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(57) ABSTRACT 

The present invention relates to macromonomer compounds 
possessing antioxidant properties, antioxidant polymers 
comprising the antioxidant macromonomers as a recurring 
unit, and methods of inhibiting oxidation in a substance 
comprising contacting the substance With the antioxidant 
polymers. In one embodiment, substantially all of the recur 
ring macromonomeric units of the antioxidant polymers 
comprise an antioxidant moiety. In another embodiment, all 
of the recurring macromonomer units of the antioxidant 
polymers comprise an antioxidant moiety. The method of the 
present invention, yields antioxidant polymers With substan 
tially all of the recurring units comprising an antioxidant 
moiety. These antioxidant polymers have greater bulk anti 
oxidative properties than previously knoWn. 
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ANTI-OXIDANT MACROMONOMERS AND 
POLYMERS AND METHODS OF MAKING AND 

USING THE SAME 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of US. Appli 
cation No. 60/590,575, ?led on Jul. 23, 2004 and US. 
Application No. 60/590,646, ?led on Jul. 23, 2004. The 
entire teachings of the above applications are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Most organic materials such as plastics, foods, 
elastomers, fuels, oils, gasoline and lubricants, ?bers are 
susceptible to degradation due to thermal oxidative pro 
cesses. Harmful, reactive and unstable free radicals are 
formed during the oxidation process and attack the nearby 
stable molecules (polymer chains or small molecules) of the 
materials, “stealing” their electron. The ‘attacked’ molecule 
loses its electron, resulting itself a free reactive radical to 
initiate a cascade of chain reactions. Deterioration of their 
molecular structures as a result of oxidation processes Would 
affect their shelf life, physical and chemical properties. 
These oxidative reactions are further enhanced at elevated 
temperatures. The antioxidant molecules are normally added 
to protect materials against such destructive effects of harm 
ful and reactive free radicals. These antioxidants neutraliZe 
these reactive free radicals by donating one of their electrons 
to stabiliZe “reactive” free radicals thus stopping the electron 
‘stealing’ mechanism. 

[0003] In many of today’s commercial and industrial 
applications it is desirable to have antioxidants that possess 
(a) enhanced antioxidant properties, and (b) active and 
thermally stable at elevated temperatures. Designing of neW 
antioxidants possessing these tWo desired properties is 
essential today for the folloWing reasons: The amount of 
synthetic antioxidant added to some materials, especially in 
processed food products, is restricted and need to folloW 
Food and Drug Administration (FDA) regulations (for 
example, 21 CFR 110,115,185,515 and 615, 21 CFR 
182.1660, 3169 and 3173, and 21 CFR 184.1660). In most 
cases the usage is limited to 0.02% by Weight in fat or oil 
portion of food because some antioxidants such as BHA 
(butylated hydroxy anisole) and BHT (butylated hydroxy 
toluene) are suspected to be carcinogenic beyond certain 
concentration. It is desirable to design neW antioxidants 
possessing enhanced antioxidant activities so that the mate 
rials are protected With loWer amount of synthetic antioxi 
dants. In the case of other applications, thermally stable 
antioxidants are required to protect the materials at high 
temperatures. For instance, many polyole?ns and thermo 
plastics are processed at elevated temperatures. At these 
elevated temperatures, some of the antioxidants used today 
are themselves prone to degradation at these elevated tem 
peratures. There is a need for antioxidants that are stable and 
active at elevated temperatures so that the neW antioxidants 
could be used in high temperature material applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 depicts a) the 1H NMR spectrum of 4-ac 
etoxy benZoic acid, b) the 1H NMR spectrum of 3,5-di-tert 
butyl-4-hydroxy benZyl alcohol, c) the 1H NMR spectrum of 
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the macromonomer formed from 4-acetoxy benZoic acid and 
3,5-di-tert-butyl-4-hydroxy benZyl alcohol (compound 1), d) 
the 1H NMR spectrum of the macromonomer formed from 
deacetylation of acetylated monomer (compound 1), and e) 
the 1H NMR spectrum of macromonomer 6. 

[0005] FIG. 2 depicts a) the 1H NMR spectrum of poly 
(macromonomer compound 1) formed from deacetylation of 
acetylated monomer (compound 1) and b) the 1H NMR 
spectrum of poly(macromonomer compound 6). 

[0006] FIG. 3 depicts the comparison of oxidative induc 
tion time (OIT) (min) of polypropylene samples containing 
200 ppm of polymeric macromonomer antioxidant (polymer 
1) (trace tWo) and Irganox 1010 (trace one). 

SUMMARY OF THE INVENTION 

[0007] The present invention relates to macromonomer 
compounds possessing antioxidant properties, antioxidant 
polymers comprising the antioxidant macromonomers as a 
recurring unit, and methods of inhibiting oxidation in a 
substance comprising contacting the substance With the 
antioxidant polymers. In one embodiment, substantially all 
of the recurring macromonomeric units of the antioxidant 
polymers comprise an antioxidant moiety. In another 
embodiment, all of the recurring macromonomer units of the 
antioxidant polymers comprise an antioxidant moiety. This 
is achieved by polymeriZing macromonomers Which com 
prise an antioxidant moiety already, as opposed to polymer 
iZing monomers comprising active functional groups and 
then derivatiZing the resulting polymer With antioxidant 
molecules. The latter method is inef?cient because not all 
active functional groups are accessible for reaction Within 
the interior mass of the polymeric chains. The method of the 
present invention, hoWever, yields antioxidant polymers 
With substantially all of the recurring units comprising an 
antioxidant moiety. The inventors therefore disclose anti 
oxidant polymers having greater bulk antioxidative proper 
ties than previously knoWn. 

[0008] In certain embodiments, the antioxidative poly 
mers of the present invention have a greater antioxidative 
effect than an equal amount (ppm) of antioxidant monomers 
as measured by isothermal oxidative induction time (OIT). 
The increased effect can be by as much as 100, 150, 200, 
250, 300, 350, 385, or 400%. 

[0009] In other embodiments, compositions comprising 
the antioxidative polymers of the present invention are 
disclosed. These compositions are less prone to oxidation 
due to the presence of the antioxidative polymers. The 
compositions may also further comprise non-polymer anti 
oxidants such as BHT. In this Way both short term and longer 
term stability toWards oxidation is achieved due to different 
diffusion rates of the large and small molecules. 

[0010] These embodiments of the present invention, other 
embodiments, and their features and characteristics, Will be 
apparent from the description, draWings and claims that 
folloW. 

DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

[0011] For convenience, before further description of the 
present invention, certain terms employed in the speci?ca 
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tion, examples and appended claims are collected here. 
These de?nitions should be read in light of the remainder of 
the disclosure and understood as by a person of skill in the 
art. Unless de?ned otherWise, all technical and scienti?c 
terms used herein have the same meaning as commonly 
understood by a person of ordinary skill in the art. 

[0012] The articles “a” and “an” are used herein to refer to 
one or to more than one (i.e. to at least one) of the 
grammatical object of the article. By Way of example, “an 
element” means one element or more than one element. 

[0013] The terms “comprise” and “comprising” are used 
in the inclusive, open sense, meaning that additional ele 
ments may be included. 

[0014] The term “including” is used herein to mean 
“including but not limited to”. “Including” and “including 
but not limited to” are used interchangeably. 

[0015] The term “antioxidant” is art-recogniZed and refers 
to any of various compounds that are added to substances in 
order to reduce the effect of oxidation and the accompanying 
degradation of properties. Non-limiting examples of sub 
stances that utiliZe antioxidants include paints, plastics, 
gasoline, rubber, and food products. 

[0016] The term “oxidation” is art-recogniZed and refers 
to any reaction in Which one or more electrons are removed 

from a species, thus increasing its valence (oxidation state). 

[0017] The term “radical” is art-recogniZed and refers to 
an electrically neutral or ionic group having one or more 
unpaired electrons. 

[0018] The term “substance” is used herein to mean any 
physical entity, commonly homogeneous, that occurs in 
macroscopic amounts. 

[0019] The term “polymer” is art-recogniZed and refers to 
a macromolecule comprising a repeating monomeric unit. 
The term “polymer” also encompasses copolymers. 

[0020] The term “monomer” is art-recogniZed and refers 
to a compound that is able to combine in long chains With 
other like or unlike molecules to produce polymers. The 
terms “macromonomer” and “monomer” are considered 
functionally the same. 

[0021] The term “homopolyer” is art-recogniZed and 
refers to a polymer derived by a single repeating monomer. 

[0022] The term “copolymer” is art-recogniZed and refers 
to a polymer that is composed of polymer chains made up of 
tWo or more chemically different repeating units that can be 
in different sequences. 

[0023] The phrase “bulky alkyl group” is used herein to 
mean an alkyl group branched alpha or beta to a group, such 
as a benZene ring. The bulky alkyl group may be branched 
tWice alpha to a benZene ring (i.e., to form an alpha-tertiary 
carbon), such as in a t-butyl group. Other non-limiting 
examples of a bulky alkyl group include isopropyl, 2-butyl, 
3-pentyl, 1,1-dimethlypropyl, 1-ethyl-1-methylpropyl, and 
1,1-diethylpropyl. 

[0024] The term “enzyme” is art-recogniZed and refers to 
a protein that catalyZes reactions Without itself being per 
manently altered or destroyed. 
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[0025] The term “enZyme mimetic” is art-recogniZed and 
refers to any substance that mimics the activity of an 
enzyme. 

[0026] The term “catalyst” is art-recogniZed and refers to 
any substance that affects the rate of a chemical reaction 
Without itself being consumed ore essentially altered. 

[0027] The term “synthetic” is art-recogniZed and refers to 
production by in vitro chemical or enZymatic synthesis. 

[0028] The term “instructional material” or “instructions” 
includes a publication, a recording, a diagram, or any other 
medium of expression Which can be used to communicate 
the usefulness of a subject composition described herein for 
a method of treatment or a method of making or using a 
subject composition. The instructional material may, for 
example, be af?xed to a container Which contains the 
composition or be shipped together With a container Which 
contains the composition or be contained in a kit With the 
composition. Alternatively, the instructional material may be 
shipped separately from the container With the intention that 
the instructional material and the composition be used 
cooperatively by the recipient. 

[0029] The terms “number average molecular Weight”, or 
“Mn”, “Weight average molecular Weight”, “Z-average 
molecular Weight” and “viscosity average molecular 
Weight” are art-recogniZed. When the term “molecular 
Weight” or an exemplary molecular Weight is described 
herein, the measure of molecular Weight Will be clear from 
the context and/or Will include all applicable measures. 

[0030] “Small molecule” is an art-recogniZed term. In 
certain embodiments, this term refers to a molecule Which 
has a molecular Weight of less than about 2000 amu, or less 
than about 1000 amu, and even less than about 500 amu. 

[0031] The term “aliphatic” is an art-recogniZed term and 
includes linear, branched, and cyclic alkanes, alkenes, or 
alkynes. In certain embodiments, aliphatic groups in the 
present invention are linear or branched and have from 1 to 
about 20 carbon atoms. 

[0032] The term “alkyl” is art-recogniZed, and includes 
saturated aliphatic groups, including straight-chain alkyl 
groups, branched-chain alkyl groups, cycloalkyl (alicyclic) 
groups, alkyl substituted cycloalkyl groups, and cycloalkyl 
substituted alkyl groups. In certain embodiments, a straight 
chain or branched chain alkyl has about 30 or feWer carbon 
atoms in its backbone (e.g., CJL-C3O for straight chain, C3-C3O 
for branched chain), and alternatively, about 20 or feWer. 
LikeWise, cycloalkyls have from about 3 to about 10 carbon 
atoms in their ring structure, and alternatively about 5, 6 or 
7 carbons in the ring structure. The term “alkyl” is also 
de?ned to include halosubstituted alkyls. 

[0033] The term “aralkyl” is art-recogniZed, and includes 
alkyl groups substituted With an aryl group (e.g., an aromatic 
or heteroaromatic group). 

[0034] The terms “alkenyl” and “alkynyl” are art-recog 
niZed, and include unsaturated aliphatic groups analogous in 
length and possible substitution to the alkyls described 
above, but that contain at least one double or triple bond 
respectively. 

[0035] Unless the number of carbons is otherWise speci 
?ed, “loWer alkyl” refers to an alkyl group, as de?ned above, 
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but having from one to ten carbons, alternatively from one 
to about siX carbon atoms in its backbone structure. Like 
Wise, “lower alkenyl” and “loWer alkynyl” have similar 
chain lengths. 

[0036] The term “heteroatom” is art-recogniZed, and 
includes an atom of any element other than carbon or 
hydrogen. Illustrative heteroatoms include boron, nitrogen, 
oxygen, phosphorus, sulfur and selenium, and alternatively 
oXygen, nitrogen or sulfur. 

[0037] The term “aryl” is art-recogniZed, and includes 5-, 
6- and 7-membered single-ring aromatic groups that may 
include from Zero to four heteroatoms, for eXample, ben 
Zene, pyrrole, furan, thiophene, imidaZole, oXaZole, thiaZole, 
triaZole, pyraZole, pyridine, pyraZine, pyridaZine and pyri 
midine, and the like. Those aryl groups having heteroatoms 
in the ring structure may also be referred to as “aryl 
heterocycles”“heteroaryls,” or “heteroaromatics.” The aro 
matic ring may be substituted at one or more ring positions 
With such substituents as described above, for eXample, 
halogen, aZide, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, 
hydroXyl, alkoXyl, amino, nitro, sulfhydryl, imino, amido, 
phosphonate, phosphinate, carbonyl, carboXyl, silyl, ether, 
alkylthio, sulfonyl, sulfonamido, ketone, aldehyde, ester, 
heterocyclyl, aromatic or heteroaromatic moieties, —CF3, 
—CN, or the like. The term “aryl” also includes polycyclic 
ring systems having tWo or more cyclic rings in Which tWo 
or more carbons are common to tWo adjoining rings (the 
rings are “fused rings”) Wherein at least one of the rings is 
aromatic, e.g., the other cyclic rings may be cycloalkyls, 
cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls. 

[0038] The terms ortho, meta and para are art-recogniZed 
and apply to 1,2-, 1,3- and 1,4-disubstituted benZenes, 
respectively. For eXample, the names 1,2-dimethylbenZene 
and ortho-dimethylbenZene are synonymous. 

[0039] The terms “heterocyclyl” and “heterocyclic group” 
are art-recogniZed, and include 3- to about 10-membered 
ring structures, such as 3- to about 7-membered rings, Whose 
ring structures include one to four heteroatoms. Hetero 
cycles may also be polycycles. Heterocyclyl groups include, 
for example, thiophene, thianthrene, furan, pyran, isoben 
Zofuran, chromene, Xanthene, phenoXathiin, pyrrole, imida 
Zole, pyraZole, isothiaZole, isoXaZole, pyridine, pyraZine, 
pyrimidine, pyridaZine, indoliZine, isoindole, indole, inda 
Zole, purine, quinoliZine, isoquinoline, quinoline, phthala 
Zine, naphthyridine, quinoXaline, quinaZoline, cinnoline, 
pteridine, carbaZole, carboline, phenanthridine, acridine, 
pyrimidine, phenanthroline, phenaZine, phenarsaZine, phe 
nothiaZine, furaZan, phenoXaZine, pyrrolidine, oXolane, thi 
olane, oXaZole, piperidine, piperaZine, morpholine, lactones, 
lactams such as aZetidinones and pyrrolidinones, sultams, 
sultones, and the like. The heterocyclic ring may be substi 
tuted at one or more positions With such substituents as 

described above, as for eXample, halogen, alkyl, aralkyl, 
alkenyl, alkynyl, cycloalkyl, hydroXyl, amino, nitro, sulfhy 
dryl, imino, amido, phosphonate, phosphinate, carbonyl, 
carboXyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde, 
ester, a heterocyclyl, an aromatic or heteroaromatic moiety, 
—CF3, —CN, or the like. 

[0040] The terms “polycyclyl” and “polycyclic group” are 
art-recogniZed, and include structures With tWo or more 
rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls 
and/or heterocyclyls) in Which tWo or more carbons are 
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common to tWo adjoining rings, e.g., the rings are “fused 
rings”. Rings that are joined through non-adjacent atoms, 
e.g., three or more atoms are common to both rings, are 

termed “bridged” rings. Each of the rings of the polycycle 
may be substituted With such substituents as described 
above, as for eXample, halogen, alkyl, aralkyl, alkenyl, 
alkynyl, cycloalkyl, hydroXyl, amino, nitro, sulfhydryl, 
imino, amido, phosphonate, phosphinate, carbonyl, car 
boXyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde, 
ester, a heterocyclyl, an aromatic or heteroaromatic moiety, 

—CF3, —CN, or the like. 

[0041] The term “carbocycle” is art recogniZed and 
includes an aromatic or non-aromatic ring in Which each 
atom of the ring is carbon. The ?oWing art-recogniZed terms 
have the folloWing meanings: “nitro” means —NO2; the 
term “halogen” designates —F, —Cl, —Br or —I; the term 
“sulfhydryl” means —SH; the term “hydroXyl” means 
—OH; and the term “sulfonyl” means —SO2—. 

[0042] The terms “amine” and “amino” are art-recogniZed 
and include both unsubstituted and substituted amines, e.g., 
a moiety that may be represented by the general formulas: 

Wherein R50, R51 and R52 each independently represent a 
hydrogen, an alkyl, an alkenyl, —(CH2)m-R61, or R50 and 
R51, taken together With the N atom to Which they are 
attached complete a heterocycle having from 4 to 8 atoms in 
the ring structure; R61 represents an aryl, a cycloalkyl, a 
cycloalkenyl, a heterocycle or a polycycle; and m is Zero or 
an integer in the range of 1 to 8. In certain embodiments, 
only one of R50 or R51 may be a carbonyl, e.g., R50, R51 
and the nitrogen together do not form an imide. In other 
embodiments, R50 and R51 (and optionally R52) each 
independently represent a hydrogen, an alkyl, an alkenyl, or 
—(CH2)m—R61. Thus, the term “alkylamine” includes an 
amine group, as de?ned above, having a substituted or 
unsubstituted alkyl attached thereto, i.e., at least one of R50 
and R51 is an alkyl group. 

[0043] The term “acylamino” is art-recogniZed and 
includes a moiety that may be represented by the general 
formula: 

Wherein R50 is as de?ned above, and R54 represents a 
hydrogen, an alkyl, an alkenyl or —(CH2)m—R61, Where m 
and R61 are as de?ned above. 

[0044] The term “amido” is art recogniZed as an amino 
substituted carbonyl and includes a moiety that may be 
represented by the general formula: 
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O 

l / N 

R5 0 

wherein R50 and R51 are as de?ned above. Certain embodi 
ments of the amide in the present invention Will not include 
imides Which may be unstable. 

[0045] The term “alkylthio” is art recognized and includes 
an alkyl group, as de?ned above, having a sulfur radical 
attached thereto. In certain embodiments, the “alkylthio” 
moiety is represented by one of —S-alkyl, —S-alkenyl, 
—S-alkynyl, and —S—(CH2)m—R61, Wherein m and R61 
are de?ned above. Representative alkylthio groups include 
methylthio, ethyl thio, and the like. 

[0046] The term “carbonyl” is art recogniZed and includes 
such moieties as may be represented by the general formu 
las: 

O O 

)k R55 i xso/ \xso R56 

Wherein X50 is a bond or represents an oxygen or a sulfur, 

and R55 represents a hydrogen, an alkyl, an alkenyl, 
—(CH2)m—R61 or a pharmaceutically acceptable salt, R56 
represents a hydrogen, an alkyl, an alkenyl or —(CH2)m— 
R61, Where m and R61 are de?ned above. Where X50 is an 
oxygen and R55 or R56 is not hydrogen, the formula 
represents an “ester”. Where X50 is an oxygen, and R55 is 
as de?ned above, the moiety is referred to herein as a 
carboxyl group, and particularly When R55 is a hydrogen, 
the formula represents a “carboxylic acid”. Where X50 is an 
oxygen, and R56 is hydrogen, the formula represents a 
“formate”. In general, Where the oxygen atom of the above 
formula is replaced by sulfur, the formula represents a 
“thiocarbonyl” group. Where X50 is a sulfur and R55 or R5 6 
is not hydrogen, the formula represents a “thioester.” Where 
X50 is a sulfur and R55 is hydrogen, the formula represents 
a “thiocarboxylic acid.” Where X50 is a sulfur and R56 is 
hydrogen, the formula represents a “thioformate.” On the 
other hand, Where X50 is a bond, and R55 is not hydrogen, 
the above formula represents a “ketone” group. Where X50 
is a bond, and R55 is hydrogen, the above formula represents 
an “aldehyde” group. 

[0047] The terms “alkoxyl” or “alkoxy” are art recogniZed 
and include an alkyl group, as de?ned above, having an 
oxygen radical attached thereto. Representative alkoxyl 
groups include methoxy, ethoxy, propyloxy, tert-butoxy and 
the like. An “ether” is tWo hydrocarbons covalently linked 
by an oxygen. Accordingly, the substituent of an alkyl that 
renders that alkyl an ether is or resembles an alkoxyl, such 
as may be represented by one of —O-alkyl, —O-alkenyl, 
—O-alkynyl, —O—(CH2)m—R61, Where m and R61 are 
described above. 
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[0048] The term “sulfonate” is art recogniZed and includes 
a moiety that may be represented by the general formula: 

in Which R57 is an electron pair, hydrogen, alkyl, cycloalkyl, 
or aryl. 

[0049] The term “sulfate” is art recogniZed and includes a 
moiety that may be represented by the general formula: 

O 

in Which R57 is as de?ned above. 

[0050] The term “sulfonamido” is art recogniZed and 
includes a moiety that may be represented by the general 
formula: 

R50 0 

in Which R50 and R56 are as de?ned above. 

[0051] The term “sulfamoyl” is art-recogniZed and 
includes a moiety that may be represented by the general 
formula: 

in Which R50 and R51 are as de?ned above. 

[0052] The term “sulfonyl” is art recogniZed and includes 
a moiety that may be represented by the general formula: 

in Which R58 is one of the folloWing: hydrogen, alkyl, 
alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl or heteroaryl. 
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[0053] The term “sulfoxido” is art recognized and includes 
a moiety that may be represented by the general formula: 

0 

// 

R58 

in Which R58 is de?ned above. 

[0054] The term “phosphoramidite” is art recognized and 
includes moieties represented by the general formulas: 

Wherein Q51, R50, R51 and R59 are as de?ned above. 

[0055] The term “phosphonamidite” is art recogniZed and 
includes moieties represented by the general formulas: 

Wherein Q51, R50, R51 and R59 are as de?ned above, and 
R60 represents a loWer alkyl or an aryl. 

[0056] Analogous substitutions may be made to alkenyl 
and alkynyl groups to produce, for example, aminoalkenyls, 
aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalk 
enyls, iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl 
substituted alkenyls or alkynyls. 

[0057] The de?nition of each expression, e.g. alkyl, m, n, 
etc., When it occurs more than once in any structure, is 
intended to be independent of its de?nition elseWhere in the 
same structure unless otherWise indicated expressly or by 
the context. 

[0058] The term “selenoalkyl” is art recogniZed and 
includes an alkyl group having a substituted seleno group 
attached thereto. Exemplary “selenoethers” Which may be 
substituted on the alkyl are selected from one of —Se-alkyl, 

—Se-alkenyl, —Se-alkynyl, and —Se—(CH2)m—R61, m 
and R61 being de?ned above. 

[0059] The terms tri?yl, tosyl, mesyl, and nona?yl are 
art-recogniZed and refer to tri?uoromethanesulfonyl, p-tolu 
enesulfonyl, methanesulfonyl, and nona?uorobutanesulfo 
nyl groups, respectively. The terms tri?ate, tosylate, mesy 
late, and nona?ate are art-recogniZed and refer to 
tri?uoromethanesulfonate ester, p-toluenesulfonate ester, 
methanesulfonate ester, and nona?uorobutanesulfonate ester 
functional groups and molecules that contain said groups, 
respectively. 
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[0060] The abbreviations Me, Et, Ph, Tf, Nf, Ts, and Ms 
are art recogniZed and represent methyl, ethyl, phenyl, 
tri?uoromethanesulfonyl, nona?uorobutanesulfonyl, p-tolu 
enesulfonyl and methanesulfonyl, respectively. Amore com 
prehensive list of the abbreviations utiliZed by organic 
chemists of ordinary skill in the art appears in the ?rst issue 
of each volume of the Journal of Organic Chemistry; this list 
is typically presented in a table entitled Standard List of 
Abbreviations. 

[0061] Certain monomeric subunits of the present inven 
tion may exist in particular geometric or stereoisomeric 
forms. In addition, polymers and other compositions of the 
present invention may also be optically active. The present 
invention contemplates all such compounds, including cis 
and trans-isomers, R- and S-enantiomers, diastereomers, 
(D)-isomers, (L)-isomers, the racemic mixtures thereof, and 
other mixtures thereof, as falling Within the scope of the 
invention. Additional asymmetric carbon atoms may be 
present in a substituent such as an alkyl group. All such 

isomers, as Well as mixtures thereof, are intended to be 
included in this invention. 

[0062] If, for instance, a particular enantiomer of a com 
pound of the present invention is desired, it may be prepared 
by asymmetric synthesis, or by derivation With a chiral 
auxiliary, Where the resulting diastereomeric mixture is 
separated and the auxiliary group cleaved to provide the 
pure desired enantiomers. Alternatively, Where the molecule 
contains a basic functional group, such as amino, or an 

acidic functional group, such as carboxyl, diastereomeric 
salts are formed With an appropriate optically active acid or 
base, folloWed by resolution of the diastereomers thus 
formed by fractional crystalliZation or chromatographic 
means Well knoWn in the art, and subsequent recovery of the 
pure enantiomers. 

[0063] It Will be understood that “substitution” or “sub 
stituted With” includes the implicit proviso that such sub 
stitution is in accordance With permitted valence of the 
substituted atom and the substituent, and that the substitu 
tion results in a stable compound, e.g., Which does not 
spontaneously undergo transformation such as by rearrange 
ment, cycliZation, elimination, or other reaction. 

[0064] The term “substituted” is also contemplated to 
include all permissible substituents of organic compounds. 
In a broad aspect, the permissible substituents include acy 
clic and cyclic, branched and unbranched, carbocyclic and 
heterocyclic, aromatic and nonaromatic substituents of 
organic compounds. Illustrative substituents include, for 
example, those described herein above. The permissible 
substituents may be one or more and the same or different 

for appropriate organic compounds. For purposes of this 
invention, the heteroatoms such as nitrogen may have 
hydrogen substituents and/or any permissible substituents of 
organic compounds described herein Which satisfy the 
valences of the heteroatoms. This invention is not intended 
to be limited in any manner by the permissible substituents 
of organic compounds. 

[0065] For purposes of this invention, the chemical ele 
ments are identi?ed in accordance With the Periodic Table of 
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the Elements, CAS version, Handbook of Chemistry and 
Physics, 67th Ed., 1986-87, inside cover. The term “hydro 
carbon” is art recognized and includes all permissible com 

pounds having at least one hydrogen and one carbon atom. 

For example, permissible hydrocarbons include acyclic and 
cyclic, branched and unbranched, carbocyclic and hetero 
cyclic, aromatic and nonaromatic organic compounds that 
may be substituted or unsubstituted. 

[0066] The phrase “protecting group” is art recogniZed 
and includes temporary substituents that protect a potentially 
reactive functional group from undesired chemical transfor 

mations. Examples of such protecting groups include esters 
of carboxylic acids, silyl ethers of alcohols, and acetals and 
ketals of aldehydes and ketones, respectively. The ?eld of 
protecting group chemistry has been revieWed. Greene et al., 
Protective Groups in Organic Synthesis 2nd ed., Wiley, NeW 
York, (1991). 

[0067] The phrase “hydroxyl-protecting group” is art rec 
ogniZed and includes those groups intended to protect a 

hydroxyl group against undesirable reactions during syn 
thetic procedures and includes, for example, benZyl or other 
suitable esters or ethers groups knoWn in the art. 

[0068] The term “electron-Withdrawing group” is recog 
niZed in the art, and denotes the tendency of a substituent to 

attract valence electrons from neighboring atoms, i.e., the 
substituent is electronegative With respect to neighboring 
atoms. A quanti?cation of the level of electron-Withdrawing 
capability is given by the Hammett sigma (o) constant. This 
Well knoWn constant is described in many references, for 

instance, March, Advanced Organic Chemistry 251-59, 
McGraW Hill Book Company, NeW York, (1977). The 
Hammett constant values are generally negative for electron 

donating groups (o(P)=-0.66 for NH2) and positive for 
electron WithdraWing groups (o(P)=0.78 for a nitro group), 
o(P) indicating para substitution. Exemplary electron-With 
draWing groups include nitro, acyl, formyl, sulfonyl, trif 
luoromethyl, cyano, chloride, and the like. Exemplary elec 
tron-donating groups include amino, methoxy, and the like. 

[0069] Contemplated equivalents of the polymers, sub 
units and other compositions described above include such 
materials Which otherWise correspond thereto, and Which 
have the same general properties thereof (e.g., biocompat 
ible), Wherein one or more simple variations of substituents 

are made Which do not adversely affect the ef?cacy of such 
molecule to achieve its intended purpose. In general, the 
compounds of the present invention may be prepared by the 
methods illustrated in the general reaction schemes as, for 
example, described beloW, or by modi?cations thereof, 
using readily available starting materials, reagents and con 
ventional synthesis procedures. In these reactions, it is also 
possible to make use of variants Which are in themselves 

knoWn, but are not mentioned here. 
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Macromonomer Antioxidants and Antioxidant Polymers 

[0070] In part, the present invention relates to a compound 
having formula I: 

l 
(CH2)11 

(CH2)m 

R R 

R R 

OH 

Wherein, independently for each occurrence, 

[0071] n and m are integers from 0 to 18, inclusive; 

00 73 R is H, C _ alkyl, —OH, —NH , —SH, aryl, ester, 1 6 2 

or 

R1 R1 

Wherein at least one R adjacent to the —OH group is a bulky 
alkyl group; 

[0074] R1 is H, C1_6 alkyl, aryl, aralkyl, —OH, —NH2, 
—SH, or ester Wherein at least one R1 adjacent to the 
—OH group is a bulky alkyl group; 

[0075] R4 is H, C1_6 alkyl, aryl, aralkyl, heteroaryl, or 
heteroaralkyl; and 

[007 6] M is 

R2 

R2 R2 R3 

R ; 
Of R3 \ 3 

R2 R2 

[0077] Wherein 
[0078] R2 is H, C1_6 alkyl, —OH, —NH2, —SH, aryl, 

ester, or 
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wherein at least one R2 is —OH; and 

3 7 1-6 a y 7 7 y 7 — 7 — 27 0079 R'HC lkl l lkl OH NH 
—SH, or ester. 

[0080] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein Z is —OC(O)—. In another embodi 
ment, Z is —C(O)O—. In another embodiment, Z is 
—C(O)NH—. In another embodiment, Z is —NHC(O)—. 
In another embodiment, Z is —NH—. In another embodi 
ment, Z is —CH=N—. In another embodiment, Z is 
—N=CH—. In another embodiment, Z is —C(O)—. In 
another embodiment, Z is —O—. In another embodiment, Z 
is —C(O)OC(O)—. In another embodiment, Z is —S—. In 
another embodiment, Z is —S—S—. In another embodi 
ment, Z is —S=N—. In another embodiment, Z is 
—N=S—. In another embodiment, Z is —C(S)O—. In 
another embodiment, Z is —OC(S)—. In another embodi 
ment, Z is —OP(O)(OR4)O—. In another embodiment, Z is 
—OP(OR4)O—. In another embodiment, Z is a bond. 

[0081] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein both R groups adjacent to —OH are 
bulky alkyl groups. In another embodiment, both R groups 
are t-butyl. 

[0082] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein M is 

R2 

R2 R2. 

[0083] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein M is 
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[0084] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein at least one R is 

[0085] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein n is 0. 

[0086] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein m is 1. 

[0087] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein n is 0 and m is 1. 

[0088] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein n is 0, m is 1, and Z is —C(O)O—. 
[0089] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, and the 
tWo R groups adjacent to the OH are t-butyl. 

[0090] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, the tWo 
R groups adjacent to the OH are t-butyl, and M is 

R2 

R2 R2. 

[0091] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, the tWo 
R groups adjacent to the OH are t-butyl, M is 

R2 

and the R2 in the para position is OH. 

[0092] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, the tWo 
R groups adjacent to the OH are t-butyl, M is 
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R2 

R2 R2 

R2 R2, 

the R2 in the para position is OH, and an adjacent R2 is OH. 

[0093] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, the tWo 
R groups adjacent to the OH are t-butyl, M is 

R2 

R2 R2 

R2 R2, 

the R2 in the para position is OH, and the tWo adjacent R2’s 
are OH. 

[0094] In another embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, the tWo 
R groups adjacent to the OH are t-butyl, and M is 

[0095] In a further embodiment, the present invention 
relates to a compound of formula I and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, the tWo 
R groups adjacent to the OH are t-butyl, M is 

R3 

R , 

R3 \ 3 

and R3 is H. 

[0096] In part, the present invention relates to a polymer 
Wherein substantially all the recurring monomeric units 
comprise an antioxidant moiety. In a further embodiment, all 
the recurring monomeric units comprise an antioxidant 
moiety. 
[0097] In part, the present invention relates to a polymer 
Wherein substantially all the recurring monomeric units 
comprise an antioxidant moiety, Wherein the recurring 
monomeric unit is a benZene ring substituted With an anti 
oxidant moiety. In another embodiment, the recurring mono 
meric unit is an alkenylene substituted With an antioxidant 
moiety. 
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[0098] In part, the present invention relates to a polymer 
Wherein substantially all the recurring monomeric units 
comprise an antioxidant moiety, Wherein the antioxidant 
moiety comprises a hydroxy substituted benZene ring. In a 
further embodiment, the benZene ring is substituted With at 
least one bulky alkyl group. In a further embodiment, the 
bulky alkyl group is a t-butyl group. In a further embodi 
ment, the t-butyl group is adjacent to the hydroxy group. In 
a further embodiment, the benZene ring is substituted With 2 
t-butyl groups adjacent to the hydroxy group. 

[0099] In part, the present invention relates to a polymer 
comprising at least one recurring monomeric unit shoWn in 
formula II: 

II 

R2 

R2 R2 W 96 II 96 

/ my R2 
(CH2)11 

'Z p 

(CH2)1J| 

R R 

R R 

OH 

Wherein, independently for each occurrence, 

[0100] n and m are integers from 0 to 18, inclusive; 

[0101] p is an integer equal to or greater than 2; 

—C(O)OC(O)—, or a bond; R is H, CL6 alkyl, OH, 
—NH2, —SH, aryl, ester, or 

R1 

%Z— (CHQHAQiOH, 
R1 

Wherein at least one R adjacent to the —OH group is a 
bulky alkyl group; 

[0103] R1 is H or CL6 alkyl, —OH, —NH2, —SH, aryl, 
or ester Wherein at least one R1 is a bulky alkyl group; 

[0104] R2 is H, CL6 alkyl, aryl, aralkyl, —OH, —NH2, 
—SH, ester, or 
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R1 

Z—(CH2)I. OH; 

R1 

and 

[0105] R3 is H, C1_6 alkyl, aryl, aralkyl, heteroaryl, or 
heteroaralkyl, 

wherein substantially all of the recurring monomeric units 
comprise an antioxidant moiety. In a further embodi 
ment, all the recurring monomeric units comprise an 
antioxidant moiety. 

[0106] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein Z is —C(O)O—. In another embodi 
ment, Z is —OC(O)—. In another embodiment, Z is 
—C(O)NH—. In another embodiment, Z is —NHC(O)—. 
In another embodiment, Z is —NH—. In another embodi 
ment, Z is —CH=N—. In another embodiment, Z is 
—N=CH—. In another embodiment, Z is —C(O)—. In 
another embodiment, Z is —O—. In another embodiment, Z 
is —C(O)OC(O)—. In another embodiment, Z is —S—. In 
another embodiment, Z is —S—S—. In another embodi 
ment, Z is —S=N—. In another embodiment, Z is 
—N=S—. In another embodiment, Z is —C(S)O—. In 
another embodiment, Z is —OC(S)—. In another embodi 
ment, Z is —OP(O)(OR4)O—. In another embodiment, Z is 
—OP(OR4)O—. In another embodiment, Z is a bond. 

[0107] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein both R groups adjacent to —OH are 
bulky alkyl groups. In a further embodiment, the R groups 
adjacent to —OH are t-butyl. 

[0108] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein at least one R group is 

R1 

Z— (CH2), OH. 

[0109] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein the R2 in the para position is —OH. 

[0110] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein n is 0. 
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[0111] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein m is 1. 

[0112] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein n is 0 and m is 1. 

[0113] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein n is 0, m is 1, and Z is —C(O)O—. 

[0114] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, and the 
tWo R groups adjacent to the OH are t-butyl. 

[0115] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, the tWo 
R groups adjacent to the OH are t-butyl, and the R2 in the 
para position is OH. 

[0116] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, the tWo 
R groups adjacent to the OH are t-butyl, the R2 in the para 
position is OH, and an adjacent R2 is —OH. 

[0117] In another embodiment, the present invention 
relates to a polymer comprising at least one recurring 
monomeric unit shoWn in formula II and the attendant 
de?nitions, Wherein n is 0, m is 1, Z is —C(O)O—, the tWo 
R groups adjacent to the OH are t-butyl, the R2 in the para 
position is OH, and the tWo adjacent R2’s are —OH. 

[0118] In part, the present invention relates to a polymer 
comprising the recurring monomeric unit shoWn in formula 
III: 

III 

R2 R2 

». 

(CH2)n P 
| 

i 
(CH2)m 

R R 

R R 

OH 
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wherein, independently for each occurrence, 

[0119] n and m are integers from 0 to 18, inclusive; 

[0120] p is an integer of at least 2; 

[0122] R is H, CL6 alkyl, —OH, —NH2, —SH, aryl, 
ester, or 

Wherein at least one R adjacent to the —OH group is a 
bulky alkyl group; 

[0123] R1 is H or CL6 alkyl, —OH, —NH2, —SH, aryl, 
or ester Wherein at least one R1 is a bulky alkyl group; 

[0124] R2 is H, C1_6 alkyl, aryl, aralkyl, —OH, —NH2, 
—SH, or ester; and 

[0125] R3 is H, C1_6 alkyl, aryl, aralkyl, heteroaryl, or 
heteroaralkyl, 

Wherein substantially all of the recurring monomeric units 
comprise an antioxidant moiety. In a further embodi 
ment, all recurring monomeric units comprise an anti 
oxidant moiety. 

[0126] In a further embodiment, the present invention 
relates to a polymer comprising the recurring monomeric 
unit shoWn in formula III and the attendant de?nitions, 
Wherein Z is —C(O)O—. In another embodiment, Z is 
—OC(O)—. In another embodiment, Z is —C(O)NH—. In 
another embodiment, Z is —NHC(O)—. In another embodi 
ment, Z is —NH—. In another embodiment, Z is 
—CH=N—. In another embodiment, Z is —N=CH—. In 
another embodiment, Z is —C(O)—. In another embodi 
ment, Z is —O—. In another embodiment, Z is 
—C(O)OC(O)—. In another embodiment, Z is —S—. In 
another embodiment, Z is —S—S—. In another embodi 
ment, Z is —S=N—. In another embodiment, Z is 
—N=S—. In another embodiment, Z is —C(S)O—. In 
another embodiment, Z is —OC(S)—. In another embodi 
ment, Z is —OP(O)(OR4)O—. In another embodiment, Z is 
—OP(OR4)O—. In another embodiment, Z is a bond. 

[0127] In another embodiment, the present invention 
relates to a polymer comprising the recurring monomeric 
unit shoWn in formula III and the attendant de?nitions, 
Wherein both R groups adjacent to —OH are bulky alkyl 
groups. In a further embodiment, both R groups adjacent to 
—OH are t-Bu. 

10 
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[0128] In another embodiment, the present invention 
relates to a polymer comprising the recurring monomeric 
unit shoWn in formula III and the attendant de?nitions, 
Wherein at least one R is 

R1 

Z— (CH2), OH. 

[0129] In another embodiment, the present invention 
relates to a polymer comprising the recurring monomeric 
unit shoWn in formula III and the attendant de?nitions, 
Wherein n is 0. 

[0130] In another embodiment, the present invention 
relates to a polymer comprising the recurring monomeric 
unit shoWn in formula III and the attendant de?nitions, 
Wherein m is 1. 

[0131] In another embodiment, the present invention 
relates to a polymer comprising the recurring monomeric 
unit shoWn in formula III and the attendant de?nitions, 
Wherein n is 0 and m is 1. 

[0132] In another embodiment, the present invention 
relates to a polymer comprising the recurring monomeric 
unit shoWn in formula III and the attendant de?nitions, 
Wherein n is 0, m is 1, and Z is —C(O)O—. 

[0133] In another embodiment, the present invention 
relates to a polymer comprising the recurring monomeric 
unit shoWn in formula III and the attendant de?nitions, 
Wherein n is 0, m is 1, Z is —C(O)O—, and the tWo R groups 
adjacent to the —OH are t-butyl. 

[0134] In another embodiment, the present invention 
relates to a polymer comprising the recurring monomeric 
unit shoWn in formula III and the attendant de?nitions, 
Wherein n is 0, m is 1, Z is —C(O)O—, the tWo R groups 
adjacent to the —OH are t-butyl, and R2 is H. 

[0135] In part the present invention relates to copolymers 
comprising the recurring monomeric units of formulas II or 
III. The other recurring monomeric units may or may not 
comprise an antioxidative moiety. 

[0136] In part, the present invention also relates to a 
method of inhibiting oxidation of a substance comprising 
contacting the substance With the antioxidant polymers of 
the present invention. 

Synthesis of Macromonomer Antioxidants 

[0137] The macromonomer antioxidants of the present 
invention may be prepared by several different methods and 
starting materials. The folloWing are synthetic routes to 
formation of the macromonomer antioxidants: 1) esteri?ca 

tion, 2) amidi?cation, 3) ketone formation, 4) alkylation, and 
5) anhydride formation. 
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1) Esteri?cation 

[0138] In this approach, tWo molecules or more possessing 
antioxidant properties are used to form a macromolecular 
antioxidant molecule through an esteri?cation process. Suit 
able antioXidant-acid type molecule and/or antioxidant-al 
cohol type molecule are coupled to form an ester linkage by 
one of the following methods: a) chemical routes b) enZy 
matic routes, and c) chemoenZymatic routes. 

[0139] a) Chemical Routes 

[0140] Scheme 1 depicts the chemical coupling of acid 
chloride With antioxidant-alcohol in the presence of base 
like triethyl amine folloWed by deacetylation to form a 
macromonomer of the present invention. 

t-Bu t-Bu 

triethyl amine 
+ —> 

CHZOH COCl 

OAc 

2%HC1— MeOH 
deprotection 

‘i=0 
‘F 

HZC 

t-Bu t-Bu 

OH 

OH 

‘i=0 
‘F 

HZC 

t-Bu t-Bu 

OH 

Compound 1 
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[0141] 1H NMR characteriZation is depicted in FIGS. 
1a-1c. Formation of an ester linkage is clearly evident from 
the shift of benZylic protons from 4.6 ppm in alcohol to 5.35 
ppm in the acetylated ester product and disappearance of 
acidic proton of 4-acetoXy benZoic acid at 10 ppm in the 
product (FIG. 1a). The disappearance of acetoXy peaks at 
2.3 ppm in FIG. 1b is the indication of deacetylation of the 
?nal product. 

[0142] Alternatively, macromonomer compound 1 and 
analogs thereof may be prepared by re?uxing the miXture of 
4-hydroXy benZoic acid and 3, 5 di-tert-butyl-4-hydroXy 
benZyl alcohol in toluene in presence of anhydrous para 
toluene sulponic acid. Journal of Natural Products, 2003, 
Vol. 66, No. 5. 

[0143] Another possible chemical synthetic approach for 
the formation of compound 1 and analogs thereof is the 
esteri?cation of 4-hydroXy-benZoic acid With 3, 5 di-tert 
butyl-4-hydroXy-toulene (BHT) using sodium bromate and 
sodium hydrogen sulphite at ambient temperature under a 
tWo phase systems as depicted in Scheme 2. Tetrahedron 59 

(2003) 5549-5554. 

OH OH 

t-Bu t-Bu 

sodium bromate 
—> 

sodium hydrogen 
sulphite 

CH3 COOH 

OH 

t-Bu t-Bu 

OH 

Compound 1 

[0144] Analogs of compound 1 can be prepared by the 
above methods starting With 3,4-dihydroXy benZoic acid and 
3, 4, 5-trihydroXybenZoic acid (Gallic acid) and are depicted 
beloW as compounds 2 and 3, respectively, or by coupling 
4-hydroXy-benZyl alcohol and 3,5-di-tert-butyl-4-hydroXy 
propionyl chloride to yield compound 4. 


































