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(57) ABSTRACT 
A method for making a polymer comprising the step of 
synthesizing a polymer by employing a chain transfer agent 
having the formula (II) 

<11) 

Where X and Y are independently selected from oxygen, 
sulfur, and fully-substituted nitrogen Where R1 and R2 are 
independently selected from hydrogen, halogen, or an 
organic group, With the proviso that at least one of R1 or R2 
be hydrogen or halogen, R3 is an organic group, R4 and R5 
are independently selected organic groups. 
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NOVEL CHAIN TRANSFER AGENTS 

[0001] This application claims the bene?t of pending US. 
Provisional Patent Application No. 60/103,532, ?led on Oct. 
8, 1998. 

[0002] This invention Was made With government support 
under a grant aWarded by The National Science Foundation. 
The government may have certain rights to the invention. 

TECHNICAL FIELD 

[0003] This invention relates to chain transfer agents use 
ful in free radical polymerization. Speci?cally, the present 
invention is directed toWard addition-fragmentation, phos 
phorus-containing chain transfer agents. These agents are 
conveniently synthesiZed by the PerkoW reaction. 

BACKGROUND OF THE INVENTION 

[0004] Chain transfer agents are moieties that react With a 
groWing polymer radical, causing the groWing chain to 
terminate While creating a neW reactive species capable of 
initiating polymeriZation. Chain transfer agents are useful 
for controlling the molecular Weights of polymers, for 
reducing gelation When polymeriZations and copolymeriZa 
tions involving diene monomers are conducted, and for 
preparing polymers and copolymers With useful chemical 
functionality at their chain ends. The latter application 
requires that the chain transfer agent be appropriately sub 
stituted With the desired chemical functionality. Molecules 
With multiple chain transfer functionalities can be used for 
the synthesis of complicated polymer architectures such as 
block copolymers, graft copolymers, and polymers With star 
structures. 

[0005] Most chain transfer agents contain carbon-halogen, 
sulfur-hydrogen, silicon-hydrogen, or sulfur-sulfur bonds. 
Except for those that have sulfur-sulfur bonds, these agents 
cannot be designed to impart useful chemical functionality 
at both ends of a polymer chain. The most Widely used chain 
transfer agents contain sulfur-hydrogen bonds and are 
knoWn as mercaptans. The loWer molecular Weight agents, 
such as butyl mercaptan, have the disadvantage of being 
very odiferous. The higher molecular Weight agents have the 
disadvantage of being expensive. 

[0006] Another disadvantage of the chain transfer agents 
of the prior art is that their reactivities toWard groWing 
polymer radicals are usually considerably different than the 
reactivities of the monomers involved in the polymeriZa 
tions. This makes it difficult to obtain uniform products. 

[0007] A relatively neW class of chain transfer agents for 
free radical polymeriZation and copolymeriZation reactions 
include “addition-fragmentation” reagents that add to a 
groWing polymer and the resulting adduct fragments to form 
a stable polymer molecule and a neW free radical that is able 
to initiate the polymeriZation of a neW polymer molecule. 
The addition-fragmentation polymeriZation of styrene in the 
presence of ot-benZyloxystyrene, for example, is shoWn in 
FIG. 1. 

[0008] As another example, many addition-fragmentation 
reagents cause polymeriZation reactions to yield mac 
romonomers, Which are polymers that contain at their end a 
group that is capable of polymeriZing With other monomers. 
An example of this is the polymeriZation of styrene in the 
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presence of the dimer of methyl methacrylate. This occurs as 
shoWn in FIG. 2, yielding a product With a reactive double 
bond at its chain end. CopolymeriZation of this macromono 
mer With an acrylate ester, for example, can yield an acrylate 
polymer With a polystyrene graft, as also shoWn in FIG. 2. 
The macromonomer can also behave as a macrotransfer 

agent and yield a block copolymer. 

[0009] Many prior art addition/fragmentation chain trans 
fer agents, hoWever, contain allylic hydrogens. These sub 
stituents cause the reagents to be sensitive to oxidation 
during storage. Also, allylic hydrogens can participate in 
chain transfer reactions that compete With the addition 
fragmentation capability of the reagents. 

[0010] Another draWback to many of the addition-frag 
mentation chain transfer agents knoWn heretofore in the art 
is the synthesis of the compounds. That is, many prior art 
chain transfer agents can only be prepared by expensive, 
tedious, and dangerous procedures. Indeed, some com 
pounds can only be prepared by using organomercury com 
pounds. For example, ot-benZyloxystyrene, Which has been 
used as a chain transfer agent, is very dif?cult to synthesiZe 
inasmuch as knoWn synthesis techniques require an orga 
nomercury catalyst that leads to health and disposal prob 
lems. 

[0011] Thus, there is a need for improved chain transfer 
agents, especially addition-fragmentation chain transfer 
agents, that do not suffer from many of the draWbacks 
associated With chain transfer agents knoWn heretofore in 
the art. 

SUMMARY OF INVENTION 

[0012] It is therefore an object of the present invention to 
provide a neW class of chain transfer agents that are useful 
for controlling the molecular Weights, end functionality, and 
structures of polymers. 

[0013] It is another object of the present invention to 
provide a method for chain transfer during free radical 
polymeriZation using novel reagents. 

[0014] It is a further object of the present invention to 
provide a neW class of polymers With phosphorus-containing 
end groups. 

[0015] It is another object of the present invention to 
provide polymers With improved homogeneity and a method 
for preparing the same. 

[0016] It is yet another object of the present invention to 
provide addition-fragmentation reagents that have little or 
no noxious odor. 

[0017] It is still another object of the present invention to 
provide chain transfer agents for free radical polymeriZation 
that are easy and economical to synthesiZe and versatile in 
their applications. 

[0018] It is a further object of the present invention is to 
provide a neW class of chain transfer agents Whose reactivi 
ties can be tailored to be similar to those of the monomers 
being employed during polymeriZation; this Will advanta 
geously result in the monomer and chain transfer agent 
being consumed together at the same or similar rates. 

[0019] It is another object of the present invention to 
provide a neW class of chain transfer agents that are poly 
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meric in nature and thereby are useful in the synthesis of 
polymers and copolymers having a Wide range of molecular 
architectures. 

[0020] At least one or more of the foregoing objects, 
together With the advantages thereof over the knoWn art 
relating to chain transfer agents, Which shall become appar 
ent from the speci?cation that folloWs, are accomplished by 
the invention as hereinafter described and claimed. 

[0021] In general the present invention provides a method 
for making a polymer comprising the step of synthesiZing a 
polymer by employing a chain transfer agent having the 
formula (II) 

(II) 

I 
R1 X—P—R5 

\czc/ | 
\ R4 

R4 R3 

[0022] Where X and Y are independently selected from 
oxygen, sulfur, and fully-substituted nitrogen Where R1 and 
R2 are independently selected from hydrogen, halogen, or an 
organic group, With the proviso that at least one of R1 or R2 
be hydrogen or halogen, R3 is an organic group, R4 and R5 
are independently selected organic groups. 

[0023] The present invention also includes a method for 
making a polymer comprising the step of synthesiZing a 
polymer by employing a chain transfer agent having the 
formula (I) 

(I) 

[0024] Where Y is selected from oXygen, sulfur, and fully 
substituted nitrogen, X is selected from oxygen, sulfur, and 
fully-substituted nitrogen, R1, R2 and R3 are independently 
selected from moieties that Will alloW the [3 carbon to have 
a high reactivity With a free radical, and R4 and R5 are 
independently selected moieties. 

[0025] The present invention further includes a polymer 
iZation process comprising the steps of initiating a free 
radical polymeriZation, and effecting chain transfer With a 
reagent selected from the group including vinyl esters of a 
phosphorus containing acid, vinyl thioesters of a phosphorus 
acid, vinyl amides of a phosphorus acid, vinyl esters of a 
thiophosphorus acid, vinyl thio esters of a thiophosphorus 
acid, and vinyl amides of a thiophosphorus acid. 

[0026] The present invention still further includes a 
method of controlling the molecular Weight of polymers 
resulting from a free radical polymeriZation including the 
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step of carrying out a free radical polymeriZation in the 
presence of a chain transfer agent having the formula (II) 

(II) 

I 
R1 /X—I|’—R5 
C=C\ R4 

R2 R3 

[0027] Where X and Y are independently selected from 
oXygen, sulfur, and fully-substituted nitrogen Where R1 and 
R2 are independently selected from hydrogen, halogen, or an 
organic group, With the proviso that at least one of R1 or R2 
be hydrogen or halogen, R3 is an organic group, R4 and R5 
are independently selected organic groups. 

[0028] The present invention also includes a chain transfer 
agent having the formula (II) 

<11) 

[0029] Where X and Y are independently selected from 
oXygen, sulfur, and fully-substituted nitrogen Where R1 and 
R2 are independently selected from hydrogen, halogen, or an 
organic group, With the proviso that at least one of R1 or R2 
be hydrogen or halogen, R3 is an organic group, R4 and R5 
are independently selected organic groups. 

PREFERRED EMBODIMENT FOR CARRYING 
OUT THE INVENTION 

[0030] It has noW been discovered that a neW class of 
compounds are highly effective as chain transfer agents for 
use in free radical polymeriZation. These novel chain trans 
fer agents can generally be de?ned by the formula (I) 

(I) 

[0031] Where X and Y are independently selected from 
oXygen, sulfur, or fully-substituted nitrogen, R1, R2, and R3 
are independently selected substituent groups that alloW the 
carbon to be rapidly reacted With a free radical during free 
radical polymeriZation, R 4 and R5 are independently selected 
substituent groups that Will not deleteriously affect the chain 
transfer capability of the compound. By rapidly reacted, it 
should be understood that the rate of reaction should be 
comparable to the rate of polymeriZation of the monomers 
being reacted in the free radical polymeriZation. Preferably, 
a comparable rate of polymeriZation is Within one order of 
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magnitude of the rate of the free radical polymerization 
being carried out. The skilled artisan Will readily recognize 
that the substituents R1, R2, and R3 can impact the reactivity 
of the [3 carbon With a free radical. Namely, R1 and R2 can 
offer steric hindrance to radicals and thereby diminish the 
reactivity of the chain transfer agent. For this reason, it is 
preferred that at least one of R1 or R2 include a small atom 
such as hydrogen or a small halogen such as ?uorine. When 
a small atom such as hydrogen or ?uorine is present for R1 
or R2, the remaining R1 or R2 substituent can be selected 
from a host of groups. For example, R1 or R2 can include a 
vinyl or substituted vinyl group that Will yield a conjugated 
1,3-diene compound that Would be a very reactive chain 
transfer agent. R3 is preferably a group or moiety that can 
facilitate the reactivity of the chain transfer agent toWard 
free radicals. It is Well knoWn that aromatic groups, such as 
phenyl, substituted phenyl, naphthyl, substituted naphthyl, 
pyridyl groups etc. . . . , carbonyl groups of aldehydes, 

ketones and esters, heterocyclic groups, isocyanate groups, 
etc. . . . , have this capability, and the skilled artisan Will have 

no dif?culty recogniZing these groups. The substituent R3 
can also include a group or moiety that Will be present at one 
chain end of the polymer that results from the chain transfer 
reaction. The skilled artisan Will also recogniZe that the 
substituents R4 and R5 can impact chain transfer because 
they can in?uence the stability of the phosphorus-centered 
radical that results from the fragmentation step and thus 
in?uence the ease of the fragmentation step. If the groups R4 
and R5 have large steric requirements, they can hinder the 
reaction of the chain transfer agent With a radical, but once 
radical addition has occurred, the fragmentation step Will be 
enhanced. The term fully substituted nitrogen shall refer to 
a nitrogen atom that is not substituted With a hydrogen atom. 
As the skilled artisan Will recogniZe, the nitrogen atom can 
be alkylated, arylated, or substituted With various organic 
groups as de?ned herein. 

[0032] Based upon the foregoing instruction, it is Well 
Within the ability of the skilled artisan to select substituents 
for the groups R1, R2, R3, R4, and R5 Without undue 
experimentation. As Will become evident hereinbeloW, there 
are a host of starting reactants, many of Which are commer 
cially available, that can be selected to prepare various 
species of the genus of compounds de?ned by the formula 
1. The skilled artisan Will likeWise appreciate the bene?t of 
certain substituents for R1, R2, R3, R4, and R5, as the 
substituents may impart special reactivity toWard particular 
types of polymer radicals, or may impart a capability to 
prepare useful chemical functionalities at the ends of the 
polymers, or even a means to construct particular polymer 
architectures such as block and graft copolymers, dendrim 
ers, etc. For example, the substituent R3 may be selected to 
impart chemical functionality to an end of a polymer that is 
formed When the chain transfer agent of the present inven 
tion is employed. R3 may also be a group that connects the 
remaining substituents of the chain transfer agent to a 
polymer chain in a macrofer, Which is a polymeric chain 
transfer agent. Still further, R3 Will have a large affect on the 
reactivity of the chain transfer agent toWard polymer radi 
cals and can be selected to enhance the reactivity of the 
chain transfer agent toWard particular types of polymer 
radicals. For example, When the monomer being polymer 
iZed has a high electron af?nity, such as an acrylate ester or 
acrylonitrile, it is desirable that R3be an electron-donating 
group such as a phenyl group. Conversely, When the mono 
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mer has a loW ioniZation potential, such as styrene or a vinyl 
ether, it is desirable that R3 be an electron-accepting group 
such as a cyano group. R4 and R5 can be selected With the 
intent of functionaliZing the end of the resulting polymer, as 
it should be appreciated from this Written description that 
upon chain transfer, the substituents R4 and R5 Will be 
located at one terminal end of the resulting polymer. 

[0033] The skilled artisan Will also be able to select 
various useful and preferred substituents based upon the 
environment in Which the free radical polymeriZation is 
conducted. For example, the substituents may be selected as 
a function of the solvent employed because the substituents 
selected can impact the solubility of the chain transfer agent 
in various solvents. 

[0034] In one embodiment of the present invention, the 
novel chain transfer agents can be selected from vinyl esters 
of phosphorus-containing acids, vinyl thio esters of phos 
phorus-containing acids, vinyl amides of phosphorus-con 
taining acids, vinyl esters of thio phosphorus-containing 
acids, vinyl thio esters of thiophosphorus-containing acids, 
and vinyl amides of thio phosphorus-acids. It should be 
understood that for purposes of this embodiment, the term 
vinyl is generally used and therefore shall include those 
vinyl based substituents that are substituted, so long as the 
substitution Will not adversely affect the performance of the 
chain transfer agent. The skilled artisan Will be able to 
readily select a host of substituents that can be employed to 
substitute the vinyl substituent Within the scope of the above 
description. 

[0035] In a preferred embodiment of the present invention, 
the novel chain transfer agents are de?ned by the formula 

(11> 

<11) 

[0036] Where X and Y are independently selected from 
oxygen, sulfur or fully-substituted nitrogen, and R1, R2, and 
R3 are independently selected from organic groups, With the 
proviso that at least one of R1 or R2 is selected from 
hydrogen and halogen, R4 and R5 are independently selected 
from halogen, and organic groups. Preferably, R4 and R5 are 
organic groups. The term fully-substituted nitrogen shall be 
the same as above. Preferably, at least one of R1 and R2 is 
selected from hydrogen and ?uorine. 

[0037] Non-limiting examples of organic groups or moi 
eties for R1 and/or R2 include vinyl, alkoxy, substituted 
alkoxy, aryloxy, substituted aryloxy, l-styryl, l-chlorovinyl, 
l-?uorovinyl, nitrile, ester (i.e., —COOR), l-phenylvinyl, 
aldehyde, and ketone groups. Non-limiting examples of 
organic groups for R3 include vinyl, substituted vinyl, phe 
nyl, substituted phenyl, naphthyl, substituted naphthyl, ester 
(i.e., —COOR), nitrile, ketone, aldehyde, heterocyclic, 
amide, and carboxylic acid groups. And, non-limiting 
examples of organic groups for R4 and/or R3 include alkyl, 
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aryl, alkoXy, substituted alkoXy, aryloXy, substituted aryloXy, 
substituted alkyl, substituted aryl, dialkylamino, alkylthio 
hydroXyl, and arylthio. 

[0038] Speci?c examples of those chain transfer agents 
de?ned by the formulas (I) and (II) include, for example and 
Without limitation, ot-diphenylphosphinyl oXystyrene, 
diethyl ot-styryl phosphate, diphenyl l-(phenylketovinyl) 
phosphate, ot-(methoXy phenylphosphonyloXy)-p-chlorosty 
rene, phenyl ot-diphenylphosphinyloXyacrylate, and 2-pro 
penyl diphenylphosphinate. These compounds can be rep 
resented by the following formulas: 

/ / 

“no no 
0 0 ||/ @ 

0 

O 

[0039] It should also be understood that the substituents 
R1, R2, R3, R4, and R5 can contribute to a cyclic species. For 
eXample, the joining of R4 and R5 contribute to the folloWing 
compounds: 
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[0040] Likewise, R2and R3 can connect and form the 
folloWing eXemplary compounds: 
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O O O 

[0041] It should be understood that chain transfer agents 
de?ned by the formulas (I) and (II) include various multi 
functional chain transfer agents. For example, Where R3 is 
attached to a multi-valent substituent, the chain transfer 
agents of the present invention can include those de?ned by 
the formula (III) 

(III) 

[0042] Where Z is a multi-valent atom or moiety, R3 is a 
bond, a divalent atom, or divalent moiety, R1, R2, R4, and R5 
are de?ned as above for formula (II), X and Y are de?ned as 

above, and n is an integer from 2 to about 20. Non-limiting 
examples of multi-valent atoms or moieties that are useful 

for the substituent Z include silicon, carbon, boron, nitrogen, 
oxygen, sulfur, a polymer backbone, a triaZine or other 
heterocyclic ring, and an aromatic ring. Non-limiting 
examples of divalent atoms or moieties that are useful for R3 
include disubstituted carbon, oxygen, disubstituted silicon, 
o-, m-, or p-phenylene, o-, m-, or p-substituted phenylene, 
o-, m-, or p-oxyphenylene, phenyleneoxyphenylene, ethyl 
eneoxycarbonyl, 2,6-napthylene, phenyleneoxycarbonyl, 
ethylenecarbonyl, phenylenecarbonyl, alkenylamide, phe 
nylenyl, substituted aryloxy, and heterocyclic amide groups. 

[0043] In another example, Where R4 or R5 include a 
multi-valent substituent, the chain transfer agents of the 
present invention can include those de?ned by the formula 

(IV) 
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(IV) 

[0044] Where Z is a multi-valent atom or moiety, R4 is a 
bond, divalent atom, or divalent moiety, R1, R2, R3 and R5 
are de?ned as above for formula (II), X and Y are de?ned as 
above, and n is an integer from 2 to about 20. Non-limiting 
examples of multi-valent atoms or moieties that are useful 
for the substituent Z include silicon, carbon, boron, nitrogen, 
oxygen, sulfur, a polymeric backbone, a triaZine or other 
heterocyclic ring, and an aromatic ring. And, non-limiting 
examples of organic groups for R4 include disubstituted 
carbon, oxygen, disubstituted silicon, o-, m-, p-phenylene, 
substituted 0-, m-, or p-substituted phenylene, o-, m-, or 
p-oxyphenylene, phenyleneoxyphenylene, ethyleneoxycar 
bonyl, 2,6-napthylenyl, phenyleneoxycarbonyl, ethylenecar 
bonyl, phenyleneccarbonyl, alkenylamide, phenylenyl 
amide, substituted aryloxy, and heterocyclic groups. It 
should be understood that multi-valent substituent can 
include R4 or R5 inasmuch as an analogous or equivalent 
compound Will result in either situation. 

[0045] In another example, Where R1 or R2 include a 
multi-valent substituent, the chain transfer agents of the 
present invention can include those de?ned by the formula 
(V) 

(V) 

[0046] Where Z is a multi-valent atom or moiety, R1 is a 
bond, divalent atom, or divalent moiety, R2, R3, R4 and R5 
are de?ned as above for formula (II), X and Y are de?ned as 
above, and n is an integer from 2 to about 20. Non-limiting 
examples of multi-valent atoms or moieties that are useful 
for the substituent Z include silicon, carbon, boron, nitrogen, 
oxygen, sulfur, a polymeric backbone, a triaZine or other 
heterocyclic ring, and an aromatic ring. And, non-limiting 
examples of organic groups for R4 include disubstituted 
carbon, oxygen, disubstituted silicon, o-, m-, p-phenylene, 
substituted 0-, m-, or p-substituted phenylene, o-, m-, or 
p-oxyphenylene, phenyleneoxyphenylene, ethyleneoxycar 
bonyl, 2,6-napthylenyl, phenyleneoxycarbonyl, ethylenecar 
bonyl, phenylenecarbonyl, alkenylamide, phenylenyl amide, 
substituted aryloxy, and heterocyclic groups. It should be 
understood that multi-valent substituent can be positioned at 
either R1 or R2 inasmuch as both structures are equivalent 
and/or analogous; the only difference lies in the formation of 
a cis or trans structure. 

[0047] Speci?c examples of those chain transfer agents 
de?ned by the formulas (III) and (IV) include, for example 
and Without limitation, structures such as: 
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C/O—P(C6H5)2 
CH2=C CH2 

O—P(C6H5)2 

[0048] In another embodiment of the present invention the 
chain transfer agents of the present invention are polymeric 
in nature. In other Words, at least one of R1, R2, R3, R4, or 
R5 of formulas (I) or (II) are divalent substituents linking the 
agent to a polymer, or R1, R2, R3, R4, or R5 are simply bonds 
that link the agent to a polymer. For purposes of this 
speci?cation, these polymeric chain transfer agents may be 
referred to as macrofers. In one example, Where R3 is 
attached a polymeric chain, the macrofers of the present 
invention can be de?ned by the formula (VI) 

(VI) 

[0049] Where R1, R2, R4, R5, X and Y are de?ned as above 
for formula (11), n is one to about 5,000, R3 is a bond, a 
divalent atom, or a divalent moiety as described for formula 
(III), hereinabove, and the polymer, represented by 'ww, 
can include any polymeric structure. The polymeric struc 
ture can include any homopolymer, copolymer, terpolymer 
and the like, Where the copolymers can be random, block or 
statistical copolymer arrangements. It should be understood 
that the macrofer de?ned by the formula VI can have 
betWeen one and 5,000 units that contain R3 and its comple 
mentary substituents. It should likeWise be understood, 
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hoWever, that the entire polymeric structure is not eXclu 
sively comprised of these units. In fact, it is preferred that 
the macrofer include a larger number of other units, i.e., 
monomeric units, than the number of units containing R3. 
Furthermore, it should be understood that the units contain 
ing R3 can be dispersed along the polymeric structure in a 
random, block or statistical distribution. This Will remain 
true for all macrofers de?ned Within this speci?cation. 

[0050] In another eXample, R4 is attached to a polymer 
chain and, therefore, the macrofers of the present invention 
can be de?ned by the formula (VII) 

(v11) 

[0051] Where R1, R2, R3, R5, X, and Y are de?ned as above 
for formula (11), n is one to about 5,000, R4 is a bond, a 
divalent atom, or a divalent moiety as described for formula 
(IV), hereinabove, and the polymer, m, can include any 
polymeric structure. The units containing R4 can be dis 
persed along the polymeric structure in a random, block or 
statistical distribution. 

[0052] In yet another eXample, Where R2 is attached to a 
polymer chain, the macrofers of the present invention can be 
de?ned by the formula (VIII) 
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(VIII) 

[0053] Where R1, R3, R4, R5, X, and Y are de?ned as above 
for formula (II), n is one to about 5,000, R2 is a bond, a 
divalent atom, or a divalent moiety as described for R3 and 
R4 in formulas (V) and (VI), hereinabove, and the polymer, 
M, can include any polymeric structure. The units con 
taining R2 can be dispersed along the polymeric structure in 
a random, block, or statistical distribution. 

[0054] With further reference to the polymeric structure, 
M, in the foregoing formulas, it should be understood that 
the present invention should not be limited to any particular 
polymer chosen. As noted, the polymer can include any 
homopolymer, copolymer, and the like that is synthesiZed by 
any number of techniques knoWn in the art including poly 
meriZation and polycondensation. Examples of the polymer 
chains that can contain groups active in chain transfer 
reactions include those polymers prepared from styrenes, 
acrylate esters, methacrylate esters, unsaturated nitrites, 
ot,[3-unsaturated acids, ot,[3-unsaturated ketones, vinyl 
halides, vinylidene halides, vinyl esters, vinyl ethers, anhy 
drides of unsaturated acids, etc. The transfer functionality 
can be at the chain ends and/or dispersed along the polymer 
chain backbone or copolymer. The polymer chains can also 

0 o \C/ Q 
0 CH2 0 

< ) II II C—O—P 

II II 

(CHCHZ). 
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be part of a cross-linked netWork. Further, the polymers can 
be polycondensates, such as polyesters, polyamides, poly 
ethers, polyurethanes, polycarbonates, polysulfones, phe 
nolic resins, aminoplasts, epoxy resins, etc. The polymers 
can also include natural polymers such as natural rubber. 
There is no limitation to the structure of the polymer or to 
the number of transfer moieties it can contain, except that it 
must contain at least one chain transfer group per chain as 
exempli?ed in the foregoing formulas. 

[0055] In another embodiment, the chain transfer agents of 
the present invention can actually be incorporated Within the 
backbone of a polymeric structure. This is best exempli?ed 
and de?ned by the formula (IX) 

(IX) 

[0056] Where R1, R4, R5, X, and Y are as de?ned above for 
formula (II), n is one to about 5,000, and the polymer, M, 
can include any polymeric structure. It should be understood 
that R2 and R3 are actually incorporated Within the poly 
meric backbone. The unit containing the chain transfer 
functionality and be dispersed along the polymeric structure 
in a random, block, or statistical distribution. 

[0057] Speci?c examples of the macrofers de?ned by 
formulas (VI), (VII), (VIII) and (IX) include, for example 
and Without limitation, the folloWing structures: 

CH2 0 2 

w. 






























