?';—Rﬁ

7 - . 5T
R In further cmbodiments, at least one of R™-R” is tert-butyl, In further

embodiments, at feast one of R™-R’ is phenyl. In further embodiments, R® and RY are
phenyl and R is tert-butyl.

[60327]  In some embodiments, m is 2-20 and X 1s H. alky! of 1 to about 6, carbons,
alkenyl of 2 to about 6 carbons, F, Cl, Br, or 1.

[00328]  In some embodiments. m is 2-3 and X 1s H, alkvi of 1 to about 6 carbons,
alkenvl of 2 to about 6 carbons, F. Cl, Br. or 1.

[6G329]  In some embodiments, m is 2-20 and X is Cl or Br.

[88330]  In some embodiments, m is 2-5 and X is Cl or Br,

[60331]  In some ecmbodiments, m s 3-20 and X is OH. In some embodiments, m
15 4 to 20 and X is OH. In some embodiments, m is 6-10 and X 1s OH. In some
cmbodiments, m s 4-11 and X 15 OH.

[00332]  In some embodiments, R*-R'’ arc cach, independently, alkyl of | to about
6 carbons.

. . i bl R Y =Y .
[00333]  In some embodiments, m is 2: R’ and R are H; O ERRarX i5 ortho
to R*; and X and R together: with the atoms to which X and R* are attached, form a

rmg.



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
isnot 1003541 In some embodiments, the compound is not Re [003571 In some embodiments, the
compound is not Re

RS
|
—A-Si-R®
{00334} In somc ecmbodiments, m is 2 and X ig R™ . In further
embodiments, at least one of R°-R is tert-butyl. In further embodiments, at least one
of R*-R’ is phenyl. In further embodiments. R” and R® are phenyl and R is tert-butvl.
FQS
f
—A-Si~R®
[063351  In some embodiments, m s 3-20 and X is R"  In further
embodiments, at least one of R™-R7 is tert-butyl, In further embodiments, at least one
of R-R” is phenyl. In further embodiments, R” and R® are phenyl and R is tert-butyl.
. . 9 o Y 25 R
[00336] In some embodiments, m is 2-3; R’ and R” are H; —© (CRIR%wX g ortho

to R*; and X and R” together: with the atoms to which X and R” are attached. form a

ring.
RS
wAmsjimR6
100337]  In some embodiments, m s 2-3 and X is R" . In further

embodiments, at least one of R°-R is tert-butyl. In further embodiments, at least onc
of R7-R” is phenyl. In further embodiments, R and R® are phenyl and R is tert-butyl.

Rﬁ
—A-Si-RE
[00338]  In some embodiments, m s 4-20 and X is R™ . In further

embodiments, at least one of R™-R is tert-butyl. In further embodiments, at least one
of R°-R’ is phenyl. In further embodiments, R™ and R® are phenyl and R is tert-buty!.
{00339  In some embodiments, A 18 ———

[60340] In some embodiments, R™ and R are cach. independently, alkyl or
hydrogen. In some embodiments, R™ and RY are both hydrogen.

[00341]  In some embodiments, R*-R'" arc cach, independently, alkyl, alkenyl,
alkynyl, or alkaryl.

[00342]  In somc embodiments, R*-R'" are cach alkyl.

[00343]  In semc embodiments, the compound 1s



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 | 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 thg subjecthegger de%cribed herein are all combipations of the embodiments
described hereiit hraddition; She Mary Skill intRsart wil Tecogiize; orwill be able to ascertain
using no moree@@a' routine experimeptation, modificatigns of the e iments and examples
described herein. Such modifications are considered lobe within thie scope of the claimed subject
matter are encompassed by the appended tfajins: 4.4 EXAMPLES 4.4.1 EXAMPLE 1 [00363]This
example involved alkylation of anisolc withffio ;-f nal tert- chloride polyisobutylene activated
with TiC14 (titah t loride). A %)&20%) ti 2 x10" g(maol tert-chloride polyisobutylene
(100-mt.) was pre are at -6 Q_Lin\af (viv ture of @fa%‘gﬁ? thyl chloride. To this solution
were added 3 eqg066 mL) o njsele and 6 e 33 mt. ok'l]é%%uantitative capping of the
polyisobutylene chain ends was achieved in 45 mm, The product consisted exclusively of the para
substituted anjsgfe. 4.4.2 EXAMPLE ZFLQ_W 64]This example involved in situ alkylation of anisole by
quasiliving polyi me-frem_ateifuncti 'Bmmeﬁglﬂheglzation/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) ne (60 mL) at -60C were added 2.6- lutidine (0.1 rn L). 5-terr-butyl-13-bisi |

-chIoro-I-inctﬁyt % enc (044

+0H

[00344]  In further embodiments, the compound is a para isomer,

100345}  In some embodiments, the compound is between about 5.0 x107 g/mol 1o
about 1.0 x 10° g/mol.

[00346]  In some embodiments. compound is between about 1.0 x 107 ¢/mol 1o
about 1.0 x 10" g/mol.

100347}  In somc cmbodiments, the compound is between about 1.0 x 107 g/mol and
about 5.0 x 10° g/mol.

{00348]  in somc cmbodiments, the compound is between about 2.0 x 107 g/mol and

about 3.0 x 107 ¢/mol.

100349}  in some embodiments, the compound is not
Ra
Ot
100350} in some embodiments, the compound 1s not

ok

{00351}  In some embodiments, the compound is not

ot
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isobutylene (3.9 mL). The polymerization of isobutylene was catalyzed by the addition of 5 eq of
TiC,14 (1.71 ml.,). 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 precipitatgaggfgr;(gn hanne in %gaethanoihThe number average molecular weight of the final

.3 X103

polymer was gfrﬁgfnv?/i ha pb'fi/c |§ber%ﬁ§m8?of. “A%4 3 EXAMPLE 3 1003651 This example

involved in situ alkylation of (3-bromopropoxy)benzene by quasiliving polyisobutylene from a
difunctional initiator. The polymerizationl% was performed within al\i, atmosphere dry box
equipped with a cryostat bath. To a 60/40 ?) r%&TQLeoof methyl chloride (90 mL) / hexane (60 mL)
at -60C1 were added 2,6-lutidine (0.1 mL), 5-ten-buty1-1,8-his(l -chloro-1 - methylethyl)benzene (0.4*
g), and isobutylene (3.9 mL). The polymerization of isob ne was catalyzed by the addition of 5 eq
of TiCLI (1.71; he.palymerization was complete in, approximately 2 min, at which point 3 eq of (3-
bromopropoxyi/ blg}r;f’;enei ng “m va(\}(é%gllﬁ]]?ﬁe%act(gﬁ 8‘&%3 Lantitative capping of the chain ends by
anisole (determined by 1H-NMR) was ag@ien approximately 80 mm. The catalyst was destroyed
by the addition of excess methanol, and the folfmer Hecovered after volatilization of the methyl
chloride and precipitation from hexane into methanol. The ber 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 involvpd adkylatian,af Bachigrophenetale.with,mang; functional ten-chloride terminated
polyisobutylene activated with ‘fiat A 0.02 M solytion of 2 xIO7 gimol ten-chloride terminated
polyisobutylene (50 mL) was prepared at -60 Rn a 60740 (v/v) mixture of methyl chloride and hexane.
To this solution were added 5 eq of 1:1 -clilorop n_e};‘(;le (0.71 m:L) and 6 eq of TiC14 (0.67
Quantitative capping of the polyisobutylena.ctfain 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*selution of 2 x103 g/mol ten-chloride
terminated pojyigaytylene.tid mbdauasiepaieshatf96 ipa 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 phend minated polymer undergoes a pericyclic
[3.3,1-sigmatropic rearrangement resulting-in orthoplacement, of the ally' group. Furthermore. the allyl
functionality is partially hydrochlorinated yielding a sec alide. 4.4.6 EXAMPLE 6 1003681 This
example involved alkylation of isopropyl phenyl ether with mono-functional rert-chloride
polyisobutylengoastiyatad with: FiHddiARQ2M sation O 24103 Wmé& /err-chloride polyisobutylene
(15 mL) was prepared at -60C in a 60/40 (yiv) mixture of methyl chloride and hexane. To this solution
were added 4 en (0.163 g) of isopropyela and 6 en (0.198 ml.) of TiC14. Quantitative
capping of the polyisobutylene chain ends-was aqgﬁi%ve%ﬂn unger 3 h. 4.4.7 EXAMPLE 7 1003691This
example involved alkylation of .6-di ert-butylphenol with nctional rut-chloride terminated
polyisobutylene activated with TiC14. A 0.02 M solution of 2 x10." gimol rert-chloride terminated
polyisobutyled8035 ImL ) was pregarédatts6 0€ inrap60#0s(w) mixture of methyl chloride and hexane.
To this solution were added 4 en (0.248 g) ¢f=2.6-di-tert-butylphenol and 6 en (0.198 mL ) of TiC14.

Quantitative capping of the polyisobutyl chain ends was achieved in under 3 h. The product
consisted of an approximately equimol f meta and para substituted isomers.
o—<—

(00358} In some embodiments, the compound 18 not

&
AR

SN | OH
L\v/L\O/A\v/ )
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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 (@38 Gonstestn®: trxbOd3rmin:1h Esseptially icawmtplete 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
TiCl4. In vials, 0.02 M solutions of 2 x103 g tert-chloride terminated polyisobutylene (15 mL) were
prepared at -60C using a 60140 (viv) mixturesotmethylchitoride and hexane. To separate vials
containing the polymer solution were added 3 eq of 11-phenoxy- 1 -undecanol (0.238 g),
6-phenoxy-I-héaaBl (0 n761gy, anbskdenoxy-Hsutempb@dB0:¢). and 2-phenoxyethanol (0.124 g). The
alkylation reactions were catalyzed by adgiion.of 6 eq of TiCl4 (0.264 mL) to each vial. The reactions
were allowed to proceed at -60C for 3 h befo ddition of chilled methanol to destroy the catalyst. For
the phenoxy derivatives with alkanol tether leryg éﬁjm/l@% 4 carbons. 1H NMR analysis of the
product polymer chain ends indicated high fractions of hydrokyl functionalization. Integration of the 'H
NMR spectra iGdled In somsraouydangiing Mt RpremoRy R -tn debzdion93% expping dvith 6-
phenoxy-I-hexaneh 83 sappioNth A henoxyib:aHtanakiapsno capping with 2- phenoxyethanol. In
each case, the balance of the chain ends was ten-chloride 4.4.10 EXAMPLE 9 [003721This example
involved alkylZbi¢df te 6 GRREBREHOLIE FrpmBlsyrnenBreAhmRitie Wedrbokamerdinal
ten-chloride tesmingdied pedyisabeiyienesastivaied witbnld@ldnon-limiting. For example,

[0037131tert-Bury4(3-phenoxy-l-propynyl)diphenylsilane was synthesized as follows: to a solution of
phenyl propariéq)(}[P{e(it%%\rk?k Téﬁ%“ﬁg"ﬁ %gm}%lﬁgﬁ%tt%%c rgffﬁcrg & BOHLY W ECSHA’éTH‘HQBﬁthyIIithium
(17.14 mL of af2ls Mndolitientinikexdre (42,86 mihial)rd ropwiSer dih a40 <€l Thehmixtwélwas stirred at
~40 C for 2 h fhep e BpiviEloleiphenySIRNg (12,85,, 46,76 mimal Jwas added, and the resuling
mixture was stirred for 2 h at -40 C. The reaction nixturé was allowed to warm to room temperature
and stirred for2ylicTEsefbneRbedreByetdsirgraerdearyiesbipueatorf @hd the crude product was
purified by distilation fm.calcimuhydids. 100374400 & Tr Ml pHiture fuhe sguinped with a
Teflon-lined screw cap were charged 1.5 g of 2 x10' gimol tent-chloride terminated polyisobutylene, 10
inL of methyl HGRERMAS Y o AcKEREME d4™5008 ra, (0.008 g, 0.074 mmol) of 2,6- lutidine. The
mixture was cogled ox-A811¢ wath swirling, and then 0.66 mL (1.15 g. 6.08 mmol) of TiC14, followed by

a pre-chilled (;70C) sQlution of.terf.buty1(3- phenoxy-I-propynypdiphenylsilane (1.41 g in 15 mL of
n-hexane and4 1%&1@%%%}%‘6%&@@ were added to the tube. Quantitative capping of the
polyisobutyleri@)dh3in ehids wasigichievedinulindeiod bf 4dd COMBARATNE BEXAMPLES

chloride polyisobutylene activated with TiCly (titanium tetrachloride). A 0.02 M

solution of 2 x10” g/mol rerr-chloride polvisobutyiene (100-mL) was prepared at -60°C
in a 60740 (v/v) mixture of hexane/methyl chloride. To this solution were added 3 eq.
(0.66 mL) of anisole and 6 eq. (1.33 mk) of TiCL. Quantitative capping of the
polyisobutylenc chain ends was achieved in 45 min. The product consisted exclusively
of the para substituted anisolc.

4.4.2 EXAMPLE?2

[00364]  This example involved in situ alkylation of anisole by quasiliving
potyisobutylene from a difunctional initiator. The polymerization/alkylation was
performed within a N> atmosphere dry box equipped with a cryostat bath. To a 60/40
(viv) mixture of methyl chloride (90 mL} / hexane {60 mL) at -60°C were added 2.6-

utidine (0.1 mL}, S-rerr-butyl-1.3-bis(] -chloro-1-methvlethyl)benzene (0.448-g). and

-75-



[003751 When phenol was used as a quencher under conditions otherwise identical to Example 6,
guenching did not produce any of the desired compound of formula 11 [00376]When tert-butyl phenyl
ether was used as a quencher under the conditions of Example 6 with a 3 h quenching time,
guenching did not produce any of the desired compound of formula 1. 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 1. 1003781 When
4-tent—butoxy}5%[%§} yp? en qﬂ% ] ‘V\ﬁ’sgﬁgqev 15?%%%%%2:1}3% UHGBT esndtiohesthetise identical to
Example |. quétichingfdidogat Proldaté lamy. of The plgired compoundoaffermiala | R103791 When
phenoxyacetonitrile was used as a du ery -1he g0 itions of Example. 5 with a 2 h quenching
time, quenching did not |5ro Juce gn_y 8%?%2 dés%?egcfé%lr%%b%%@oﬁ' r\r\hdﬁlgqu‘%‘ggl\(%lwmn
1,2-diphenoxsistethriQupisaised e a g o hsrrbe iinehas thesstrtitidas ofiExamp-5 MRh a 2 h quenching

time, quenching dig;notprodice any.of, the desireg. compaup h%&%g%y thVA PP LAIMED: A

method for preparing a telechelic polymer of formula 1: ~ 1; wherein R is a polyolcfin group RI and R2
are each, indgserdartiy Al edcht DEORIRY (it RPOYARyHIShORTEZaHIRIGEE fFR6HYD to 20: wherein if
m is 0, then RhasiRéaigRashindepansenty. alkyheaRdoX ST ifimbis dverage molecular

weight of the final polymer was 2.3 x10 g/mol with a pelydispersity of 1.03.

443 EXAMPLE3

[00365]  This example involved in situ alkylation of (3-bromopropoxyibenzene by
quasiliving polyisobutylene from a difunctional initiator. The
polymerization/alkylation was performed within & N, atmosphere dry box equipped
with a cryostat bath. To a 60/40 {(v/v) mixture of methyl chloride (90 mL) / hexane
(60 mL) at -60°C were added 2,6-lutidine (0.1 mL), 5-rert-butyi-1,3-bis(1-chloro-1-
methylethylibenzene ((,44K g}, and isobutylene (3.9 mL). The polymerization of
isobutylene was catalyzed by the addition of 5 eq of TiCly (1.71-mL). The
polymerization was complete in approximately 2 min, at which point 3 eq of (3-
bromopropoxyjbenzene (1.47 mbL) was immediately added. Quantitative capping of
the chain ends by anisole (determined by "H-NMR) was achicved in approximately 80
min. The catalyst was destroyed by the addition of excess methanol, and the polymer
was recovered after volatilization of the methy! chloride and precipitation from
hexane into methanol. The number average molecular weight of the final polvmer
was 2.5 x107 g/mol with a polydispersity of 1.02.

444 EXAMPLE4

[00366]  This example involved atkylation of f-chlorophenetole with mono-
functional rerr-chloride terminated polvisobutviene activated with TiCL. A 0.02 M
solution of 2 x10° g/mol rerr-chloride terminated polyisobutylene (50 mL) was
prepared at -60°C in a 60/40 (v/v) mixture of methyl chloride and hexane. To this
sotutton were added 5 eq of B -chlorophenetoie (0.71 mL) and 6 eq of TiCl, (0.67
mL}. Quantitative capping of the polyisobutylene chain ends was achieved in under |
h.
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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)0OR9, -C(0)1NR30R , -A-Si-R6 R7 alkoxy, -F, -Cl, -Br, -1, -At, -CN,
-NCS, -SCN, -0C(0)R8, - wherein A is or nothing,

445 EXAMPLES

[00367]  This example involved alkvlation of aliyl phenyl ether with mono-
functional reri-chioride terminated polyisobutylene activated with TiCle. A 0.02 M
solution of 2 x10" g/mol rerr-chloride terminated polvisobutylene (15 mL) was
prepared at -60°C in a 60/40 (v/v) mixture of methy! chloride and hexane. To this
solution were added 3 eq of allyl phenyl ether (0.12 mL) and 6 eq of TiCl; (0.2 mL).
Quantitative capping of the polyisobutylene chain ends was achieved in under 2 h.
However, after extended reaction time (> Th) the allyl phenyl ether terminated
polymer undergoes a pericyclic [3.3 -sigmatropic rearrangement resulting in ortho
placement of the allyl group. Furthermore. the allyl functionality 1s partially
hydrochlorinated yielding a secondary halide.

446 EXAMPLE6

[00368]  This cxamplc involved alkylation of isopropyl phenyl ether with mono-
functional rerr-chioride polyisobutylence activated with TiCl,, A 0.02 M solution of 2
x10" g/mol reri-chloride polvisobutylene (15 mL) was prepared at -60°C in a 60/40
(v/v) maxture of methyl chloride and hexane. To this solution were added 4 eq (0.163
) of isopropyl phenyl ether and 6 ¢q (0.198 mL) of TiCly. Quantitative capping of
the polyisobutylene chain ends was achieved i under 3 h.

447 EXAMPLE7

[00369]  This example involved alkvlation of 2.6-di-rerr-butylphenol with mono-
funcrional rert-chiorde terminated polyisobutylene activated with TiCly. A .02 M
solution of 2 x10° g/mol rert-chloride terminated polyisobutylenc (15 mL) was
prepared at -60°C 1 a 60/40 (v/v) mixture of methyl chloride and hexane. To this
solution were added 4 eq (0,248 g) of 2,6-di-rerr-butyiphenol and 6 ¢q (0.198 mL) of
TiCly. Quantitative capping of the polyisobutylene chain ends was achicved in under
3 h. The product consisted of an approximately equimolar mixture of meta and para
substituted 1somers.

4.48 EXAMPLE S

[00370]  This example involved cleavage of the methyl phenyl ether functional
groups of the product of Example 1 to vield phenol terminated polyisobutylene. Into
a 5 mm NMR tube were charged 40 mg of anisole-capped polyisoburylene, from
Example 1, and 0.7 mL chloroform-d. To the resulting solution at room temperature
was added 8 pL ncat BBr: (4 eq relative to anisole groups). The reaction was allowed
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12.>-R are each. independently, alkyl, alkenyl, alkynyl,alkaryl, aralkyl, aryl, hetcroaryl, alkoxy,
hydroxy,-NRlI, -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 {s I—}Oglkxl a},lken 1 al% I alk lg Xl aralk I a y heterog %I ,alko '\@g_ﬁ\réloi‘y,
hcteroaryloxy, alpkarﬁloxy %Sﬁ E’p f p@ﬁf AR & -0C(O)R.
-C(0)0R9, -A-Si<Rp GD)NRI uﬁ%:aﬁ?é?camrai\jﬁlﬁwﬁheyéxncﬁwv& mommhm@;y Rksamingthare each,
i“depe“de”t'ycjMap%whn.'a8@%@%‘&9?@%8&&4‘5 signal at 3.78 ppm via 'H NMR SPCCtToscopy.
Cleavage was first order with rate constant 9.1 x10™ min™. Essentially complete
conversion (~98%) was achicved in approximately 7 h
449 EXAMPLEY
[00371]  This example involved alkylation of phenoxy derivatives having alkanol
tethers with mono-functional tert-chloride terminated polyisobutylene activated by
TiCly. In vials, 0.02 M solutions of 2 x10° g/mel tert-chloride terminated
polyisobutylene (15 mL) were prepared at -60°C using a 60/40 (v/v) mixture of
methyl chionde and hexane. To separate vials containing the polymer solution were
added 3 eq of 1 I-phenoxy-1-undecanol (0.23% g}, 6-phenoxy-1-hexanol (0.175 g, 4-
phenoxy-1-butanol (0.150 g}, and 2-phenoxyethanol (0.124 g). The alkylation
reactions were catalyzed by addition of 6 eq of TiCl, (0.264 mL) to each vial. The
cactions were allowed to proceed at -60°C for 3 h before addition of chilled methanol
to destroy the catalyst. For the phenoxy derivatives with alkano! wether lengths from
Hto4cmbmm.@{Nwﬁ{mmWﬁsofmcpmﬂuﬂpo@awrdmﬁumdsmdMMcéh@h
fractions of hydroxyl functionalization. Integration of the 'H NMR spectra provided
cstimates of 94% capping with | 1-phenoxy-1-undecanol, 93% capping with 6-
phenoxy-i-hexanol, 83% capping with 4-phenoxy-1-butanol, and no capping with 2-
phenoxyethanol. In each case, the balance of the chain ends was tert-chloride.
4.4.10 EXAMPLE 9
[00372]  This example involved alkylation of tert-butvl(3-phenoxy-1-
propynylidiphenylsilane with mono-functional rerr-chloride terminated
polyisobutylene activated with TiCls.
(003731 rerr-Butyl(3-phenoxy-1-propynyldiphenyisilanc was synthesized as
follows: 1o a solution of pheny! propargyl ether (513 g. 39.0 mmol) in
tetrahvdrofurane (530 mL) was added n-buthyllithium (17.14 mL of 2 2.5 M solution in
hexanes) (42.86 mmol) dropwise at -40 °C. The mixture was stirred at -40 °C for 2 h:
then rert-butylchlorodiphenyisilane (12.85 g, 46.76 mmol} was added, and the
resulting mixture was stirred for 2 h at -40 °C. The reaction mixture was allowead to

warm to room temperature and stirred for 24 h. The solvent was removed using a
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heteroaryl, heterocyclyl, -OW, or NRI"RIil: 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 | | arc each, independently, H, alkyl, alkenyt,alkynyt, alkaryl, aryl,
or heteroaryl: comprising: (a) generating a quasiliving earbocationic polyolefini and (b) reacting the

quitsiliving carbocatlonl oI oleé‘ from step (a) with one. mpoynds of formula 11 in the
BT B i T ﬁ?ﬁ@‘ﬁ %83%8‘?4% "Bdlymerization

presence of a EeWIS a | or mix ure oﬂe&samds under q asil
conditions:  hydride.

[00374]  Into a 75-mL culture rube cquipped with a Teflon-lined screw cap were
charged 1.5 ¢ of 2 x10° g/mol rerr-chloride terminated polvisobutylene, 10 mL of
methyi chloride, 15 mL of n-hexane, and 0.008 mL (0.008 ¢. 0.074 mmol) of 2.6-
tutidine. The mixture was cooled to -70 °C with swirling. and then 0.66 mL (1.13 g,
6.08% mmol) of TiCly, foliowed by a pre-chilled (-70°C) solution of rer-butyl(3-
phenoxy-1-propynylidiphenylsilane (1.41 gin 13 mL of n-hexane and 10 mL methyl
chloride) were added to the tube. Quantitative capping of the polyisobutylene chain
ends was achicved in under 5 h.

44,11 COMPARATIVE EXAMPLES

[00375]  When phenol was used as 2 quencher under conditions otherwise identical
to Example 6, quenching did not produce any of the desired compound of formula 11.
[00376] When rerr-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 I1.

(00377}  When 2-rert-butoxyethyi 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 I1.

[00378]  When 4-rerr-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 IT.

[00379]  When phenoxyacctonitrile 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 1.

{00380] When 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 11
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WHAT IS CLAIMED:

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

RE!
R/~

§:}D—{GR1R2},“-;<
R4

I
or the formula

R*—R® FR_S
K{_ }0—(CR1R2}|,"-X
L R

r
wherein
R" is a polyolefin group;
R' and R? are each, independently in each —(CR1R2) unit, H or alkyl;
R” is a polyisobutylene group;
R¥ 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 misO,
then R? and R* are each, independently, alkyl, and X is H;
ifmis1,
then R® and R* are each, independently, H, alkyl, or alkoxy, and
X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl or
RS
= s:i-RIS
RT

B

wherein R -R” are each, independently, alkyl or aryl;
ifmis?2,

then R® and R* 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, -SCN, -OC(O)R®,
-C(O)OR’, -C(O)NR''R'"|

RS
—A -E:,i-ﬁﬂ

RT

wherein A is or nothing,
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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 | is:

The method of claim 6, wherein the telechclic

polymer of formula | is: Rx Rb  9,The method of claim 6. wherein theelecheiic polymer of formula I is:
ER" wherein Ror alkyl. 11.The method of claim 9. wherein the teleche Ic polymer of formula | is: RsR3

R™-R’ arc cach, independently, alkyvi, alkenyl.

alkynyl,
alkoxy, hydroxy,
-Br, -1, or —At,

alkaryl, aralkyl, aryl, heteroaryl,
NRR", -F, (I,

R" is alkyl, alkenyl, alkynyl, alkaryl, aryl, or

heteroaryl,

independently, H, alkyl, alkenyl,

alkaryl, aryl, or heteroaryl,

9.
and R"R are cach,

alkynyi,

[ Y 2 . L ;
or, when ~TOTCRR )X 1o ortho to R, then X and R,

together, with the atoms to which X and

R” are attached, may form

and 1if m is 3-20.

a ring;

then R* and R” are each, independently, H, alkyl, or

alkoxy, and

Xis H, alkyl, alkenyl. alkynyl, alkaryl, aralkyl, aryl,

heteroaryi,

alkoxy, aryloxy, heteroaryloxy,

atkaryloxy, -OH, -F, -Cl, -Br, -1,

-AL -ON, -NC, -

NCO, -OCN, -NCS, -SCN, -OC(OR". -C(OYOR”, -

65
~A~Si-RP
C(OWR''R!, R

wherein A 18 —==—

Lor -NRRY;

or nothing,

R™ and RY are cach. independently, H, alikyl,

heteroaryl, heterocvelyl,

alkenyl. alkynyl, cycloalkyl, arvl,

CIOMR",

wherein R” is H, alkyl, alkenyl, alkynyl,

heteroaryl, heterocyelyl, -ORY, or
N-Rl UR 11,

cycioalkyl, aryl,

R-R are each, independently. alkyl, alkenyl.

alicynyl,
atkoxy, hydroxy,

-Br, -5 ar ~At,

alkaryl, aralkyl, aryl, heteroaryl,

NRYRY-F, -C1



RYis alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and
R’-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:

H?.-

_|_ =
{}D—{GR R2),-X

Ly

II.
2. The method of claim 1, wherein the compound of formula I is:
R3
RE—QD—{CR1R2}m-X
Rd-
or wherein the compound of formula I is:
Ra
QD—{CW R~ X
R-i-
3. The method of claim 1, wherein R* 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! and R? are both H; or

R' and R? are each, independently in each -(CR'R?) unit, alkyl of 1 to 6 carbons or hydrogen;
or

R! and R? are each, independently in each -(CR'R?) unit, methyl or hydrogen; or

R? and R are identical;

m is 1-20 and R? and R” are hydrogen; or

R? and R are each, independently, tert-butyl; or

m is 0; or

mis 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
mis 1 and X is
RS
= S:i—R“
RT

bl

optionally wherein at least one of R>-R’ is tert-butyl, or wherein at least one of R’-R’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,
orI; or
m is 2-20 and X is Cl, or Br; or
m is 3 to 20 and X is OH; or
R3-R'! are each, independently, alkyl of 1 to 6 carbons; or
m is 2; R' and R? are H; —O—(CRle)m—X is ortho to R4; and X and R4, together, with the
atoms to which X and R* are attached, form a ring; or
mis 2 and X is

RS

I
—A-Si-R®
RT

optionally wherein at least one of R>-R’ is tert-butyl, or wherein at least one of R’-R’is

RS
—A—Sji—F{B
phenyl; or mis 3-20 and X is R’ ,

optionally wherein at least one of R’-Ris tert-butyl, or wherein at least one of R’-R’is

phenyl.
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The method of claim 1, wherein the compound of formula II is

HaC CHa

O DH,@ow@H
@omw Q‘-‘*"‘"”“@'—m CLDM;T;.

& Lor e
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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-1,3-bis(I-chloro-1-methylethyl)benzene) or wherein the initiator is multifunctional (for

example 1,3,5-tri(2-chloro-2-propyl)benzene or 1,3,5-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-I-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
=K
RHQ—O—{CW R?)~ X
H‘
is the major isomer product, or wherein
[=E
R* RDQ—D—{CW R2),,-X
H#
r
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:

RB
F{"L{:|—
&\_|}*OH
R-d-
I1I1.

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, BCl;, AICl;, AlBr3,

TiCly, or TiBrs 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 H,SO4, HBr, HCI, trifluoroacetic

acid, para-toluenesulfonic acid, or methanesulfonic acid.

16. A compound of formula I:

RE!

R ==
KQ_:}—D—{CR“HQ}m—x

Rd

I
or the formula
Rﬂ-
R‘—RE_ |
& }—o—{cwmm-x
L R :

wherein
R" is a polyolefin group;

R' and R? are each, independently in each —(CR1R2) unit, H or alkyl;
Risa polyisobutylene group;
R¥ 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 mis 0,
then R? and R* are each, independently, alkyl, and
X is H;
if m is 1 and at least one of R* and R* is not H,
then R® and R* are each, independently, H, alkyl, or alkoxy, and
X is H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl or
RS
=—gi-R"
R’

bl

wherein R’>-R” are each, independently, alkyl or aryl;
if mis 1 and R® and R* are both H,
then R? and R* are each, independently, H, alkyl, or alkoxy, and
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X is alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, or
RE
— gi-RS
R7

>

wherein R*-R” are each, independently, alkyl or aryl;
ifmis 2,
then R? and R* 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, -SCN, -
OC(O)R?, -C(O)OR’, -C(O)NR'R"!,

R5
—A—S:i—RG
R7
wherein R*-R” are each, independently, alkyl, alkenyl, alkynyl,
alkaryl, aralkyl, aryl, heteroaryl, alkoxy, or hydroxy,

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

R’-R'! are each, independently, H, alkyl, alkenyl, alkynyl,

alkaryl, aryl, or heteroaryl,
or, when —O—(CRle)m—X is ortho to R4, X and R* together, with the
atoms to which X and R* are attached, may form a ring;

and if m is 3-20,
then R® and R* 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, -SCN, -OC(O)R?, -C(O)OR’, -
C(O)NR'R",
RS
—A- s:i—R‘3
R7

or —NRXRY;

wherein R* and RY are each, independently, H, alkyl, alkenyl,

alkynyl, cycloalkyl, aryl, heteroaryl, heterocyclyl, C(O)R%,
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wherein R” is H, alkyl, alkenyl, alkynyl cycloalkyl aryl,
heteroaryl, heterocyclyl, -OR, or -NR"R"

R>-R’ are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl,
aryl, heteroaryl, alkoxy, or hydroxy,

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

R°-R!! 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:
R3
Ra O—(CR'R?),,-X
R4

or wherein the compound is

R-E

Q—o—{CWR?}m—x

Rd-

&9



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

R3
R RhQD—{CR1R2}M-X
Rd-
ol
or wherein the compound is:
RI
b
Q—o—{camﬁm—x
R* r.
or wherein the compound is:
R? g3
X—CR'R?) —D—C|> (:|- 0O—(CR'R?),-X
m \ A b 0 m
I~ "R Re”
R? R*
RE

il

wherein R® is H or alkyl, optionally wherein R¢ is alkyl of 1 to 6 carbons; or wherein the
compound is:

R? R*
x—{CR1R2}m—04@—RD R“QO—{CR’Rzlm-K
Re

bl
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or wherein the compound is:

0 O
R‘fjab*@k“ﬁfjﬁ‘
RE :

or wherein the compound is:

—(CR'RZ)~
—(CR'R%)-%

R3 R?

-|= -|=
x—{cﬁmi’}m—o{}x . hQ}—D—[CFUHEJm‘X
R R

|:|.g4 )\X/k ||24

or wherein the compound is:

B

R:'I

R'3
R4

R* :

or wherein the compound is:

O—(CR'R?),-x
O—(CR'R?),,-x
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or wherein the compound is:

—(CR'R?)"<
O—(CR'R?),,-<

/

0
I I
24 ==

’

or wherein the compound is:

R? R?
R R

or wherein the compound is:

B

O—(CR'R?),,-x
—(CR'R?),,->

0
" Ao

or wherein the compound is:

R? R?
x—{GR"szm—D{';a f |}D—{CR1H2}m-X
R* R
Rb

(‘- O—(CR'R?),,-X
3{|} CRTR
R :
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or wherein the compound is:

R3 R?
X—{CR1R2}m—C}4©—Rb RhQD—(CWF&z}m-X

R* R*

Rb

R? R*

?

=

x

[1'4

Q

X

20. The compound of claim 16, wherein:

R! and R? are both H; or

R' and R? are independently in each -(CR'R?) unit, alkyl of 1 to 6 carbons or hydrogen; or
R’ and R* are identical; or

m is 1-20 and R? and R* are hydrogen; or

m is 1-20 and R? and R* 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® and R* is not H; or

m is 1 and R? and R* are both H; or
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m is O0; or

mis 1; or

m is 2; or

m is 3-20; or

m is 1, at least one of R and R* is not H, and X is H, alkyl, or alkenyl; or
at least one of R>-R’ is tert-butyl; or

at least one of R’-R” is phenyl; or

mis 1, R? and R* 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 [; or
m is 2-20 and X is Cl or Br, or m is 3 to 20 and X is OH; or

R:-R!"! are each, independently, alkyl of 1 to 6 carbons; or

m is 2; R! and R® are H; —O—(CRle)m—X is ortho to R4, and X and R4, together, with the

atoms to which X and R* are attached, form a ring.
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Ra

21.  The compound of claim 16, wherein the compound is:
a El a
Rl\,\‘ OB i x 'D'-\.,-r"“*-m Rl*\x__ O R D\[/
= = = )
HaC CHs

=
ﬂ\©k : N D\/@ I x 0
R R*T
= =

R
=
RA | R |
T OWOH = DwDH or
redl
Z O OH
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