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METHODS OF PRODUCING MONO- AND MULTI-FUNCTIONAL 

POLYMERS FROM TEFtPENE-BASED INITIATORS 

1. FIELD 

100011 	Provided herein are methods of producing mono- and multi-functional polymers 

from tcrpene-based initiators. 

2. BACKGROUND 

100021 	Telechelic polymers are polymers that contain one or more functional groups at 

the end of the polymer. These functional groups are reactive to other molecules, thereby 

allowing derivatization of the polymer at its chain ends. Telechelic polymers serve as useful 

intermediates for the preparation of a diverse range of desirable polymeric products, 

including high performance polymers such as, but not limited to, fuel or lube oil additives, 

network polymers, star-branched polymers, and block co-polymers. 

100031 	Polymers that are multifunctional, i.e., have more than one functional group, can 

serve as starting materials and intermediates for complex cross-linked networks of polymers, 

from which high performance dispersants can be derived. 

100041 	In general, the known methods of synthesizing telechelic polymers rely on post-

polymerization functionalization techniques. For example, a monomer is first polymerized to 

form an initial polymer product. To form the telechelic polymer, this initial polymer product 

must be subjected to a subsequent post-polymerization reaction to install the reactive 

functional group. Such methods are inefficient and costly. 

100051 	The known methods of synthesizing multifunctional polymers arc also inefficient 

and costly, and often require the use of initiators that are prohibitively expensive to purchase 

and/or laborious and expensive to synthesize. 

100061 	Thus, there is a need for efficient, direct and less costly synthetic processes for 

synthesizing telechelic polymers, such as those that are multifunctional. 

3. SUMMARY 

100071 	Provided herein are methods of producing telechelic polymers comprising 

contacting a compound of formula 1: 

D-(—L--T)n  
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with a Lewis acid in the presence of one or more monomers, wherein: 

D is hydrocarbyl; 

each L, independently, is: 

0 	 0 	0 

	

a 	, 
-1- S1- 	 H -0 	0 

+Al
.1.., 

 or
5 	A-  ii -1-A 	01- —I-A-0-1- , 	0 	, or 	A-S-°1-  

wherein each A, independently, is hydrocarbylene or a bond; and 

the oxygen is bonded to T; 

each T, independently, is a terpene; 

wherein at least one of the tertiary carbons of the terpene contain a leaving group; and 

each n, independently, is an integer from 1-6. 

[00081 	Provided herein are also methods for producing telechelic polymers comprising 

contacting a compound of formula VIII: 

HO—T—(P—E)6  

VIII 

with a compound of formula IX: 

D—(L1 ), 

IX 

wherein: 

D is hydrocarbyl; 

each T, independently, is a terpene; 

each P, independently, is a polyolefin group; 

each E, independently, is an end-cap group; 

each L1, independently, is: 

0 	 0 
H 	 0 

.--k 	
-1-A —  S—  LG 

n 	 n 
— LG 1-A 	LG 	-A-LG 	A-N=C=0 	 -A —S 0 	or 

wherein each A, independently, is hydrocarbylenc or a bond; and 

LG is a leaving group; 

n is an integer from 1-6; and 

s is an integer from 1-2. 

[0009] 	Provided herein are also compounds of formula VII: 

(P-E) ) ( E—T—L) 	Di— L —T 
m 	\ 	s n 

VII 
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wherein: 

D is hydrocarbyl; 

each L, independently, is: 

0 	 0 	0 n 	, 
A 	1-A-S-01- 0 ir 

A 	Of 1-A-0-1- -i-Al 	ar 	n 
0  -I-A-S-Ot or 

wherein each A, independently, is hydrocarbylene or a bond; 

the oxygen is bonded to T; 

each T, independently, is a terpene; 

each P, independently, is a polyolefin group; 

each E, independently, is an end-cap group; 

n and m are integers, wherein 

and 

(1) the sum of n and m is 1 to 6; and 

(2) n is at least 1; and 

each s, independently, is an integer from 1-2. 

100101 	Provided herein are also compounds of formula X: 

(L1)
m 
	( 	( D 	L-T 	P-E)

s
)

n 

wherein: 

D is hydrocarbyl; 

each L, independently, is: 

0 	 0 	0 n 
A 	-1-A-S- 	- 0 

-FA 	0 	_ 	at -1-A-N 	Or 

	

H 	 0 	, 

wherein each A, independently, is hydrocarbylene or a bond; 

the oxygen is bonded to T; 

each LI, independently, is: 

or --A-S-01- 

and 

0 	 0 
H 0 

	

5 	/IC- 

	

l' 	LG 	-A-LG 	-A-N=C=0 	
S-LG 
" A 	 or 0 	,  

wherein each A, independently, is hydrocarbylene or a bond; and 

H 
S-LG 

LG is a leaving group 

each T, independently, is a terpene; 

each P, independently, is a polyolefin group; 

each E, independently, is an end-cap group; 
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n and m are integers, wherein: 

(1) the sum of m and n is 2-6; and 

(2) m is at least 1; and 

(3) n is at least 1; and 

each s, independently, is an integer from 1-2. 

4. 	DETAILED DESCRIPTION 

(a) 	DEFINITIONS 

[0011] 	Unless defined otherwise, all technical and scientific terms used herein have the 

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

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

section prevail unless stated otherwise. 

[0012] 	As used herein, "about" refers to up to plus or minus 10% of the indicated 

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

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

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

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

10013] 	As used herein, "alkaryl" refers to a uni-valent aryl group substituted with at least 

one alkyl, alkenyl, or alkynyl group. 

[0014] 	As used herein, "alkenyl" refers to a uni-valent hydrocarbon group of 2 to about 

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

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

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

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

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

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

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

embodiments, the alkenyl group is substituted. 

[0015] 	As used herein, "alkyl" refers to a uni-valent hydrocarbon group of about 1 to 

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

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

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

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

the alkyl group contains about 1 to about 3 carbons. In some embodiments, the alkyl group 
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contains 1 to 2 carbons. In some embodiments, the alkyl group is primary. In some 

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

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

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

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

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

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

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

the alkyl group is substituted. In some embodiments, the cyclic alkyl group, i.e., cycloalkyl, 

has about 3 to about 10 carbons. In some embodiments, the alkyl group is substituted. In 

some embodiments, the cyclic alkyl group, i.e., cycloalkyl, has about 3 to about 6 carbons. In 

some embodiments, the cyclic alkyl group is cycloalkyl or cyclopentyl. 

[0016] 	As used herein, "alkyl aluminum halide" refers to a compound of formula 

RnAIX3-n, wherein n is 1, 1.5, or 2; R is an alkyl group; and X is a halogen, and mixtures 

thereof 

[0017] 	As used herein, "alkynyl" refers to a uni-valent hydrocarbon group of 2 to about 

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

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

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

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

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

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

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

alkynyl group is substituted. 

[0018] 	As used herein, "aralkyl" refers to a uni-valent alkyl, alkenyl, or alkynyl group 

substituted with at least one aryl group. 

[0019] 	As used herein, "aryl" refers to a uni-valent monocyclic or multicyclic aromatic 

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

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

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

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

some embodiments, the aryl is substituted. In some embodiments, the aryl does not contain 

heteroatoms. 
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[0020] 	As used herein, "common ion salt" refers to an ionic salt that is optionally added 

to a reaction performed under quasiliving carbocationic polymerization conditions to prevent 

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

[0021] 	As used herein, "common ion salt precursor" refers to an ionic salt that is 

optionally added to a reaction performed under quasiliving carbocationic polymerization 

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

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

[0022] 	As used herein, "contacting" refers to bringing two or more compounds into 

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

each other when contacted. Contacting, in some embodiments, is performed by adding the 

compounds to a diluent. 

[0023] 	As used herein, "electron donor" refers to a molecule that is capable of donating a 

pair of electrons to another molecule, e.g., acting as a Lewis base. 

[0024] 	As used herein, "end-cap group" refers to a substituent that is bonded to a terminal 

end of a polymer. In some embodiments, the end-cap group may serve as a site of reactivity 

under suitable reaction conditions, thereby allowing derivatization of the polymer at its 

terminal end. 

[0025] 	As used herein, "hydrocarbyl" refers to a monovalent hydrocarbon group. As 

used herein, "hydrocarbylene" refers to a divalent hydrocarbon group. The hydrocarbyl and 

hydrocarbylene may be optionally substituted. In some embodiments, the hydrocarbyl or 

hydrocarbylenc is not substituted. 

[0026] 	As used herein, "initiator" refers to a compound that provides a carbocation or its 

reactive equivalent.  

[0027] 	As used herein, "intermediate" refers to a compound which may, in some 

embodiments, be formed during a chemical reaction, e.g., polymerization reaction, or over 

the course of a chemical synthesis route. In some embodiments, the intermediate is ionic. In 

some embodiments, the intermediate is cationic. 

[0028] 	As used herein, "leaving group" refers to a substituent that is capable of 

dissociating from the atom to which the leaving group is attached. In some embodiments, the 

leaving group is capable of dissociating under the reaction conditions, e.g., polymerization 

conditions used in the methods described herein. In some embodiments, the leaving group is 

attached to a secondary or tertiary carbon, and the dissociation of the leaving group allows 

the formation of a secondary or tertiary carbocation, or their reactive equivalent. In some 

embodiment, the leaving group dissociates when contacted with a Lewis acid. In some 
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embodiments, the leaving group is bonded to a carbonyl carbon and dissociates following 

addition of a nucleophile to said carbonyl. In some embodiments, the leaving group is a 

halide. In some embodiments, the leaving group is a pseudohalide. In some embodiments, 

the leaving group is carboxylate, e.g., acetate. 

[00291 	As used herein, "Lewis acid" refers to a chemical entity that is capable of 

accepting a pair of electrons. 

[00301 	As used herein, "monomer" refers to a compound that is capable of forming one 

of the two or more divalent molecules that arc contained in a polymer. In some 

embodiments, the monomer is an olefin. In some embodiments, the monomer is capable of 

reacting with a carbocation to form another carbocation. In some embodiments, the 

monomer is isobutene. 

[00311 	As used herein, "polyisobutylene group" refers to a polyolefin group comprising 

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

...1 

wherein n is an integer from about 10 to about 20000. In some embodiments, n is about 10 to 

about 15,000. In some embodiments, n is about 10 to about 10,000. In some embodiments, n 

is about 10 to about 5,000. In some embodiments, n is about 10 to about 2,000. In further 

embodiments, n is about 10 to about 1,000. 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. 

[00321 	As used herein, "polyolefin" refers to a polymer that comprises at least two olefin 

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

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

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

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

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

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

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

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

polyolefin has a molecular weight greater than 600 g/mol. In some embodiments, the 
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polyolefin has a molecular weight greater than 800 g/mol. In some embodiments, the 

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

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

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

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

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

polyolefin has a molecular weight greater than 1,000,000 g/mol. 

[0033] 	As used herein, polyolefin group refers to a divalent polyolefin. 

[0034] 	As used herein, "pseudohalide" refers to a substituent that resembles the reactivity 

or properties of a halide substituent, for example, cyano, azido, cyanate, thiocyanate, or 

isothiocyanate. The pseudohalide, in addition to being a substituent, may exist as an anion, 

e.g., resulting from a pseudohalide substituent dissociating from the atom to which it is 

bonded. 

[0035] 	As used herein, "quenching agent" refers to a compound that reacts with a 

polymer or ionized polymer and causes the formation of a functional group to form a 

telechelic polymer. In some embodiments, the quenching agent reacts with a cationic 

polymer to form a telechelic polyolefin. In some embodiments, the quenching agent end-

caps the growing polymer. In some embodiments, the quenching agent reacts with the 

growing polymer to form an olefin-terminated polymer. 

[0036] 	As used herein, "reacting" refers to contacting two or more compounds with each 

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

different compound. 

[0037] 	As used herein, "substituted" refers to the presence of one or more substituents. 

In some embodiments, one substituent is present. As used herein, substituent refers to a 

monovalent atom or monovalent group of bonded atoms that is capable of forming a stable 

bond with the molecule to which the substituent is attached. 

[0038] 	As used herein, a "terpene" is a hydrocarbon compound that contains two or more 

5-carbon units, thus containing carbon atoms in multiples of five (starting at ten), e.g., 10, 15, 

20, or 25 carbon atoms. A terpene may, for example, be a monoterpene (10-carbon terpene), 

sesquiterpene (15-carbon terpene), diterpene (20-carbon terpene), or triterpene (30-carbon 

terpene). The 5-carbon units are often referred to as isoprene units and are monovalent or 

multivalent molecules having the following possible structures: 
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H3C 	CH3  H3C CH3 	H3C 	CH2  

/ ) 
H3C 	 H3C 	 H C or 	2 

wherein one or more of the hydrogen atoms are replaced with a bond. Certain carbon atoms 

of an isoprene unit may be categorized as a "head carbon" or "tail carbon" as shown below. 

- -) 
l  
. 	CH3  .,,_ _ 

_- H3C 

--- 	tali 

head H' 	IC 	: 
/./ 	— 

carbons 

carbons 
--: 

	

 i   , 
I-12C: 

3C: 	Ha i 
  

 

r 
- - -, H3C: 

For a given terpene, each individual isoprene unit may be linked to an adjacent isoprene unit 

at any carbon. For example, adjacent isoprene units may be linked tail to head, tail to tail, or 

head to head. Furthermore, at least two isoprene units of a terpene may be linked in such a 

manner so as to form a cyclic membered ring, including for example, 5- or 6- membered 

rings. Examples include, but are not limited to, citronellol and f3-pinene. The carbons of the 

terpenes may optionally be bonded to monovalent substituents or oxo groups. Such 

substituents include, but are not limited to, halo, —0C(0)RA, —ORA, —NC, -NCO, —OCN, — 

SH, —SRA, —S(0)RA, 

—S(0)2RA, —SCN, —NO2, or —0S(0)2RA, wherein RA  is hydrocarbyl, e.g., alkyl, alkenyl, or 

alkynyl. In some embodiments, the terpene is not substituted. The terpene may also contain 

one or more stereocenters. Further examples of terpenes include, but are not limited to: 

CH 0  0 
H CH3  

0H,3 	ch2 

	

O 	
H3c --c-,---,-,HI  

H3c.... 	
cH2 	H3C 	CH3 	and 	 CH2 

When used in to describe a chemical moiety, "terpene" refers to a mono or divalent terpene. 
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[0039] 	As used herein, "terpenoid" refers to a terpene that is substituted with one or more 

hydroxyl groups. In some embodiments, the terpenoid is substituted with one hydroxyl 

group. In some embodiments, the terpenoid contains a hydroxyl group bonded to a primary 

carbon. In some embodiments, the terpenoid contains one hydroxyl group, wherein the one 

hydroxyl group is bonded to a primary carbon. 

[0040] 	As used herein, "tertiary carbon" refers to carbon having three carbons bonded to 

it. A secondary carbon refers to a carbon having two carbons bonded to it. A primary carbon 

refers to a carbon having one carbon bonded to it. 

[0041] 	It is to be understood that the compounds or structures provided herein may 

contain one or more chiral centers. Such chiral centers may be either the (R) or (S) 

configuration, or may be a mixture thereof. Thus, the compounds provided herein may be 

enantiomerically pure, or be stereoisomeric or diastereomeric mixtures. For a compound 

containing one or more double bonds, the compound may exist as the corresponding cis, 

trans, E, or Z isomer, or a mixture thereof. 

[00421 	For the structures depicted herein, it is to be understood that when a substituent 

bond is not directly connected on a particular carbon, the substituent may be bonded at any 

carbon atom in the carbon skeleton. For example, for the following structure: 

Al  

_ 

A2  

It is to be understood that, unless stated otherwise herein, X may be bonded to any of the 

carbons on the depicted skeleton, including for example: 

X-A1 	Al  

X 

A2 
A2 	 X , or 	X. 

(b) 	METHODS OF PRODUCING MONO- AND MULT1-FUNCTIONAL 
TELECHELIC POLYMERS FROM COMPOUNDS OF FORMULA I 

[0043] 	Provided herein are methods for preparing a telcchelic polyolefin comprising 

contacting a compound of formula I: 
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with a Lewis acid in the presence of one or more monomers, wherein: 

D is hydrocarbyl; 

each L, independently 	s: 	

pp 
0 	 0 	0 

S- 	
0 

A 	
H 	

H 

+Al 	° 	I) --A 	O- 	--A-O-1-  1-A-0-1- 0 	, Or 

wherein each A, independently, is hydrocarbylene or a bond; and 

the oxygen is bonded to T; 

each T, independently, is a terpene; 

wherein at least one of the tertiary carbons of the terpene contain a leaving group; and 

each n, independently, is an integer from 1-6. 

[0044] 	Also provided herein are the telechelic polymers produced by the method above. 

[0045] 	Without being bound to any theory, in some embodiments, the compound of 

formula I ionizes or reacts with the Lewis acid to form an intermediate, which in some 

embodiments, subsequently reacts with one or more monomers. In some embodiments, the 

compound of formula I ionizes or reacts with the Lewis acid to become a carbocation or its 

reactive equivalent. In some embodiments, the Lewis acid causes dissociation of the leaving 

group on a tertiary carbon of the compound of formula I. 

[0046] 	In some embodiments, the method further comprises adding one or more 

quenching agents. The quenching agents, in certain embodiments, effect the installation of an 

end-group on the polymer. 

[0047] 	In some embodiments, the method further comprises adding one or more 

terminators. 

[0048] 	In some embodiments, the method is performed in the presence of one or more 

electron donors. 

[0049] 	In some embodiments, the method is perfor 	rued in the presence of one or more 

common ion salts or common ion salt precursors. 

[0050] 	In some embodiments, the method is performed in the presence of a diluent. 

[0051] 	When n is greater than 1 and the compound of formula I contains more than one 

site for initiation, some or all of the sites may initiate polymerization. 

[0052] 	In some embodiments, the compounds of formula I are contacted with a Lewis 

acid and one or more monomers to form compounds of formula VII: 
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( E-TD-(-L -T ( P-E)
s )n 

-L) 
m 

vu 

wherein: 

D is hydrocarbyl; 

each L, independently, is: 

0  
, 	1-A-S-01- 	° 

-FA 	0 	
-itO -r A -N 	

9 
r 
	 -/-A-d-01- 01_ 	

H 	 8 	or , 
wherein each A, independently, is hydrocarbytene or a bond; and 

the oxygen is bonded to T; 

each T, independently, is a terpene; 

each P, independently, is a polyolefin group; 

each E, independently, is an end-cap group; 

n and m are integers, wherein 

(1) the sum of n and m s 1 to 6; and 

(2) n is at least I; and 

each s, independently, is an integer from 1-2. 

[0053] 	In some embodiments, the polydispersity index of the telechelic polymer 

produced is less than 2.5, less than 2.4, less than 2.3, less than 2.2, less than 2.0, less than 1.9, 

less than 1.8, less than 1.7, less than 1.6, less than 1.5, less than 1.4, less than 1.3, less than 

1.2, or less than 1.1. 

[0054] 	In some embodiments, the molecular weight of the telechelie polymer produced is 

about 1000, about 2000, about 3000, about 4000, about 5000, about 6000. about 7000, about 

8000, about 9000, about 10000, about 20000, about 30000, about 40000, about 50000, about 

60000, about 70000, about 80000, about 90000, or about 100000 g/mol. 

(I) 	Initiators: Compounds of Formula I 

[0055] 	The initiators used in the methods described herein are compounds of formula I: 

D-i-L-T)n  

I 

wherein: 

D is hydrocarbyl; 

each L, independently, is: 
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O 	
0 	0 ir 	, 	0 ii 

-FAIIIL°1- -1-A-0S-(31-, or 1-A-s— 
f 1-1- 	 11 A 	O 	A-0 

wherein each. A, independently, is hydrocarbylene or a bond; and 

the oxygen is bonded to T; 

each T, independently, is a terpene; 

wherein at least one of the tertiary carbons of the terpene contain a leaving group; and 

each n, independently, is an integer from 1-6. 

[0056] 	In some embodiments, D is hydrocarbyl of 1-25 carbons. In some embodiments, 

D is hydrocarbyl of 1-20 carbons. In some embodiments, D is hydrocarbyl of 1-15 carbons. 

In some embodiments, D is hydrocarbyl of 1-10 carbons. In some embodiments, D is 

hydrocarbyl of 1-6 carbons. 

[0057] 	In some embodiments, D is alkyl, alkaryl, or aralkyl. In some embodiments, D is 

alkyl of 1-15 carbons. In some embodiments, D is alkyl of 1-10 carbons. In some 

embodiments, D is alkyl of 1-6 carbons. In some embodiments, D is alkaryl of 7-20 carbons. 

In some embodiments, D is alkaryl of 7-15 carbons. In some embodiments, D is aralkyl of 7- 

20 carbons. In some embodiments, D is aralkyl of 7-15 carbons 

[0058] 	In some embodiments, n is 1 and D is: 

----"%i 	 A 
........x___ or  

[0059] 	In some embodiments, n. is 2 and D is: 

Y.,___11•1 
4 . 	;1 /4„- --....,...---- -„A-: 

or 

[0060] 	In some embodiments, n is 3 and D is: 

wherein R" is H or hydrocarbyl. 

[0061] 	In some embodiments D is Z(Y),, wherein: 

Y, independently, is aryl; 

Z is hydrocarbyl; 

L is bonded to a Y of the of Z(Y)r; and 

r is an integer from 1 to 3. 
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[0062] 	In some embodiments, Z is hydrocarbyl of 1 to 10 carbons. In some 

embodiments. Z is hydrocarbyl of 1 to 6 carbons. In some embodiments, Z is alkyl. In some 

embodiments, Z is cycloalkyl. 

[0063] 	In some embodiments, r is 1 to 2. In some embodiments, r is 1. 

[0064] 	In some embodiments, D is Yp, wherein Y is aryl and p is an integer from 1-4. 

[0065] 	In some embodiments, p is 1 to 2. In some embodiments, p is 1. 

[00661 	In some embodiments, for the Yp  or Z(Y)„ Y is aryl, wherein the aryl is 

monocyclic, bicyclic, or tricyclic. In certain embodiments, the aryl is monocyclic. In some 

embodiments, the aryl does not contain a heteroatom. In some embodiments, the aryl 

contains 6 to 12 carbons. In some embodiments, the aryl is phenyl. 

0 

A..--tt. 0  
100671 	In some embodiments, 	is 

A-01-  [0068] 	In some embodiments, L is 

[0069] 	In some embodiments, A is hydrocarbyl of 1 to 10, I to 6, or 1 to 3 carbons. 

[0070] 	In some embodiments, A is a bond. 

0 

[00711 	In certain embodiments, L is iA 
	

0, wherein A is alkyl. 

0 

.)--.. A 0 	
herein A is alkyl of 1-10 carbons. [00721 	In certain embodiments, L is 

0 

5 i- 
I 0073] 	In certain embodiments, L is 	

AziL0 	
, wherein A is alkyl of 1-6 carbons. 

0 

...-11%. A 	0 - 
[00741 	In certain embodiments, Lis 	 , wherein A is alkyl of 1-3 carbons. 

0 

IL 0 . _ 
[00751 	In some embodiments, L is 	. 

1-A-0-1- [0076] 	In certain embodiments, L is 	, wherein A is alkyl. 

[0077] 	In certainembodiments, L is 	, wherein A is alkyl of 1-10 carbons. 

embodiments, L 	1-A-0t [0078] 	In certain is 	, wherein A is alkyl of 1-6 carbons. 

[0079] 	In certain embodiments, L is -FA-Cpt, wherein A is alkyl of 1-3 carbons. 
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[0080] 	In some embodiments, L is -1-A-o-/- wherein A is alkyl, wherein the alkyl is not 

branched or cyclic. 

[0081] 	A leaving group is a substituent that is capable of dissociating from the atom to 

which the leaving group is attached. The leaving groups of the initiators described herein, in 

certain embodiments, are capable of dissociating under the reaction conditions used in the 

methods described herein. In some embodiments, the dissociation of the leaving group from 

a tertiary carbon allows the formation of a tertiary carbocation, or its reactive equivalent. In 

some embodiments, the leaving group dissociates when contacted with a Lewis acid. In some 

embodiments, the leaving group is —Cl, —Br, —I, —ORA, -0C(0)RA, TsOH, or OMs, wherein 

RA  is hydrocarbyl, e.g., alkyl. In some embodiments, the leaving group is —Cl, —Br, or —I. In 

some embodiments, the leaving group is —Cl. In polymerization reactions, when two or more 

leaving groups are present on the initiator, monomers may react at any of the two or more 

corresponding tertiary carbons and, thus, propagation may occur at two or more sites during 

the course of a single polymerization reaction. 

[0082] 	In some embodiments, one tertiary carbon of the terpene contains a leaving group. 

[0083] 	In some embodiments, the terpene is a monoterpene, sesquiterpene, or triterpene. 

In some embodiments, the terpene is a monoterpene. 

[0084] 	In some embodiments, the terpene is not substituted, except for the at least one of 

the tertiary carbons that contains a leaving group. 

[0085] 	In some embodiments, T is substituted with 1 to 3 substituents in additionto the at 

least one of the tertiary carbons that contains a leaving group. 

[0086] 	In some embodiments, T is: 

H3C 

B CH 	H3C B2  3  

H3C 

B CH
3.

153CC 

CH3 	H3C 	\ 	
., CH3 	H3C 	

Prr,r 	
CH3 

B2 	 oer  

	

\ 	 , Or 	 CH3 

wherein 13]  and B2  are each, independently, a leaving group or —H; and 

wherein at least one of B2  and B2  is a leaving group. 

[0087] 	In some embodiments, when T is: 
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H3C B1  

i 
—1F1  

H3C CH3  
B2  

T is substituted with one or more substituents. In some embodiments, T is substituted with1- 

3  substituents. 

[0088] 	In some embodiments, the terpene is not cyclic.  

[0089] 	In some embodiments, one of B1  or B2  is —H. 

[0090] 	In some embodiments, L is bonded to a primary carbon of T. 

[0091] 	In some embodiments, T is: 

B1  CH3 H3C B2  
,„, 	.....____V 

H3Cr''''\_7" 	---"-- ,....H3 
Pr\ 

[0092] 	In some embodiments,T is: 

B1  CH3 	CH3  

H3C CH21—  

[0093] 	In some embodiments, n is an integer from 1-4. In some embodiments, n is an 

integer from 1-3. In some embodiments, n is an integer from 1-2. In some embodiments, n is 

1. 

[0094] 	In some embodiments, the compound of formula I is a compound of formula I(a): 

.--->-Th. 	0 

..„,...).-- 

I(a) 

wherein each A, independently, is hydrocarbylene or a bond; 

each T, independently, is a terpene, wherein one or more of the tertiary carbons of the terpene 

contains a leaving group; and 

n is an integer from 1-6. 

[0095] 	In certain embodiments, the compound of formula I(a) is: 

0 
I 	Il 1 ( 	0 	T) 

wherein n is an integer from 1-6 In certain embodiments, n is an integer from 1 to 4. 

[0096] 	In some embodiments, the compound of formula I(a) is: 
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(0 	CH3 	H3C 
I 	c;<

13 
L 

 

1 
0 	 CH3  

wherein BI  is a leaving group and n is an integer from 1-6. In certain embodiments, n is an 

integer from 1 to 4. In certain embodiments, the leaving group of the terpene is -CI, -Br, -I, 

-OR", -OCOR", -TsOH, or -0Ms, wherein R" is hydrocarbyl, e.g., alkyl. In certain 

embodiments, the leaving group is -CI, -Br, or -I. In some embodiments, the leaving group 

is 

-Cl. 

(ii) 	Synthesis of Initiators 

100971 	The compounds of formula I may, in some embodiments, be prepared using 

synthetic techniques that are known to those of ordinary skill in the art. In some 

embodiments, commercially or readily obtainable starting materials are converted to the 

compounds of formula I using known synthetic techniques, including, e.g., those described in 

Richard C. Larock, Comprehensive Organic Transformations: A Guide to Functional Group 

Preparations (2nd ed. 1999) and/or Michael B. Smith & Jerry March, March's Advanced 

Organic Chemistry, Reactions, Mechanisms, and Structure (5th ed. 2001). 

100981 	In some embodiments, compounds of formula I are produced from compounds of 

formula 11: 

DeL--T1 )n 

II 

wherein L, D, and n are as defined for the compound of formula I herein, and 

TI  is a terpene containing at least one carbon-carbon double bond. 

100991 	In some embodiments, the compounds of formula II are contacted with H-X to 

form the compounds of formula I. wherein in X is a halide. In some embodiments, H-X is 

Ha. 
polo! 	For example, as illustrated below, compounds of formula II(a) may be contacted 

with H-Cl to form a compound of formula I(b): 

-17- 



WO 2013/009592 
	

PCT/US2012/045667 

7 	CH3 	CH3  

CH3  
.,-- --. 

0 \ 	
)n 

11(a) 

HCI 

7 	CH3 	H3C 

A\;<CI  CH3  / \ 	
/ n 

0 

1(h) 

wherein n is an integer from Ito 5. 

100101] 	Compounds of formula 11, in some embodiments, can be produced from 

terpenoids.  

[00102] 	For example, compounds of formula II(b) may be produced from terpenoids: 

/0 

0-T1  

II(b) 

wherein D, TI, and n are as defined for the compound of formula 11 herein. 

1001031 	In certain embodiments, compounds of formula 11(b) may be produced from 

terpenoids and compounds of formula III: 

0 

G / 
/ n 

III 

wherein D and n is as defined for compounds of formula I herein, and LG is a leaving group 

In some embodiments, the leaving group dissociates when contacted with a Lewis acid. In 

some embodiments, the leaving group is -Cl, -Br, -I, -OH, -ORN, -0C(0)RN, -0C(0)OR", 

-0C(0)f\IRN, -0S(0)2NR", -OMs, -0Ts, or -0P(0)(ORN)2, wherein RN  is hydrocarbyl. In 

some embodiments, RN  is alkyl or aryl.. In some embodiments, RN  is alkyl of I to 6 carbons. 

In some embodiments, the alkyl is methyl. In some embodiments, the leaving group is -CI or 

-Br. 

[00104] 	In certain embodiments, the compound of formula II(b) is produced by contacting 

a compound of formula Ill with a terpenoid in the presence of base. In some embodiments, 
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the base is an amine, pyridine, or pyridine derivative. In some embodiments, the base is 

triethylamine. 

[00105] 	In some embodiments, the terpenoid is a compound of formula IV, V, or VI: 

CH3  

".... 
C i  
'''.1 —1  OH 	 CH3 	9-13 

-... 	) 2 	 CH3 	CH3 	 ,-C1 	\,--...„ 	.C.2,. 
H3C 	----OH 	CH3 

H3C 	---"N 	
CH3 

H3C
,C&

CH3 	
,y1 	,,,„,„,y2 

Chi 

 

OH 	 3  

IV 	 V 	 VI 

wherein C', C2, and C3  are carbons and at least one of Cl, C2, and C3  is bonded to one of the 

carbon atoms to which it is attached by a double bond. 

[00106] 	In some embodiments, the terpenoid is: 

CH3  

	

CH3 	CH2   
4o  OH 

C
1  H3 	C

LH 
3  

CH3 	CH3  	H3C-...1'. 	M'CH3  H3C,_„„ 

H3C
,k..

CH2 ''OH H3C 	 OH 	 `OH  , 	 ,Or 

[001071 	In some embodiments, the terpenoid is: 

CH3 	CH3  
.„.1,...*,..„.-..,„,...c.„....„ 

H3C 	 OH 

1001081 	For example, as illustrated below, compounds of formula III(a) may be contacted 

with terpenoid V(a) in the presence of base to form a compound of formula II(a): 

(
1, 
	\ CH3 	CH2  

in 	
HO----------C-----'-')CCH3 --......t74 	LG 

V(a) 
111(a) 

..,.. 7O CH3 	CH2 	.\ 

cH, /
n 

\ 	u ,,.),-.........A. -........52- 

11(a) 
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wherein LG is a leaving group and n is 1-5. In some embodiments, LG is a halide. In some 

embodiments, LG is -Cl. In some embodiments, n is 1-4. In some embodiments, n is 1-3. 

[00109] 	Compounds of formula I(c), in some embodiments, are produced by contacting a 

compound of formula A with a terpenoid to produce a compound of formula B, and then 

contacting the compound of formula B with H-X to produce a compound of formula I(c), as 

illustrated below: 

\ 	
terpenoid )  	\ 0 	 H-X 

—,„.. 	DA-K ( D(A 11
., 

 

	

LG/ 	 0-T1 	 O-T/ 

	

n 	 n 	 ' n 
A 	 B 	 i(c) 

wherein D, A, T, and n are as defined herein for the compounds of formula I; T1  is as defined 

for the compounds of formula II, and LG is as defined for the compounds of formula III. 

[00110] 	Compounds of the formula C may also be synthesized using methods known in 

the art from terpenoids and compounds of the formula D, such as those disclosed in Richard 

C. Larock, Comprehensive Organic Transformations: A Guide to Functional Group 

Preparations (2nd ed. 1999) and/or Michael B. Smith & Jerry March, March's Advanced 

Organic Chemistry, Reactions, Mechanisms, and Structure (5th ed. 2001). 

D /A-0-T1  
In 

C 

D A-LG 
n 

D 

wherein Ar is as defined herein for the compounds of formula I, Ti  is as defined herein for 

the compounds of formula II, A is hydrocarbyl, and LG is a leaving group. 

[001111 	Furthermore, initiators wherein L is: 

0 
? 

A , 	+ 	6 - -o-1- 	o 

	

1-A-N 	0 F- , 	
A-S-01- 

	

H 	 0 	,or  

may also be synthesized using methods known in the art. 

[00112] 	As an example, urethane linkages may be synthesized by reacting a terpenoid with 

an isocyanate, i.e., compound having a -N=C=O group, to provide the urethane. In one 
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example, methylene diphenyl diisocyante (MDI) or polymeric MDI can 

terpenoid to provide a urethane. 

be reacted with a 

[00113] 	As another example, a sulfonyl halide may be reacted with a 

initiator having an L group of: 

terpenoid to form an 

0 
+A-S-01- 

8 
[00114] 	Hydrocarbyl D groups may be arrived at from commercially available materials. 

For example, initiators having a D group having the following formula: 

may be synthesized from the corresponding benzyl halide. 

100115] 	Initiators having a D group having the following formula: 

i-kh" 
i
t.,..5

........) 	scris,  

may be synthesized from the corresponding dibenzyl halide, e.g., 1,3-

bis(chloromethyl)benzene. 

[001161 	Initiators having a D group having the formula: 

may be synthesized from terphthalic acid. 

1001171 	Initiators having a D group having the formula: 

may he synthesized from adipic acid. 

[00118] 	Initiators having a D group having the formula: 

wherein 12.' is H or hydrocarbyl 

may be synthesized from citric acid. 

(iii) 	Lewis acids 
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[00119] 	In some embodiments, the Lewis acid is a non-protic acid. In some embodiments, 

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

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

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

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

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

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

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

embodiments, the Lewis acid is A1Br3. In some embodiments, the Lewis acid is ethyl 

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

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

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

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

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

[00120] 	In some embodiments, one Lewis acid is used. In some embodiments, a mixture 

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

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

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

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

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

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

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

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

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

trimethyl aluminum is used. 

[00121] 	In some embodiments, the Lewis acid is a titanium halide, aluminum halide, 

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

[00122] 	In some embodiments, the Lewis acid is an alkyl aluminum halide. In some 

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

[00123] 	In some embodiments, the Lewis acid may be added in one aliquot or added in 

two or more aliquots over the course of the polymerization. 

[00124] 	In some embodiments, the Lewis acid concentration is from about .10 to about 10 

times the concentration of the terpene initiator. In some embodiments, the Lewis acid 

concentration is from about 1.0 to about 8.0 times the concentration of the terpene initiator. 
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In some embodiments, the Lewis acid concentration is from 2.0 to about 5.0 times the 

concentration of the terpene initiator. 

[00125] 	In some embodiments, the molar concentration of Lewis acid is from about 0.1 to 

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

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

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

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

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

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

about 5 times the molar concentration of chain ends. 

[00126] 	In some embodiments, an additional aliquot of one or more Lewisacids is added 

after the addition of the quenching agent. 

(iv) 	Monomers 

[00127] 	In some embodiments, the monomer is a. hydrocarbon monomer, i.e., a compound 

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

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

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

[00128] 	In some embodiments, the methods described herein can be employed for the 

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

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

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

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

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

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

[00129] 	In some embodiments, the monomer is isobutene, styrene, alpha pinene, beta 

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

embodiments, the monomer is isobutylene, 2-methyl-l-butene, 3-methyl-1 -butene, 4-methyl- 

1-pentene, or styrene. In some embodiments, the monomer is isobutene. In some 

embodiments, the monomer is styrene. 

[00130] 	In some embodiments, more than one monomer may be utilized in the 

polymerization reactions described herein. When two or more monomers are used, co-

polymers may be synthesized. In some embodiments, when more than one monomer is used, 

the monomers are added together to the initiator. In other embodiments, a first monomer is 
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added to the initiator and allowed to propagate for a certain time, e.g., until high conversion is 

achieved, and then a second polymer is added. Block co-polymers may be obtained using 

such methods. In some embodiments, two monomers are used, wherein one monomer is 

isobutene and the other monomer is styrene. 

[09131] 	In some embodiments, the monomer is consumed prior to adding the quenching 

agent, or undergoes high conversion prior to adding the quenching agent. In particular 

embodiments, about 80%, about 85%, about 90%, about 95%, about 97%, about 99%, or 

about 100% of the monomer is consumed prior to adding the quenching agent. 

[00132] 	In some embodiments, one or more aliquots of additional monomer are added to 

the polymerization after the initial monomer charge, wherein each individual aliquot of 

additional monomer is consumed or partially consumed prior to adding a subsequent aliquot 

of additional monomer or adding the quenching agent. As used herein, partially consumed 

refers to, in some embodiments, about 2, about 5, about 10, about 15, about 20, about 25, 

about 30, about 35, about 40, about 45, about 50, about 55, about 60, about 65, about 70, 

about 75. about 80, about 85, about 90, about 95, or about 97 percent consumed by mole or 

mass. 

[00133] 	In some embodiments, 2 to 20 aliquots of additional monomer are added. In some 

embodiments, 5-10 aliquots of additional monomer are added. In some embodiments, all 

monomers are charged to the polymerization together. 

(v) 	Quenching Agents 

[00134] 	Suitable quenching agents for use in the methods described herein, in some 

embodiments, react with and/or cap a growing polymer, thereby installing a functional group 

to form a telechelic polymer. 

[00135] 	In some embodiments, the quenching agent is selected from those disclosed in 

Stokes et al., U.S. Patent Publication No. 2004/0260033AI (U.S. Application No. 

10/600,898) and Stokes et al., U.S. Patent Publication No. 2005/0282972A1(U.S. Application 

No. 11/086,157). Exemplary quenching agents include, but are not limited to those having 

the following formula: 

,_...7  N—(CRPY1 RPY2),—XPY 

wherein RPY1  and RPY2  are independently in each — (CRPY1RPY2)- unit 

selected from the group consisting of hydrogen and alkyl of 1 to 6 

carbon atoms; 

-24- 



m is an integer from 1 to 20; and 

X is selected from the group consisting of hydrogen, alkyl, aryl, 

alkaryl, alkoxy, heteroaryl, nitro, ureido, —0C(0)RPY3, —C(0)RPY4, — 

C(0)ORPY5, 

—C(0)NRPY6RPY7, —P(RPY8)3, —P(ORPY9)3, —SRPY1°, —0S03RPY11, and 

—S(0)RPY12; 

wherein RPY3  is alkyl or alkenyl; and RPY4, RPY5, RPY7, RPY8  

RPY9, RPYI°, 121)Y11, and RPY12  are alkyl. 

Further examples include, but are not limited to 1-methylpyrrole and 1-furfurylpyrrole. In 

some embodiments, these quenching agents provide N-substituted pyrrole terminated 

polyolefins. 

[00136] 	In some embodiments, the quenching agent is selected from those disclosed in 

Stokes et al., U.S. Patent Publication No. 2006/0041081A1 (U.S. Application No. 

11/207,264). Exemplary quenching agents include, but are not limited to one or more 

nitrogen-containing five-membered aromatic ring compounds selected from pyrroles and 

imidazoles having at least two hydrocarbyl substituents on the ring, or one or more hindered 

secondary or tertiary amines containing only carbon, hydrogen, and nitrogen atoms, or 

mixtures thereof, provided the nitrogen containing five-membered aromatic ring is not: 2,4-

dimethylpyrrole; 2-phenylindole; 2-methylbenzimidazole; 1,2-dimethylimidazole; 2-

phenylimidazole; and 2,4,5-triphenylimidazole; and provided the hindered secondary or 

tertiary amines are not: triethylamine; tri-n-butylamine; trihexylamine; triisooctylamine; 2-

phenylpyridine; 2,3-cyclododecenopyridine; di-p-tolylamine;quinaldine; and 1-pyrrolidino-l-

cyclopentene. In some embodiments, the one or more nitrogen-containing five-membered 

aromatic ring compound have the following formula: 

R2 	R3  

H 

wherein: 

(a) 	RI  and R4  are independently an alkyl containing one carbon atom to about 20 

carbon atoms, R2  and R3  are independently hydrogen or alkyl containing one 

carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to about 7 carbon 

atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30 

carbon atoms, or aralkyl of about 7 to about 30 carbon atoms; or 
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(b) RI  and R2  form a fused aromatic ring of from 6 carbon atoms to 10 carbon 

atoms or an aliphatic ring of from 4 carbon atoms to about 8 carbon atoms, R 

is alkyl containing one carbon atom to about 20 carbon atoms, and R3  is 

hydrogen or alkyl containing one carbon atom to about 20 carbon atoms, 

cycloalkyl of about 3 to about 7 carbon atoms, aryl of about 6 to about 30 

carbon atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about 

7 to about 30 carbon atoms; or 

(c) R2  and R3  form a fused aromatic ring of from 6 carbon atoms to 10 carbon 

atoms or an aliphatic ring of from 4 carbon atoms to about 8 carbon atoms, 

and RI  and R4  are independently an alkyl containing one carbon atom to about 

20 carbon atoms; or 

(d) both R I  and R2, and R3  and R4, taken in pairs, independently form a fused 

aromatic ring of from 6 carbon atoms to 10 carbon atoms or an aliphatic ring 

of from 4 carbon atoms to about 8 carbon atoms. 

Further examples include, but are not limited to 2,5-dimethylpyrrole. In some embodiments, 

these quenching agents provide vinylidene-terminated polyolefins. 

1001371 	In some embodiments, the quenching agent is selected from those disclosed in 

Stokes et al., U.S. Patent Publication No. 2007/0155908A1 (U.S. Application No. 

11/356,491). Exemplary quenching agents include compounds having the following formula: 

R 	XA2  
—RAz  

RAz2  N 

wherein: RAzi  and RA22  are independently hydrogen, alkyl from I to 20 

carbon atoms, cycloalkyl from about 3 to about 7 carbon atoms, aryl 

from 6 to about 20 carbon atoms, alkaryl from about 7 to 30 carbon 

atoms, aralkyl from about 7 to 30 atoms; or RAil  and RA12  together 

form a fused aromatic ring having from 6 to 10 carbon atoms which 

may be unsubstituted or substituted with 1 to 4 substituents selected 

independently from alkyl of one carbon atom to about 20 carbon 

atoms, cycloalkyl of about 3 to about 7 carbon atoms, aryl of about 6 to 

about 30 carbon atoms, alkaryl of about 7 to about 30 carbon atoms, 

aralkyl of about 7 to about 30 carbon atoms, alkoxy of about 1 to 6 

carbon atoms, alkylthioether of about 1 to 6 carbon atoms, halo, or 
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amino of the formula —NRAz*RAz**, where RAz* and RAz** are 

independently alkyl from about 4 to 10 carbon atoms, cycloalkyl of 

about 4 to about 7 carbon atoms, aryl of about 6 to about 10 carbon 

atoms, allcaryl of about 7 to about 10 carbon atoms, aralkyl of about 7 

to about 10 carbon atoms; 

RAz  is hydrogen, alkyl from 1 to 20 carbon atoms, cycloalkyl from 

about 3 to 7 carbon atoms, aryl from 6 to about 20 carbon atoms, 

alkaryl from about 7 to 30 carbon atoms, aralkyl from about 7 to 30 

atoms, with the proviso that when RAz  is hydrogen, than RAz2  is 

branched alkyl having at least three carbon atoms, aryl, cycloalkyl, 

alkaryl, or aralkyl, and with the further proviso that when RAz  is 

methyl then RAzi  and RA7-2  are independently selected from alkyl from 

1 to 20 carbon atoms, cycloalkyl from about 3 to about 7 carbon atoms, 

aryl from 6 to about 20 carbon atoms, alkaryl from about 7 to 30 

carbon atoms, aralkyl from about 7 to 30 atoms; and 

7CAz  is oxygen or sulfur. 

Exemplary quenching agents include. but are not limited to 2-phenylbenzoxazole, 2-

phenylbenzothiazole, and 2,5-diphenvloxazole. In some embodiments, these quenching 

agents provide vinylidene-terminated polyolefms. 

(001381 	In some embodiments, the quenching agent is selected from those disclosed in 

Stokes, U.S. Patent Publication No. 2007/0155910A1 (U.S. Application No. 11/356,490). 

Exemplary quenching agents include, but at re not limited to polypyrrole, poly(2-

vinylpyridine), polyphenothiazine, poly(pyrrole-co-furan), and poly(pyrrole-co-thiophene). 

In some embodiments, these quenching agents provide vinylidene-terminated polyolefins. 

(001391 	In some embodiments, the quenching agent is selected from those disclosed in 

Stokes a al., U .S.Patent Publication No. 2007/0155911A 1 (U.S. Application No. 

11/357,562). Exemplary quenching agents include but are not limited to substituted 

morpholines, substituted thiomorpholines, and substitute phenothiazines. In some 

embodiments, the quenching agent is a compound having the following formula: 
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Re 	R4  
Re 	R 

R 	R2  
R8 	R 

R 

wherein: 

R I  through R8  are independently hydrogen, alkyl from 1 to 20 carbon atoms, aryl from 

6 to about 20 carbon atoms, alkaryl from about 7 to 30 carbon atoms, or aralkyl from 

about 7 to 30 carbon atoms; 

R is hydrogen, alkyl from I to 20 carbon atoms, aryl from 6 to about 20 carbon atoms, 

alkaryl from about 7 to 30 carbon atoms, or aralkyl from about 7 to 30 carbon atoms; 

and 

X is oxygen or sulfur; 

with the proviso that when R is hydrogen or methyl then RI , R2, R7  and R8  must be 

other than hydrogen unless one of R1  or R2  and one of R7  or R8  is independently 

branched alkyl of about 3 to 20 carbon atoms, aryl, alkaryl or aralkyl. 

Further examples include, but are not limited to 4-ethyl morpholine, 4-phenylmorpholine, 10-

methylphenothiazine, and phenoxazine. In some embodiments, these quenching agents 

provide vinylidene-terminated polyolefins. 

100140] 	In some embodiments, the quenching agent is selected from those disclosed in 

Stokes, U.S. Patent Publication No. 2009/0247716A1 (U.S. Application No. 12/055,281). 

Exemplary quenching agents include, but are not limited to compounds having the following 

formula: 

R1-S—R2  

wherein R I  and R2, are each, independently, hydrocarbyl. Examples include, but are not 

limited to diethylsulfide, dipropylsulfide, diisopropylsulfide, diallylsulfide, diisoamylsulfide. 

In some embodiments, following addition of the quenching agent, one or more alcohols or 

amines are added. Suitable amines or alcohols include, but are not limited to methanol, 

ethanol, isopropanol, diethylamine, triethylamine, n-butylamine, and tert-amylamine. In 

some embodiments, addition of these quenching agents followed by the one or more alcohols 

or amines provide vinylidene-terminated polyolefms 

[001411 	In some embodiments, the quenching agent is selected from those disclosed in 

Storey et al., U.S. Patent Publication No. 2009/0318624A1 (U.S. Application No. 

12/145,460). Exemplary quenching 
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agents include, but are not limited to alkoxysilanes and ethers. In some embodiments, the 

quenching agent is a compound having the following formula: 

R2  
R1-0- t-R3  

R4  

wherein Y is carbon or silicon; and 

R I  is hydrocarbyl, and R2-R4  are each, independently, hydrogen or hydrocarbyl. 

Exemplary quenching agents include, but are not limited to allyloxytrimethylsilane, 

methoxytrimethylsilane, ethoxytrimethylsilane, and tert-butyl ether. In some embodiments, a 

the quenching agents provide vinylidene-terminated polyolefins. 

[00142] 	In some embodiments, the quenching agent is selected from those disclosed in 

Stokes, U.S. Patent Publication No. 2010/0099835A1 (U.S. Application No. 12/256,441). 

Exemplary quenching agents include, but are not limited to compounds having the following 

formula: 

RsA s-S-Rss 

wherein Rs" and RsB  are each, independently, alkyl, aryl, aralkyl, 

alkaryl, 

H 
-HCH2)1 _3  i 	- -(CH2)1 _3  ----- N 	+(CHO i _3  

/ 	 / 

RS3  I 
+(CH2)1 _3-0-SI-RS4  

1-(CHOi,3- XS 	1-(CH2)13-0-RSX or 	 RS5  

wherein Xs  is halo or a pseudohalide; 

Rsx  is alkyl or aryl; 

R53  is tert-butyl; and 

Rs' and Rs5  are each, independently, alkyl, aryl, aralkyl, or 

alkaryl. 

In some embodiments, the quenching agent is furfurylmethyl disulfide, dimethyldisulfide, 

diethyldisulfide, diisopropyldisulfide, ditolyldisulfide, dibromoethyldisulfide, 

dichloroethyldisulfide, or di-tert-butyldiphenylsiloxyethyldisulfide. In some embodiments, 

following addition of the quenching agent, one or more alcohols, amines, or thiols are added. 

Exemplary alcohols include, but are not limited to R-OH, wherein R is alkyl of 1-8 carbons. 

Exemplary amines include, but are not limited to NR'R2R2, wherein R I  is alkyl, and R2  and 

R3  are each, independently, alkyl of 1-8 carbons. Exemplary thiols include, but are not 
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limited to R-SH, wherein R is alkyl of 1 to 6 carbons. In some embodiments, the one or more 

alcohols, amines, or thiols is methanol, n-butylamine, 2-ethylhexylamine, tert-amylamine, 

ethanethiol, n-propanethiol, triethylamine, or dibutylamine. In some embodiments, the 

addition of the quenching agent following by the one or more alcohols, amines, or thiols 

provides sulfide-terminated polyolefins and/or vinylidene-terminated polyolefins. 

[00143] 	In some embodiments, the quenching agent is butadiene. 

[00144] 	In some embodiments, the quenching agent is isoprene. 

1001451 	In some embodiments, the quenching agent is selected from those disclosed in 

Storey, U.S. Patent Publication No. 2010/0184918A1 (U.S. Application No. 12/355,664). 

Exemplary quenching agents include, but are not limited to compounds having the following 

formula: 

RPH3  

C /0_(cRPH1RPH2
)p
_ xPH 

 

RPH4 

B 

wherein R PHI  and RP112 are each, independently in each -(CRPHI RPH2) unit, -H or alkyl, and p 

is an integer from 0-20, wherein 

(1) if p is 0, then RPH3  and RPH4  are each, independently, alkyl, and 

XPH  is -H; 

(2) if p is 1, then RPH3  and RPH4  are each, independently -H, alkyl, or alkoxy, and 

XPH  is -H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, or 

RPH3  

-1-CECSi-RPH6  

RPH7  

wherein RP 5-RPH7  are each, independently, alkyl or aryl; 

(3) if p s 2, then en and elm are each, independently -H, alkyl, or allcoxy, and 

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

-Cl, -Br, -I, -At, -CN, -NC, -NCO, -OCN, -NCS, -SCN, -0C(0)RPH8, 

-C(0)ORPH9 , 

RPHS 

- A $i-RPH6  
_c(0)NRPHIORPHII or 	RPH7 	• 

i - ka" 	' - wherein A s 	or a single bond, 
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RPH5 to RPH7  are each, independently, alkyl, alkenyl, alkynyl, alkaryl, 

arallcyl, aryl, heteroaryl, alkoxy, hydroxy, —NRPHIPRPHII, —F, —CI, —Br, 

—I, or —At, 

RPHS is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and 

RPH9  to RPHil  are each, independently, —H, alkyl, alkenyl, allcynyl, 

alkaryl, aryl, or heteroaryl, or 

_0_(c RPH1 RPH2
)r_xPH 

when 	 is ortho to RPH4, then XPH  and RPH4, 

together, with the atoms to which XPH  and RPH4  are attached, may form 

a ring; and 

(4) 	if pis 3-20, then RPH3  and RPH4  are each, independently —H, alkyl, or alkoxy, 

and 

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

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

NCO, —OCN, —NCS, —SCN, —0C(0)RPH8, —C(0)ORPH9, —C(0)NRPHIORP1111 

RPH5  5 	I 
- A SHRPH5  

097 	, or 

_NRPIncRPHY;  

wherein A is +CECI-  or a single bond, 

RPHx  and RPHY  are each, independently, —H, alkyl, alkenyl, alkynyl, 

cycloalkyl, aryl, heteroaryl, heterocyclyl, or -C(0)RPHz, 

wherein RP112  is —H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 

heteroaryl, heterocyclyl, —ORPH8, or —NRPH1PRPH11; 

R1H5  to RPH7  are each, independently, alkyl, alkenyl, alkynyl, alkaryl, 

aralkyl, aryl, heteroaryl, alkoxy, hydroxy, —NRPHIPRPHI1, —F, —Cl, —Br, 

—I, or —At, 

RPH8  is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and RP19  to 

RPHII are each, independently, —H, alkyl, alkenyl, alkynyl, alkaryl, 

aryl, or heteroaryl. 

In some embodiments, the quenching agent is anisole, 3-bromopropoxybenzene, b-

chlorophenetole, allyl phenyl ether, isopropyl phenyl ether, 2,6-di-tert-butylphenol, 11-

phenoxy-l-undecanol, 6-phenoxy- I -hexanol, 4-phenoxy-l-butanol, tert-buty1(3-phenoxy-l-

propynyl)diphenylsilane, 2,3-dihydrobenzofuran, chlorodimethyl(3-phenoxypropyl)silane, or 
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trichloro(3-phenoxypropyl)silane. In some embodiments, the quenching agent provides 

phenoxy-ether-terminated polyolefins. 

[00146J 	In some embodiments, the quenching agent is selected from those disclosed in 

Storey, U.S. Patent Publication No. 2010/0249001A1 (U.S. Application No. 12/415,829). 

Exemplary quenching agents include, but are not limited to compounds having the following 

formula: 

----;--N- 	 -7pzi 
N—(CRPz/Rpz2), 	t  

c,---_,/ 

C 

wherein RPzi  and RP72  are independently in each —(CRPziRpz2)  ._ unit, hydrogen or alkyl from 

1 to 6 carbon atoms; 

s is an integer from 2 to 20; and 

ZPZI  is —F, —Cl, —Br, —I, —At, —CN, —NC, —N3, —NCO, —OCN, —NCS or —SCN. 

In some embodiments, the quenching agent is 1-(2-chloroethyl)pyrrole, 1-(2- 

bromoethyl)pyrrole, 1-(3-bromopropyl)pyrrole, 1-(2-cyanoethyl)pyrrole, 1-(2-

azidoethyl)pyrrole. In some embodiments, the quenching agent provides a N-substituted 

pyrrole-terminated polyolefin. 

1001471 	In some embodiments, the quenching agent is anisole, 3-phenoxypropyl bromide, 

isopropoxy benzene, 3,6-di-tert-butylphenol, or n-methyl pyrrole. 

[00148] 	In some embodiments, the quenching agent is allyltrimethylsilane. See, for 

example, Wilczek et al., Polymer Bulletin, 17: 37-43 (1987). 

1001491 	In some embodiments, the quenching agent is methallyltrimethylsilane or 

isobutenyltrimethylsilane. See for example, Nielsen et al., Polymer, 38(10): 2529-2534 

(1997). 

1001501 	In some embodiments, the quenching agent is a 1,1-diarylethylene. The 1,1-

diarylethylene, in some embodiments, is used to initially quench the growing polymer chain 

to form a diarylcarbenium-ion terminated polymer, which is subsequently reacted with a 

suitable nucleophile or reactant to foini a polymer having a I -substituted-1,1-diarylethylene 

end group. The nucleophile, in some embodiments, may be the terminator. In some 

embodiments, the 1,1-diarylethylene is 1,1-diphenylethylene. 	1,1-diarylethylene quenching 

methodology is described in, for example, Fodor et al., J.M.S.-Pure Appl. Chem., A32(3): 

575-591 (1995); Hadjikyriacou et al., J.M.S.-Pure Appl. Chem., A32(6): 1137-1153 (1995); 

Kamigaito et al., Macromolecules, 28: 5671-5675 (1995); Li et al., Macromolecules, 28: 
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1383-1389 (1995); Hadjikyriacou et al., Macromolecules, 29: 5261-5267 (1996); Mayr et al., 

Macromolecules, 29: 6110-6113 (1996); and Kwon et al., Macromolecules, 35: 3348-3357 

(2002). 

[001511 	In some embodiments, the quenching agent is I,3-butadiene. Exemplary 

methodology employing 1,3-butadiene as a quenching agent is described in Knoll et al., U.S. 

Patent No. 5,212,248, De et al., Macromolecules, 38 :6861-6870 (2006); and De et al., 

Macromolecules, 39: 7527-7533 (2006). In some embodiments, 1,3-butadiene is employed 

as the quenching agent to obtain an allyl-halide terminated polymer. 

1001521 	In some embodiments, the quenching agent is a long chain olefin, including but 

not limited to those described in Yamanaka et al., U.S. Patent No. 5,777,037 and Chiba et al., 

European Patent Application No. 1,225,186. In some embodiments, the quenching agent is 

1,9-decadiene. 

[00153] 	In some embodiments, the quenching agent is an allylsilylpseudohalide, including, 

but not limited to those described in Shaffer, U.S. Patent No. 5,580,935. 

[00154] 	In some embodiments, the quenching agent is a furan or substituted furan, 

including but not limited to those described in Hadjikyriacou et al., Macromolecules, 32(20): 

6393-6399 (1999) and Hadjikyriacou et al, Macromolecules, 33: 730-733 (2000). Examples 

include, but are not limited to, 2-alkyl furans, such as 2-methyl furan and 2-tert-butyl furan. 

Other examples include, but are not limited to, bis(furanyl) derivatives such as 2,5-bis(2-

fury1-2-propyl)furan. 

[001551 	In some embodiments, the quenching agent is thiophene or a substituted 

thiophene. See, for example, Martinez-Castro et al., Macromolecules, 36: 6985-6994 (2003). 

[00156] 	In some embodiments, the quenching agent is a triarylamine. An example 

includes, but is not limited to, triphenylamine. See, for example, Zhang et al., Journal of 

Polymer Science: Part A: Polymer Chemistry, 46: 936-946 (2008). 

[00157] 	In some embodiments, the quenching agent is a vinylalkoxybenzene. Examples 

include, but are not limited to, those described in Japanese Patent Publication No. 

05186513A. 

[001581 	In some embodiments, quenching is performed for about 5 minutes to about 120 

minutes. 
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(vi) Terminators 

[00159] 	Terminators for use in the methods described herein include any compound that is 

capable of deactivating Lewis acid. Terminators, in some embodiments, decompose a Lewis 

acid or destroy the Lewis acid character of a compound. In some embodiments, the 

terminator is a base and/or nucleophile. In some embodiments, the terminator is an organic 

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

terminator does not add to and end cap the growing polymer. In some embodiments, the 

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

derivative. 

[00160] 	Exemplary terminators include, but are not limited to, methanol, ethanol, 

isopropanol, or water. In another embodiment, terminators include diethylamine, 

triethylamine, pyridine, 2,6-lutidine, n-butylamine, or tert-amylamine. 

[00161] 	In the methods described herein, one or more terminators may be added at a 

desired time to deactivate the Lewis acid present in the polymerization reaction. One or more 

terminators may be added, in some embodiments, after the addition of the quenchin2 agent. 

For example, in some embodiments, a telechelic polymer is synthesized by contacting a 

terpene initiator with a Lewis acid in the presence of one or more monomers, then allowing 

polymerization of the monomer to proceed for a desired time, then adding a quenching agent 

to functionalize the growing polymer, and then adding a terminator to deactivate the Lewis 

acid. 

[00162] 	In other embodiments, one or more terminators are directly added to the growing 

polymer to obtain halide-terminated polymer products, which result from the addition of 

halide ions present in the polymerization reaction with the growing polymer. For example, in 

some embodiments, a halide terminated-polymer is obtained by contacting a terpene initiator 

with a Lewis acid in the presence of one or more monomers, then allowing polymerization of 

the monomer to proceed for a desired time, and then adding a terminator to deactivate the 

Lewis acid. In some embodiments, the halide-terminated polymer product is a tert-halide 

terminated polymer product. In some embodiments, the tert-halide terminated polymer 

product is a tert-chloride terminated polymer product. 

(vii) Electron Donors 

[00163] 	The polymerization reactions provided herein may be performed in the presence 

of one or more electron donors. Furthermore, some electron donors are capable of converting 

traditional polymerization systems into quasiliving carbocationic polymerization systems. 
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[00164] 	In some embodiments, the electron donor is capable of complexing with Lewis 

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

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

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

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

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

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

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

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

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

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

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

tetraisopropyl titanate. 

[00165] 	In some embodiments, the electron donor is a trialkylamine. Examples include, 

but are not limited to triethylamine, tripropyl amine, and N,N-diisopropylethylamine. 

[00166] 	In some embodiments, the electron donor is pyridine or a pyridine derivative. In 

some embodiments, the electron donor is a compound of formula: 
RiE. 	N 	WA  

... 
R1D ryM1B 

Ric 

wherein leA, Rui, Ric, Rio
, 
 and R — m are each, independently, hydrogen or hydrocarbyl; or 

RIA  and RIB, or R111  and RIG, or Ric  and RID, or RID  and. R1E  independently form a fused 

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

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

and RIB-RID  are hydrogen. 

[00167] 	In some embodiments, the electron donor is 2,6-di-tert-butylpyridine, 2,6-lutidine, 

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

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

the electron donor is 2,6-lutidine. 

(viii) 	Common Ion Salts and Common Ion Salt Precursors 

[00168] 	In some embodiments, common ion salts or salt precursors may be optionally 

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

embodiments, such salts may be used to increase the ionic strength, suppress free ions, and 
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interact with ligand exchange. In some embodiments, the common ion salt precursor is tetra-

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

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

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

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

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

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

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

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

(ix) 	Diluents 

[00169] 	In some embodiments of the methods described herein, the methods are performed 

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

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

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

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

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

embodiments, the diluent nearly completely dissolves the reaction components. 

[00170] 	In some embodiments, the diluent has a tow boiling point and/or low freezing 

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

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

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

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

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

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

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

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

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

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

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

[00171] 	In some embodiments, the diluent is an alkyl halide. In some embodiments, the 

diluent is an alkyl monohalide or an alkyl polyhalide. In some embodiments, the diluent'is 

chloroform, ethylchloride, n-butyl chloride, methylene chloride, methyl chloride, 1,2-

dichloroethane, 1,1,2,2-tetrachloroethane, carbon tetrachloride, 1,1-dichloroethane, n-propyl 
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chloride, isopropyl chloride, 1,2-dichloropropane, or 1,3-dichloropropane. In some 

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

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

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

dichloroethene. 

[00172] 	In some embodiments, the diluent is a substituted benzene. In some 

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

[00173] 	In some embodiments, the diluent is carbon disulfide, sulfur dioxide, acetic 

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

or a nitroalkane. 

1001741 	In some embodiments, the diluent is a mixture of two or more compounds. In 

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

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

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

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

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

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

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

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

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

(x) Temperature 

[00175] 	In some embodiments, the methods provided herein are performed at a 

temperature from about -120 °C to about 0 °C. In some embodiments, the temperature is 

from about -110 °C to about -10 °C. In some embodiments, the temperature is from about - 

1.00 °C to about -20 °C. In some embodiments, the temperature is about -75 °C, about -70 

°C, about -65 °C, about -60 °C, about -55 °C, about -50 °C, about -45 °C, about -40 °C, about 

-35 °C, about -30 °C, about -25 °C, about -20 °C, about -15 °C, about -10 °C, about -5 °C, or 

about 0 °C. 

(xi) Ouasiliving Carbocationic Polymerization 

[00176] 	Quasiliving carbocationic polymerization conditions may be utilized to generate 

ionized polymers that are quasiliving and carbocationic, i.e., quasi-living carbocationic 

polyolefins. Under such conditions, polymerization proceeds with minimal irreversible chain 

termination and minimal chain transfer. Polymerizations conducted under quasiliving 
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carbocationic polymerization conditions proceed by initiation followed by propagation, 

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

polymer chains. Such conditions may provide, in certain embodiments, narrow molecular 

weight distribution and polydispersity indexes approaching I. In some embodiments, 

reaction systems suitable to carry out quasiliving carbocationic polymerizations include one 

or more Lewis acids, monomers, initiators, and electron donors. In some embodiments, the 

reaction system comprises a common ion salt or common ion salt precursor. In some 

embodiments, the reaction system comprises a diluent. 

(c) 	METHODS OF PRODUCING MONO- AND MULTI-FUNCTIONAL 
TELECHELIC POLYMERS FROM COMPOUNDS OF FORMULA 
VIII 

1001771 	Provided herein are methods for producing telechelic polymers comprising 

contacting a compound of formula VIII: 

HO—T—(P—E), 

VIII 

with a compound of formula IX: 

D-(1.1 )„ 

IX 

wherein: 

D is hydrocarbyl; 

each T, independently, is a terpene; 

each P, independently, is a polyol.efin group; 

each E, independently, is an end-cap group; 

each L', independently, is: 

0 	 0 
II 	 0 

LG 4-A-La -i-A-N=C=O 	
1- 	S-La 

1-A.1- 	 ii 	-A-S-LG 0 	or

II  

wherein each A, independently, is hydrocarbylene or a bond; and 

LG is a leaving group; 

n is an integer from 1-6; and 

s is an integer from 1-2. 

[00178] 	In some embodiments, the telechelic polymer produced has the formula Vila: 
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) 041.-T4P-E) 
n 

VIIa 

wherein: 

D is hydrocarbyl; 

each L, independently, is: 

0 	 0 	0 , 	i[ 	, 	0 A S-  5 	I-A- 0-h  
+Al 	Or 	II A 	01- -1-A-01- 	 A-S-01-. 0 	or  

wherein each A, independently, is hydrocarbylene or a bond; and 

the oxygen is bonded to T; 

each T, independently, is a terpene; 

each P, independently, is a polyolefin group; 

each E, independently, is an end-cap group; 

n is an integer from 1-6; and 

each s, independently, is an integer from 1-2. 

[00179] 	In some embodiments, the telechelic polymer produced has the foil 	uta X: 

p 
(L1) ) D—L-T—P-E) 

m 	\ 	\ 	s n 

X 

wherein: 

D is hydrocarbyl; 

each L, independently,is: 

0 	 0 	
, 	II 	, 	0 -11 . 	1-A-0S-01-  

I 	I 
0 	or 	

II 
A 	0 	i-A-Ot --Al 	ar- -/-A-S- 

wherein each A, independently, is hydrocarbylene or a bond; and 

the oxygen is bonded to T; 

each Li, independently, is: 

0 	 0 
H 	 0 

} 	
- 

A-N=C=0 	it A
)1,- LG -FA-LG 	

S-  LG
, 	

H 

0 	or 	
A-S-LG 

wherein each A, independently, is hydrocarbylene or a bond; and 

LG is a leaving group 

each T, independently, is a terpene; 

each P, independently, is a polyolefin group; 
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each E, independently, is an end-cap group; 

n and m are integers, wherein: 

(1) the sum of m and n is 2-6; and 

(2) m is at least 1; and 

(3) n is at least 1; and 

each s, independently, is an integer from 1-2. 

[001801 	In some embodiments, the polydispersity index of the telechelic polymer 

produced is less than 2.5, less than 2.4, less than 2.3, less than 2.2, less than 2.1, less than 2.0, 

less than 1.9, less than 1.8, less than 1.7, less than 1.6, less than L5, less than 1.4, less than 

1.3, less than 1.2, or less than 1.1. 

[001811 	In some embodiments, the molecular weight of the telechelic polymer produced is 

about 1000, about 2000, about 3000, about 4000, about 5000, about 6000. about 7000, about 

8000, about 9000, about 10000, about 20000, about 30000, about 40000, about 50000, about 

60000, about 70000, about 80000, about 90000, or about 100000 g/mol. 

(i) 	Compounds of Formula VIll 

[001821 	The compounds of formula VIII have the following structure: 

HO—T—(P—E), 

wherein: 

each T, independently, is a terpene; 

each P, independently, is a polyolefin group; 

each E, independently, is n end-cap group; and 

s is an integer from 1-2. 

[001831 	In some embodiments, T is a monoterpene, sesquiterpene, or triterpene. In some 

embodiments, T is a monoterpene. 

[001841 	In some embodiments, T is not substituted. In some embodiments, T is 

substituted with 1 to 3 substituents. 

[001851 	In some embodiments, T is: 

H3C Dl 

D 	CH3  H3C D2  
D CH3 	H3C 02  

H3C rs< 	
CH3 CH3 	 H3C 	

\--..,....)4..,,CH3 	H3C 

02 	 >rs 

	

\ 	 CH3 

(0 	 (ii) 	 (111) 
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wherein 

(1) if T has the formula (i), then. T is substituted with 1-3 substituents and 

(2) sus 1 or 2; wherein: 

ifs is 1, then one of DI  and D2  is H and the other is P-E; and 

ifs is 2, then each of D I  and D2, independently, is P-E 

The bond with the swiggly line represents the bond to the hydroxyl group. 

[001861 	In some embodiments, when T is 

H3C 

H3C 
D2  

CH3  

T is substituted with one or more substituents. 

[00187] 	In some embodiments, s is 1. 

[001881 	1.n some embodiments, the OH is bonded to a primary carbon of T. 

[001891 	In some embodiments, T is: 

D CH3  H3C D2  
\--,..,......X,....„Ch3  

H3C 

1001901 	In some embodiments, T is: 

C
I  H

3 	H3C D1  
— CH2  

CH3.  

[00191] 	In some embodiments, P is polyisobutylene. 

[001921 	In some embodiments, the compound of formula VIII is: 

CH3 	CH3  
HO—CH2 ,......--1-.,„,„--.„)\--P—E 

CH3  

[00193] 	In some embodiments, E does not contain a heteroatom, e.g., nucleophilic 

heteroatom. In some embodiments, E does not contain a nitrogen.  

[00194] 	In some embodiments, E is: 

cH2  
A—CH 

( I) 	 CH3; 

-:----- A 
—N 	(CRPY1 RPY26 	XPY ._, 

P-'l  
(2) 	;Li, 
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wherein RPY1  and RPY2  are independently in each -(CRPY1RPY2)- unit selected from the 

group consisting of hydrogen and alkyl from 1 to 6 carbon atoms; 

m is an integer from 1 to 20; and 

XPY  is selected from the group consisting of hydrogen, alkyl, aryl, alkaryl, alkoxy, 

heteroaryl, nitro, ureido, -0C(0)RPY3, -C(0)RPY4, -C(0)ORPY5, -C(0)NRPY6R2Y7, 

-R(RPYs)3, -poRPY9)3, -sem, -oso,Rniti, and -S(0)RPY12; 

wherein RPY3  is alkyl or alkenyl; and RPY4, RPY5, RPY7, RPY8, RPY9 	PYW, 

RPY", and RPY12  are alkyl; 

( 3) 

H3C 	CH3  

x 	S-RSA  

wherein le is alkyl, aryl, aralkyl, alkaryl, 

H 
-1-(CH2)1 _3 	1 	-1-(CH2)1-3-'-.N 	+1' 	) ,CH2, 1 _3  

I 

	

/ 	 / 	1-(CH2)1 _3- XS 

Rs3  

±CH2)1-3-0-Si-Rs4  
-1-(CH2)1.3-0-RSX  or 	 RS5  

XS  is halo or a pseudohalide; 

Rsx  is alkyl or aryl; 

Rs3  is tert-butyl; and 

Rs4  and R85  are each, independently, alkyl, aryl, aralkyl, or alkaryl; 

RPH3  

r1i 	, 	0......(cRPH1RPH2) _xPH 

(4) RPH4 , wherein 

RPH1  and RPH2  are each, independently in each -(CRP111Rpn2)unit, -H or alkyl, and p 

is an integer from 0-20, wherein: 

(a) if p is 0, then RPH3  and RPH4  are each, independently, alkyl, and 

X1111  is -14; 

(b) if p is 1, then RPH3  and RPH4  are each, independently -H, alkyl, or alkoxy, and 

XPH  is -H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, or 

RPH3  

TC=C-Si-RPH6  
RPH7  

wherein RPH5-RPF17  are each, independently, alkyl or aryl; 

(c) if pis 2, then RP1113  and RPH4  are each, independently -H, alkyl, or alkoxy, and 
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XPH  is -H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, alkoxy, -F, 

-Cl, -Br, -I, -At, -CN, -NC, -NCO, -OCN, -NCS, -SCN, -0C(0)RPH8 , 

-C(0)ORPH9, 
srl-l5 

-1-A-Si-RPH6  
_c(0)NRPIIIORPHIL; or 	RPHY 	; 

wherein A is +CECI-  or a single bond, 

RPHS to RP"' are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, 

aryl, heteroaryl, alkoxy, hydroxy, _NRptrioRpti i i; -F, -Cl, -Br, -I, or -At, 

ftPu8 is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and 

aryl, or 

R1H9  to RPHI1  are each, independently, -H, alkyl, alkenyl, alkynyl, alkaryl, 

—0-(CRPPHRP/42)p-XP" heteroaryl, or when 	 is ortho to R1H4, then X P" 

and RPH4, together, with the atoms to which XP" and RPH4  arc attached, 

may form a ring; and 

(d) 	if p is 3-20, 

and 

then RPH3  and RPH4  are each, independently -H, alkyl, or alkoxy, 

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

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

NC, -NCO, -OCN, 

RPfrI5  
4A-4i-RPH6  

or 

-NCS, -SCN, -0C(0)RPHs, -C(0)ORPH9, -C(0)NRPI  "RP"I  I, 	RPM 

NRntxRPHY; 

+ CEC 1- wherein A is 	or a single bond, 
Rtiix and RPHY are each, independently, -H, alkyl, alkenyl, alkynyl, 

cycloalkyl, aryl, heteroaryl, heterocyclyl, -C(0)RPHz, 

wherein RPHz  is -H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 

heteroaryl, heterocyclyl, -ORPHs, or  _NRraioRrxi i;  

RP15  to RP"' are each, independently, alkyl, alkenyl, alkynyl, 

alkaryl, aralkyl, aryl, heteroaryl, alkoxy, hydroxy, - 
NetioRriii I 

-F, -Cl, -Br, -I, or -At, 
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els  is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and 

R,1{9 	 to RPHII are each, independently, -H, alkyl, alkenyl, alkynyl, 

alkaryl, aryl, or heteroaryl; 

ZPzi 1_117--(cRpzi Rpz2),  
(5) , wherein RPZI  and RPZ2  arc independently in each 

- (CRP7I RP72)- unit, hydrogen or alkyl from 1 to 6 carbon atoms; 

s is an integer from 2 to 20; 

ZPzi  is -F, -Cl, -Br, -I, -At, -CN, -NC, -N3, -NCO, -OCN, -NCS or -SCN; 

(6) A-----% • 

IP 	410 
R 

(7) --\ 	, wherein RP  is halo or hydrocarbyl of 1-20 carbon atoms optionally 

substituted with halo or pseudohalo; 

(8) furan or furan substituted with hydrocarbyl or substituted hydrocarbyl; or 

(9) thiophene or thiophene substituted with hydrocarbyl or substituted hydrocarbyl. 

[00195] 	In some embodiments, the furan substituted with hydrocarbyl or substituted 

hydrocarbyl has the following structure: 

)24-t_2( . iR 

wherein R is hydrocarbyl or substituted hydrocarbyl. 

[001961 	In some embodiments, the thiophene or thiophene substituted with hydrocarbyl or 

substituted hydrocarbyl has the following structure: 

S 

)(OR 
wherein R is hydrocarbyl or substituted hydrocarbyl. 

[00197] 	In some embodiments, E is: 

CH2  
A-CH2  

(i) 	 CH3 . 

(2) /---"--S.'s • 

(3) pyrrole or N-hydrocarbylpyrrole, wherein the hydrocarbyl contains 1-20 carbon 

atoms; 

(4) -S-RsA , wherein Rs" is hydrocarbyl of 1-20 carbon atoms optionally substituted with 

halo or pseudohalo; 
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- '''% 
/—),OR 

i(5) 	 wherein R is hydrocarbyl 	1-20 , 	 of 	carbon atoms optionally substituted 

with 	halo or pseudohalo; 

(6) haloalkyl or pseudohaloalkyl; 

(7) -CH2CH=CHCH2-X, wherein X is halo; or 

411 	II 
RP 

(8) , wherein RP  is halo or hydrocarbyl of 1-20 carbon atoms optionally 

substituted with halo or pseudohalo. 

[00198] 	In some embodiments, the N-hydrocarbylpyrrole is: 

cc  \- N-(CRPY1RPY2), 	XPY cAv 

wherein RPY1  and RPY2 are independently in each -(CRPY1RPY2)- unit selected from the group 

consisting of hydrogen and alkyl from 1 to 6 carbon atoms; 

m is an integer from 1 to 20; and 

XPY  is selected from the group consisting of hydrogen, alkyl, aryl, alkaryl, alkoxy, heteroaryl, 

nitro, ureido, -0C(0)RPY3, -C(0)RPY4, -C(0)ORPY5, -C(0)NRPY6RPY7, 

-P(RPY8)3, -P(ORPYP)3, -SR 	-0S03RPY", and -S(0)R; 

wherein RPY3  is alkyl or alkenyl; and RPY4, RPY5, RPY7 RPY8 RPY9 	PY10, RPY11, and 

RPY12  are alkyl. 

[001991 	In some embodiments, the N-hydrocarbylpyrrole is: 

ZPZ1 I—LON - (CRPz1RPz2), 
, wherein RPz1  and RPz2  are independently in each 	- 

(CRPzIRPz2)- unit, hydrogen or alkyl from 1 to 6 carbon atoms; 

s is an integer from 2 to 20. 

[00200] 	In some embodiments, E is: 

CH3  
--/-x 

CH3  

wherein X is a halide. In some embodiments, X is -Cl. 

[002011 	In some embodiments, the end-cap group is: 
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[00202] 	In some embodiments, the end-cap group is a 1-substituted-1,1-diaryl ethylene 

group. Examples include, but are not limited to, those described in Fodor et al., J.M.S.-Pure 

Appl. Chem., A32(3): 575-591 (1995); Hadjikyriacou et al., J.M.S.-Pure Appl. Chem., 

A32(6): 1137-1153 (1995); Kamigaito et al., Macromolecules, 28: 5671-5675 (1995); Li et 

al., Macromolecules, 28: 1383-1389 (1995); Hadjikyriacou et al., Macromolecules, 29: 5261- 

5267 (1996); Mayr et al., Macromolecules, 29: 6110-6113 (1996); and Kwon et al., 

Macromolecules, 35: 3348-3357 (2002). 

[00203] 	In some embodiments, the end-cap group is an allyl halide, such as, but not 

limited to, those described in Knoll et al., U.S. Patent No. 5,212,248, De et al., 

Macromolecules, 38 :6861-6870 (2006); and De et al., Macromolecules, 39: 7527-7533 

(2006). 

[00204] 	In some embodiments, the end-cap group is derived from a long chain olefm 

quenching agent, such as those described in Yamanaka et al., U.S. Patent No. 5,777,037 and 

Chiba et al., European Patent Application No. 1,225,186. 

[00205] 	In some embodiments, the end-cap group is derived from an 

allylsilylpseudohalide, quenching agent, including, but not limited to those described in 

Shaffer, U.S. Patent No. 5,580,935. 

In some embodiments, the end-cap group a furan or substituted furan, including but not 

limited to those described in Hadjikyriacou et al., Macromolecules, 32(20): 6393-6399 

(1999) and Hadjikyriacou et al, Macromolecules, 33: 730-733 (2000). Examples include, but 

are not limited to, 2-alkyl furans, such as 2-methyl furan and 2-tert-butyl furan. Other 

examples include, but are not limited to, bis(furanyl) end cap groups such as 2,5-bis(2-fury1- 

2-propyl)furan. Also provided herein are compounds wherein a single bis(furanyl) end cap 

group is bonded to two P moieties, which are obtainable through a coupling reaction 

described in Hadjikyriacou et a!, Macromolecules, 33: 730-733 (2000), rather than one P 

moiety as depicted above. 

[00206] 	In some embodiments, the end-cap group is thiophene, including, for example, 2- 

thiophene, or substituted thiophene. 

[00207] 	In some embodiments, the end-cap group is a triarylamine. Example includes, but 

is not limited to, triphenylamine. In some embodiments, the end-cap group is 
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1002081 	In some embodiments, the end-cap group is a vinylalkoxybenzene. Examples 

include, but are not limited to, those described in Japanese Patent Publication No. 

05186513A. 

1002091 	The compounds of formula VIII may be synthesized using those methods 

described in U.S. Patent Application Serial Number: 12/813,411. 

(ii) 	Compound of Formula IX 

[002101 	The compounds of formula IX have the following structure:  

D--(L1 )„ 

IX 

wherein: 

D is hydrocarbyl; 

each L I , independently, is: 

0 	 0 
H 	

TA-  S 
0  , AA. 	 S 

1- 	LG 	-1-A -LG I-A-N=C=0 	
A--LG 	, 	H 

-LG 8 	, or 

wherein each A, independently, is hydrocarbylene or a bond; and 

LG is a leaving group; and 

n is an integer from 1-6. 

100211[ 	In some embodiments, D is hydrocarbyl of 1-25 carbons. In some embodiments, 

D is hydrocarbyl of 1-20 carbons. In some embodiments, D is hydrocarbyl of 1-15 carbons. 

In some embodiments, D is hydrocarbyl of 1-10 carbons. In some embodiments, D is 

hydrocarbyl of 1-6 carbons. 

1002121 	In some embodiments, D is allcyl, aralkyl, or alkaryl. In some embodiments, D is 

alkyl of 1-10 carbons. In some embodiments, D is alkyl of 1-10 carbons. In some 

embodiments, D is alkyl of 1-6 carbons. In some embodiments, D is aralkyl of 7-20 carbons. 

In some embodiments, D is aralkyl of 7-15 carbons. In some embodiments, D is alkaryl of 7- 

20 carbons. In some embodiments, D is alkaryl of 7-15 carbons. 

1002131 	In some embodiments, n is 1 and D is: 
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_ 
Or 

[00214] 	In some embodiments, n is 2 and D is: 

[002151 	In some embodiments, n is 3 and D is: 

1•Vri c:\T 

wherein P.' is H or hydrocarbyl. 

[00216] 	In some embodiments D is Z(Y),; wherein: 

Y, independently, is aryl; 

Z is hydrocarbyl; 

L is bonded to a Y of the of Z(Y)„ and 

r is an integer from 1 to 3. 

[00217] 	In some embodiments. Z is hydrocarbyl of 1 to 10 carbons. In some 

embodiments, Z is hydrocarbyl of 1 to 6 carbons. In some embodiments, Z is allcyl. In some 

embodiments, Z is cycloalkyl. 

100218] 	In some embodiments, r is 1 to 2. In some embodiments, r is 1. 

[00219] 	In some embodiments, D is YE„ wherein Y is aryl and p is an integer from 1-4. 

[00220] 	In some embodiments, p is 1 to 2. In some embodiments, p is 1. 

[00221] 	In some embodiments, for the Yp  or Z(Y)„ Y is aryl, wherein the aryl is 

monocyclic, bicyclic, or tricyclic. In certain embodiments, the aryl is monocyclic. In some 

embodiments, the aryl does not contain a heteroatom. In some embodiments, the aryl 

contains 6 to 12 carbons. In some embodiments, the aryl is phenyl. 

[00222] 	In some embodiments, U is: 

0 

)1,  I A 	LG 

[002231 	in some embodiments, Lt  is: 

1-A —LG 

[00224] 	In some embodiments, A is hydrocarbyl of I to 10, 1 to 6, or 1 to 3 carbons. 

[00225] 	In some embodiments, A is a bond. 

0 

[00226] 	In certain embodiments, L ' is 1-AALG wherein As  alkyl.  
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[00227] 	In certain 1-A--J-L,LG  embodiments, L I  is 	 wherein A is alkyl of 1-10 carbons. 

0 

.)1,. 
[00228] 	In certain embodiments, L I  is - -A 	LG herein A is alkyl of 1-6 carbons. 

0 

..---1-L 
[002291 	In certain embodiments, L' is - -A 	LG , wherein A is alkyl of 1-3 carbons. 

0 

[00230] 	In certain embodiments, L i  is P-L LG  . 

[00231] 	In some embodiments, LI 	
A—LG 

 wherein A is alkyl. , 

1-A—LG 
[00232] 	In certain embodiments, 	 , wherein A is alkyl of 1-10 carbons. 

[00233] 	In certain embodiments, LI 	A LG wherein A is alkyl of 1-6 carbons. 

[00234] 	In certain embodiments, 12 
is-A—LG 

wherein wherein A is alkyl of 1-3 carbons. 

In certain embodiments, L' 
	A—LG 
is 	, wherein A is alkyl, wherein the alkyl is not branched 

or cyclic. In some embodiments, the leaving group is —Cl, —Br, —I, —OH, —ORN, —0C(0)RN, 

—0C(0)ORN, —0C(0)NRN, —0S(0)2NRN, —0Ms, —OTs, or —0P(0)(ORN)2, wherein R" is 

hydrocarbyl. In some embodiments, RN  is alkyl or aryl. In some embodiments, RN  is alkyl of 

1 to 6 carbons. In some embodiments, the alkyl is methyl. In some embodiments, RN is —CI 

or 

—Br. 

[00235] 	In some embodiments, n is 1 to 4. In some embodiments, n is 1 to 3. 

[00236] 	In some embodiments, the compound of formula IX is: 

IL 

embodiments, n is 1-3. 

1 	LG/ 
/n 

wherein LG is a leaving group and n is 1-4. In some 

[002371 	The compounds of formula IX may be obtained commercially or using synthetic 

techniques known to those of ordinary skill in the art, such as those described in Richard C. 

Larock, Comprehensive Organic Transformations: A Guide to Functional Group Preparations 

(2nd ed. 1999) and/or Michael B. Smith & Jerry March, March's Advanced Organic 

Chemistry, Reactions, Mechanisms, and Structure (5th ed. 2001). 
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1002381 	Compounds having a carbonyl bonded to a leaving group may be obtained 

commercially or through techniques known to those of ordinary skill in the art. For example, 

as shown below, compounds of the formula IXa may be made from the corresponding acids 

of formula XI. Acids of formula XI are commercially available or readily from obtainable 

from Grignard reagents of formula X, or their reactive equivalents, by reaction of these 

Grignard reagents, or their reactive equivalent, with carbon dioxide. 

0 	 0 

---.1" 	11 	• 	11  D-A-MgBr 	D-A 	OH 	D A 	LG 

X 	 XI 	 IXa 

[00239] 	Compounds of formula IXb:  

D-(A-LG), 

IXb 

are available commercially or readily obtainable from methods known to those of ordinary 

skill in the art. For example, the leaving group may be installed from a precursor having a 

functional group capable of reacting with a reagent that effects the installation of the leaving 

group. Suitable functional groups include, but are not limited to, a hydroxyl groups or 

olefins. 

[00240] 	Isocyanates are also available commercially or readily obtainable using techniques 

known to those of ordinary skill in the art. For example, as shown below, isocyanates of 

formula IXc may be obtained from amines of formula XII by reacting such amines with 

phosgene. 

D-A-NH2  —0- D-A-N=C=O 

XII 	 IXc 

[00241] 	Sulfonyl and sulfinyl chlorides are also available commercially or readily 

obtainable using techniques known in the art. For example, sulfonyl halides may be 

synthesized from sulfonic acids, by free radical halosulfonation, e.g., Reed reaction, by 

reacting diazonium salts with. SO2, or by reacting Grignard reagents (or their reactive 

equivalents) with SO2  or sulfuryl chloride. For example, compounds of formula IXd may be 

synthesized from compounds of formula X by reacting compounds of formula X with 

S020.2, as shown below. 

0 
D-A-MgBr 	D-A-S-CI 

H 
X 	 0 

IXd 

(d) 	TELECHELIC POLYMERS 
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(i) 	Compounds of Formula VII 

[00242] 	The methods described herein provide compounds of formula VII: 

( 	)
m 	

( 	( 	) E—T—L 	D 	L—T 	P—E)
s n 

VII 

wherein: 

D is hydrocarbyl; 

each L, independently, is: 

0 	 0 
H 	 0 

II 	
0 

1 A 	Of +A-0+ -1
gg 
-Al}C01- +A 

 
l-1- 	

H 	, 

° 	or -/-A-S-°1-  • 

wherein each A, independently, is hydrocarbylene or a bond; and 

the oxygen is bonded to T; 

each T, independently, is a terpene; 

each P, independently, is a polyolefin group; 

each E, independently, is an end-cap group; 

n and m are integers, wherein 

(1) the sum of n and m is 1 to 6; and 

(2) n is at least 1; and 

each s, independently, is an integer from 1-2. 

[00243] 	In some embodiments, D is hydrocarbyl of 1-25 carbons. In some embodiments, 

D is hydrocarbyl of 1-20 carbons. In some embodiments, D is hydrocarbyl of 1-15 carbons. 

In some embodiments, D is hydrocarbyl of 1-10 carbons. In some embodiments, D is 

hydrocarbyl of 1-6 carbons. 

[00244] 	In some embodiments, D is alkyl, alkaryl, or aralkyl. 

[00245] 	In some embodiments, D is alkyl of 1-10 carbons. In some embodiments, D is 

alkyl of 1-6 carbons. In some embodiments, D is alkaryl of 7-20 carbons. In some 

embodiments, D is alkaryl of 7-15 carbons. In some embodiments, D is aralkyl of 7-20 

carbons. In some embodiments, D is aralkyl of 7-15 carbons 

[00246] 	In some embodiments, n is I and D is: 

or  

[00247] 	In some embodiments,n is 2 and D is: 

-51- 



WO 2013/009592 
	

PCT/U52012/045667 

ri
e C'n,. 

\-7-L 

	

1—‘, 	
- 

	

-,,,..,7--- 	r 	 \--',.......-"C 11 - 
or 

[00248] 	In some embodiments, n is 3 and D is: 

,s OFe 

wherein R' is H or hydrocarbyl. 

[00249] 	In some embodiments D is Z(Y)r; wherein: 

Y, independently, is aryl; 

Z is hydrocarbyl; 

L is bonded to a Y of the of Z(Y)r; and 

r is an integer from 1 to 3. 

[00250] 	In some embodiments, Z is hydrocarbyl of Ito 1.0 carbons. In some 

embodiments, Z is hydrocarbyl of Ito 6 carbons. In some embodiments, Z is alkyl. In some 

embodiments, Z is cycloalkyl. 

[00251] 	In some embodiments, r is 1 to 2. In some embodiments, r is 1.  

[00252] 	In some embodiments, D is Yr, wherein Y is aryl and p is an integer from 1-4. 

[00253] 	In some embodiments, p is 1 to 2. In some embodiments, p is 1. 

[00254] 	In some embodiments, for the Yr  or Z(Y),, Y is aryl, wherein the aryl is 

monocyclic, bicyclic, or tricyclic. In certain embodiments, the aryl is monocyclic. In some 

embodiments, the aryl does not contain a heteroatom. In some embodiments, the aryl 

contains 6 to 12 carbons. In some embodiments, the aryl is phenyl. 

[00255] 	In some embodiments, D does not contain a heteroatom. 

0 

[00256] 	In some embodiments, L is -1-A..its.0 

[00257] 	In some embodiments, L is +A-°+. 

[002581 	In some embodiments, A is hydrocarbyl of I to 10, 1 to 6, or 1 to 3 carbons. 

[00259] 	In some embodiments, A is a bond. 

0 

[00260) 	In certain embodiments, L is 	
A-Is0 	

, wherein A is alkyl. 

0 

J. +A 	0 
[00261] 	In certain embodiments, L is 	4 	wherein A is alkyl of 1-10 carbons. 
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O 

[00262] 	In certain embodiments, L is 	
A 	0

wherein A is alkyl of 1-6 carbons. 

O 

l- 0 	 A 	o 0263j 	In certain embodiments, L is 	 wherein A is alkyl of 1-3 carbons. 

0 

[00264] 	In some embodiments. L is k- 

A-0-1- [00265] 	In certain embodiments, Lis 	, wherein A is alkyl. 

[00266] 	In certain embodiments, L is 	A-04- , wherein A is alkyl of 1-10 carbons. 

+ A0- [002671 	In certain embodiments, L is 	wherein A is alkyl of 1-6 carbons. 

1002681 	In certain embodiments, L is 1-A-0-1-, wherein A is alkyl of 1-3 carbons. 

[002691 	In some embodiments, L is 	A-0-1- , wherein A is alkyl, wherein the alkyl is not 

branched or cyclic. 

[00270] 	In some embodiments, the terpene is a monoterpene, sesquiterpene, or triterpene. 

In some embodiments, the terpene is a monoterpene. 

[00271] 	In some embodiment, the terpene is not substituted. 

[00272] 	In some embodiments, T is substituted with 1 to 3 substituents. 

[002731 	In some embodiments, T is: 

H3C 01  

--)C1 k 
r 	

D' CH3 	H3C 	 D CH3  H3C D2  

H3C 
\--....„.K...

D2  

.„-CH3 	H3C 	 CH3  CH3 	 H3C 
D2 	 rrrl 

	

\ 	 CH3 

(1) 	 (ii) 	 (iii) 

wherein: 

(1) if T has the formula (i), then T is substituted with 1-3 substituents and 

(2) s is 1 or 2; wherein: 

ifs is 1, then one of D' and 02  is H and the other is P-E; and 

if s is 2, then each of D' and D2, independently, is P-E. 

[00274] 	In some embodiments, when T is 
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H3C Bi 

H3C —CH3  
B2  

T is substituted with one or more substituents. 

[00275] 	In some embodiments, s is 1. 

[00276] 	In some embodiments, L is bonded to a primary carbon of T. 

[00277] 	In some embodiments, T is: 

Di CH3  H3C D2  
\--....,...Y,,....CH3  

H3C 
Pr: 	 . 

[00278] 	In some embodiments, T is: 

Di  CH3 	CH3  
CHA- 

H3C 	 . 

[00279] 	In some embodiments, m is 0.. In some embodiments, m is 1-3. 

[00280] 	In some embodiments, n is an integer from 1-4. In some embodiments, n is an 

integer from 1-3. In some embodiments, n is an integer from 1-2. In some embodiments, n is 

1. In certain embodiments, n is 1 and rn is 0-3. In certain embodiments, n is 2 and m is 0-2. 

In certain embodiments, n is 3 and m is 0-1. In certain embodiments, n is 4 and m is 0. In 

some embodiments, the sum of n and m is 1-4. In some embodiments, the sum of n and m is 

1-3. 

[00281] 	In some embodiments, the compound of formula VII is a compound of formula 

VII(a): 

0 ....--s* 
II  11 	-- ( A 	0 T4P—E)s) n  

---, ,..._.:,---- 

VII(a) 

wherein A, T, P, E, s, and n are as defined herein for the compounds of formula VII. 

[00282] 	In certain embodiments, the compound of formula VII(a) is: 

I
0 

—LO—T-FP—E)s )
n 
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wherein n is an integer from 1 to 6 and s is an integer from 1-2. In certain embodiments, n is 

an integer from 1 to 4. In certain embodiments, n is an integer from 1 to 3. In some 

embodiments, s is 1. 

[00283] 	In some embodiments, the compound of formula VII(a) is: 

CO 	 H3C 	E \ 
----. I 	II  P. 

v 	CH3 i •-..,---ij 0 v v 
\L 

/ n 

wherein n is an integer from 1-5. In certain embodiments, n is an integer from 1 to 4. In 

certain embodiments, n is a an integer from 1 to 3. 

[00284] 	In some embodiments, the compound of formula VII is a compound of formula 

VII(b): 

0 	
rz>...1--- A 	ll  H ( E-T-0 	A) 	 0 T-(P-E)s  ) tc‘,,,, )•-• 	11 

VII(b) 

wherein A, T, P, E, s, n, and m are as defined herein for the compounds of formula VII. 

[00285] 	In some embodiments, the compound of formula VII(b) is: 

/ 	CH3 	cH3  / 0 	CH3 	H3C 	E 
E r>.1 I 	- II 	 P' 

LL.,.....5). H3C 	 C.  0 	 CH3 
\ 	 m 	 n 

wherein the sum of n and m is 1-4. In some embodiments, the sum of n and m is 1-3. In 

some embodiments, m is 1-2. 

[00286] 	In some embodiments, P is polyisobutylene.  

[00287] 	The end cap group, as used herein, refers to a monovalent molecule that can react 

at a desired time with another molecule. In some embodiments, E is an end-cap group 

selected from the group consisting of 

CH2  
--CH2 	i< 

(1) 
CH3; 

/- A 
, XPY  
/4"- N

-CRPY1RPY2)m  (_ 

(2) 1,, 	 , 

wherein RPY1  and RPY2  are independently in each -(CRPYIRPY2)- unit selected from the 

group consisting of hydrogen and alkyl from 1 to 6 carbon atoms; 

m is an integer from 1 to 20; and 
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XPY  is selected from the group consisting of hydrogen, alkyl, aryl, alkaryl, alkoxy, 

heteroaryl, nitro, ureido, -0C(0)RPY3, -C(0)RPY4, -C(0)ORS 5, -C(0)NRPY5RPY7  

-P(RP418)3, -P(ORPs49)3, -SRPYI5, -0S03RPY", and -S(0)RPY12; 

wherein RPY3  is alkyl or alkenyl; and RPY4, RPY5, RPI7  RPY8  RPY9  RPYI°, 

RPYI I, and RPY" are alkyl; 

H3C 	CH3  
A 	s_RsA 

(3) 

wherein RSA  is alkyl, aryl, aralkyl, alkaryl, 

H 

-HCH2)1-3 	1--(CH2)1,3 	N 	+CH2)1 _3  
-(CH2)1 _3- XS  

RS3  
-1-(CH2)1-3-°-S!-RS4  

-HCF12)1_3_0_RSX 
, or 
	

RS3  

XS  is halo or a pseudohalide; 

Rsx  is alkyl or aryl; 

RS3  is tert-butyl; and 

R54  and Rs5  are each, independently, alkyl, aryl, aralkyl, or alkaryl 

RPH3  

Cc,, 	• / 	0_(c RPH1RPH2)13____ XPH 

tl 
(4) RPH4 	

, wherein 

RPHI  and RPH2  are each, independently in each 4cRpfuRpn2)unit, -H or alkyl, and p 

is an integer from 0-20, wherein 

(a) if p is 0, then RPH3  and RPH4  are each, independently, alkyl, and 

XPH  is -H; 

(b) if p is 1, then RPH3  and RPH4  are each, independently -H, alkyl, or alkoxy, and 

XPH is -H, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, aryl, heteroaryl, or 

RPHS 

1-C2C4-RPH6  
RPH7 

wherein RPH5-RP117  are each, independently, alkyl or aryl; 

(c) if p is 2, then RPH3  and RPH4  are each, independently -H, alkyl, or alkoxy, and 

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

-CI, -Br, -I, -At, -CN, -NC, -NCO, -OCN, --NCS, -SCN, -0C(0)RPHs, 
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-C(0)ORPHP, 

R8415  
4-A-Si-RPN6  

_gowitetrioRptti I or 	RPH7 

wherein A is 1-CEC+ or a single bond, 

RPH5  to RPH7  are each, independently, alkyl, alkenyl, alkynyl, alkaryl, aralkyl, 

aryl, heteroaryl, alkoxy, hydroxy, -NRPHHIRPHI 1, -F, -CI, -Br, -I, or -At, 

RPH8  is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and 

aryl, or 

RPH9  to R PHI I  are each, independently, -H, alkyl, alkenyl, alkynyl, alkaryl, 

—0-(CRPH1RPH2)p-XPII heteroaryl, or when 	 is ortho to RPII4, then XIII  

and RPM, together, with the atoms to which XIII  and R PH4 are attached, 

may form a ring; and 

(d) 	if p is 3-20, then few  and RPH4  are each, independently -H, alkyl, or alkoxy, 

and 

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

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

NC, -NCO, -OCN, 

RPI-I5  
+A- 4i-RPH6  

-NCS, -SCN, -0C(0)RPH8, -C(0)ORPH8, _c(0)NetilORPHI I 	RPH7 

Or 

-NRPHXRP"Y; 

wherein A is +CEO-  or a single bond, 

RPHx  and RPHY  are each, independently, -H, alkyl, alkenyl, alkynyl, 

cycloalkyl, aryl, heteroaryl, hetetocyclyl, C(0)RPHz, 

wherein VEIL  is -H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 

heteroaryl, heterocyclyl, -ORPH8, or -NRPHHIRPHII„ 

RPH5  to RPII7  are each, independently, alkyl, alkenyl, alkynyl, 

alkaryl, aralkyl, aryl, heteroaryl, alkoxy, hydroxy, - 
NRPIIIORPIII I

, 
 

-F, -CI, -Br, -I, or -At, 

RPH$  is alkyl, alkenyl, alkynyl, alkaryl, aryl, or heteroaryl, and 
RPH9 to RPHI I  are each, independently, -H, alkyl, alkenyl, alkynyl, 

alkaryl, aryl, or heteroaryl; and 
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E--"` 	PZ1 	PL2- 	ZPZ1 _. 	_ rn_.....
7 	(CR 	R 	), 

(5) , wherein RPZI  and RPz2  are independently in each 

- (CRPz'RPz2)- unit, hydrogen or alkyl from 1 to 6 carbon atoms; 

s is an integer from 2 to 20; 

ZPz1  is -F, -Cl, -Br, -1, -At, -CN, -NC, -N3, -NCO, -OCN, -NCS or -SCN; 

(6) ;r4.-----%. ; 

0 40 
, 	R 

(7) -\ 	wherein RP is halo or hydrocarbyl of 1-20 carbon atoms optionally 

substituted with halo or pseudohalo; 

(8) furan or furan substituted with hydrocarbyl or substituted hydrocarbyl; or 

(9) thiophene or thiophene substituted with hydrocarbyl or substituted hydrocarbyl. 

[00288] 	In some embodiments, the furan substituted with hydrocarbyl or substituted 

hydrocarbyl has the following structure: 

0< „
ii 

 

kir N 

wherein R is hydrocarbyl or substituted hydrocarbyl. 

[00289] 	In some embodiments, the thiophene or thiophcnc substituted with hydrocarbyl or 

substituted hydrocarbyl has the following structure: 

S 
,,,C ..„; 

9  R 

wherein R is hydrocarbyl or substituted hydrocarbyl. 

[00290] 	In some embodiments, the end-cap group is:  

CH2  
-1-CHz  

(1) CH3 

(2) /-------, . 

(3) pyrrole or N-hydrocarbylpyrrole, wherein the hydrocarbyl contains 1-20 carbon 

atoms; 

(4) -S-Rs", wherein Rs" is hydrocarbyl of 1-20 carbon atoms optionally substituted with 

halo or pseudohalo; 
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1  / >OR 

(5) i 	wherein R is hydrocarbyl of 1-20 carbon atoms optionally , 	 substituted 

with 	halo or pseudohalo; 

(6) haloalkyl or pseudohaloalkyl; 

(7) -CH2CH=CHCH2-X, wherein X is halo; or 

R 
(8) , wherein RP  is halo or hydrocarbyl of 1-20 carbon atoms optionally 

substituted with halo or pseudohalo 

[00291] 	In some embodiments, the N-hydrocarbylpyrrole is: 

.-.<---\,. 
PY  N-(CRPY1 RPY2),„ 	X 

wherein RP 	and RPY2  are independently in each -(CRPYI RPY2)- unit selected from the group 

consisting of hydrogen and alkyl from 1 to 6 carbon atoms; 

m is an integer from 1 to 20; and 

XPY  is selected from the group consisting of hydrogen, alkyl, aryl, alkaryl, alkoxy, heteroaryl, 

nitro, ureido, -0C(0)RPY3, -C(0)RPY4, -C(0)ORPY5, -C(0)NRPY6127, 

-p(RPY53, -p(oRPY9)3, --sfeww, -oso3 RPY", and -S(0)RPY12; 

wherein RPY,  is alkyl or alkenyl; and RP",, RP",, RPY7, erg,RPY9, RPY, 	P", and 

RPY12  are alkyl. 

[002921 	In some embodiments, the N-hydrocarbylpyn-ole is: 

rc--- \ 
-- ciNJ-(CRPz'RPz2), 	

zPZ1 

, wherein RP1' and RPz2  are independently in each 

(CRPziRPz2)- unit, hydrogen or alkyl from 1 to 6 carbon atoms; 

s is an integer from 2 to 20. 

1002931 	In some embodiments, the end cap group is: 

CH3  
+EX 

CH3  

wherein X is a halide. In some embodiments, Xis -Cl. 

1002941 	In some embodiments, the end-cap group is: 

100295] 	In some embodiments, E does not contain a heteroatom, e.g., nucleophilic 

heteroatom. In some embodiments, E does not contain a nitrogen. 
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1002961 	In some embodiments, the end-cap group is a 1-substituted-1,1-diaryl ethylene 

group. Examples include, but are not limited to, those described in Fodor et at, J.M.S.-Pure 

Appl. Chem., A32(3): 575-591 (1995); Hadjikyriacou et al., J.M.S.-Pure App!. Chem., 

A32(6): 1137-1153 (1995); Kamigaito et al., Macromolecules, 28: 5671-5675 (1995); Li et 

al., Macromolecules, 28: 1383-1389 (1995); Hadjikyriacou et al., Macromolecules, 29: 5261- 

5267 (1996); Mayr et al., Macromolecules, 29: 6110-6113 (1996); and Kwon et at, 

Macromolecules, 35: 3348-3357 (2002). 

1002971 	In some embodiments, the end-cap group is an allyl halide, such as, but not 

limited to, those described in Knoll et at, U.S. Patent No. 5,212,248, De et al., 

Macromolecules, 38 :6861-6870 (2006); and De et al., Macromolecules, 39: 7527-7533 

(2006). 

100298] 	In some embodiments, the end-cap group is derived from a long chain olefm 

quenching agent, such as those described in Yamanaka et at, U.S. Patent No. 5,777,037 and 

Chiba et al., European Patent Application No. 1,225,186. 

1002991 	In some embodiments, the end-cap group is derived from an 

allylsilylpseudohalide, quenching agent, including, but not limited to those described in 

Shaffer, U.S. Patent No. 5,580,935. 

In some embodiments, the end-cap group a furan or substituted furan, including but not 

limited to those described in Hadjilcyriacou et al., Macromolecules, 32(20): 6393-6399 

(1999) and Hadjikyriacou et al, Macromolecules, 33: 730-733 (2000). Examples include, but 

are not limited to, 2-alkyl furans, such as 2-methyl fm-an and 2-tert-butyl furan. Other 

examples include, but are not limited to, bis(furanyl) end cap groups such as 2,5-bis(2-fury1- 

2-propyl)furan. Also provided herein are compounds wherein a single bis(furanyl) end cap 

group is bonded to two P moieties, which are obtainable through a coupling reaction 

described in Hadjikyriacou et al, Macromolecules, 33: 730-733 (2000), rather than one P 

moiety as depicted above. 

1003001 	In some embodiments, the end-cap group is thiophene, including, for example,2- 

thiophene, or substituted thiophenc. 

[003011 	In some embodiments, the end-cap group is a triarylamine. Example includes, but 

is not limited to, triphenylamine. In some embodiments, the end-cap group is 
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[003021 	In some embodiments, the end-cap group is a vinylalkoxybenzene. Examples 

include, but are not limited to, those described in Japanese Patent Publication No. 

05186513A. 

1003031 	In some embodiments, the polydispersity index of the compound is less than 2 5, 

less than 2.4, less than 2.3, less than 2.2, less than 2 1, less than 2 0, less than 1.9, less than 

1.8, less than 1i7, less than 1.6, less than 1.5, less than 1.4, less than 1.3, less than 

than 1.1. 

1.2, or less 

[003041 	In some embodiments, the molecular weight of the compound is about 1000, 

about 2000, about 3000, about 4000, about 5000, about 6000. about 7000, about 8000, about 

9000, about 10000, about 20000, about 30000, about 40000, about 50000, about 60000, about 

70000, about 80000, about 90000, or about 100000 g/mot. 

(ii) 	Compounds of Formula X 

[00305J 	In some embodiments, provided herein are compounds of formula X: 

1  Li) 	D 	L-T 	P-E ( 	
)n m 	\ 	is 

X 

wherein: 

D is hydrocarbyl; 

each L, independently, is: 

0 	 0 

, 	ii ..--I-1-. 	+A -g- 0 1- 	0 
-FA 	Oi- -kA-Ol- +Al 	0.1- 	8 	, or 1-A-S-01- 

wherein each A, independently is hydrocarbylene or a bond; and 

the oxygen is bonded to T; 

each L', independently, is: 

0 	 0 
, 	H 	 0 
t A-S-LG 	II  , 

H-
)1",LG 	A LG 1-A-  N=C=O 	 A-S-LG - A 	+- 	 , 8 	Or 

T 

wherein each A, independently, is hydrocarbylene or a bond; and 

LG is a leaving group 

each T, independently, is a terpene; 
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each P, independently, is a polyolefin group; 

each E, independently, is an end-cap group; 

n and m are integers, wherein: 

(1) the sum of m and n is 2-6; and 

(2) m is at least 1; and 

(3) n is at least 1; and 

each s, independently, is an integer from 1-2. 

[00306] 	In some embodiments, D'is hydrocarbyl of 1-25 carbons. In some embodiments, 

D is hydrocarbyl of 1-20 carbons. In some embodiments, D is hydrocarbyl of 1-15 carbons. 

In some embodiments, D is hydrocarbyl of 1-10 carbons. In some embodiments, D is 

hydrocarbyl of 1-6 carbons. 

[00307] 	In some embodiments, D is alkyl, alkaryl, or aralkyl. 

[00308] 	In some embodiments, D is alkyl of 1-10 carbons. In some embodiments, D is 

allcyl of 1-6 carbons. In some embodiments, D is alkaryl of 7-20 carbons. In some 

embodiments, D is alkaryl of 7-15 carbons. In some embodiments, D is aralkyl of 7-20 

carbons. In some embodiments, D is aralkyl of 7-15 carbons 

[00309] 	In some embodiments, n is 1 and D is: 

...--- 

......,„...„ 

	

or 

[003 0] 	In some embodiments, n is 2 and D is: 

)srs 6.7% 1 
r N 	

...\---...../c 
Or , 	 , 

[00311] 	In some embodiments, n is 3 and D is: 

wherein Rx  is H or hydrocarbyl. 

[00312] 	In some embodiments D is Z(Y)r; wherein: 

Y, independently, is aryl; 

Z is hydrocarbyl; 

L is bonded to a Y of the of Z(Y) and 

r is an integer from 1 to 3. 
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[003131 	In some embodiments, Z is hydrocarbyl of 1 to 10 carbons. In some 

embodiments, Z is hydrocarbyl of 1 to 6 carbons. In some embodiments, Z is alkyl. In some 

embodiments, Z is cycloallcyl. 

[003141 	In some embodiments, r is I to 2. In some embodiments, r is 1. 

[003151 	In some embodiments, D is Yp, wherein Y is aryl and p is an integer from 1-4. 

[003161 	In some embodiments, p is 1 to 2. In some embodiments, p is 1. 

1003171 	In some embodiments, for the Yp  or Z(Y)„ Y is aryl, wherein the aryl is 

monocyclic, bicyclic, or tricyclic. In certain embodiments, the aryl is monocyclic. In some 

embodiments, the aryl_ does not contain a heteroatom. In some embodiments, the aryl 

contains 6 to 12 carbons. In some embodiments, the aryl is phenyl. 

[003181 	In some embodiments, D does not contain a heteroatom. 

0 

L is [003191 	In some embodiments, 	i 

1 A 

	0 

pp-A-0-1- 
In some embodiments, Lis 

[00321] 	in some embodiments, A is hydrocarbyl of 1 to 10, 1 to 6, or 1 to 3 carbons. 

[003221 	In some embodiments, A is a bond. 

0 

0 k- 
[00323] 	In certain embodiments, L is 	

A..1.- 
, wherein A is alkyl. 

0 

[003241 	In certain embodiments, L is
-A--IL.0 r 

, wherein A is alkyl of 1-1.0 carbons. 

O 

[003251 	In certain embodiments, L is 	
A 	01- 

, wherein A is alkyl of 1-6 carbons. 

O 

1003261 	In certain embodiments, 	
A 	0 

is 	 wherein A is alkyl of 1-3 carbons. 

0 

[003271 	In some embodiments, L is 	. 

1003281 	In certain embodiments, L is -1

ILO 

-A-°1-, wherein A is alkyl. 

embodiments, L 	-i-A-0-1- [00329] 	In certain is 	, wherein A is alkyl of 1-10 carbons. 

[00330] 	In certain embodiments, L is -1-A-ol, wherein A is alkyl of 1-6 carbons. 
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[00331] 	In certain embodiments, L is +A-0-1-, wherein A is alkyl of 1-3 carbons. 

[00332] 	In some embodiments, L is 	A-01- , wherein A is alkyl, wherein the allcyl is not 

branched or cyclic. 

[00333] 	In some embodiments, the terpene is a monoterpene, sesquiterpene, or triterpene. 

In some embodiments, the terpene is a monoterpene. 

[00334] 	In some embodiment, the terpene is not substituted. 

[00335] 	In some embodiments, T is substituted with 1 to 3 substituents. 

[00336] 	In some embodiments, T is: 

H3C D1  

\-> D1  CH3 	H3C D2 	
D1CH3  H3C D2  

H3C 	\....pr 	CH3 \--,,,,...„-CCH3  
H3C H3C 	 r \ 

D2
CH3 

\ 	 CH3 

(i) 	 (ii) 	 (iii) 

wherein: 

(1) if T has the formula (i), then T is substituted with. 1-3 substituents and 

(2) s is 1 or 2; wherein: 

ifs is 1, then one of DI  and D2  is H and the other is P-E; and 

ifs is 2, then each of DI  and D2, independently, is P-E. 

1003371 	In some embodiments, when T is 

H3C B1  

H3C CH3  
82 

T is substituted with one or more substituents. 

[00338] 	In some embodiments, s is L 

[00339] 	In some embodiments, L is bonded to a primary carbon of T. 

[00340] 	In some embodiments, T is: 

D CH3 	H3C 02  
\---Y„..„,,CH3  

H3C 
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[00341] In some embodiments, T is: 

Di  CH3 	CH3  
NCH 

[00342] 	In some embodiments, m is I. In some embodiments, m is 2. 

[00343] 	In some embodiments, LG is —OR, wherein R is H or hydrocarbyl. In some 

embodiments, R is H. In some emobidments, LG is halo, e.g., chloro or bromo. 

[00344] 	In some embodiments, L1  is: 

-1-A—LO 

[00345] 	In some embodiments, A is hydrocarbyl of 1 to 10, 1 to 6, or 1 to 3 carbons. 

[00346] 	In some embodiments, A is a bond. 

0 
---11-. 

[00347] 	In certain embodiments, 12 is -A 	LG , wherein A is alkyl. 

0 

[00348] 	In certain embodiments, AA LG  wherein A is alkyl of 1-10 carbons. 

0 

[00349] 	In certain embodiments, L 	-AA LG  wherein A is alkyl of 1-6 carbons. 

0 

[00350] 	In certain embodiments, L 	- AA LG  wherein A is alkyl of 1-3 carbons. 

0 

[00351] 	In certain embodiments, L' is PL  LG  . 

-1-A—LG 
[00352] 	In some embodiments, L

I 
 is  	wherein A is alkyl.. 

A—LG 
[00353] 	In certain embodiments, L' is 	wherein A is alkyl of 1-10 carbons. 

1

1 

A —LG 
[00354] 	In certain embodiments, L is 	wherein A is alkyl of 1-6 carbons. 

1003551 	In certain embodiments, L1 	
A—LG 

wherein A is alkyl of 1-3 carbons. 

A —1G 
[00356] 	In certain embodiments, L' is 	wherein A is alkyl, wherein the alkyl is 

not branched or cyclic. In some embodiments, the leaving group is —C1, —Br, —1, —OH, —ORN, 

—0C(0)RN, —0C(0)OR", —0C(0)NRN, —0S(0)2NRN, —OMs, —0Ts, or —0P(0)(ORN)2, 

wherein RN  is hydrocarbyl. In some embodiments, RN  is alkyl or aryl.. In some 

embodiments, RN  is alkyl of 1 to 6 carbons. In some embodiments, the alkyl is methyl. In 

some embodiments, RN  is —CI or —Br. 
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[00357] Suitable E groups are those recited for the compound of formula VIII. 

[00358] 	In some embodiments, the compound of formula X has the following structure: 

0 

11 	 11  ( 	) 	( LG 	A 	 A 	0 T-(P — E)s) n  
m 1c7-1-  

[00359] 	In some embodiments, the compound of formula X has the following structure: 

/ 	0 	<-,,
i 
 (Z 	C

I H3 
	I-13C 

P' 
 E 

li 
 )in __G 

n 

[00360] 	In some embodiments, the polydispersity index of the compound is less than 2.5, 

less than 2.4, less than 2.3, less than 2.2, less than 2.1, less than 2.0, less than 1.9, less than 

1.8, less than 1.7, less than 1.6, less than 1.5, less than 1.4, less than 1.3, less than 1.2, or less 

than 1.1. 

[00361] 	In some embodiments, the molecular weight of the compound is about 1000, 

about 2000, about 3000, about 4000, about 5000, about 6000. about 7000, about 8000, about 

9000, about 10000, about 20000, about 30000, about 40000, about 50000, about 60000, about 

70000, about 80000, about 90000, or about 100000 g/mol. 
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(e) 	EXAMPLES 

(i) 	Example 1 

Hr-"L 
I 	 • • 

Triethylamine 
S.  CH2Cl2 	 cecr.....--L"...4. 

1-1:3 
I -A 

HCI (g) 
CoC12  

5: CH202 

CI>LC 	•„...0 	

• 

• • 
I-C 

TiCI4, 2A-Isidine 

I

I. 
5: Hexene/MeCI 
415°C 
2. Anisole 

• 

• • 	 • * • 	 • • 

n 
• 	• 

• • 

1003621 	The experiment was carried out in a dry N2 atmosphere glovebox equipped with 

an externally chilled hexane/heptane bath. A 4-neck 500mL round-bottom flask was placed 

in the bath at -45°  C and equipped with an overhead stirrer, thermocouple, and a React1R 

probe. The trifunctional aromatic initiator I-C (2.601g, 0.0125M), 2,6-Lutidine (0.29mL, 

0.0100M), I aliquot of isobutylene (4.00mL, 0.188M) and 220mL of prechilled 40:60 v:v 

hexane/methyl chloride solvent mixture was added to the flask and allowed to equilibrate for 

—1 hour. The polymerization was initiated upon addition of TiCI4 (4.00mL, 0.140M). The 

polymerization was monitored by observing the decay of the monomer via React1R. Once 

most of the isobutylene had been consumed, a second aliquot of monomer (4.00mL, 0.188M) 

was added until the same consumption level was reached. This was repeated 7 times for a 

total monomer charge of 32mL (I.5M). After the final aliquot of monomer had been 

consumed, the polymerization was quenched with anisolc (3.46g, 0.125M). An additional 

charge of TiCI4  (3.00mL, 0.107M) was added to the reaction to boost the rate of electrophilic 

aromatic substitution by anisole. The quenching was allowed to proceed for approximately 

80 minutes, then terminated with 14mL of prechilled methanol. The flask was removed 

immediately from the bath and allowed to warm to ambient temperature overnight, at which 
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point most of the methyl chloride solvent had boiled off. The reaction mixture was then 

washed with a 90:10 v:v methanol/water mixture, followed by dilute HCI, saturated sodium 

bicarbonate solution, and finally deionized water. The organic layer was dried over MgSO4, 

filtered, and the solvent was removed by rotary evaporation. The recovered polymer was 

analyzed via IFT NMR and size-exclusion GPC. The measured molecular weight of the 

polymer was —7800g/mol with a polydispersity index of 1.54. 

[003631 	Compound 1-C may be synthesized by contacting compound 1-A with citronellol 

in the presence of triethylamine in dichloromethane to provide compound 1-B, which is then 

treated with anhydrous HCI in dichloromethane to afford compound 1-C. 

(II) 	Exam ! le 2 

Her...--1-....----...L. 
 

• • 6  
Triethylamioe • 86 	 S: CII2C12  HCI (3) 

2-A C4:12  
5: CS2432  

2B 

ci 

 
• 

• 2-C 
I. nab 2,6-Loudint 
9: Henne/MeC1 

45°C 

2. Anisole 

• 

kie rm,  0 • . 

o 

1003641 	The experiment was carried out in a dry N2  atmosphere glovebox equipped with 

an externally chilled hexane/heptane bath. A 4-neck 500mL round-bottom flask was placed 

in the bath at -45°C and equipped with an overhead stirrer, thermocouple, and a RcactlR 

probe. The difunctional initiator 2-C (2.739g, 0.0188M), 2,6-Lutidine (0.29mL, 0.0100M), 1 

aliquot of isobutylene (4.00mL, 0.188M) and 220mL of prechilled 40:60 v:v hexane/methyl 

chloride solvent mixture was added to the flask and allowed to equilibrate for —1 hour. The 

polymerization was initiated upon addition of TiCI4(5.50mL, 0.197M). The polymerization 

was monitored by observing the decay of the monomer via React1R. Once most of the 

isobutylcnc had been consumed, a second aliquot of monomer (4.00mL, 0.188M) was added 

until the same consumption level was reached. This was repeated 7 times for a total 
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monomer charge of 32mL (1.5M). After the final aliquot of monomer had been consumed, 

the reaction was quenched with anisole (5.20mL, 0.188M) and the quenching was allowed to 

proceed for approximately 50 min. The polymerization was terminated with 9mL of 

prechilled methanol. The flask was removed immediately from the bath and allowed to warm 

to ambient temperature overnight, at which point most of the methyl chloride solvent had 

boiled off. The reaction mixture was then washed with a 90:10 v:v methanol/water mixture, 

followed by dilute HCI, saturated sodium bicarbonate solution, and finally deionized water. 

The organic layer was dried over MgSO4, filtered, and the solvent was removed by rotary 

evaporation. The recovered polymer was analyzed via 1 H NMR and size-exclusion GPC. 

The measured molecular weight of the polymer was 7400 g/mol with a polydispersity index 

of 1.84. 

1003651 	Compound 2-C may be synthesized by contacting compound 2-A with citronellol 

in the presence of triethylamine in dichloromethane to provide compound 2-B, which is then 

treated with anhydrous HCI in dichloromethane to afford compound 2-C. 

(iii) 	Exam i le 3 

0 
Hcy".....------.4, 	0 	

HCI (g) 
CCI2 

CAC I 	 S. . CHiCh CAcr-.)%•••)%,  
Tridhylamme 

5: CH202 	 3-B 	 3-C 
3-A I. 71C14.2.64-utidine 

>„. I 5: Hexane/MCI 
43°C 
2. Mink 

0 

 C

A

)

cr.

u
. 
 jiy3x

ao.... 

 

n 

(003661 	The experiment was carried out in a dry N2 atmosphere glovebox equipped with 

an externally chilled hexane/heptane bath. A 4-neck 500mL round-bottom flask was placed 

in the bath at -45°C and equipped with an overhead stirrer, thermocouple, and a ReactiR 

probe. The initiator 3-C (3.228g, 0.0375M), 2,6-Lutidine (0.34mL, 0.0100M), I aliquot of 

isobutylenc (4.001a, 0.165M) and 250mL of prcchilled 40:60 v:v hexane/methyl chloride 

solvent mixture was added to the flask and allowed to equilibrate for —I hour. The 

polymerization was initiated upon addition of TiCI4 (4.00mL, 0.124M). The polymerization 

was monitored by observing the decay of the monomer via ReactIR. Once most of the 

isobutylene had been consumed, a second aliquot of monomer (4.00mL, 0.165M) was added 

until the same consumption level was reached. This was repeated 8 times for a total 
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monomer charge of 36.4mL (1.5M). After the final aliquot of monomer had been consumed, 

the reaction was quenched with anisole (1.77mL, 0.056M), followed by an aliquot of TiCI4  

(2.00mL, 0.063M) to boost the rate of electrophilic aromatic substitution by anisole. The 

quenching was allowed to proceed for approximately 220min, then the polymerization was 

terminated with 12mL of prechilled methanol. The flask was removed immediately from the 

bath and allowed to warm to ambient temperature overnight, at which point most of the 

methyl chloride solvent had boiled off. The reaction mixture was then washed with a 90:10 

v:v methanol/water mixture, followed by dilute En, saturated sodium bicarbonate solution, 

and finally deionized water. The organic layer was dried over MgSO4, filtered, and the 

solvent was removed by rotary evaporation. The recovered polymer was analyzed via I H 

NMR and size-exclusion GPC. The measured molecular weight of the polymer was —4600 

g/mol with a polydispersity index of 1.14. 

l003671 	Compound 3-C was obtained as follows: benzoyl chloride 3-A was reacted with 

with citronellol in methylene chloride and excess triethylamine. The product was washed 

with deionized water, dried, and purified via silica gel chromatography using 10% ethyl 

acetate in hexane as the eluent to afford compound 3-B, which was then treated with 

anhydrous HCI in dichloromethane to afford compound 3-C. 

(iv) 	Example 4 

I. TiC14  
2,6-Lutidine 

HO 	 Hexane/CH3CI 	HO 

......7%).........ncl 2. Ditsopropyl ether 	 /11 

100368) 	This example was carried out in a dry N2 atmosphere glovebox equipped with an 

externally chilled hexane/heptane bath. A 4-neck 500mL round-bottom flask was placed in 

the bath at -45°C and equipped with an overhead stirrer, thermocouple, and a ReactiR probe. 

7-chloto-3,7-dimethyloctan- I -ol initiator (5.614g, 0.0577M), 2,6-Lutidine (3.62mL, 

0.0627M), I aliquot of isobutylene (6.30mL, 0.15M) and 420mL of prechilled 40:60 v:v 

hexane/methyl chloride solvent mixture was added to the flask and allowed to thermally 

equilibrate for —1 hour. The polymerization was initiated upon addition of TiCI4  (9.60mL, 

0.175M). The polymerization was monitored by observing decrease in isobutylene monomer 

concentration via ReactiR. Once most of the isobutylene had been consumed, a second 

aliquot of monomer (6.30mL, 0.15M) was added until approximately the same monomer 

conversion level was reached. This was repeated 9 times for a total monomer charge of 

63.0mL (1.5M). After the final aliquot of monomer had been consumed, the polymerization 
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was quenched with diisopropyl ether (I 1.79g, 0.231 M). An additional charge of TiC14  

(9.00mL, 0.165M) was then added to increase the rate of reaction with diisopropyl ether. The 

quenching was allowed to proceed for approximately 70min, then terminated with 4.82mL of 

triethylamine. The reaction was allowed to stir for 5 min longer, then terminated with 40mL 

of prechilled methanol. The flask was removed immediately from the bath and allowed to 

warm to ambient temperature overnight, at which point the methyl chloride solvent had 

boiled off. The reaction mixture was then washed with a 90:10 v:v methanol/water mixture, 

followed by dilute HCI, saturated sodium bicarbonate solution, and finally deionized water. 

The organic layer was dried over MgSO4, filtered, and the solvent was removed by rotary 

evaporation. 

1003691 	The recovered polymer was analyzed via 1H NMR and size-exclusion GPC. The 

measured molecular weight of the polymer was —2300 g/mol with a polydispersity index of 

1.12 

1003701 	The 7-chloro-3,7-dimethyloctan-l-ol starting material employed as initiator above 

was obtained via hydrochlorination of 13-citronellol with gaseous HCI. 

(v) 	Example 5 

a 

c * 	)04q-„L„ 	. 	n  • n 
PICr•-•“44,-A O  

: 1314. DMAP 
Mn t; 2200

O  a 
Cornpound 5A 	 n 

1003711 	To a solution of Compound 5A (19.6 g, 8.91 mmole; —2300 Mn) dissolved in 50 

mL anhydrous THE held under an inert atmosphere was added triethylamine (2.1 mL, 14.9 

mmolc). To the resulting mixture was added 1,3,5-benzenetricarbonyl trichloride (0.79 g, 

2.97 mmole) and 4-dimethylamino pyridine (0.036 g, 0.297 mmole). The resulting mixture 

was stirred for 15 h at room temperature. Following reaction completion, the mixture was 

washed with H2O and diluted with hexanes. The organic layer was separated, dried over 

magnesium sulfate and filtered. The solvents were then evaporated under reduced pressure to 

give the crude reaction product. 

1003721 	NMR analysis showed <10% remaining PIB alcohol indicating a >90% 

conversion to the ester. Molecular weight analysis was conducted by GPC which indicated a 

mixture of products with the major species being the triester. 
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1003731 	It is understood that the detailed description and accompanying examples are 

merely illustrative and are not to be taken as limitations upon the scope of the subject matter. 

Various changes and modifications to the disclosed embodiments will be apparent to those 

skilled in the art. Such changes and modifications, including without limitation those relating 

to the chemical structures, substituents, derivatives, intermediates, synthesis, starting 

materials, products, and/or reaction conditions may be made without departing from the spirit 

and scope of thereof. Included within the scope of the subject matter described herein are all 

combinations of the embodiments described herein. 
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Claims 

1. A method for producing a telechelic polymer, comprising the step of 

contacting a compound of formula I: 

0-el..-T)n  

I 

with a Lewis acid in the presence of one or more monomers, 

wherein: 

D is alkaryl from 7 to 20 carbons, aralkyl from 7 to 20 carbons, or Yr„ where Y is aryl 

from 6 to 30 carbons, and p is an integer from 1 to 4; 

each L, independently, is: 

0 	9 , 
)1. 	tA-§-01-  

-I-AA-01- -4-A-01- -FA-II 	° r  0 	or -i-A-S-01-. 

wherein each A, independently, is alkylene from 1 to 20 carbons, alkenylene 

from 2 to 20 carbons, alkynylene from 2 to 20 carbons, or a bond; and the 

oxygen is bonded to T; 

each T, independently, is a terpene; 

wherein at least one of the tertiary carbons of the terpene contains a leaving 

group; and 

n is an integer from I to 6. 

2. The method of claim 1, wherein T has the structure of formula (i), (ii), or (iii): 

H3C 	1  

13‘  CH3  H3C 132  il 
BUCH3 H3 

H3C Esz 
1C% .••• 

CHs 	H3C 	rcr 	CH3  _ CH3 	Hiec----\,,,, 

	

\ 	 CH3  

(i) 	 (ii) 	 (iii) 

wherein B1  and 132  are each, independently, a leaving group or -H; 

wherein at least one of)31  and B2  is a leaving group; and 

if T has the structure of formula (i), T is substituted with 1 to 3 substituents, each of which is 

independently selected from the group consisting of halo, -0C(0)RA, -ORA, -NC, 

-NCO, -OCN, -SH, -SRA, -SCO)RA, -SCN, -NO3, and -03(0)2RA, where RA  is 
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alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, or allcynyl from 2 to 20 carbons. 

3. The method of claim 1 or 2, wherein the compound of formula I has the 

following formula: 

0 
t-----s) 	II  —E 	0-717., 

--. 

and n is an integer 	o 	to 4. 

4. The method any of claims 1 to 3, wherein T is: 

E31  CH3 	CH3  

H3C 	
C H21-  

wherein B1  is a leaving group. 

5. 	The method of any of claims 1 to 4, wherein the leaving group is -Cl or -Br. 

6. The method of any of claims I to 5, wherein the method further comprises the 

step of adding one or more quenching agents after about 80%, about 85%, about 90%, about 

95%, about 97%, about 99%, or about 100% of the monomer is consumed. 

7. The method of claim 6, wherein the quenching agent is: 

(a) allyltrimethylsilane; 

(b) methallyltrimethylsilane; 

(c) 1,1-diphenylethylene; 

(d) furan or a substituted furan with 1 to 3 substituents, each of which is 

independently selected from the group consisting of halo, -0C(0)RA, -ORA, 

-NC, -NCO, -OCN, -SH, -SRA, -SCO)RA, -SCN, -NO2, and -0S(0)2RA, 

where RA  is allcyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, or 

allcynyl from 2 to 20 carbons; 

(e) thiophene or a substituted thiophene with 1 to 3 substituents, each of which is 

independently selected Dom the group consisting of halo, -0C(0)RA, -ORA, 

-NC, -NCO, -OCN, -SH, -SRA, -SCO)RA, -SCN, -NO2, and -05(0)2RA, 

where RA  is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, or 

allcynyl from 2 to 20 carbons; 

(f) triphenylamine; 
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(g) 	a compound having the following formula: 

N-(CRPY1RPY2)m—X" 

wherein: 

leY1  and RPY2  are each independently in each -(CRPY1RPY2)- unit selected 

from the group consisting of hydrogen and alkyl of I to 6 carbon atoms; 

m is an integer from I to 20; and 

XPY  is selected from the group consisting of hydrogen, alkyl from I to 20 

carbons, aryl from 6 to 30 carbons, alkaryl from 7 to 20 carbons, alkoxy from 

I to 6 carbons, nitro, ureido, -0C(0)RPY3, -C(0)RPY4, -C(0)ORPY3, - 

P(RPY8)3, 

-P(ORPY8)3, -SRPY1e, -0S03RPY11, and -S(0)RPY12; wherein RPY3  is alkyl 

from Ito 20 carbons or alkenyl from 2 to 20 carbons; and RPY4, RP15, es, 
rew, Rrno, RPY11, and RPY12  are each independently alkyl from I to 20 

carbons; 

(h)  a compound having the following formula: 

s  R4  
R3  

R7  l:t2  
Re 	RI 

wherein: 

Fe through R8  are each independently hydrogen, alkyl from I to 20 carbon 

atoms, aryl from 6 to about 20 carbon atoms, alkaryl from about 7 to 30 

carbon atoms, or aralkyl from about 7 to 30 carbon atoms; 

R is hydrogen, alkyl from 1 to 20 carbon atoms, aryl from 6 to about 20 

carbon atoms, alkaryl from about 7 to 30 carbon atoms, or aralkyl from about 

7 to 30 carbon atoms; and 

X` is oxygen or sulfur; 

with the proviso that, when R is hydrogen or methyl, then R1 , R2, R7  and R8  

must be other than hydrogen unless one of R1  or R2  and one of It7  or R8  is 

independently branched alkyl of about 3 to 20 carbon atoms, aryl from 6 to 30 

carbons, alkaryl from 7 to 20 carbons, or stalky] from 7 to 20 carbons; 

(i)  a compound having the following formula: 
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R1-S-R2  

wherein RI  and R2, are each, independently, alkyl from 1 to 20 carbons, 

alkenyl from 2 to 20 carbons, or allcynyl from 2 to 20 carbons; 

(j)  a compound having the following formula: 

Rs" s- s -Rsa 

wherein: 

Rs" and Rs8  are each, independently, alkyl from 1 to 20 carbons, aryl from 6 

to 30 carbons, aralkyl from 7 to 20 carbons, alluiryl from 7 to 20 carbons, 

H 
-1-(CH2)14 	j ° 	+(CH2)14 	N 	-11) CH214 

	

/ 	 1—(01-6)14—xs, 

Rs3 

-1-IcH2)1.3-0-asx 	
-ka-12),.3-o—si—a54 

or 	 Rs5  

wherein: 

Xs  is halo or a pseudohalide; 

Rsx  is alkyl from 1 to 20 carbons or my! from 6 to 30 carbons; 

R53  is tert-butyl; and 

Rs4 and R.s5 are each, independently, alkyl from 1 to 20 carbons, aryl 

from 6 to 30 carbons, aralkyl from 7 to 20 carbons, or army! from 7 to 

20 carbons; 

(k)  a compound having the following formula: 

RPH3  

(5-0 - (CRP"' RPH2),,,— XP" 
I 
RP84  

a 

wherein: 

RPHI  and P.m  are each, independently in each -(CRPHIR H2)- unit, -H or 

alkyl from 1 to 20 carbons, and 

p is an integer from 0 to 20, wherein: 

(1) 	if p is 0, then RPH3  and RPH4  are each, independently, alkyl from Ito 20 

carbons, and 

XPH  is -H; 
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(2)  if p is 1, then RPM  and RPH4  are each, independently -H, alkyl from 1 

to 20 carbons, or alkoxy from 1 to 6 carbons, and 

XPI1  is -H, alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, 

allcynyl from 2 to 20 carbons, alkaryl from 7 to 20 carbons, arallcyl 

RPH5  

+CEC-ii-RHI16  
from 7 to 20 carbons, aryl from 6 to 30 carbons, or 	RP"' 	, 

wherein R1}145-RP"' are each, independently, alkyl from I to 20 carbons 

or aryl from 6 to 30 carbons; 

(3)  if pis 2, then lem  and RP/H  are each, independently -H, alkyl from I 

to 20 carbons, or alkoxy from I to 6 carbons, and 

XP" is -H, alkyl from I to 20 carbons, alkenyl from 2 to 20 carbons, 

alkynyl from 2 to 20 carbons, alkaryl from 7 to 20 carbons, arallcyl 

from 7 to 20 carbons, aryl from 6 to 30 carbons, alkoxy from 1 to 6 

carbons, -F, 

-CI, -Br, -I, -At, -CN, -NCO, -OCN, -NCS, -SCN, -0C(0)RP118, 

RP H5 
4-A-Si-RHI48  

-C(0)ORPH9, -C(0)NRPHI°RPHI I , or 	RP"' 	; 

wherein: 

A is 1-C--ECI-  or a single bond, 

RPR5  to en  are each, independently, alkyl from I to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, alkaryl from 7 to 20 carbons, arallcyl from 7 to 20 

carbons, aryl from 6 to 30 carbons, alkoxy from 1 to 6 carbons, 

hydroxy, -NRPHI°RPEI", 

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

ens  is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 

carbons, alkynyl from 2 to 20 carbons, alkaryl from 7 to 20 

carbons, arallcyl from 7 to 20 carbons, or aryl from 6 to 30 

carbons, and 

RPH9  SO RPHI I  are each, independently, -H, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, allcynyl from 2 to 20 
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carbons, alkaryl from 7 to 20 carbons, aralkyl from 7 to 20 

carbons, or aryl from 6 to 30 carbons, 

or 

when  —0-(CRPH1fen2lrel is ortho to APR', then XPH  and RPH4, 

together, with the atoms to which XPH  and RPH4  are attached, may form 

a ring; and 

(4) if p is from 3 to 20, then RPH3  and RPH4  are each, independently -H, 

alkyl from 1 to 20 carbons, or alkoxy from 1 to 6 carbons, and 

X is -H, alkyl from I to 20 carbons, alkenyl from 2 to 20 carbons, 

alkynyl from 2 to 20 carbons, alkaryl from 7 to 20 carbons, aralkyl 

from 7 to 20 carbons, aryl from 6 to 30 carbons, alkoxy from 1 to 6 

carbons, -OH, -F, -C1, -Br, -1, -At, -CN, -NCO, -OCN, -NCS, - 

SCN, -0C(0)1tP118, 

RPH6  
4A-31-Rlille 

-C(0)ORPH9, -C(ORSIRPHIGRPIHI, 	RPHr 	, or -NRPFIxRPHY; 

wherein: 

A is -.0=C-  or a single bond, 

ex  and RPHY  are each, independently, 41, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, cycloalkyl from 3 to 10, aryl from 6 to 30 carbons, or 

-C(0)RPHz, wherein: RPHz  is -H, alkyl from 1 to 20 carbons, 

alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 carbons, 

cycloalkyl from 3 to 10, aryl from 6 to 30 carbons, -ORPH8, or 

_NRpirtoRprn I ;  

RPH5  to RPH7  are each, independently, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, allcaryl from 7 to 20 carbons, aralkyl from 7 to 20 

carbons, aryl from 6 to 30 carbons, alkoxy from 1 to 6 carbons, 

hydros y, -NRPH HIRPH11, 

-F, -CI, -Br, -I, or -At, 
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RPH8  is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 

carbons, allcynyl from 2 to 20 carbons, allcaryl from 7 to 20 

carbons, or aryl from 6 to 30 carbons, and 

RPH9  to Rnm are each, independently, —H, alkyl from I to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, alkaryl from 7 to 20 carbons, or aryl from 6 to 30 

carbons; 

(1) 	butadiene or isoprene; or 

1,2 
Rj0-y-R3 

(111) 	RI 	, 

wherein: 

Y is carbon or silicon; 

RI  is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, or allcynyl from 

2 to 20 carbons, and 

R2-R4 are each, independently, hydrogen or alkyl from 1 to 20 carbons, 

alkenyl from 2 to 20 carbons, or alkynyl from 2 to 20 carbons. 

8. The method of any of claims 1 to 7, wherein the Lewis acid is a titanium 

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

9. The method of claim 8, wherein the Lewis acid is TiC14. 

10 . 	The method of any of claims 1 to 9, wherein the method is performed in the 

presence of one or more electron donors. 

11. 	The method of claim 10, wherein the one or more electron donors is: 
RIE 	N 	RI" 

KID I 	Ris 

Ric 
wherein R1A,  RIB, K  .% 	

, 
IC R'-D, and R18  are each, independently, hydrogen, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, or alkynyl from 2 to 20 carbons; or R1A  and R18, or 

R'8  and Ric, or Ric  and RID, or RID  and R1E  independently form a fused aliphatic ring of 

about 3 to about 7 carbon atoms or a fused aromatic ring of about 5 to about 7 carbon atoms. 
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12. The method of claim 10, wherein the one or more electron donors is 2,6- 

dimethylpyridine, 2,6-di-tert-butylpyridine, 2,4-dimethylpyridine, 2,4,6-trimethylpyridine, 2-

methylpyridine, or pyridine. 

13. The method of any of claims 1 to 12, wherein the method is performed in the 

presence of a common ion salt or common ion salt precursor. 

14. The method of claim 13, wherein the common ion salt precursor is tetra-n-

butylammonium chloride, tetra-n-butylammonium bromide, or tetra-n-butylammonium 

iodide. 

15. The method of any of claims 6 to 14, wherein greater than 90% of the 

monomer is consumed prior to adding the quenching agent. 

16. The method of any of claims 6 to 15, wherein one or more aliquots of 

additional monomer are added to the polymerization after the initial monomer charge, 

wherein each individual aliquot of additional monomer is consumed or partially consumed 

prior to adding a subsequent aliquot of additional monomer or adding the quenching agent. 

17. The method of any of claims 1 to 16, wherein the Lewis acid is deactivated 

with one or more terminators. 

18. The method of any of claims 6 to 17, wherein the Lewis acid is deactivated 

with one or more terminators after adding the one or more quenching agents. 

19. The method of any of claims 1 to 18, wherein the monomer s polymerized 

under quasiliving polymerization conditions. 

20. A method for producing a telechelic polymer, comprising contacting a 

compound of formula VIII: 

HO -T -(P -E), 

VIII 

with a compound of formula LX: 

D -(L1), 

DC 

wherein: 
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D is alkaryl from 7 to 20 carbons, aralkyl from 7 to 20 carbons, or Yp, where Y is aryl 

from 6 to 30 carbons, and p is an integer from I to 4; 

T is a terpene; 

each P, independently, is a polyolefin group; 

each E, independently, is an end-cap group; 

each L', independently, is: 

0 
, 	II --11-s. 	

pp 	1 -LG 	0 
-rA 	LG 	-A-LG -1-A-N=C=0 	 1-A-S -LG , 0 	or 

wherein: 

each A, independently, is alkylene from 1 to 20 carbons, alkenylene 

from 2 to 20 carbons, alkynylene from 2 to 20 carbons, or a. bond; and 

LG is a leaving group; 

n is an integer from 1 to 6; and 

s is an integer. of 1 or 2; 

wherein each end-cap group is independently: 

CH2 
- -CF ^ 	/< 

(1) CHs ; 

----‘c\N-(CRPY1RPY2),----XPY  z-7,.../ 
(2) 11,- 

wherein RPY1  and Illan  are independently in each -(CRPYI RPY2)- unit selected 

from the group consisting of hydrogen and alkyl from 1 to 20 carbons; 

m is an integer from 1 to 20; and 

X.PY  is selected from the group consisting of hydrogen, allcyl from 1 to 20 

carbons, aryl from 6 to 30 carbons, allcaryl from 7 to 20 carbons, alkoxy from 

1 to 6 carbons, nitro, ureido, -0C(0)Rm, -C(0)RPY4, -C(0)ORPY5, - 

P(RPY8)3, 

-P(ORPY9)3, --SRPY10, -0S03RP1111, and -8(0)RPY12; 

wherein RP13 is alkyl from 1 to 20 carbons or alkenyl from 2 to 20 

carbons; and RPY4, RPY5, RPYS, RPY9, em, RPY) 1, and RP712  are alkyl 

from 1 to 20 carbons; 
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H3C 	CH3  

(3)  ::/t, 	S-Rss
, 

 

wherein RSA  is alkyl from 1 to 20 carbons, aryl from 6 to 30 carbons, aralkyl 

--1-(CH2)1.3-r°  
from 7 to 20 carbons, alkaryl from 7 to 20 carbons, 

H 
-1-(CH2)1-s--N 	

/ 	S HCF12)i-s 
/ 	 41-(CH2)1,3-Xs  

Rs'  

41--(CH2)1-s-o_Rs...,, 
 or 
 -kCH2)1.3-0-SI-Rs4 

Rs6  

wherein: 

Xs  is halo or a pseudohalide; 

Rsx  is alkyl from 1 to 20 carbons or aryl from 6 to 30 carbons; 

R53  is teat-butyl; and 

Rs4  and Rs5  are each, independently, alkyl from 1 to 20 

carbons, aryl from 6 to 30 carbons, arallcyl from 7 to 20 

carbons, or alicaryl from 7 to 20 carbons; 

RPH3 

/=I 
c.,,  - 	/ 	0 —(CRPH1RPH2)p 

 _ xPH 

‘K: H 1   
(4) RPH4 	

, wherein: 
,-,PHI lc 	and RPH2  are each, independently in each -(CRPHIRP112) 	-H or alkyl 

from 1 to 20 carbons, and p is an integer from 0-20, wherein: 

(a) if p is 0, then RPH3  and RPH4  are each, independently, ailcyl from 1 to 20 

carbons, and 

XPI-1  is -H; 

(b) if p is 1, then RPH3  and RPH4  are each, independently -H, alkyl from 1 

to 20 carbons, or alkoxy from 1 to 6 carbons, and 

XPil  is -H, allcyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, 

allcynyl from 2 to 20 carbons, alkaryl from 7 to 20 carbons, aralkyl 

RPH5 

+C P-:-C -§i-RPfrie  

from 7 to 20 carbons, aryl from 6 to 30 carbons, or 	RPH7  
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wherein RPM-RPM  are each, independently, alkyl from I to 20 carbons or aryl 

from 6 to 30 carbons; 

(c) 	if p is 2, then RPM  and ei° are each, independently -H, alkyl from 1 

to 20 carbons, or alkoxy from I to 6 carbons, and 

XPH  is -H, alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, 

alkynyl from 2 to 20 carbons, alkaryl from 7 to 20 carbons, aralkyl 

from 7 to 20 carbons, aryl from 6 to 30 carbons, alkoxy from I to 6 

carbons, -F, 

-CI, -Br, -I, -At, -CN, -NCO, -00%1, -NCS, -SCN, -0C(0)RPHs, 

RPHS 

-1-11-41-RPH6  
-C(0)ORPM, -C(0)NRPHWRPM I , Or 	RP"? 	; 

whack: 

A is -1.CECI-  or a single bond, 

RPM  to RPM  are each, independently, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 

20 carbons, alkaryl from 7 to 20 carbons, aralkyl from 7 

to 20 carbons, aryl from 6 to 30 carbons, alkoxy from 1 

to 6 carbons, hydroxy, _NRprnoRml,  -F, -CI, -Br, -1, 

Or -At, 

RPH8  is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 

carbons, alkynyl from 2 to 20 carbons, alkatyl from 7 to 

20 carbons, or aryl from 6 to 30 carbons, and 

RPM  to Rml I  are each, independently, -F1, alkyl from Ito 20 

carbons, alkenyl from 2 to 20 carbons, a&ynyl from 2 to 

20 carbons, alkaryl from 7 to 20 carbons, or aryl from 6 

to 30 carbons, 

OT 

when —°-(CRPH1RPH2)r)(PH  iS 011110 to RPH4, then XPH  and KPH°, 

together, with the atoms to which XPH  and RPM  are attached, form a 

ring; and 
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(d) 	if p is 3-20, then ern  and RPI44  are each, independently -H, alkyl from 

1 to 20 carbons, or alkoxy from I to 6 carbons, and 

X is -H, alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, 

allcynyl from 2 to 20 carbons, alkaryl from 7 to 20 carbons, aralkyl 

from 7 to 20 carbons, aryl from 6 to 30 carbons, alkoxy from 1 to 6 

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

SCN, -0C(0)RPH8, 

Fe145  
-1-A-4i-RPH6 

-copRPH9,-qc9NRPHwRPHii 	RR'? 	, or -NRPHxRPHY; 

wherein: 

A is 1-CEC 1-  or a single bond, 

Win  and RPHY  are each, independently, -H, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 

20 carbons, cycloalkyl from 3 to 10 carbons, aryl from 6 

to 30 carbons, or -C(0)RP811, 

wherein Rfilz  is -H, alkyl from 1 to 20 carbons, alkenyl 

from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, cycloallcyl from 3 to 10 carbons, aryl 

from 6 to 30 carbons, -ORPH8, or -NRnmRPTH  I; 

RPH5  to RPm are each, independently, alkyl from I to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, alkaryl from 7 to 20 carbons, aralkyl from 7 to 20 

carbons, aryl from 1 to 30 carbons, alkoxy from 1 to 6 carbons, 

hydrOxy, -NleHmRPHI I, 

-F, -CI, -Br, -I, or -At, 

RPHS  is alkyl from I to 20 carbons, alkenyl from 2 to 20 

carbons, alkynyl from 2 to 20 carbons, alkaryl from 7 to 20 

carbons, or aryl from 6 to 30 carbons, and 

RPHY  to RPHI I  are each, independently, -H, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, alkaryl from 7 to 20 carbons, or aryl from 6 to 30 

carbons; 
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/...-n- , _3_ N_.(cRPziez2), 	
ZanZP 

(5) --Lt./. 	 , 

wherein: 
R  l and RPz2  are independently in each -(CRPzI RPz2)- unit, hydrogen 

or alkyl from 1 to 6 carbon atoms; 

s is an integer from 2 to 20; 

ZP11  is -F, -Cl, -Br, -I, -At, -CN, -N3, -NCO, -OCN, -NCS or - 

SCN; 

(6) ,4--"%; 

* 0 
R 

(7) A\ 	, wherein RP  is halo, alkyl from 1 to 20 carbons, alkenyl from 

2 to 20 carbons, or alkynyl from 2 to 20 carbons, where the alkyl, allcenyl, and 

alkynyl are each optionally substituted with halo or pseudohalo; 

(8) furan or a substituted furan with alkyl from 1 to 20 carbons, alkenyl from 2 to 

20 carbons, or alkynyl from 2 to 20 carbons, where the alkyl, allcenyl, and 

alkynyl are each optionally substituted with halo or pseudohalo; or 

(9) thiophene or a substituted thiophene with alkyl from 1 to 20 carbons, alkenyl 

from 2 to 20 carbons, or alkynyl from 2 to 20 carbons, where the alkyl, 

alkenyl, and alkynyl are each optionally substituted with halo or pseudohalo. 

21. The method of claim 20, wherein LG is -Cl, -Br, -OH, or -0C(0)RA, 

wherein RA  is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, or allcynyl from 2 to 

20 carbons. 

22. The method of claim 20 or 21, wherein Li  is: 

0 

-FAA  LG 

optionally wherein A is a bond. 

23. The method of any of claims 20 to 22, wherein the compound of formula VIII 

is: 
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CH3 	CH3  
HO-CH2 -P-E 

CI-13  

wherein P is a polyolefin group and E is an end cap group; and 

the compound of formula DC is: 

/0 

1.3 
‘ 	n 

wherein LG is a leaving group and n is 1-4. 

24. The method of claim 20 or 21, wherein the method produces a compound of 

formula Vila: 

D4-L-T4P-E) ) 
s n 

Vila 

wherein: 

D is alkaryl from 7 to 20 carbons, aralkyl from 7 to 20 carbons, or Yp, where Y is aryl 

from 6 to 30 carbons, and p is an integer 

each L, independently is: 

from ) to 4; 

0 0 	2 
..11-- 

	, 	,, 	, 
+A-r°1-, or -{-A-S-Ot . A 	of A-A_o_i_ -1-A-MA01- 

wherein: 

each A, independently, is alkylene from 1 to 20 carbons, alkenylene 

from 2 to 20 carbons, alkynylene from 2 to 20 carbons. or a bond; and 

the oxygen is bonded to T; 

each T, independently, is a terpene; 

each P, independently, is a polyolefin group; 

each E, independently, is an end-cap group; 

n is an integer from I to 6; and 

each s, independently, is an integer of 1 or 2. 

25. The method of any of claims 1 to 24, wherein D is aralkyl from 7 to 20 

carbons or alkaryl from 7 to 20 carbons. 
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26. The method of any of claims 1 to 24, wherein D is Z(Y)„ wherein: 

each Y, independently, is aryl from 6 to 30 carbons; 

Z is alkyl from I to 20 carbons, alkenyl from 2 to 20 carbons, or allcynyl from 

2 to 20 carbons; 

L is bonded to a Y of the Z(Y)„ and 

r is an integer from I to 3. 

27. The method of any of claims 1 to 2A, wherein D is Yp, wherein Y is aryl from 

6 to 30 carbons and p is an integer from 1 to 4. 

28. The method of claim 26 or 27, wherein Y is phenyl. 

29. The method of any of claims 1 to 24, wherein D is phenyl. 

30. The method of any of claims I, 2, 4 to 19, and 24 to 29, wherein L is: 

0 

-FAA01-
, 

 

optionally wherein A is a bond. 

31. The method of any of claims 1, 3, 5 to 22, and 24 to 30, wherein T is a 

monoterpene. 

32. The method of any of claims 20 to 22 and 24 to 31, wherein T has structure of 

formula (i), (ii), or (iii): 

H3C 	1  

H3C 

CP CH3  H3C 02 	 CHs H3C 

v-......,__.„CH3 	143C sAr .rf 	H3 H3C CH3 
D2 	

\of 	
CH3 

(1) 	 (ii) 	 OW 
wherein: 

(1) 	if T has the formula (1), then T is substituted with 1-3 substituents, 

each of which is independently selected from the group consisting of halo, - 

OC(0)RA, 
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--ORA, -NC, -NCO, -OCN, -SH, -SR", -SCO)RA, -SCN, -NO2, and 

-OS(0)2RA, where RA  is alkyl from I to 20 carbons, alkenyl from 2 to 20 

carbons, or alkynyl from 2 to 20 carbons; and 

(2) 	s is 1 or 2; wherein: 

if s is 1, then one of DI  and D2  is H and the other is P-E; and 

ifs is 2, then each of DI  and D2, independently, is P-E. 

33. The method of claim 32, wherein s is 1. 

34. The method of claim 32 or 33, wherein T is: 

01  CH3 	CH3  

H3C 	 cH2 I 

35. The method of any of claims 1 and 5 to 22, wherein the telechelic polymer 

the following formula: 

has 

----M-- 	0 
( 	U ) -0-T-EP-E) 

-„_ 	 s n 

wherein s is an integer of 1 or 2 

36. The method of claim 35, wherein the telechelic polymer has the following 

foanula: 

0 	CH3 	H3C p,E 
( CH3  

37. The method of any of claims 1 to 36, wherein P is polyisobutylene. 

38. The method of any of claims 20 to 37, wherein E is 

Ha 
- K X 

CH3  

wherein X is a halide. 

39. The method or compound of any of claims 20 to 37, wherein E is: 

CH2  
-i-CH2-1/  

(1) 	 CH3. 
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(2) "1-•'.% ; 

(3) pyrrole or an N-substituted pyrrole with alkyl from 1 to 20 carbons, 

&buy! from 2 to 20 carbons, or alkynyl from 2 to 20 carbons; 

(4) -S-Rs", wherein Rs" is alkyl from 1 to 20 carbons, alkenyl from 2 to 

20 carbons, or alkynyl from 2 to 20 carbons, where the alkyl, alkenyl, 

and alkynyl are each optionally substituted with halo or pseudohalo; 

) — O 
'1 	

R 

(5) , wherein R is alkyl from I to 20 carbons, alkenyl from 2 

to 20 carbons, or alkynyl from 2 to 20 carbons, where the alkyl, 

alkenyl, and alkynyl are each optionally substituted with halo or 

pseudohalo; 

(6) haloalkyl from 1 to 20 carbons or pseudohaloalkyl from 1 to 20 

carbons; 

(7) -CH2CH=CHCB2-X, wherein X is halo; or 

* * 
RP 

(8) , wherein RP  is halo, alkyl from 1 to 20 carbons, 

alkenyl from 2 to 20 carbons, or alkynyl from 2 to 20 carbons, where 

the alkyl, alkenyl, and alkynyl are each optionally substituted with halo 

or pseudohalo. 

40. The method of any of claims 1 to 39, wherein the telechelic polymer has a 

polydispersity index of less than 2.5. 

41. A compound of formula VII: 

( E-T-L)--D4-L-T4P-E) 
)n s n 

VII VII 

wherein: 

D is alkaryl from 7 to 20 carbons, aralkyl from 7 to 20 carbons, or l'i,, where Y is aryl from 6 

to 30 carbons, and p is an integer from 1 to 4; 

each L, independently, is: 
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0 	9 
1-elL0-/- 4-A-0+ 1-4111C+ +A-P-O.1 

- or +A-g-01-. 

wherein each A, independently, is allcylene from 1 to 20 carbons, alkenylene from 2 

to 20 carbons, alkynylene from 2 to 20 carbons, or a bond; and 

the oxygen is bonded to T; 

each T, independently, is a terpene; 

each P. independently, is a polyolefin group; 

each E, independently, is an end-cap group; 

n and m are integers, wherein 

(1) the sum of n and m is from 1 to 6: and 

(2) n is at least I; and 

each s, independently, is an integer of 1 or 2; 

wherein each end-cap group is independently: 

CH2  
-1--CH2— 

(I) 	 CH3; 

r.----. 
N-(CRP"R"2),„—XPY  

'Av 
''''' (2) 	 , 

wherein Rim  and RPY2  arc independently in each -(CR YIRPY2)- unit selected 

from the group consisting of hydrogen and alkyl from I to 20 carbon atoms; 

m is an integer from Ito 20; and 

XPY  is selected from the group consisting of hydrogen, alkyl from 1 to 20 

carbons, aryl from 6 to 30 carbons, alkaryl from 7 to 20 carbons, alkoxy from 

1 to 6 carbons, nitro, ureido, -0C(0)RPY3, -C(0)RPY4, -C(0)01eY5, - 
POZPY153, 
-P(ORP")3, -SRPYI°, -0S03RPY11, and -S(0)RPY12; 

wherein RPY3  is alkyl from 1 to 20 carbons or allcenyl from 2 to 20 

carbons; and RPY4, RPYS, RP", RPY9, RPYICI, ell  I , and R"12  are alkyl 

from I to 20 carbons; 

H3C 	CH3  

(3) X 	
-Rs" 

, 
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wherein RSA  is alkyl from 1 to 20 carbons, aryl from 6 to 30 carbons, aralkyl 

-/-(CH2)13 	1 ° 
from 7 to 20 carbons, aLkaryl from 7 to 20 carbons, 

H 
-1-(CH2)1-3-r N  \ 	1-(CH2):1-i-iS  LI 	 i r(CH2)/,3-Xs 

, 

Hs' 
-1-(CH2)1,3  -0 -9 —R 84  

--(CH2),_3  - 0 -R8X
, 
	

i 
or 	 Hss 

wherein: 

Xs  is halo or a pseudohalide; 

Rsx  is alkyl from Ito 20 carbons or aryl from 6 to 30 carbons; 

Rs3  is teat-butyl; and 

e and Rss  are each, independently, alkyl from I to 20 

carbons, aryl from 6 to 30 carbons, aralkyl from 7 to 20 

carbons, or alkaryl from 7 to 20 carbons; 

RPH3  

(1 / 	''' 0 	(CRPH1RPH2)p_xPH 

(4) RPH4 	 , wherein: 

en and RPH2  are each, independently in each -(CRPHIRPH2) unit, -H or alkyl 

from 1 to 20 carbons, and p is an integer from 0-20, wherein: 

(a) if p is 0, then RPH3  and RPH4  are each, independently, alkyl from 1 to 20 

carbons, and 

XP" is -H; 

(b) if p is 1, then RPH3  and RPH4  are each, independently -H, alkyl from 1 

to 20 carbons, or allcoxy from 1 to 6 carbons, and 

XPH  is -H, alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, 

allcynyl from 2 to 20 carbons, alkaryl from 7 to 20 carbons, aralkyl 

HPH5  
-1-CSC-i-RPH6  

from 7 to 20 carbons, aryl from 6 to 30 carbons, or 	RPH7  , 

wherein RPH5-RPH7  are each, independently, alkyl from 1 to 20 carbons 

or aryl from 6 to 30 carbons; 

- 91 - 



(c) if p is 2, then RPH3  and RPH4  are each, independently -H, alkyl from 1 

to 20 carbons, or alkoxy from 1 to 6 carbons, and 

XPH  is -FL alkyl from I to 20 carbons, alkenyl from 2 to 20 carbons, 

alkynyl from 2 to 20 carbons, allcaryl from 7 to 20 carbons, aralkyl 

from 7 to 20 carbons, aryl from 6 to 30 carbons, alkoxy from 1 to 6 

carbons, -F, 

-01, -Br, -I, -At, -CN, -NCO, -OCN, -NCS, -SCN, -0C(0)RP", 

RPH5  
-i-A - Si -RPH6  

-C(0)ORP", _c(o) -rn loRpitti 	or 	RHI-88 

wherein: 

A is R -3C+ or a single bond, 

RPH5  to RP"' are each, independently, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 

20 carbons, allcaryl from 7 to 20 carbons, arallcyl from 7 

to 20 carbons, aryl from 6 to 30 carbons, alkoxy from 1 

to 6 carbons, hydroxy, _ermen% _F,  _ 	-Br, -1, Cl,  

or -At, 

RPH8  is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 

carbons, alkynyl from 2 to 20 carbons, alkaryl from 7 to 

20 carbons, or aryl from 6 to 30 carbons, and.  

RP" to RPHII  are each, independently, -H, alkyl from I to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 

20 carbons, alkaryl from 7 to 20 carbons, or aryl from 6 

to 30 carbons, 

or 

—0-(CRPhiRP112)P-XPN when 	 is ortho to RP", then XPH  and RP", 

togeth-r, with the atoms to which XPH  and RPH4  are attached, form a 

ring; and 

(d)  if p is 3-20, then RPH3  and RPH4  are each, independently -H, alkyl from 

1 to 20 carbons, or alkoxy from 1 to 6 carbons, and 

X is -H, alkyl from Ito 20 carbons, allcenyl from 2 to 20 carbons, 

alkynyl from 2 to 20 carbons, allcaryl from 7 to 20 carbons, arallcyl 
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from 7 to 20 carbons, aryl from 6 to 30 carbons, alkoxy from 1 to 6 

carbons, -OH, -F, -Cl, -Br, -I, -At, -CN, -NCO, -OCN, -NCS, - 

SCN, -0C(0)RPH8, 

RPHS 

-A-Si-RPHS 
-C(0)ORPH9, _c(0)NRPHIGRPIII 	RPH7 	, or -NRPHxRPHY; 

wherein: 

. 	-1-CEC1- A is 	or a single bond, 

RPm(  and RPHY  are each, independently, -H, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 

20 carbons, cycloalkyl from 3 to 10 carbons, aryl from 6 

to 30 carbons, or -C(0)Rna, 

wherein RPHz  is -H, alkyl from 1 to 20 carbons, alkenyl 

from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, cycloalkyl from 3 to 1.0 carbons, aryl 

from 6 to 30 carbons, -ORPHB, or  _NRam teal: ; 

RPHS to RPEF7  are each, independently, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, alkaryl from 7 to 20 carbons, arallcyl from 7 to 20 

carbons, aryl from 1 to 30 carbons, alkoxy from 1 to 6 carbons, 

hydroxy, -Nitm I °RPHI I  

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

RPHS  is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 

carbons, alkynyl from 2 to 20 carbons, allcaryl from 7 to 20 

carbons, or aryl from 6 to 30 carbons, and 

RPHP  to RPHI I  are each, independently, -H, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, alkaryl from 7 to 20 carbons, or aryl from 6 to 30 

carbons; 

ZPZI --1-1- N-(CRP21 RPz2)s 
(5) 

wherein: 
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RI°  and RPz2  are independently in each -(CRPzIRPz2)- unit, hydrogen 

or alkyl from Ito 6 carbon atoms; 

s is an integer from 2 to 20; 

f 1' is -F, -Cl, -Br, -I, -At, -CN, -N3, -NCO, -OCN, -NCS or - 

SCN; 

(6)  4-7  ..". 	; 

R 
(7)  A\ 	, wherein RP  is halo, alkyl from 1 to 20 carbons, alkenyl from 

2 to 20 carbons, or alkynyl from 2 to 20 carbons, where the alkyl, alkenyl, and 

alkynyl are each optionally substituted with halo or pseudohalo; 

(8)  furan or a substituted furan with alkyl from I to 20 carbons, alkenyl from 2 to 

20 carbons, or allcynyl from 2 to 20 carbons, where the alkyl, alkenyl, and 

alkynyl are each optionally substituted with halo or pseudohalo; or 

(9)  thiophene or a substituted thiophene with alkyl from I to 20 carbons, alkenyl 

from 2 to 20 carbons, or alkynyl from 2 to 20 carbons, where the alkyl, 

alkenyl, and alkynyl are each optionally substituted with halo or pseudohalo. 

42.  The compound of claim 41, wherein D is aralkyl from 7 to 20 carbons or 

alkaryl from 7 to 20 carbons. 

43.  The compound of claim 41 or 42, wherein D is Z(Y)„ wherein: 

each Y, independently, is aryl from 6 to 30 carbons; 

Z is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, or alkynyl from 

2 to 20 carbons; 

L is bonded to a Y of the Z(Y)r; and 

r is an integer from 1 to 3. 

44.  The compound of claim 41 or 42, wherein D is Yi„ wherein Y is aryl from 6 to 

30 carbons and pis an integer from 1 to 4. 

45.  The compound of claim 43 or 44, wherein Y is phenyl. 

46.  The compound of any of claims 41, 44, and 45, wherein D is phenyl. 
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47. 	The compound of any of claims 41 to 46, wherein L is: 

0 

-1-A0 2- 

optionally wherein A is a. bond. 

48. 	The compound of any of claims 41 to 47, wherein T is a monoterpene. 

49. 	The compound of claim 48, wherein T has the formula (i), (ii), or (iii): 

H3C 01  

(Y.') 
D CH3  HaC D2  D1  CHC D2  3 	H3

\--...,,_,X,,, H3C-NCH3  
CH3 	H C 	f< 	CH3  H3c 

D2 	 < 	 CH3  

(i) 	 (ii) 	 (iii) 

wherein: 

(1) if T has the formula (i), then T is substituted with 1-3 substituents, 

each of which is independently selected from the coup consisting of halo, - 

OC(0)RA, 

-ORA, -NC, -NCO, -OCN, -SH, -SRA, -SCO)RA, -SCN, -NO2, and 

-0S(0)2RA, where RA  is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 

carbons, or alkynyl from 2 to 20 carbons; and 

(2) s is 1 or 2; wherein: 

ifs is 1, then one of DI  and D2  is H and the other is P-E; and 

ifs is 2, then each of DI  and D2, independently, is P-E. 

50. The compound of any of claims 41 to 49, wherein s is 1. 

51. 	The compound of any of claims 41 to 50, wherein T is: 

Di CH3 	CH3  
CH21-  H C 

52. The compound of any of claims 41 and 44 to 47, wherein the compound has 

the following formula: 

0 
{ LO-T-fP-E)s

)
n 
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53.  The compound of claim 52, wherein the compound has the following formula: 

CH3 	H3C 
Ii 	

) p_E 
1 	IL 
(0 

L..,..-.) 	0 	 CH3  i
n 

 

54.  The compound of any of claims 41 and 44 to 47, wherein the compound has 

the following formula: 

0 	„...-.L., 	0 

55.  The 

II 	I: 	1 	( 	11  ( :)-7 0 	A ) 	A 	0-T-(P-E)s) n  

following formula: 

m ,&,,,.„„5.--,   

compound of claim 54, wherein the compound has the 

( 
E CH3 

CH3 	
) 
0 \ 	 CH3 	H3C 

P 
 E 

H3C 0 	ic,_4:-1  CH3  

56.  The compound of any of claims 41 to 55, wherein P is polyisobutylene. 

CH3  
X 

57.  

a halide. 

58.  

The 

The 

compound of any of claims 41 to 56, wherein E is 

compound of any of claims 41 to 56, wherein E is: 

CH3, wherein X is 

CH2  
-4-CH2- 

(1)  CH3. 

(2)  (IJI---- ; 

(3)  pyrrole or an N-substituted pyrrole with alkyl from 1 to 20 carbons, 

alkenyl from 2 to 20 carbons, or alkynyl from 2 to 20 carbons, where 

the alkyl, alkenyl, and alkynyl are each optionally substituted with halo 

or pseudohalo; 

(4)  -S-RSA, wherein RsA  is allcyl from I to 20 carbons, 

20 carbons, or alkynyl from 2 to 20 carbons, where 

and alkynyl are each optionally substituted with halo 

alkenyl from 2 to 

the alkyl, alkenyl, 

or pseudohalo; 
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wherei 

i— FOR 

(5)
K

, wherein R is alkyl from l to 20 carbons;  alkenyl from 2 

to 20 carbons, or alkynyl from 2 to 20 carbons, where the alkyl, 

alkenyl, and alkynyl are each optionally substituted with halo or 

pseudohalo; 

(6) haloalkyl or pseudohaloalkyl; 

(7) —CH2CH—CHCH2-X, wherein X is halo; or 

„...., 	0  
(8) , wherein RP is halo, alkyl from 1 to 20 carbons, 

alkenyl from 2 to 20 carbons, or alkynyl from 2 to 20 carbons, where 

the alkyl, alkenyl, and alkynyl are each optionally substituted with halo 

or pseudohalo. 

59. 	A compound of formula X: 

( 1\ 	I_ 	1  )
n 

 \ L 
1 ni

D \ L—T7P--E)
s 

 

X 

1: 

ID is al caryl from 7 to 20 carbons, aralkyl from 7 to 20 carbons, or Yp, where Y is aryl 

from 6 to 30 carbons, and p is an integer from 1 to 4; 

each L, independently, is: 

0 
0 _ _ 	_ 

A 	o 	- 	CH- 	Al 	(:). or 	
ii 
S-0-1- 

wherein: 

each A, independently, is alkylene from 1 to 20 carbons, alkenylene 

from 2 to 20 carbons, alkynylene from 2 to 20 carbons, or a bond; and 

the oxygen is bonded to T; 

each L', independently, is: 

	

0 	 0 
H 

	

k ) 	 Al—LG 	0 

TA 	LG" 	±A—LG - A-1\1=-C=0 	 S 
0 

 —LG 0 	, or 

wherein: 
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each A, independently, is alkylene from 1 to 20 carbons, alkenylene 

from 2 to 20 carbons, allcynylene from 2 to 20 carbons, or a bond; and 

LG is a leaving group 

each T, independently, is a terpene; 

each 1), independently, is a polyolefm group; 

each E, independently, is an end-cap group; 

n and m are integers, wherein: 

(1) the sum of m and n is from 2 to 6; and 

(2) m is at least 1; and 

(3) n is at least 1; and 

each s, independently, is an integer of 1 or 2; 

wherein each end-cap group is independently: 

pH2  
--1-CH2---4( 

(1) CH3; 

r.----- \ 
1 zr/r_ /N-(CEPY1RPY2)m—XPY 

(2) ''l,,, 	 , 

wherein RPYI  and RPY2 are independently in each -(CRPYIRPY2)- unit selected 

from the group consisting of hydrogen and alkyl from 1 to 20 carbon atoms; 

ra is an integer from 1 to 20; and 

XPY  is selected from the group consisting of hydrogen, alkyl from I to 20 

carbons, aryl from 6 to 30 carbons, alkaryl from 7 to 20 carbons, alkoxy from 

1 to 6 carbons, nitro, ureido, -0C(0)RPY3, -C(0)RPY4, -C(0)ORPYP, - 

P(RPY8)3, 

-P(ORPY9)3, -SRPYIP, --0803RPYI I , and --S(0)RPY12; 

wherein RPY3 is alkyl from 1 to 20 carbons or alkenyl from 2 to 20 

carbons; and RPY4, RPY5, 12,PY8, RPY9, RPYII°, RPYI I , and RPYI2  are alkyl 

from 1 to 20 carbons; 

H3C 	CH3  

(3) 
x 	S-RSA  

wherein RSA  is alkyl from 1 to 20 carbons, aryl from 6 to 30 carbons, aralkyl 

-HCH2/1-3---°  
from 7 to 20 carbons, alkaryl from 7 to 20 carbons,  
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H 
IICH2)i-a 	N 1-(CH2).1.2  

/ 	1--(CH2)1-3-Xs 	- 	CH2)/  ,3 -0 -RSX , 
or 

 

R83  [ 
-E(CH2)1,3-0-S!-RS4 

Rs5  

wherein: 

Xs  is halo or a pseudohalide; 

Rsx  is alkyl from 1 to 20 carbons or aryl from 6 to 30 carbons; 

R93  is tert-butyl; and 

Rs4  and Rs5  are each, independently, alkyl from 1 to 20 

carbons, aryl from 6 to 30 carbons, aralkyl from 7 to 20 

carbons, or alkaryl. from 7 to 20 carbons; 

RPH3  
r--1 

( 	)- 0 -(CRPH1  RPH2) - XPH  
k4  / 	

P 

(4) RPH4 	 , wherein: 
RPH and els  are each, independently in each -(CRI3Hi RsH2) unit, -H or alkyl 

from Ito 20 carbons, and p is an integer from 0-20, wherein: 

(a) if p is 0, then els  and RPH4 are each, independently, allcyl from 1 to 20 

carbons, and 

XrIll  is -H; 

(b) if p is 1, then RPH3  and RPH4  are each, independently -H, alkyl from 1 

to 20 carbons, or alkoxy from 1 to 6 carbons, and 
XPH is -H, alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, 

alkynyl from 2 to 20 carbons, alkaryl from 7 to 20 carbons, arallcyl 

RPH5  
1-C ac-i-RPH° 

from 7 to 20 carbons, aryl from 6 to 30 carbons, or 	RPH7 

wherein RI415-er  are each, independently, alkyl from 1 to 20 carbons 

or aryl from 6 to 30 carbons; 

(c) 	if p is 2, then en and RPH4  are each, independently -H, alkyl from I 

to 20 carbons, or alkoxy from 1 to 6 carbons, and 

X1313  is -H, alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, 

alkynyl from 2 to 20 carbons, ailcaryl from 7 to 20 carbons, aralkyl 
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from 7 to 20 carbons, aryl from 6 to 30 carbons, allcoxy from Ito 6 carbons, - 

F, 

-CI, -Br, -I, -At, -CN, -NCO, -OCN, -NCS, -SCN, -0C(0)RPH8, 
RPHS 

+A-4i-RPH6  
-C(0)ORPHP, -20)NRPHioem, or 	RPH7  

wherein: 

A is 1-CE:C+ or a single bond, 

RPH5  to RPH7  are each, independently, alkyl from I to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 

20 carbons, allcaryl from 7 to 20 carbons, aralkyl from 7 

to 20 carbons, aryl from 6 to 30 carbons, alkoxy fama I 

to 6 carbons, hydroxy, -NRPHIGRI1511, -F, -Cl, -Br, -I, 

or -At, 

RPH8  is alkyl from 1 to 20 carbons, alkenyl from 2 to 20 

carbons, allcynyl from. 2 to 20 carbons, alkaryl from 7 to 

20 carbons, or aryl from 6 to 30 carbons, and 

RPH8  to RPH" are each, independently, -H, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 

20 carbons, alkaryl from 7 to 20 carbons, or aryl from 6 

to 30 carbons, 

or 

when —0-(CRPH1RPH2);)-v 
A

PH 
is ortho t0 RPH4, then XPH  and eN4, 

together, with the atoms to which XPH  and e3/4  are attached, form a 

ring; and 

(d) if p is 3-20, then RPH3  and RPH4  are each, independently -H, alkyl from 

I to 20 carbons, or alkoxy from 1 to 6 carbons; and 

X is -H, alkyl from 1 to 20 carbons, alkenyl from 2 to 20 carbons, 

alkynyl from 2 to 20 carbons, alkaryl from 7 to 20 carbons, aralkyl 

from 7 to 20 carbons, awl from 6 to 30 carbons, alkoxy from 1 to 6 

carbons, -OH, -F, -Cl, -Br, -I, -At, -CN, -NCO, -OCN, -NCS, - 
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SCN, —0C(0)RHE9, 

RPH5  
+A - 4i -RPH6  

-C(0)ORPH9, -C(0)NRP111 DRPH1  I 	RPM 	
, 

or  _NRHaRPHY;  

wherein: 

CE isO- A 	or a single bond, 

R9Hz  and RPHY  are each, independently, —H, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 

20 carbons, cycloalkyl from 3 to 10 carbons, aryl from 6 

to 30 carbons, or —C(0)RHHz, 

wherein R9Hz  is —H, alkyl from 1 to 20 carbons, alkenyl 

from 2 to 20 carbons, alkynyl from. 2 to 20 

carbons, cycloalkyl from 3 to 10 carbons, aryl 

from 6 to 30 carbons, —ORPH9, or —NRHFH9RH9H1; 

R1415  to R9H2  are each, independently, alkyl from I to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, alkaryl from 7 to 20 carbons, aralkyl from 7 to 20 

carbons, aryl from 1 to 30 carbons, alkoxy from 1 to 6 carbons, 

hydroxy, —NR91112R9m!, 

—F, —Cl, —Br, —I, or —At, 

RPH8  is alkyl from I to 20 carbons, alkenyl from 2 to 20 

carbons, alicynyl from 2 to 20 carbons, alkaryl from 7 to 20 

carbons, or aryl from 6 to 30 carbons, and 

RHIll9  to RPHI I  are each, independently, —H, alkyl from 1 to 20 

carbons, alkenyl from 2 to 20 carbons, alkynyl from 2 to 20 

carbons, alkaryl from 7 to 20 carbons, or aryl from 6 to 30 

carbons; 

ZHz1  _Hrs-tr\N_(cRuzi Ruzz)s  i,„___ /.. 
(5) 

wherein: 

RHz' and R9z2  are independently in each —(CRPz3R9z2)- unit, hydrogen 

or alkyl from 1 to 6 carbon atoms; 

s is an integer from 2 to 20; 
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ZPZI is —F, —Cl, —Br, —1, —At, —CN, —N3, —NCO, —OCN, —NCS or — 

SCN; 

(6)  rii"----t>"--- ; 

, 	RP 
(7)  eti 	, wherein RP is halo, alkyl from I to 20 carbons, alkenyl from 

2 to 20 carbons, or allcynyl from 2 to 20 carbons, where the alkyl, alkenyl, and 

alkynyl are each optionally substituted with halo or pseudohalo; 

(8)  furan or a furan substituted with allcyl from I to 20 carbons, alkenyl from 2 to 

20 carbons, or aikynyl from 2 to 20 carbons, where the alkyl, alkenyl, and allcynyl are 

each optionally substituted with halo or pseudohalo; or 

(9)  thiophene or thiophene substituted with alkyl from Ito 20 carbons, alkenyl 

20 carbons, or alicynyl from 2 to 20 carbons, where the alkyl, alkenyl, and alicynyl from 2 to 

are each optionally substituted with halo or pseudohalo. 

60. The compound of claims 41 to 59, wherein the compound has a polydispersity 

index of less than 2.5. 
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