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(57) ABSTRACT 
Disclosed are compositions comprising antioxidants and 
stabilizers, such as, acid scavengers or organic phosphorus 
stabilizers, and optionally further comprising co-stabilizers. 
The disclosed compositions are useful as stabilizers for 
polyole?ns and other polymeric materials. The disclosed 
compositions and methods generally provide longer shelf 
lifes and better oxidative resistance to materials than cur 
rently available antioxidants. 
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Figure '1. OIT ‘s of the stabilized polypropylene. - 
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STABILIZED POLYOLEFIN COMPOSITIONS 

RELATED APPLICATION(S) 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/731,325, ?led on Oct. 27, 2005. 
The entire teachings of the above application(s) are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Antioxidants are employed to prevent oxidation in 
a Wide range of materials, for example, plastics, elastomers, 
lubricants, petroleum based products (lubricants, gasoline, 
aviation fuels, and engine oils), cooking oil, cosmetics, 
processed food products, and the like. While many antioxi 
dants exist, there is a continuing need for neW antioxidants 
that have improved properties. 

SUMMARY OF THE INVENTION 

[0003] The present invention relates to compositions com 
prising antioxidants and stabiliZers, such as, acid scavengers 
or organic phosphorus stabiliZers and optionally further 
comprising co-stabiliZers. These compositions are useful as 
stabiliZers for polyole?ns and other polymeric materials. 

[0004] In one embodiment the present invention is a 
composition comprising an antioxidant, and at least one 
additive selected from the group consisting of a phosphorus 
stabiliZer (e.g., a phosphate or phosphite stabiliZer), an acid 
stabiliZer and a co-stabiliZer. 

[0005] In another embodiment, the present invention is a 
polyole?n composition comprising a polyole?n or a mixture 
of polyole?ns, an antioxidant, and at least one additive 
selected from the group consisting of a phosphorus stabiliZer 
(e.g., a phosphate or phosphite stabiliZer), an acid stabiliZer 
and a co-stabiliZer. 

[0006] In yet another embodiment, the present invention is 
a method of preventing oxidation in a polyole?n or a mixture 
of polyole?ns comprising combining the polyole?n or mix 
ture of polyole?ns With an antioxidant, and at least one 
additive selected from the group consisting of a phosphorus 
stabiliZer (e.g., a phosphate or phosphite stabiliZer), an acid 
stabiliZer and a co-stabiliZer. 

[0007] The compositions and methods of the present 
invention generally provide longer shelf life and better 
oxidative resistance to materials than currently available 
antioxidants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1, is a comparison of an oxidative induction 
time (OIT) of polypropylene in combination With one 
embodiment of the invention, namely, benZenepropanamide, 
3, 5 -bis(1, 1 -dimethylethyl)-4-hydroxy-N- (4 -hydroxyphe 
nyl): i) alone, ii) in combination With calcium stearate 
(CasS), iii) in combination With calcium stearate and phos 
phate (P) and iv) in combination With calcium sul?de, 
phosphite and Zinc oxide (Z). 

[0009] FIG. 2 is a comparison of the Melt ?oW Index 
(MFI) of polypropylene in combination With one embodi 
ment of the invention, namely, benZenepropanamide, 3, 
5 -bis(1 ,1 -dimethylethyl)-4 -hydroxy-N-(4-hydroxyphenyl): 
i) alone, ii) in combination With calcium stearate (CasS), iii) 
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in combination With calcium stearate and phosphate (P) and 
iv) in combination With calcium sul?de, phosphite and Zinc 
oxide (Z). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] The foregoing and other objects, features and 
advantages of the invention Will be apparent from the 
folloWing more particular description of preferred embodi 
ments of the invention, as illustrated in the accompanying 
draWings in Which like reference characters refer to the same 
parts throughout the different vieWs. The draWings are not 
necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the invention. 

[0011] The present invention relates to compositions, such 
as, polymer processing formulations involving i) antioxi 
dants described in Provisional Patent Application Nos. 
60/853,275, 60/632,893, 60/633,197, 60/633,252, 60/633, 
196, 60/665,638, 60/731,021, 60/731,125 and 60/655,169, 
US. patent application Ser. Nos. 11/184,724, 11/184,716, 
11/040,193, 10/761,933, 10/408,679 and 10/761,933, 
11/292,813, 11/293,050, 11/293,049, 11/293,844, 11/360, 
020, 11/389,564 Attorney Docket No.: 3805.1007-001; 
Patent Application, ?led Oct. 27, 2006, Title: Macromolecu 
lar Antioxidants And Polymeric Macromolecular Antioxi 
dants, by Ashok L. Cholli, et al. Attorney Docket No.: 
3805.1008-001; Patent Application, ?led Oct. 27, 2006, 
Title: Macromolecular Antioxidants Based On Sterically 
Hindered Phenols and Phosphites, by Ashok L. Cholli, et al. 
PCT Patent Application Nos. PCT/US. 2005/001948, PCT/ 
U.S. 2005/001946 and PCT/US. 03/10782, the entire con 
tents of each of Which are incorporated herein by reference, 
along With ii) stabiliZers such as acid scavengers or organic 
phosphorus stabiliZers and/or iii) co-stabiliZers used in poly 
ole?ns and other polymeric materials. As used herein the 
terms “antioxidant”, “an antioxidant” or “antioxidants” can 
be used interchangeably to mean one antioxidant described 
here in or mixtures thereof. 

[0012] In one embodiment, the antioxidants Which are 
suitable for use in the compositions and methods of the 
present invention include but are not limited to polyalkyl 
phenol based antioxidants, sterically hindered phenol based 
antioxidants, sterically hindered phenol based macromo 
lecular antioxidants, nitrogen (amine, imine) and hindered 
phenol containing dual functional macromolecular antioxi 
dants, alkylated macromolecular antioxidants, sterically hin 
dered phenol and phosphite based macromolecular antioxi 
dants. 

[0013] In one embodiment, the antioxidants Which are 
suitable for use in the compositions and methods of the 
present invention include antioxidant polymers Which com 
prises repeat units that include one or both of Structural 
Formulas (I) and (II): 

(I) 

n 
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sented by one or more of Structural Formulas (Va), (Vb), 
-continued (V c), (VIa), (VIb) and (VIc): 

(11) 

| \ 
I B _ _ (Va) 

/ R2 

R 
o 1 _ 

P 

R3 
Where: 

_ OR _J 

[0014] R is iH or a substituted or unsubstituted alkyl, Vb 
substituted or unsubstituted acyl or substituted or unsubsti- — R — ( ) 

tuted aryl group; 2 
R 

[0015] Ring A is substituted With at least one tert-butyl l O—— 
group or substituted or unsubstituted n-alkoxycarbonyl _ 

group, and optionally one or more groups selected from the R3 
group consisting of 40H, iNH, iSH, a substituted or 
unsubstituted alkyl or aryl group, and a substituted or _ OR _ J 

unsubstituted alkoxycarbonyl group; _ _ (V0) 

[0016] Ring B is substituted With at least one iH and at 0 
least one tert-butyl group or substituted or unsubstituted R1 R2 
n-alkoxycarbonyl group and optionally one or more groups 
selected from the group consisting of 40H, iNH, iSH, _ 
a substituted or unsubstituted alkyl or aryl group, and a R3 
substituted or unsubstituted alkoxycarbonyl group; 

OR 

[0017] n is an integer equal to or greater than 2; and J (V121) 

[0018] p is an integer equal to or greater than 0. _ R2 _ 

[0019] In another embodiment, the antioxidants Which are R1 \ R3 
suitable for use in the compositions and methods of the I A 
present invention include polymers With repeat units repre 
sented by one or both of Structural Formulas (III) and (IV): Y 

_ OR _ k 

_ _ (III) _ (VIb) 

\ R2 
A —— R1 R3 

/ / 
— O 

_ OR _ n 

IV 
_ _ ( ) _ OR k 

(v10) 
0 , 

/ 
R3 

O——, 
— — P 

R1 R2 
Where Rings A and B are substituted as described above and 

OR 
n and p are as de?ned above. k 

[0020] Preferably, Ring A and Ring B in Structural For 
mulas (I) to (IV) are each substituted With at least one [0022] Where R1, R2 and R3 are independently selected 
tert-butyl group. from the group consisting of iH, iOH, iNH, iSH, a 
[0021] In another embodiment’ the antioxidants Which are substituted or unsubstituted alkyl or a substituted or unsub 
suitable for use in the compositions and methods of the Stituted aryl group, and a Substituted or unsubstituted 
present invention include polymers With repeat units repre- alkoxycarbonyl group, provided that at least one of R1, R2 
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and R3 is a tert-butyl group; and j and k are independently 
integers of Zero or greater, such that the sum of j and k is 
equal to or greater than 2. 

[0023] In a particular embodiment, R is iH or iCH3; R2 
is iH, ‘OH, or a substituted or unsubstituted alkyl group; 
or both. 

[0024] Speci?c examples of repeat units included in poly 
mers Which are suitable for use in the compositions and 

-continued 

methods of the present invention are represented by one of 
the folloWing structural formulas: 

OH 

ocII3 

OH 

OH 

OH 

W OH 
OH 

OH 

HO 

OH 

(VII) 
0 

OH 

OH 
(VIII) 

oi , 
O , 

(IX) 

OH 

O O\/\ 

(X) 

HO O — a 

(X1) 

HO OH || 0%? 

(XII) 

(XIII) 

(XIV) 

(XV) 

(XVI) 

(XVII) 
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-continued 

(XVIII) 

O O\/\ 

OH 

[0025] Antioxidant polymers as described immediately 
above Which are suitable for use in the compositions and 

methods of the present invention have tWo or more repeat 

units, preferably greater than about ?ve repeat units. The 
molecular Weight of the polymers disclosed above is gen 
erally selected to be appropriate for the desired application. 
Typically, the molecular Weight is greater than about 500 
atomic mass units (amu) and less than about 2,000,000 amu, 
greater than about 1000 amu and less than about 100,000, 
greater than about 2,000 amu and less than about 10,000, or 
greater than about 2,000 amu and less than about 5,000 amu. 

[0026] Antioxidant polymers as described immediately 
above Which are suitable for use in the compositions and 

methods of the present invention can be either homopoly 
mers or copolymers. A copolymer preferably contains tWo or 

more or three or more different repeating monomer units, 

each of Which has varying or identical antioxidant proper 
ties. The identity of the repeat units in a copolymer can be 
chosen to modify the antioxidant properties of the polymer 
as a Whole, thereby giving a polymer With tunable proper 
ties. The second, third and/or further repeat units in a 
copolymer can be either a synthetic or natural antioxidant. 

[0027] Antioxidant polymers as described immediately 
above Which are suitable for use in the compositions and 
methods of the present invention are typically insoluble in 
aqueous media. The solubility of the antioxidant polymers in 
non-aqueous media (e.g., oils) depends upon the molecular 
Weight of the polymer, such that high molecular Weight 
polymers are typically sparingly soluble in non-aqueous 
media. When an antioxidant polymer of the invention is 
insoluble in a particular medium or substrate, it is preferably 
Well-mixed With that medium or substrate. 

[0028] Antioxidant polymers as described immediately 
above Which are suitable for use in the compositions and 
methods of the present invention can be branched or linear, 
but are preferably linear. Branched antioxidant polymers can 
only be formed from benZene molecules having three or 
feWer substituents (e.g., three or more hydrogen atoms), as 
in Structural Formulas (XX), (XXI) and @(XIV). 

[0029] In another embodiment, the antioxidants Which are 
suitable for use in the compositions and methods of the 
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present invention include polymers With repeat units repre 
sented by one or both of Structural Formulas (I) and (II): 

(I) 

(11) 

Where: 

[0030] R is iH or a substituted or unsubstituted alkyl, 
acyl or aryl group; 

[0031] Ring A is substituted With at least one tert-butyl 
group, 1-ethenyl-2-carboxylic acid group or ester thereof, 
substituted or unsubstituted alkylenedioxy group, or substi 
tuted or unsubstituted n-alkoxycarbonyl group and Zero, one 
or more additional functional groups; 

[0032] Ring B is substituted With at least one *H and at 
least one tert-butyl group, 1-ethenyl-2-carboxylic acid group 
or ester thereof, substituted or unsubstituted alkylenedioxy 
group, or substituted or unsubstituted n-alkoxycarbonyl 
group and Zero, one or more additional functional groups; 

[0033] n is an integer equal to or greater than 2; and 

[0034] p is an integer equal to or greater than 0, 

[0035] Where the polymer includes tWo or more repeat 
units represented by one or both of Structural Formulas (l) 
and (II) that are directly connected by a CiC or CiO4C 
bond betWeen benZene rings. 

[0036] Polymers as described immediately above Which 
are suitable for use in the compositions and methods of the 
present invention that do not include any repeat units 
represented by Structural Formula (I) are preferably substi 
tuted on Ring B With one or more hydroxyl or acyloxy 
groups. 

[0037] Repeat units of the antioxidant polymers as 
described immediately above Which are suitable for use in 
the compositions and methods of the present invention 
include substituted benZene molecules. These benZene mol 
ecules are typically based on phenol or a phenol derivative, 
such that they have at least one hydroxyl, ester or ether 
functional group. Preferably, the benZene molecules have a 
hydroxyl group. The hydroxyl group is not restricted to 
being a free hydroxyl group, and the hydroxyl group can be 
protected or have a cleavable group attached to it (e.g., an 
ester group). Such cleavable groups can be released under 
certain conditions (e. g., changes in pH), With a desired shelf 
life or With a time-controlled release (e.g., measured by the 
half-life), Which alloWs one to control Where and/or When an 
antioxidant polymer is able to exert its antioxidant effect. 

[0038] Substituted benZene repeat units of an antioxidant 
polymer as described immediately above Which are suitable 
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for use in the compositions and methods of the present 
invention are also typically substituted With a bulky alkyl 
group, a l-ethenyl-2-carboxylic acid group, a substituted or 
unsubstituted alkylenedioxy group, or an n-alkoxycarbonyl 
group. Preferably, the benZene monomers are substituted 
With a bulky alkyl group. More preferably, the bulky alkyl 
group is located ortho or meta to a hydroxyl group on the 
benZene ring. A “bulky alkyl group” is de?ned herein as an 
alkyl group that is branched alpha- or beta- to the benZene 
ring. Preferably, the alkyl group is branched alpha to the 
benZene ring. More preferably, the alkyl group is branched 
tWice alpha to the benZene ring (i.e., to form an alpha 
tertiary carbon), such as in a tert-butyl group. Other 
examples of bulky alkyl groups include isopropyl, 2-butyl, 
3-pentyl, l,l-dimethylpropyl, l-ethyl-l-methylpropyl and 
l,l-diethylpropyl. The bulky alkyl groups are preferably 
unsubstituted, but they can be substituted With a functional 
group that does not interfere With the antioxidant activity of 
the molecule or the polymer. 

[0039] Substituted benZene repeat units that are substi 
tuted With a substituted or unsubstituted alkylenedioxy 
group typically have an unsubstituted alkylenedioxy group. 
Substituted alkylenedioxy groups are also suitable, although 
the substituents should not interfere With the antioxidant 
activity of the molecule or the polymer. Typically, an alky 
lenedioxy group is a loWer alkylenedioxy group, such as a 
methylenedioxy group or an ethylenedioxy group. A meth 
ylenedioxy group is preferred (as in sesamol). 

[0040] Straight chained alkoxycarbonyl groups typically 
have an alkyl chain of one to sixteen carbon atoms, and 
include methoxycarbonyl, ethoxycarbonyl, n-propoxycarbo 
nyl, n-butoxycarbonyl and n-pentoxycarbonyl. n-propoxy 
carbonyl is a preferred group. Similar to the bulky alkyl 
groups, n-alkoxycarbonyl groups are optionally substituted 
With a functional group that does not interfere With the 
antioxidant activity of the molecule or the polymer. Alkoxy 
carbonyl groups can also be present in their hydrolyZed 
form, namely as carboxy groups or carboxylic acid groups. 

[0041] In substituted benZene repeat units having a l-ethe 
nyl-2-carboxylic acid group or an ester thereof, the l-carbon 
(i.e., the carbon distal from the carboxylic acid moiety) is 
attached to the benZene ring. 

[0042] In addition to the substituents named above, sub 
stituted benZene repeat units can have additional functional 
groups as substituents. For example, the additional func 
tional groups can be selected from the group consisting of 
iOH, iNH, iSH, a substituted or unsubstituted alkyl or 
aryl group, a substituted or unsubstituted alkoxycarbonyl 
group, a substituted or unsubstituted alkoxy group and a 
saturated or unsaturated carboxylic acid group. Typically, 
the additional functional groups are selected from the group 
consisting of iOH, a substituted or unsubstituted alkoxy 
group and a saturated or unsaturated carboxylic acid group. 

[0043] Preferably, Ring A and Ring B in Structural For 
mulas (I) to (IV) are each substituted With at least one 
tert-butyl group. 

[0044] Further, speci?c examples of repeat units included 
in polymers Which are suitable for use in the compositions 
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and methods of the present invention are represented by one 
of the folloWing structural formulas: 

(XVIIIa) 

(XVIHb) 

(XVIIIc) 

[0045] Although Structural Formulas @(I), (XVI), (XVII) 
and @(VIII) are represented as having a propoxycarbonyl 
substituent, this group can generally be replaced With a 
different Cl-Cl6 n-alkoxycarbonyl group or can be a car 
boxylate group. 

[0046] A particular polymer suitable for use in the meth 
ods and compositions of the present invention is poly(2 
tert-butyl-4-hydroxyanisole). 
[0047] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 
positions of the present invention have tWo or more repeat 
units, preferably greater than about ?ve repeat units. The 
molecular Weight of the polymers disclosed herein is gen 
erally selected to be appropriate for the desired application. 
Typically, the molecular Weight is greater than about 500 
atomic mass units (amu) and less than about 2,000,000 amu, 
greater than about 1000 amu and less than about 100,000, 
greater than about 2,000 amu and less than about 10,000 
amu, or greater than about 2,000 amu and less than about 
5,000 amu. 

[0048] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 
positions of the present invention can be either homopoly 
mers or copolymers. A copolymer preferably contains tWo or 
more or three or more different repeating monomer units, 
each of Which has varying or identical antioxidant properties 
(including monomers having no antioxidant activity). The 
identity of the repeat units in a copolymer can be chosen to 
modify the antioxidant properties of the polymer as a Whole, 
thereby giving a polymer With tunable properties. The 
second, third and/or further repeat units in a copolymer can 
be either a synthetic or natural antioxidant. In one example, 
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a composition of the invention includes one or more 
homopolymers and one or more copolymers (e. g., in a 
blend). Preferably, both homopolymers and copolymers 
include tWo or more substituted benZene repeat units that are 
directly connected by a C4C or CiO4C bond. Preferably, 
at least 50%, such as at least 70%, for example, at least 80%, 
but preferably about 100% of the repeat units in a copolymer 
are substituted benZene repeat units directly connected by a 
C4C or CiO4C bond. 

[0049] Examples of copolymers include poly(TBHQ-co 
propyl gallate), poly(TBHQ-co-BHA), poly(TBHQ-co 
sesamol), poly(BHA-co-sesamol), poly(propyl gallate-co 
sesamol) and poly(BHA-co-propyl gallate). The ratio of one 
monomer to another, on a molar basis, is typically about 
100:1 to about 1:100, such as about 10:1 to about 1:10, for 
example, about 2:1 to about 1:2. In one example, the ratio of 
monomers is about 1:1. 

[0050] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 
positions of the present invention are typically insoluble in 
aqueous media, although certain polymers of gallic acid and 
its esters are Water soluble. The solubility of the antioxidant 
polymers in non-aqueous media (e.g., oils) depends upon the 
molecular Weight of the polymer, such that high molecular 
Weight polymers are typically sparingly soluble in non 
aqueous media. When an antioxidant polymer of the inven 
tion is insoluble in a particular medium or substrate, it is 
preferably Well-mixed With that medium or substrate. 

[0051] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 
positions of the present invention can be branched or linear, 
but are preferably linear. Branched antioxidant polymers can 
only be formed from benZene molecules having three or 
feWer substituents (e.g., three or more hydrogen atoms), as 
in Structural Formulas (XX), (XXI) and @(XIV). 

[0052] In another embodiment, the antioxidants Which are 
suitable for use in the compositions and methods of the 
present invention include a polyalkylphenol antioxidant 
represented by Structural Formula U or U'. 

U 

on 0 

Or a 

R R 

on on n 

U, 

(R10)q XH (R10)q x 

rA/? r\A\/\ I — and —| 
| | 

v / 
OR OR 
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[0053] In Structural Formulae U and U', n is an integer 
equal or greater than 2. R is a C1-C10 alkyl group, an aryl 
group, or a benZyl group. Typically, R is a tertiary alkyl 
group, or in preferred embodiments, a tertiary butyl group. 
X is 40*, iNHi or iSi. Each R10 is independently 
an optionally substituted C1-C10 alkyl group, an optionally 
substituted aryl group, and optionally substituted alkoxy 
group, an optionally substituted carbonyl group, an option 
ally substituted alkoxycarbonyl group, an optionally substi 
tuted aryloxycarbonyl group, iOH, iSH or iNHZ; or tWo 
R1O groups on adjacent carbon atoms join together to form 
an optionally substituted aromatic ring or an optionally 
substituted carbocyclic or heterocyclic non-aromatic ring. q 
is an integer from 0 to 2. 

[0054] Repeat units of the antioxidant polymers as 
described immediately above Which are suitable for use in 
the compositions and methods of the present invention 
include substituted benZene molecules. These benZene mol 
ecules are typically based on phenol or a phenol derivative, 
such that they have at least one hydroxyl or ether functional 
group. Preferably, the benZene molecules have a hydroxyl 
group. The hydroxyl group can be a free hydroxyl group and 
can be protected or have a cleavable group attached to it 
(e.g., an ester group). Such cleavable groups can be released 
under certain conditions (e.g., changes in pH), With a desired 
shelf life or With a time-controlled release (e.g., measured by 
the half-life), Which alloWs one to control Where and/or 
When an antioxidant polymer can exert its antioxidant effect. 
The repeat units can also include analogous thiophenol and 
aniline derivatives, e.g., Where the phenol 40H can be 
replaced by iSH, iNHi, and the like. 

[0055] Substituted benZene repeat units of an antioxidant 
polymer as described immediately above Which are suitable 
for use in the compositions and methods of the present 
invention are also typically substituted With a bulky alkyl 
group or an n-alkoxycarbonyl group. Preferably, the benZene 
monomers are substituted With a bulky alkyl group. More 
preferably, the bulky alkyl group is located ortho or meta to 
a hydroxyl group on the benZene ring, typically ortho. A 
“bulky alkyl group” is de?ned herein as an alkyl group that 
is branched alphai or beta- to the benZene ring. Preferably, 
the alkyl group is branched alpha to the benZene ring. More 
preferably, the alkyl group is branched tWice alpha to the 
benZene ring, such as in a tert-butyl group. Other examples 
of bulky alkyl groups include isopropyl, 2-butyl, 3-pentyl, 
1,1-dimethylpropyl, 1-ethyl-1-methylpropyl and 1,1-dieth 
ylpropyl. The bulky alkyl groups are preferably unsubsti 
tuted, but they can be substituted With a functional group 
that does not interfere With the antioxidant activity of the 
molecule or the polymer. Straight chained alkoxylcarbonyl 
groups include methoxycarbonyl, ethoxycarbonyl, n-pro 
poxycarbonyl, n-butoxycarbonyl and n-pentoxycarbonyl. 
n-propoxycarbonyl is a preferred group. Similar to the bulky 
alkyl groups, n-alkoxycarbonyl groups are optionally sub 
stituted With a functional group that does not interfere With 
the antioxidant activity of the molecule or the polymer. 

[0056] In another embodiment, the antioxidants Which are 
suitable for use in the compositions and methods of the 
present invention include a polymer comprising repeat units 



US 2007/0149660 A1 

represented by one or both of Structural Formulas (i) and 
(ii): 

(i) 

n 

(ii) 

Where: 

[0057] Ring A is substituted With at least one tert-butyl 
group, and optionally one or more groups selected from the 
group consisting of a substituted or unsubstituted alkyl or 
aryl group, and a substituted or unsubstituted alkoxycarbo 
nyl group; 

[0058] Ring B is substituted With at least one iH and at 
least one tert-butyl group and optionally one or more groups 
selected from the group consisting ofia substituted or 
unsubstituted alkyl or aryl group, and a substituted or 
unsubstituted alkoxycarbonyl group; 

[0059] n is an integer equal to or greater than 2; and 

[0060] p is an integer equal to or greater than 0. 

[0061] In another embodiment, the antioxidants Which are 
suitable for use in the compositions and methods of the 
present invention are polymers represented by one or both of 
Structural Formulas (iv) and (V): 

(iii) 
OH 

OR 

(iv) 
OH 
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Where Ring A is substituted With at least one tert-butyl 
group, and optionally one or more groups selected from the 

group consisting of a substituted or unsubstituted alkyl or 
aryl group, and a substituted or unsubstituted alkoxycarbo 
nyl group; Ring B is substituted With at least one iH and 
at least one tert-butyl group and optionally one or more 

groups selected from the group consisting of a substituted or 
unsubstituted alkyl or aryl group, and a substituted or 
unsubstituted alkoxycarbonyl group; R is iH, an optionally 
substituted C1-C10 alkyl group, an aryl group, a benZyl 
group, or an acyl group n is an integer equal to or greater 
than 2; and p is an integer equal to or greater than 0. In one 
embodiment R is a C1-C10 branched or linear alkyl group. 

[0062] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods of the 

present invention have tWo or more repeat units, preferably 
greater than about ?ve repeat units. The molecular Weight of 
the polymers disclosed herein can be generally selected to be 
appropriate for the desired application. Typically, the 
molecular Weight can be greater than about 500 atomic mass 

units (amu) and less than about 2,000,000 amu, greater than 
about 1,000 amu and less than about 100,000, greater than 
about 2,000 amu and less than about 10,000, or greater than 
about 2,000 amu and less than about 5,000 amu. 

[0063] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods of the 

present invention can be either homopolymers or copoly 
mers. A copolymer preferably contains tWo or more or three 

or more different repeating monomer units, each of Which 

has varying or identical antioxidant properties. The identity 
of the repeat units in a copolymer can be chosen to modify 
the antioxidant properties of the polymer as a Whole, thereby 
giving a polymer With tunable properties. The second, third 
and/or further repeat units in a copolymer can be either a 

synthetic or natural antioxidant. 

[0064] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods of the 

present invention are typically insoluble in aqueous media. 
The solubility of the antioxidant polymers in non-aqueous 
media (e.g., oils) depends upon the molecular Weight of the 
polymer, such that high molecular Weight polymers are 
typically sparingly soluble in non-aqueous media. When an 
antioxidant polymer of the invention can be insoluble in a 

particular medium or substrate, it can be preferably Well 
mixed With that medium or substrate. 

[0065] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods of the 

present invention can be branched or linear, but are prefer 
ably linear. Branched antioxidant polymers can only be 
formed from benZene molecules having three or feWer 
substituents (e.g., three or more hydrogen atoms), as in 
Structural Formulas @(X), @(Xl) and @(XIV). 

[0066] Another speci?c example of a repeat unit included 
in polymers Which are suitable for use in the compositions 
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and methods of the present invention is represented by the 
following structural formula: 

OT 

[0067] In another embodiment, the antioxidant polymers 
Which are suitable for use in the compositions and methods 
of the present invention includes a macromolecule Which 
can be represented by one or both of Structural Formulas R 
and S: 

OH 

R 

XZ 

KWK 
| 

A” 
K n 

S 

X 

K \ K 

K / K 

K 

[0068] In Structural Formulas R and S, n is an integer 
equal to or greater than 2. 

[0069] The variable X is 0, NH, or S. 

[0070] The variable Z is H. 

[0071] Each variable K is independently iH or iOH, 
With at least one ‘OH adjacent to a iH; or K is a bond 

When that position is involved in the polymer chain. 

[0072] In another embodiment, the antioxidants Which are 
suitable for use in the compositions and methods of the 
present invention includes a macromolecular antioxidant 
polymer represented by one or both of Structural Formulas 
T, T', V and V': 

n 
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[0073] In Structural Formulas T, T', V and V', n is an 
integer equal to or greater than 2. 

[0074] The variable X is O, NH, or S. 

[0075] The variable Z is H. 

[0076] Each variable R is independently iH, ‘OH, a 
Cl -Cl0 alkyl group, or a bond When that position is 
involved in the polymer chain Wherein at least one ‘OH is 
adjacent to a Cl -Cl0 alkyl group, e.g., a tertiary butyl group. 

[0077] Each R10 is independently an optionally substituted 
Cl-ClO alkyl group, an optionally substituted aryl group, 
and optionally substituted alkoxy group, an optionally sub 
stituted carbonyl group, an optionally substituted alkoxy 
carbonyl group, an optionally substituted aryloxycarbonyl 
group, ‘OH, iSH or iNHZ or tWo R1O groups on adjacent 
carbon atoms join together to form an optionally substituted 
aromatic ring or an optionally substituted carbocyclic or 
heterocyclic non-aromatic ring. q is an integer from 0 to 2. 
R12 is a bulky alkyl group substituent bonded to a ring 
carbon atom adjacent (ortho) to a ring carbon atom substi 
tuted With an ‘OH group. 

[0078] n is an integer equal to or greater than 2. 

[0079] These macromolecular antioxidant polymers can 
contain, for example, tert-butylhydroquinone, 2,5-di-tert 
butylhydroquinone, BHT type repeat units and their com 
binations. In some embodiments, of the macromolecular 
antioxidants described immedialtey above can be 
homopolymers, copolymers, terpolymers, and the like 

[0080] Substituted benZene repeat units of an antioxidant 
polymer as described immediately above Which are suitable 
for use in the methods and compositions of the present 
invention are typically substituted With a bulky alkyl group 
or an n-alkoxycarbonyl group. Preferably, the benZene 
monomers are substituted With a bulky alkyl group. More 
preferably, the bulky alkyl group is located ortho or meta to 
a hydroxyl group on the benZene ring, typically ortho. A 
“bulky alkyl group” is de?ned herein as an alkyl group that 
is branched alphai or beta- to the benZene ring. Preferably, 
the alkyl group is branched alpha to the benZene ring. More 
preferably, the alkyl group is branched tWice alpha to the 
benZene ring, such as in a tert-butyl group. Other examples 
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of bulky alkyl groups include isopropyl, 2-butyl, 3-pentyl, 
1,1-dimethylpropyl, 1-ethyl-1-methylpropyl and 1,1-dieth 
ylpropyl. The bulky alkyl groups are preferably unsubsti 
tuted, but they can be substituted With a functional group 
that does not interfere With the antioxidant activity of the 
molecule or the polymer. Straight chained alkoxylcarbonyl 
groups include methoxycarbonyl, ethoxycarbonyl, n-pro 
poxycarbonyl, n-butoxycarbonyl and n-pentoxycarbonyl. 
n-propoxycarbonyl is a preferred group. Similar to the bulky 
alkyl groups, n-alkoxycarbonyl groups are optionally sub 
stituted With a functional group that does not interfere With 
the antioxidant activity of the molecule or the polymer. 

[0081] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 
positions of the present invention have tWo or more repeat 
units, preferably greater than about ?ve repeat units. The 
molecular Weight of the polymers disclosed herein can be 
generally selected to be appropriate for the desired applica 
tion. Typically, the molecular Weight can be greater than 
about 500 atomic mass units (amu) and less than about 
2,000,000 amu, greater than about 1,000 amu and less than 
about 100,000, greater than about 2,000 amu and less than 
about 10,000, or greater than about 2,000 amu and less than 
about 5,000 amu. 

[0082] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 
positions of the present invention can be either homopoly 
mers or copolymers. A copolymer preferably contains tWo or 
more or three or more different repeating monomer units, 
each of Which has varying or identical antioxidant proper 
ties. The identity of the repeat units in a copolymer can be 

OH O— OH 

t-Bu, t-Bu, t-Bu 

OH OH OH 

_ OH o— 

t-Bu, t-Bu, t-Bu 

_ OH OH 

_ o— o— 

t-Bu, 

HO OH, HO OH HO 

_ t Bu t Bu 
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chosen to modify the antioxidant properties of the polymer 
as a Whole, thereby giving a polymer With tunable proper 
ties. The second, third and/or further repeat units in a 
copolymer can be either a synthetic or natural antioxidant. 

[0083] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 
positions of the present invention are typically insoluble in 
aqueous media. The solubility of the antioxidant polymers in 
non-aqueous media (e.g., oils) depends upon the molecular 
Weight of the polymer, such that high molecular Weight 
polymers are typically sparingly soluble in non-aqueous 
media. When an antioxidant polymer of the invention can be 
insoluble in a particular medium or substrate, it can be 
preferably Well-mixed With that medium or substrate. 

[0084] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 
positions of the present invention can be branched or linear, 
but are preferably linear. Branched antioxidant polymers can 
only be formed from benZene molecules having three or 
feWer substituents (e.g., three or more hydrogen atoms), as 
in Structural Formulas (XX), (XXI) and (XXIV). 

[0085] Speci?c examples of repeat units included in poly 
mers Which are suitable for use in the compositions and 
methods of the present invention are represented by one of 
the folloWing structural formulas: 

[0086] In certain embodiments, examples of sterically 
hindered polymeric macromolecular antioxidant produced 
by the methods of the present invention comprises at least 
one repeat unit selected from: 

O— OH 

t-Bu 

t-Bu, t-Bu t-Bu and t-Bu , 

OH OH 
11 

OH OH 

t-Bu 

t Bu, and t Bu , 

OH OH 
11 

OH O— 

t-Bu 

OH and HO OH , 





US 2007/0149660 A1 Jun. 28, 2007 

-continued 

n is an integer equal to or greater than 2. 

[0087] In another embodiment, the antioxidants Which are 
suitable for use in the compositions and methods of the 
present invention includes an antioxidant polymer repre 
sented by Structural Formula M. 

M 

_ RlH R1 

MW R7 R5 I \ R7 
—| — and/ or —| 

/ / 
114M113 R4 R8 

RlH H 

M, 

Y / 
— n 

[0088] In Structural Formula M: 

[0089] n is an integer equal to or greater than 2; 

[0090] R1 is O, S, or NH; 

[0091] R4, R5, R7 and R8 are independently iH, iOH, 
iNH, iSH, a substituted or unsubstituted alkyl or aryl 
group, or a substituted or unsubstituted alkoxycarbonyl 
group, or a bond When part of the polymer chain, provided 
that: 

[0092] (l) at least one of R4, R5, R7 and R8 is a tert-butyl 
group or a substituted or unsubstituted alkoxycarbonyl 

group, and at least tWo of R4, R5, R7 and R8 are iH; or 

[0093] (2) at least one of R4, R5, R7 and R8 is a tert-butyl 
group or a substituted or unsubstituted alkoxycarbonyl 

group, at least one of R4, R5, R7 and R8 is a hydroxyl, alkoxy, 
alkoxycarbonyl or aryloxycarbonyl group, and at least one 
of R4, R5, R7 and R8 is iH. 

[0094] In structural formula M' each X is independently 
40*, iNHi or iSi. Each R10 is independently an 
optionally substituted Cl-ClO alkyl group, an optionally 
substituted aryl group, and optionally substituted alkoxy 
group, an optionally substituted carbonyl group, an option 
ally substituted alkoxycarbonyl group, an optionally substi 
tuted aryloxycarbonyl group, ‘OH, iSH or iNH2; and/or 
tWo R1O groups on adjacent carbon atoms join together to 
form an optionally substituted aromatic ring or an optionally 
substituted carbocyclic or heterocyclic non-aromatic ring. q 
is an integer from 0 to 2. n is an integer greater than or equal 
to 2. 

[0095] Substituted benZene repeat units of an antioxidant 
polymer as described immediately above Which are suitable 
for use in the methods and compositions of the present 
invention are also typically substituted With a bulky alkyl 
group or an n-alkoxycarbonyl group. Preferably, the benZene 
monomers are substituted With a bulky alkyl group. More 
preferably, the bulky alkyl group is located ortho or meta to 
a hydroxyl group on the benZene ring, typically ortho. A 
“bulky alkyl group” is de?ned herein as an alkyl group that 
is branched alpha- or beta- to the benZene ring. Preferably, 
the alkyl group is branched alpha to the benZene ring. More 
preferably, the alkyl group is branched tWice alpha to the 
benZene ring, such as in a tert-butyl group. Other examples 
of bulky alkyl groups include isopropyl, 2-butyl, 3-pentyl, 
l,l-dimethylpropyl, l-ethyl-l-methylpropyl and l,l-dieth 
ylpropyl. The bulky alkyl groups are preferably unsubsti 
tuted, but they can be substituted With a functional group 
that does not interfere With the antioxidant activity of the 
molecule or the polymer. Straight chained alkoxylcarbonyl 
groups include methoxycarbonyl, ethoxycarbonyl, n-pro 
poxycarbonyl, n-butoxycarbonyl and n-pentoxycarbonyl. 
n-propoxycarbonyl is a preferred group. Similar to the bulky 
alkyl groups, n-alkoxycarbonyl groups are optionally sub 
stituted With a functional group that does not interfere With 
the antioxidant activity of the molecule or the polymer. 

[0096] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 
positions of the present invention have tWo or more repeat 
units, preferably greater than about ?ve repeat units. The 
molecular weight of the polymers disclosed herein can be 
generally selected to be appropriate for the desired applica 
tion. Typically, the molecular Weight can be greater than 
about 500 atomic mass units (amu) and less than about 
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2,000,000 amu, greater than about 1,000 amu and less than 
about 100,000, greater than about 2,000 amu and less than 
about 10,000, or greater than about 2,000 amu and less than 
about 5,000 amu. 

[0097] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 

positions of the present invention can be either homopoly 
mers or copolymers. A copolymer preferably contains tWo or 

more or three or more different repeating monomer units, 

each of Which has varying or identical antioxidant proper 
ties. The identity of the repeat units in a copolymer can be 
chosen to modify the antioxidant properties of the polymer 
as a Whole, thereby giving a polymer With tunable proper 
ties. The second, third and/or further repeat units in a 
copolymer can be either a synthetic or natural antioxidant. 

[0098] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 

positions of the present invention are typically insoluble in 
aqueous media. The solubility of the antioxidant polymers in 
non-aqueous media (e.g., oils) depends upon the molecular 
Weight of the polymer, such that high molecular Weight 
polymers are typically sparingly soluble in non-aqueous 
media. When an antioxidant polymer of the invention can be 

insoluble in a particular medium or substrate, it can be 

preferably Well-mixed With that medium or substrate. 

[0099] Antioxidant polymers as described immediately 
above Which are suitable for use in the methods and com 

positions of the present invention can be branched or linear, 
but are preferably linear. Branched antioxidant polymers can 
only be formed from benZene molecules having three or 
feWer substituents (e.g., three or more hydrogen atoms), as 

in Structural Formulas (XX), (XXI) and @(XIV). 

[0100] 
suitable for use in the compositions and methods of the 
present invention include a polymer having at least one 
repeat unit that is represented by a structure selected from 
the group consisting of Structural Formulas (A), (B), (C), 
(D) and combinations thereof: 

In another embodiment, antioxidants Which are 
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-continued 
* (B) 
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[0101] R' is a covalent bond, iOi, 4C(O)Oi, 
%(O)Ni, ic(o)i, %H=CHi, isi or iNi. 

[0102] R1 is iH or an alkyl group, or i(CH2)k4OiX 
Z. Typically, R1 is iH or alkyl. 

[0103] Each X is independently a covalent bond, 
%(o)i, ic(o)oi or iC(O)Ni. 

[0104] Y is 43*, iNi or isi. 

[0105] Each Z is an independently selected antioxidant. 

[0106] a is an integer from 0 to 12. 

[0107] Each k is independently an integer from 0 to 12. 

[0108] m is an integer from 0 to 6. 

[0109] n is 0 or 1. 

[0110] p is an integer from 0 to 6. 

[0111] In one embodiment, the polymer does not include 
cyclic anhydride repeat units. 

[0112] An antioxidant can be attached to the polymer by 
one or more linkages or bonds. Examples of suitable link 

ages include acetal, amide, amine, carbamate, carbonate, 
ester, ether and thioether linkage. Carbon-carbon bonds can 
be also suitable. As used herein, an amide is distinguished 
from a diacyl hydraZide. 
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[0113] There are many examples of polymers that can be 
derivatiZed With an antioxidant. One type of such polymer 
has pendant hydroxyl groups, such as poly(vinyl alcohol) 
and copolymers thereof (e.g., poly(ethylene-co-vinyl alco 
hol)). The hydroxyl groups of poly(vinyl alcohol), a poly 
hydroxyalkyl methacrylate (e.g., polyhydroxy methyl meth 
acrylate), and poly(ethylene-co-vinyl alcohol) react With an 
antioxidant to form the derivatiZed antioxidant polymer. 
Another type of derivatiZable polymer contains pendant 
carboxylic acid groups or esters thereof, such as poly(acrylic 
acid), poly(alkylacrylic acid) and esters thereof. Poly(acrylic 
acid) is a preferred polymer; the carboxylic acid groups of 
poly(acrylic acid) can be derivatiZed, although carboxylic 
acid groups generally require activation before derivatiZa 
tion can occur. 

[0114] An additional type of derivatiZable polymer can be 
a poly(substituted phenol), Where the substituted phenol has 
a substituent With a nucleophilic or electrophilic moiety. 
Such poly(substituted phenols) can include repeat units 
represented by the folloWing structural formulas: 

Where a is an integer from 0 to 12; R is ‘OH, iCOOH, 
iNHZ, iSH or a halogen; and R10, R11 and R12 are each 
independently iH, ‘OH, iNHZ or iSH, provided that at 
least one of R10, R11 and R12 is iOH, iNHZ or iSH. 
Preferably, one of R10, R11 and R12 is iOH and the 
remaining tWo are optionally iH. More preferably, R1 1, is 
iOH and R10 and R12 are iH. 

[0115] The derivatiZable polymers can be homopolymers 
or copolymers. Copolymers include, for example, block, 
star, hyperbranched, random, gradient block, and alternate 
copolymers. The derivatiZable polymers can be branched or 
linear, but are preferably linear. 

[0116] In copolymers, it is only necessary for one repeat 
unit to include a pendant reactive group. Second and further 
repeat units of a copolymer can optionally include a pendant 
reactive group. For example, about 1% to 100%, such as 
10% to 50% or 50% to 100%, of the repeat units of a 
polymer include pendant functional groups. 

[0117] All or a fraction of the pendant reactive groups of 
a derivatiZable polymer can be derivatiZed With an antioxi 
dant. In one example, about 100% of the pendant reactive 
groups can be derivatiZed. In another example, about 5% to 
about 90%, such as about 20% to about 80% (e.g., about 
50% to about 80%) of the pendant reactive groups can be 
derivatiZed. 

[0118] These polymers can be minimally derivatiZed With 
a single type of antioxidant, but can be derivatiZed With tWo 
or more antioxidants (e. g., chemically distinct antioxidants). 
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When there can be tWo or more antioxidants, they can be in 
the same class, as described beloW, or can be in different 
classes. The ratio of antioxidants can be varied in order to 
obtain a polymer having a desired set of properties. For 
example, When a polymer can be derivatiZed With tWo 
antioxidants, the ratio of a ?rst antioxidant to a second 
antioxidant can be from about 20:1 to about 1:20, such as 
from about 5:1 to about 1:5 (e.g., about 1:1). 

[0119] Many antioxidants can be suitable, provided that 
they can be attached to a polymer and retain their antioxidant 
activity. One class of suitable antioxidants can be phenolic 
antioxidants. Phenolic antioxidants typically have one or 
more bulky alkyl groups (alkyl groups having a secondary or 
tertiary carbon alpha to the phenol ring) ortho or meta, 
preferably ortho, to the phenol hydroxyl group. Phenolic 
antioxidants can alternatively have an alkylenedioxy sub 
stituent, an alkoxycarbonyl substituent, a 1-propenyl-3-car 
boxylic acid substituent or an ester thereof. A preferred 
bulky alkyl group is a tert-butyl group. The phenol hydroxyl 
group can be protected by a removable protecting group 
(e.g., an acyl group). Phenolic antioxidants for use in the 
present invention also generally have a substituent that can 
react With the pendant reactive group of one of the polymers 
described above to form a covalent bond betWeen the 
antioxidant and the polymer. 

[0120] One group of suitable phenolic antioxidants can be 
represented by Structural Formula (E): 

(E) 
R6 

[0121] R9 is iH or a substituted or unsubstituted alkyl, 
acyl or aryl group, preferably iH or an acyl group. 

[0122] R4, R5, R6, R7 and R8 are independently chosen 
substituent groups, such that at least one substituent can be 
a substituted or unsubstituted alkyl or aryl group, a substi 
tuted or unsubstituted alkoxycarbonyl group, a substituted or 
unsubstituted alkylenedioxy group, a 1-propenyl-3 -carboxy 
lic acid group or an ester thereof. Also, at least one of R4, R5, 
R6, R7 and R8 must be a substituent capable of reacting With 
the pendant reactive group of the polymers described above, 
such as a substituent having a nucleophilic or electrophilic 
moiety. Other suitable substituents include, for example, 
iH, ‘OH, iNH and iSH. A substituent should not 
decrease the antioxidant activity more than tWo-fold, 
instead, substituents preferably increase the antioxidant 
activity of the molecule. 

[0123] Speci?c examples of phenolic antioxidants that can 
be attached to a polymer include phenolic antioxidant can be 
selected from the group consisting of 3-(3,5-di-tert-butyl-4 
hydroxyphenyl)propionic acid, 3,5-di-tert-butyl-4-hydroxy 
benZenethiol, 2- (3 ,5 -di -tert-butyl-4-hydroxyphenyl)acetic 
acid, 3,5-di-tert-butyl-4-hydroxybenZoic acid, 3,5-di-tert 
butyl-4-hydroxycinnamic acid, gallic acid, alkyl gallates, 
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3,5-di-tert-butyl-4-hydroxybenZyl alcohol, tert-butyl-hydro 
quinone, 2,5-di-tert-butyl-hydroquinone, 2,6-di-tert-butyl 
hydroquinone, 3,5-di-tert-butyl-4-hydroxybenZaldehyde, 
monoacetoxy-tert-butylhydroquinone, sesamol, iso?avones, 
?avanoids and coumarins. 

[0124] Another antioxidant that can be attached to one of 
the polymers described immediately above can be ascorbic 
acid or a molecule that contains an ascorbic acid moiety. 
Typically, ascorbic acid attached to a polymer has the 
following con?guration: 

OH 

HO OH 

Where this moiety can be attached to the polymer by an ether 
or ester linkage. 

[0125] Polymers described immediately above Which are 
suitable for use in the compositions and methods of the 
present invention can be homopolymers or copolymers. One 
type of copolymer includes ethylene repeat units, particu 
larly in a copolymer containing repeat units represented by 
Structural Formula (A) and/or Structural Formula 

[0126] In one embodiment of the invention, a polymer 
comprises repeat units represented by Structural Formula 
(A). In a ?rst group of such polymers, the sum of m and p 
is typically tWo or greater. When the sum of m and p is 
greater than tWo, Z is typically a phenolic antioxidant, as 
described above. One preferred phenolic antioxidant is a 
3,5-di-tert-butyl-4-hydroxyphenyl group, particularly When 
X is iC(O)i. For these values of X and Z, In is preferably 
2 and n and p are each 0. A second preferred antioxidant is 
a 3,4,5-trihydroxyphenyl group, particularly When X is 
iC(O)i. Other preferred antioxidants are mono and 
di-tert-butylated-4-hydroxyphenyl groups, 4-acetoxy-3-tert 
butylphenyl groups and 3-alkoxycarbonyl-2,6-dihydrox 
yphenyl groups (e.g., 3-propoxycarbonyl-2,6-dihydrox 
yphenyl groups), particularly When X is a covalent bond. 

[0127] In a second set of these polymer having repeat units 
represented by Structural Formula (A), m and p are each 0. 
When In and p are 0, n is also typically 0. For these values 
of m, n and p, Z is typically ascorbic acid. X is typically a 
covalent bond. Alternatively, Z is a 3,4,5-trihydroxyphenyl 
group or a 4-acetoxy-3-tert-butylphenyl group, particularly 
When X is iC(O)i. 

[0128] In another embodiment of the invention, an anti 
oxidant polymer has repeat units represented by Structural 
Formula (B). For these polymers, m, n and p are each 
typically 0. Z is preferably a phenolic antioxidant, speci? 
cally a 3,4,5-trihydroxyphenyl, 3,5-di-tert-butyl-4-hydrox 
yphenyl group or a 3,5-di-tert-butyl-2-hydroxyphenyl 
group. 

[0129] A further embodiment of the invention involves 
polymers that include repeat units represented by Structural 
Formula (C). In one group of such polymers, Y is ‘Oi and 
Z is preferably ascorbic acid, particularly When k is 0. In 
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another group, Y is iOi and Z is a phenolic antioxidant, 
particularly When k is 0 to 3; more preferably, k is 1. A 
preferred phenolic antioxidant is a 3,5-di-tert-butyl-4-hy 
droxyphenyl group. Other examples include of phenolic 
antioxidants include 4-acetoxy-3-tert-butylphenyl, 3-tert 
butyl-4-hydroxyphenyl, 2,6-di-tert-butyl-4-mercaptophenyl 
and 2,6-di-tert-butyl-4-hydroxyphenyl groups. 

[0130] In yet another embodiment of the invention, a 
polymer includes repeat units represented by Structural 
Formula (D). Typically, R' is a covalent bond or ‘OH in 
such polymers. Other typical values of R' are amide and 
ester linkages. Preferred Z groups can be phenolic antioxi 
dants, as described above. For these polymers, the phenol 
hydroxyl group is typically para or meta to the group 
containing Z, more typically para. 

[0131] Antioxidant polymers described immediately 
above Which are suitable for use in the methods of the 
present invention have tWo or more repeat units, preferably 
greater than about ?ve repeat units. The molecular Weight of 
the polymers disclosed herein can be generally selected to be 
appropriate for the desired application. Typically, the 
molecular Weight can be greater than about 500 atomic mass 
units (amu) and less than about 2,000,000 amu, greater than 
about 1000 amu and less than about 1,000,000 amu, greater 
than about 1000 amu and less than about 100,000 amu, 
greater than about 2,000 amu and less than about 10,000 
amu, or greater than about 2,000 amu and less than about 
5,000 amu. 

[0132] Antioxidant polymers described immediately 
above Which are suitable for use in the methods of the 
present invention can be typically insoluble in aqueous 
media. The solubility of the antioxidant polymers in non 
aqueous media (e.g., oils) depends upon the molecular 
Weight of the polymer, such that high molecular Weight 
polymers can be typically sparingly soluble in non-aqueous 
media. When an antioxidant polymer of the invention can be 
insoluble in a particular medium or substrate, it can be 
preferably Well-mixed With that medium or substrate. 

[0133] In another embodiment, the antioxidants Which are 
suitable for use in the compositions and methods of the 
present invention are represented by the folloWing structural 
formula: 

[0134] n and m in each occurrence, independently is 0 or 
a positive integer. Preferably 0 to 18 inclusive. 

[0135] j in each occurrence, independently is 0, 1, 2, 3 or 
4. 

[0136] Z' in each occurrence, independently is 
%(o)oi, wc(o)i, iC(O)NHi, iNHC(O)i, 
iNHi, %H=Ni, iN=CHi, ic(o)i, 43*, 
isi, isisi, is=N< iN=s< ic(s)oi, 
was), A)P(O)(OR4)Oi, OP(OR4)Oi, 
4C(O)OC(O)i or a bond. In one embodiment, Z' is 
%(O)Oi. 
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[0137] R' in each occurrence, independently is C1-C6 
alkyl, 40H, iNH2, iSH, an optionally substituted aryl, 
an optionally substituted ester or 

[0138] Wherein at least one R' adjacent to the ‘OH group 
is an optionally substituted bulky alkyl group (e.g., butyl, 
sec-butyl, tert-butyl, 2-propyl, l,l-dimethylhexyl, and the 
like). 

[0139] R'l in each occurrence, independently is Cl-C6 
alkyl, an optionally substituted aryl, an optionally substi 
tuted aralkyl, 40H, iNHZ, iSH, or Cl-C6 alkyl ester 
Wherein at least one Rl adjacent to the ‘OH group is a 
bulky alkyl group (e. g., butyl, sec-butyl, tert-butyl, 2-propyl, 
l,l-dimethylhexyl, and the like).). 

[0140] M' is H, an optionally substituted aryl, Cl-C20 
linear or branched alkyl chain With or Without any functional 
group anyWhere in the chain, 

[0141] o is 0 or a positive integer, 

[0142] R'2 in each occurrence, independently is iH, 
Cl-C6 alkyl, 40H, iNH2, iSH, optionally substituted 
aryl, ester, or 

(1'01 
HO (CH )0 ® 2% 

[0143] Wherein at least one R'2 is ‘OH. 

[0144] R'3 in each occurrence, independently is iH, 
Cl-C6 alkyl, optionally substituted aryl, optionally substi 
tuted aralkyl 40H, iNH2, iSH or ester. 
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[0145] In another embodiment, the antioxidants Which are 
suitable for use in the compositions and methods of the 
present invention are represented by the folloWing structural 
formula: 

[0146] X‘ in each occurrence, independently is 
%(o)oi, wc(o)i, iC(O)NHi, iNHC(O)i, 
iNHi, %H=Ni, %(o)i, ioi, isi, 
4C(O)OC(O)i or a bond. 

[0147] R'2 is Cl-C6 alkyl, iOH, iNHZ, iSH, aryl, 
ester, or 

[0148] Wherein at least one R'2 is 40H, and the Values 
and preferred Values for the remainder of the Variables are as 
described immediately above. 

[0149] In certain embodiments Z' is iC(O)Oi. In cer 
tain other embodiments Z' is 4OC(O)i. In certain other 
embodiments Z' is 4C(O)NHi. In certain other embodi 
ments Z' is iNHC(O)i. In certain other embodiments Z' 
is iNHi. In certain other embodiments Z' is 4CH=Ni. 
In certain other embodiments Z' is iN=CHi. In certain 
other embodiments Z' is 4C(O)i. In certain other embodi 
ments Z' is 40*. In certain other embodiments Z' is 
iSi. In certain other embodiments Z' is iSiSi. In 
certain other embodiments Z' is iS=Ni. In certain other 
embodiments Z' is iN=Si. In certain other embodiments 
Z' is iC(S)Oi. In certain other embodiments Z' is 
4OC(S)i. In certain other embodiments Z' is 
4OP(O)(OR4)0—. In certain other embodiments Z' is 
OP(OR4)Oi. In certain other embodiments Z' is 
4C(O)OC(O)i. In certain other embodiments Z' is a bond. 

[0150] In certain embodiments both R' groups adjacent to 
the iOH group is an optionally substituted bulky alkyl 
group. In a particular embodiment both R' groups adjacent 
to the ‘OH group are tert-butyl. 

[0151] In certain embodiments M' is 

(R'2)j 

| \ 
/ 



US 2007/0149660 A1 

[0152] In certain embodiments M' is 

R'3 

R’ , 
R'3 \ 3 

[0153] In certain embodiments, at least one R' is 

(R'Oj 
| 

Z'—(CH2),1‘®iOH; 
[0154] In certain embodiments n is 0. 

[0155] In certain embodiments m is l. 

[0156] In certain embodiments n is 0, m is l and Z is 

ic(o)oi. 
[0157] In certain embodiments n is 0, m is 1, Z is 
iC(O)Oi and the tWo R' groups adjacent to the 40H are 
t-butyl. 
[0158] In certain embodiments n is 0, m is 1, Z is 
iC(O)Oi, the tWo R' groups adjacent to the 40H are 
t-butyl and M' is 

/ 

[0159] In certain embodiments n is 0, m is 1, Z is 
iC(O)Oi, the tWo R' groups adjacent to the 40H are 
t-butyl, M' is 

/ 

and the R'2 in the para position is ‘OH. 

[0160] In certain embodiments n is 0, m is 1, Z is 
iC(O)Oi, the tWo R' groups adjacent to the 40H are 
t-butyl, M' is 

/ 

the R'2 in the para position is iOH and an adjacent R'2 is 
iOH. 
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[0161] In certain embodiments n is 0, m is 1, Z is 
4C(O)Oi, the tWo R' groups adjacent to the 40H are 
t-butyl, M' is 

I / 

the R'2 in the para position is 40H and the tWo adjacent R'2 
are ‘OH. 

[0162] In certain embodiments n is 0, m is 1, Z is 
4C(O)Oi, the tWo R' groups adjacent to the iH are 
t-butyl, M' is 

R'3 

R’ . 
R'3 \ 3 

[0163] In certain embodiments n is 0, m is 1, Z is 
4C(O)Oi, the tWo R' groups adjacent to the 40H are 
t-butyl, M' is 

and R3 is iH. 

[0164] Speci?c examples of compounds and polymers 
Which are suitable for use in the compositions and methods 
of the present invention are represented by one of the 
folloWing structural formulas: 

OH 

A 
' / 

n 

O 

OH 
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