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[0005] In some embodiments, provided herein are methods for synthesizing a telechelic 

polymer comprising contacting a terpene initiator with a Lewis acid in the presence of one or 

more monomers, wherein the terpene initiator contains: 

(a) one or more tertiary carbons containing a leaving group, and  

(b) one or more functional groups, wherein the one or more functional groups are 

   bonded to a primary or secondary carbon and are unmodified under 

    polymerization conditions. 

[0006] Furthermore, provided herein are compounds having the following formula: 

 

wherein: 

 is a terpene moiety; 

X is a functional group attached to a primary or secondary carbon;  

P is a divalent polyolefin group; 

E is an end-cap group; 

 q is an integer from 1-5; and  

 n is an integer from 1-3. 

[0006a] In one aspect, there is provided a method for producing a telechelic polyolefin, 

comprising contacting a terpene initiator with a Lewis acid in the presence of one or more 

monomers, wherein the terpene initiator contains:  

(i) one or more tertiary carbons containing a leaving group, and  

(ii) one or more functional groups, wherein the one or more functional groups are 

bonded to a primary or secondary carbon and are unmodified under 

polymerization conditions; and 

wherein the terpene initiator is selected from: 

(a) , , and ; 

wherein: 

A
1
 and A

2
 are each, individually at each occurrence, a leaving 

group or –H, wherein at least one of A
1
 and A

2
 is a leaving group; and 
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where the leaving group is –Cl, –Br, –I, –OR
A
, –OC(O)R

A
, –

OTs, or  

–OMs, where R
A
 is alkyl having from 1 to 20 carbons; 

X is –OH, –F, –Cl, –Br, –I, =O, –OC(O)R
A
, –OR

A
, –NC, –

NCO,  

–OCN, –SH, –SR
A
, –S(O)R

A
, –S(O)2R

A
, –SCN, –NO2, or –OS(O)2R

A
, 

where R
A
 is alkyl having from 1 to 20 carbons, alkenyl having from 2 

to 20 carbons, or alkynyl having from 2 to 20 carbons, and X is bonded 

to a primary or secondary carbon; and  

n is an integer from 1 to 3; and 

(b) , , , and 

; 

wherein A
1
 and A

2
 are each, independently, –Cl, –Br, or –I;  

or 

wherein the terpene initiator is derived from a compound selected from: 

 , , , , 

, , 

, , 
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, , , 

and .. 

 

[0006b] In one aspect, there is provided a compound having the following 

formula:  

 

wherein: 

 is selected from: 

(a) , , and ; 

wherein: 

B
1
 and B

2
, independently at each occurrence, are H or a bond to 

P, wherein at least one of B
1
 and B

2
 is a bond to P; 

X is–OH, –F, –Cl, –Br, –I, –NC, –NCO, –OCN, –SH, –SR
A
,  

–S(O)R
A
, –S(O)2R

A
, –SCN, –OR

A
, –NO2, –OS(O)2R

A
, =O, or –

OC(O)R
A
, wherein R

A
 is alkyl having from 1 to 20 carbons, alkenyl 

having from 2 to 20 carbons, or alkynyl having from 2 to 20 carbons, 

and X is bonded to a primary or secondary carbon; 

n is an integer from 1 to 3; 

and 
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(b) , , , and 

;  

wherein B
1
 and B

2
 are each a bond to P; 

P is 

���

��� ���
� , wherein t is an integer from 2 to 20000;  

E is an end-cap group; and 

q is an integer from 1 to 2. 

 

4. DETAILED DESCRIPTION 

(a) DEFINITIONS 

[0007] 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. 

[0008] As used herein, “alkyl” refers to a uni-valent hydrocarbon group of about 1 to 

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

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

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

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

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

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

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

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

1. A method for producing a telechelic polyolefin, comprising contacting a 

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

terpene initiator contains:  

(i) one or more tertiary carbons containing a leaving group, and  

(ii) one or more functional groups, wherein the one or more functional groups are 

bonded to a primary or secondary carbon and are unmodified under 

polymerization conditions; and 

wherein the terpene initiator is selected from: 

(a) , , and ; 

wherein: 

A
1
 and A

2
 are each, individually at each occurrence, a leaving 

group or –H, wherein at least one of A
1
 and A

2
 is a leaving group; and 

where the leaving group is –Cl, –Br, –I, –OR
A
, –OC(O)R

A
, –OTs, or  

–OMs, where R
A
 is alkyl having from 1 to 20 carbons; 

X is –OH, –F, –Cl, –Br, –I, =O, –OC(O)R
A
, –OR

A
, –NC, –

NCO,  

–OCN, –SH, –SR
A
, –S(O)R

A
, –S(O)2R

A
, –SCN, –NO2, or –OS(O)2R

A
, 

where R
A
 is alkyl having from 1 to 20 carbons, alkenyl having from 2 

to 20 carbons, or alkynyl having from 2 to 20 carbons, and X is bonded 

to a primary or secondary carbon; and  

n is an integer from 1 to 3; and 

(b) , , , and 

; 

wherein A
1
 and A

2
 are each, independently, –Cl, –Br, or –I;  
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or 

wherein the terpene initiator is derived from a compound selected from: 

 , , , , 

, , 

, , 

, , 

, and . 

2. The method of claim 1, wherein the terpene initiator is selected from:  

, , and . 

3. The method of claim 1, wherein the telechelic polymer formed has the 

following formula:  

 

wherein: 

 is selected from:  
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, , and ; 

wherein: 

B
1
 and B

2
, independently at each occurrence, are H or a bond to P, 

wherein at least one of B
1
 and B

2
 is a bond to P; 

X is –OH, –F, –Cl, –Br, –I, =O, –OC(O)R
A
, –OR

A
,  

–NC, –NCO, –OCN, –SH, –SR
A
, –S(O)R

A
, –S(O)2R

A
, –SCN, –NO2, or  

–OS(O)2R
A
, wherein R

A
 is alkyl having from 1 to 20 carbons, alkenyl having 

from 2 to 20 carbons, or alkynyl having from 2 to 20 carbons, and X is bonded 

to a primary or secondary carbon; 

n is an integer from 1  to 3; 

P is a divalent polyolefin group; 

E is an end-cap group; and 

q is an integer from 1 to 2. 

4. The method of claim 2, wherein X is –OH, –OR
A
, –OC(O)R

A
, –F, –Cl, or –Br, 

wherein R
A
 is, independently at each occurrence, alkyl of 1-3 carbons.  

5. The method of claim 2, wherein X is –OH.  

6. The method of claim 2, wherein the leaving group is, independently at each 

occurrence, –Cl, –Br, –I, or –OC(O)R
N
, wherein R

N
 is alkyl having from 1 to 6 carbons.  

7. The method of claim 2, wherein n is 1. 

8. The method of claim 2, wherein A
1
 or A

2
 is H. 

9. The method of claim 2, wherein X is bonded to a primary carbon. 

10. The method of claim 2, wherein the terpene initiator is: 

 

wherein: 
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A
1
 and A

2
 are each individually a leaving group or –H, wherein at least one of A

1
 and 

A
2
 is a leaving group; and where the leaving group is –Cl, –Br, –I, –OR

A
, –OC(O)R

A
, –OTs, 

or  

–OMs, where R
A
 is alkyl having from 1 to 20 carbons; 

X is –OH, –F, –Cl, –Br, –I, =O, –OC(O)R
A
, –OR

A
, –NC, –NCO, –OCN, –SH, –SR

A
,  

–S(O)R
A
, –S(O)2R

A
, –SCN, –NO2, or –OS(O)2R

A
, where R

A
 is alkyl having from 1 to 20 

carbons, alkenyl having from 2 to 20 carbons, or alkynyl having from 2 to 20 carbons, and X 

is bonded to a primary or secondary carbon; and  

n is an integer from 1 to 3. 

11. The method of claim 10, wherein the terpene initiator is:  

 

wherein: 

A
1
 is a leaving group selected from –Cl, –Br, –I, –OR

A
, –OC(O)R

A
, –OTs, or –OMs, 

where R
A
 is alkyl having from 1 to 20 carbons; and 

X is –OH, –F, –Cl, –Br, –I, =O, –OC(O)R
A
, –OR

A
, –NC, –NCO, –OCN, –SH, –SR

A
,  

–S(O)R
A
, –S(O)2R

A
, –SCN, –NO2, or –OS(O)2R

A
, where R

A
 is alkyl having from 1 to 20 

carbons, alkenyl having from 2 to 20 carbons, or alkynyl having from 2 to 20 carbons. 

12. The method of claim 11, wherein the terpene initiator is:  

. 

13. The method of claim 1, wherein the terpene initiator is:  

, , , 

, , or 

; 



52 

 

wherein A
1
 and A

2
 are each, independently, –Cl, –Br, or –I. 

14. The method of claim 1, further comprising adding one or more quenching 

agents.  

15. The method of claim 14, wherein the quenching agent is: 

(a) allyltrimethylsilane; 

(b) methallyltrimethylsilane; 

(c) 1,1-diphenylethylene; 

(d) furan or a substituted furan; 

(e) thiophene or a substituted thiophene; 

(f) triphenylamine; 

(g) a compound having the following formula: 

 

wherein: 

R
1
 through R

8
 are independently hydrogen, alkyl from 1 to 20 carbon 

atoms, aryl from 6 to 30 carbon atoms, alkaryl from 7 to 30 carbon atoms, or 

aralkyl from 7 to 30 carbon atoms;  

R is hydrogen, alkyl from 1 to 20 carbon atoms, aryl from 6 to 30 

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

carbon atoms; and  

X
a
 is oxygen or sulfur; 

with the proviso that, when R is hydrogen or methyl, then R
1
, R

2
, R

7
 

and R
8
 must be other than hydrogen unless one of R

1
 and R

2
 and one of R

7
 and 

R
8
 are independently branched alkyl of 3 to 20 carbon atoms, aryl having from 

6 to 30 carbon atoms, alkaryl having from 7 to 30 carbon atoms, or aralkyl 

having from 7 to 30 carbon atoms; 

(h) a compound having the following formula: 

 

wherein R
SA

 and R
SB

 are each, independently, alkyl having from 1 to 20 

carbons, aryl having from 6 to 30 carbons, aralkyl having from 7 to 30 
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carbons, alkaryl having from 7 to 30 carbons, , 

, , , , or 

;  

wherein: 

X
S
 is halo or a pseudohalide; 

R
SX

 is alkyl having from 1 to 20 carbons or aryl having from 6 

to 30 carbons; 

R
S3

 is tert-butyl; and  

R
S4

 and R
S5

 are each, independently, alkyl having from 1 to 20 

carbons, aryl having from 6 to 30 carbons, aralkyl having from 7 to 30 

carbons, or alkaryl having from 7 to 30 carbons;  

or 

(i)  butadiene. 

16. The method of claim 14, wherein the quenching agent is 1-(2-

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

cyanoethyl)pyrrole, or 1-(2-azidoethyl)pyrrole. 

17. The method of claim 14, wherein the quenching agent is diethylsulfide, 

dipropylsulfide, diisopropylsulfide, diallylsulfide, or diisoamylsulfide.  

18. The method of claim 14, wherein the quenching agent is anisole, 3-

bromopropoxybenzene, �-chlorophenetole, allyl phenyl ether, isopropyl phenyl ether, 2,6-di-

tert-butylphenol, 11-phenoxy-1-undecanol, 6-phenoxy-1-hexanol, 4-phenoxy-1-butanol, tert-

butyl(3-phenoxy-1-propynyl)diphenylsilane, 2,3-dihydrobenzofuran, chlorodimethyl(3-

phenoxypropyl)silane, or trichloro(3-phenoxypropyl)silane.  

19. The method of claim 3, wherein the end-cap group is:  

(a) ; 
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(b) , wherein X
b
 is a halide; 

(c) ; 

(d) a 1-substituted-1,1-diaryl ethylene group; 

(e) furyl or a substituted furyl; 

(f) thienyl or a substituted thienyl; 

(g) triphenylamino; or 

(h) ,  

wherein R
SA

 is alkyl having from 1 to 20 carbons, aryl having from 6 to 30 

carbons, aralkyl having from 7 to 30 carbons, alkaryl having from 7 to 30 

carbons, , , , 

, , or ; 

wherein: 

X
S
 is halo or a pseudohalide; 

R
SX

 is alkyl having from 1 to 20 carbons or aryl having from 6 

to 30 carbons; 

R
S3

 is tert-butyl; and  

R
S4

 and R
S5

 are each, independently, alkyl having from 1 to 20 

carbons, aryl having from 6 to 30 carbons, aralkyl having from 7 to 30 

carbons, or alkaryl having from 7 to 30 carbons. 

20. The method of claim 3, wherein P is  

 

wherein t is an integer from 2 to 20,000. 

21. The method of claim 1, wherein the one or more monomers is isobutene.  

22. The method of claim 1, wherein the one or more monomers is styrene.  
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23. The method of claim 1, wherein the Lewis acid is a titanium halide, an 

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

24. The method of claim 23, wherein the Lewis acid is TiCl4. 

25 The method of claim 1, wherein the method is performed in the presence of 

one or more electron donors. 

26. The method of claim 25, 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.  

27. The method of claim 1, wherein the method is performed in the presence of a 

common ion salt precursor selected from tetra-n-butylammonium chloride, tetra-n-

butylammonium bromide, and tetra-n-butylammonium iodide. 

28. The method of claim 14, wherein greater than 90% of the monomer is 

consumed prior to adding the quenching agent. 

29. The method of claim 14, 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. 

30. The method of claim 1, wherein the Lewis acid is deactivated with one or 

more terminators. 

31. The method of claim 14, wherein the Lewis acid is deactivated with one or 

more terminators after adding the one or more quenching agents. 

32. The method of claim 3, wherein the Lewis acid is deactivated with one or 

more terminators and E is a tert-halide. 

33. The method of claim 1, wherein the telechelic polyolefin has a polydispersity 

index of less than 1.9. 

34. The method of claim 1, wherein the monomer is polymerized under 

quasiliving polymerization conditions. 
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35. The method of claim 1, wherein the terpene initiator is derived by 

hydrohalogenation of a unsaturated terpene. 

36. The method of claim 1, wherein the terpene initiator is derived from a 

compound selected from: 

, , , 

, 
, , 

, 
, , 

, 
, 

and 

. 

37. The method of claim 36, wherein the terpene initiator is derived from:  

. 

38. A compound having the following formula:  

 

wherein: 

 is selected from: 
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(a) , , and ; 

wherein: 

B
1
 and B

2
, independently at each occurrence, are H or a bond to 

P, wherein at least one of B
1
 and B

2
 is a bond to P; 

X is–OH, –F, –Cl, –Br, –I, –NC, –NCO, –OCN, –SH, –SR
A
,  

–S(O)R
A
, –S(O)2R

A
, –SCN, –OR

A
, –NO2, –OS(O)2R

A
, =O, or –

OC(O)R
A
, wherein R

A
 is alkyl having from 1 to 20 carbons, alkenyl 

having from 2 to 20 carbons, or alkynyl having from 2 to 20 carbons, 

and X is bonded to a primary or secondary carbon; 

n is an integer from 1 to 3; 

and 

(b) , , , and 

;  

wherein B
1
 and B

2
 are each a bond to P; 

P is , wherein t is an integer from 2 to 20000;  

E is an end-cap group; and 

q is an integer from 1 to 2. 

39. The compound of claim 38, wherein X is –OH, –OR
A
, –OC(O)R

A
, –F, –Cl, or  

–Br, wherein R
A
 is, independently at each occurrence, alkyl of 1-3 carbons.  

40. The compound of claim 38, wherein n is 1.  

41. The compound of claim 38, wherein X is bonded to a primary carbon. 
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42. The compound of claim 38, wherein X is bonded to a secondary carbon. 

43. The compound of claim 38, wherein  is: 

. 

44. The compound of claim 38, wherein  is:  

. 

45. The compound of claim 38, wherein  is 

, , , 

, 
, 

or ; 

wherein B
1
 and B

2
 are a bond to P. 

46. The compound of claim 38, wherein the end-cap group is:  

(a) ; 

(b) , wherein X
b
 is a halide; 

(c) ; 

(d) a 1-substituted-1,1-diaryl ethylene group; 

(e) furyl or a substituted furyl; 

(f) thienyl or a substituted thienyl;  
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(g) triphenylamino; or 

 (h) ,  

wherein R
SA

 is alkyl having from 1 to 20 carbons, aryl having from 6 to 30 

carbons, aralkyl having from 7 to 30 carbons, alkaryl having from 7 to 30 

carbons, , , , 

, , or ; 

wherein: 

X
S
 is halo or a pseudohalide; 

R
SX

 is alkyl having from 1 to 20 carbons or aryl having from 6 to 30 

carbons; 

R
S3

 is tert-butyl; and  

R
S4

 and R
S5

 are each, independently, alkyl having from 1 to 20 

carbons, aryl having from 6 to 30 carbons, aralkyl having from 7 to 30 

carbons, or alkaryl having from 7 to 30 carbons. 

47. The compound of claim 38, wherein the compound has a polydispersity index 

of less than 1.9.  

 


