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LUBRICANT OIL COMPOSITIONS

RELATED APPLICATION(S)- _
This application claims the benefit of U.S. Provisional Application No.
60/742,150, filed on December 2, 2005. The entire teachings of the above

application(s) are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Ear]y lubrication began with animal_féts and oils and slowly evblved to
petroleum—based oils. Petroleum-based oil, however, do not perform as well as.
many of the.animal-based products and require a lot of refining and treatment. -
Synthetic oils, Wthh are made from small molecules, have historically had superior
lubricating pcrformance characteristics that could not be achieved with conventional
oils. However, while many lubricants currently exist, there is still a need for

lubricants with improved properties. -

SUMMARY OF THE INVENTION

The present invention relates to compositions comprising.i) a first

antioxidant and at least one first additive, selected from the group comprising -

surface additives, performance enhancing additives and lubricant protective
additives and Optionally ii) a second additive and/or a second antioxidant (or

stabilizer). These composmons are useful in the methods of the present invention to

. rmprove, for example increase the shelf life, improve the quality and/or

performance of lubricants, such as lubricant oils.

PCT/US2006/045929
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In one embodiment, the present invention is a composition comprising a first
antioxidant, and at least one first additive selected from the group consisting of i) a

surface additive; ii) a performance enhancing additive; and iii) a lubricant protective

- additive.

In another embodiments the present invention is a lubricant composition

comprising: a lubricant or a mixture of lubricants, a first antioxidant and at least one

first additive selected from the group consisting of i) a surface additive; ii) a

performance enhancihg additive; and iii) a lubricant protective additive.

In yet another embodiment the present invention is a method of improving a
composition comprising combining the composition with a first antioxidant; and at
least one first additive selected from the group consisting of i) a surface additive; ii)
a performance enhancing édditive; and iii) a lubricant protecﬁtive additive.

In yet another embodiment the present invention is a method of improving a
lubricant or a mixture of lubricants comprising combining the lubricant or mixture
of lubricants with a first antioxidant; and at least one first additive selected from the
group consisting of i) a surface additive; i) a performance enhancing additive; and
iii) a lubricant protective additive. |

The compositions and methods of the present invention generally provide
increased shelf life, increased oxidative resistance, enhanced performance and/or
improved quality to materials, such as, for example, lubricants and lubricant oils. In

general it is believed that because of the synergy of the antioxidants with the

" additives, the compositions described herein have superior oxidation resistance. The

-additives exhibit several key functions such as corrosion inhibition, detergency,

viscosity modification, antiwear performance, dispersant properties, cleaning and
suspending ability. The disclosed compositions, in general provide superior
performance of lubricants in high temperatures applications due to the presence of
antioxidants which are thermally stable at high temperatures with enhanced

oxidation resistance.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to compositions for improving lubricants,

wherein the compositions comprise i) a first antioxidant selected from the group



WO 2007/064843 PCT/US2006/045929

10

20

comprising of antioxidants described in Provisional Patent Application No.s:
60/632,893, 60/633,197, 60/633,252, 60/633,196, 60/665,638, 60/655,169,
60/731,123, 60/731,021 and 60/731,325; US Patent Application No.s: 11/184,724,
11/184,716, 11/040,193, 10/761,933, 10/408,679 and 10/761,933; PCT Patent
Application No.s: PCT/US2005/001948, PCT/US2005/001946 and |
PCT/USOB/ 10782, the entire contents of each of which are incorporated herein by
reference; along with at least one first additive selected from the groups comprising
of surface additives, performance eﬁhancing additives and lubricant protective
additives; and optionally ii) a second additive and/or a second antioxidant (or
stabilizer) wherein examples of suitable second additives and antioxidants are as
described herein. |

In one embodiment, the first antioxidants which are suitable for use in the
compositibns 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 macromolecular antioxidants, nitrogen and
hindered phenol containing dual functional macromolecular antioxidants, alkylated
macromolecular antioxidants, sterically hindered phenol and phosphite based
macromolecular antioxidants.

In one embodiment, the first antioxidants which are suitable for use in the
compositions and methods Qf the present invention include antioxidant polymers

which comprises repeat units that include one or both of Structural Formulas (I) and

an:
Ft/\ 7S
T A "“‘T B
L S
e e L /T 5
where:

R is —H or a substituted or unsubstituted alkyl, substituted or unsubstituted
acyl or substituted or unsubstituted aryl group;
Ring A is substituted with at least one fers-butyl group or substituted or

unsubstituted n-alkoxycarbonyl group, and optionally one or more groups selected
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from the group consisting of -OH, -NH, -SH, a substituted or unsubstituted alkyl or

aryl group, and a substituted or unsubstituted a]kokycarbonyl group;

Ring B is substituted with at least one —H and at least one rerz-butyl group or
substituted or unsubstituted n-alkoxycarbony! group and optionally one or more
groups selected from the group consisting of -OH, -NH, -SH, a substituted or .
unsubstituted alky] or aryl group, and a substituted or uhsubstit_uted alkoxycarbonyl

- group;

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

p is an integer equal to or greater than 0.

In another embodiment, the first antioxidants which are suitable for use in

the compositions and methods of the present invention include polymers with repeat

units represented by one or both of Structural Formulas (III) and '(IV )
— - - -
AN '
A —_—
- = ]

OR n

amy L °TTITT p o avy,

where Rings A and B are substituted as described above and n and p are as defined
above.

Preferably, Ring A and Ring B in Structural Formulas (I) to (IV) are cach
substituted with at least one fert-butyl group.

In another embodiment, the first antioxidants which are suitable for use in
the compositions and methods of the present invention include polymers with repeat
units represented by one or more of Structural Formulas (Va), (Vb), (Vc), (Vla),
(VIb) and (Vic):
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where R;, Ry and Rj are independently selected from the group consisting of

-H, -OH, -NH, -SH, a substituted or unsubstituted alkyl or a substituted or

unsubstituted aryl group, and a substituted or unsubstituted alkoxycarbonyl group,



WO 2007/064843 PCT/US2006/045929

10

-6 -

provided thét at least one of Ry, Ra and R 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. |
In a particular embodiment, R is =H or —CH3; R; ‘is —H, -OH, or a substituted
or unsubstituted alkyl group; or both. '
Specific e){amples of repeat units included in polymers which .are suitable for
use in the compositions and methods of the present invention are represented by one

of the following Structural formulas:

_ N -
] b, R
i OH )
\
_Z
S
L = v,
B OH |
AN -
F
L o,
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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 five repeat units. The molecular weight of
the polymers disclosed above is generally 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.

Antioxidant polymers as described immediately above which are suitable for

use in the compositions and methods of the present invention can be either

homopolymers 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. 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 cdpolymer can be either a synthetic or natural antioxidant. '
Antioxidant polymers as described immediately above which are suifab]e 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 weli-mixed with that medium or substrate.
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Antioxidant polymers as described immediately above which are suitable for
use in the compositions and methods of the present jnvention 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), (3XI) and (XXIV).
In another embodiment, the first antioxidants which are suitable for use in
the compositions and methods of the present invention include polymers with repeat '

units represented by one or both of Structural Formulas (1) and (II):

(\ o
PoA - B
LR A LTI T e

where:

R is ~H or a substituted or unsubstituted alkyl, é\cyl or aryl group;

Ring A is substituted with at least one terr-butyl group, 1-ethenyi-2-
carboxylic acid group or ester thereof, substi;uted or unsubstituted alkylenedioxy
group, or subsvtituted or unsubstituted n-atkoxycarbonyl! group and zero, one or more
additional functiona} groups;

Ring B is substituted with at least one —H and at least one fert-butyl group, 1-
ethenyl-2-carboxylic acid group or ester thereof, substituted or unsubstituted
alkylenedioxy group, or substituted or unsubstituted n-alkoxycarbony! group and
zero, one or more additional functional groups; |

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

p is an integer equal to or greater than 0, _ .

where the polymer includes two or more repeat units represented by one or
both of Structural Formulas (1) and (II) that are directly connected by a C-C or C-O-
C bond between benzene rings.

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 Structurat Formula (I) are preferably substituted on Ring B with

one or more hydroxy! or acyloxy groups.
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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 molecules 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 hydroxy!
group. The hydroxyl group is not restricted to being a free hydroxy! group, and the
hydroxyl group can be protected or have a cleavable group attached to it (e.g., an

ester group). Such cieavable groups can be released under certain conditions (e.g.,

changes in pH), with a desired shelf life or with a timé-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.

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, a 1-
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 alky) group is located ortho or
meta to a hydroxyl group on the benzene ring. ‘A “bulky alkyl group™ is defined
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 rert-butyl group. Other examples of bulky alkyl groups
include isopropyl, 2-butyl, 3-pentyl, 1,1-dimethylpropyl, 1-ethyl-1-methylpropyl
and 1,1-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.

Substituted benzene repeat units that are substituted 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 alkylenedioxy group is a lower alkylenedioxy group, such as a
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methylenedioxy gfoup or an ethylenedioxy group. A methylenedioxy group is
preferred (as in sesamol).

Straight chained alkoxycarbony! groups typically have an alkyl chain of one
to sixteen carbon atoms, and include methoxycarbonyl, ethoxycarbonyl, n-
propoxycarbonyl, n-butoxycarbony! and n-pentoxycarbonyl. n-propoxycarbonyl is a
preferred groulﬁ. Similar to the 'bulb_f 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. Alkoxycarbonyl groups can
also be present in their hydrolyzed form, namely as carboxy groups or carboxylic
acid groups.

In substituted benzene repeat units having a 1-ethenyl-2-carboxylic acid

. group or an ester thereof, the 1-carbon (i.e., the carbon distal from the carboxylic

acid moiety) is attached to the benzene ring.

In addition to the substituents named above, substituted benzene repeat units
can have additional functional groups as substituents. For example, the additional
functional groups can be selected from the group consisting of -OH, -NH, -SH, 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 —OH, a substituted or unsubstituted alkoxy
group and a saturated or unsaturated carboxylic acid group.

Preferably, Ring A and Ring B in Structural Formulas (I) to (IV) are each
substituted with at least one rerz-butyl group. ‘

Further, specific examples of repeat units included in polymers which are
suitable for use in the compositions and methods of the present invention are

represented by one of the following structural formulas:
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(XVila),
- =
~ (XVIIIb) and
- ]
/s
O
- © - (XVIIIc).

Although Structural Formulas (XI), (XVI), (XVII) and (XVIII) are
5 represented as having a propoxycarbonyl substituent, this group can generally be

replaced with a different C;-C)¢ n-alkoxycarbonyl group or can be a carboxylate

group.

A particular polymer suitable for use in the methods and compositions of the

present invention is bo]y(2-tert-butyl-4-hydroxyanisole).
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Antioxidant polymers as described immediately above which are suitable for
use in the methods and compositions of the present invention have two or more
repeat units, preferably greater than about five repeat units. The molecular weight of
the polymers disclosed herein is geﬁerally selected to be appropriate for the desired
application. Typically, the molecular weight is greater than about 500 atomic mass
units (amu) and fess 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.

Antioxidant polymers as described immediately above which are suitable for
use in the methods énd compositions of the present invention can be either .

homopolymers 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 properfies 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 aﬁtioxidant. In one-example, 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
substimted benzene repeat units that are directly connected by a C-C or C-O-C 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 C-C or C-O-C bond.

Examples of copolymers include poly(TBHQ-co-propy! gallate),
poly(TBHQ-co-BHA), poly(TBHQ-co-sesamol), poly(BHA-co-sesamol),
poly(propyl gal]ate-co~sesa1ﬁol) and poly(BHA-co-propy! 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. ,

Antioxidant polymers as described immediately above which are suitable for
use in the methods and compositions of the present invention are typi.cally insoluble

in aqueous media, although certain polymers of gallic acid and its esters are water



WO 2007/064843

10

PCT/US2006/045929

-15-

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 invention is insoluble in a particular medium or substraté',
it is preferably well-mixed with that medium or substrate.

Antioxidant polymers as described immediately above which are suitable for
use in the methods and compositions 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).

In another embodiment, the first 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’,

OH @]
or
R R
' OH OH n
U

)

R XH X
( 10%\\' (R10>%\/§/\
V— and —%)
OR OR

U’
~ In Structural Formula U or 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
alky) group, or in preferred embodiments, a tertiary butyl group. X is —O-, -NH- or
-S-. Each Ry is independently an optionally substituted C1-C 10 alkyl group, an
optionally substituted aryl group, and optionally substituted alkoxy group, an
optionally substituted carbonyl group, an optionally substituted alkoxycarbony!

group, an optionally substituted aryloxycarbonyl group, -OH, -SH or ~NH;; or two
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R0 groups on adjacent carbon atoms join together to form an optionally substituted
aromatic ring or an optionally substituted carbocyclic or heterocyclic non- aromatic

ring. qis an integer from 0 to 2.

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 molecules are typically
based on phenol or a phenol derivative, such that they have at least one hydroxyl or
ether functional group. Preferably, the beﬁzene mo‘lecul»es have a hydroxy! 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 thiopheno! and aniline derivatives, e.g.,
where the phenol —OH can be replaced by —SH, -NH-, and the like.

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-alkoxycarbony! group. Preferably, the benzene monomers are substituted with a
bulky alkyl group. More preferably, the bulky alky! group is located ortho or meta
to a hydroxyl group on the benzene ring, typically ortho. A “bulky alkyl group” is

defined herein as an alky! group that is branched alpha- or bera- 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 terr-butyl
group. Other examples of bulky alky! groups include isopropy), 2-butyl, 3-pentyl,
1,1-dimethylpropyl, 1-ethyl-1-methylpropyl and 1,1-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. Straight chained alkoxylcarbonyl groups include methoxycarbonyt,

ethoxycarbonyl, n-propoxycarbonyl, n-butoxycarbonyl and n-pentoxycarbony!.

. n-propoxycarbonyl is a preferred group. Similar to the bulky alkyl groups,
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n-alkoxycarbonyl groups are optionally substituted with a functional group that does
not interfere with the antioxidant activity of the molecule or the polymer.

In another embodiment, the first antioxidants which are suitable for use in
the compositions and methods of the present invention include a polymer
comprising repeat units represented by one or both of Structural Formulas (i) and
Gii):

OH OH

e g

R =L )

where: ‘
Ring A is substituted with at least one ters-butyl group, and optionally one or
more groups selected from the group consisting of a substituted or unsubstituted

alky! or aryl group, and a substituted or unsubstituted alkoxycarbonyl group;

Ring B is substituted with at least one ~H and at least one fert-butyl group
and optionally one or more groups selected from the group consisting of - a
substituted or unsubstituted alky! or aryl group, and a substituted or unsubstituted
alkoxycarbony'l group;

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

p is an integer equal to or greater than 0.

In another embodiment, the first 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):

PCT/US2006/045929
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where Ring A is S\jbstituted with at least one rers-butyl group, and optionally one or
more groups selected from the group coﬁsisting of a substituted or unsubstituted
alkyl or aryl group, and a substituted or unsubstituted alkoxycarbony! group; Rin gIB
is substituted with at least one ~H and at least one tert-butyl group and optionally
one or more groups selected from the group consisting of a substituted or
unsubstituted alky| or aryl group, and a substituted or unsubstituted alkoxycarbonyl

group; R is —H, an optionally substituted C‘l-CIO alkyl group, an aryl group, a

“benzyl group, or an acyl group n is an integer équal to or greater than 2; and p is an

integer equal to or greater than 0. In one embodiment R is a C1-10 branched or

linear alky! group.

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
gre‘ate‘r than about five 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 Iéss 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. '

Antioxidant polymers as described immediately above which are suitable for
use in the methods of the present invention can be either homopolymers or
copolymérs. 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
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polymer with tunable properties. The second, third and/or further repeat units in a
copolymer can be either a synthetic or natural antioxidant.

Antioxidant polymers as described immediately above which are suitable for
use in the methods of the present invention are typically insoluble in agueous media.
The solubility of the antioxidant polymers in non-aqueous media (e.g., oils) depénds
upon the molecular weight of the polymer, such that high molecular weight
polymeré 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 préfefably well-mixed with that medium or substrate.

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
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).

Another specific example of a repeat unit included in polymers which are
suitable for use in the compositions and methods of the present invention is

represented by the following structural formula:

Py O
—_— — | \ ]
~ C(CHa)3 C(CH3)

In another embodiment, the first antioxidant polymers which are suitable for
use in the compositions and methods of the present invention includes a 4
macromolecule which can be represented by one or both of Structural Formulas R
and S:
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In Structural Formulas R and S, n is an integer equal to or greater than 2.
The variable X is O, NH, or S. |
5 The variable Z is H.
Each variable K is independently —H or —OH, with at least one -OH adjacent
to a-H; or K is a bond when that position is involved in the polymer chain.
In another embodiment, the first antioxidants which are suitable for use in
the compositions and meth'ods of the present invention includes a macromolecular
10 antioxidant polymer represented by one or both of Structural Formulas T and V or
T’ and V’: '

b -n - -
T v )
— XH = —f X ]
OH
OH
£ [
¢ A
R1: = (R10)Q R{ /\(R‘W)Q
L .J n - “n
15 T \A

In Structural Formulas T, T?, V and V’, n is an integer equal to or greater

than 2.
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The variable X is O, NH, or S,

The variable Z is H.

Each variable R is independently —H, —OH, a C1-C10 alkyl group, or a bond
when that position is involved in the polymer chain wherein at least one -OH is
adjacent to a C1-C10 alky! group, e.g., a tertiary butyl group.

Each Ry is independently an optionally substituted C1-C10 alkyl group, an
optional]y(substituted aryl group, and optionally substituted alkoxy group, an
optionally substituted carbony! group, an optionally substituted alkoxycarbony)
group, an optionally substituted aryloxycarbonyl group, -OH, -SH or —NH; or two
Rio groups on adjacent carbon atoms join together to form an optionally substituted
aromatic ring or an optionally substituted carbocyclic or heterocyclic non- aromatic
ring. qis an integer from 0 to 2. Ri2 is a bulky alkyl group substituent bonded to a
ring carbon atom adjacent (ortho) to a ring carbon atom substituted with an ~OH
group.

n is an integer equal to or greater than 2.

These macromolecular antioxidant polymers can contain, for example,
tert-butylhydroquinone, 2, 5-di-tert-butylhydroquinone, BHT type repeat units and
their combinations. In some embodiments, of the macromolecular antioxidants
described immediately above can be homopolymers, copolymers, terpolymers, and
the like 4

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 hydroxy! group on the benzene ring, typically ortho. A “bulky alkyl group” is
defined 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 ferf-butyl
group. Other examples of bulky alkyl groups include isopropyl, 2-butyl, 3-pentyl,
1,1-dimethylpropyl, 1-ethyl-1-methylpropyl and 1,1-diethylpropyl. The bulky alkyl

groups.are preferably unsubstituted, but they can be substituted with a functional
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group that does not interfere with the antioxidant activity of the molecule or the |
polymer. Siraight chained allkoxylcarbonyl groups include methoxycarbonyl,
ethoxycarbonyl, n-propoxycarbonyl, n-butoxycarbonyl and n-pentoxycarbonyl.
n-propoxycarbonyl 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.
Antioﬁidant polylﬁers as described immediately above which are suitable for
use in the methods and compositions of the present invention haife two or more
repeat units, preferably greater than about five repeat units. The mdlecular weight of
the polymers disclosed herein can be generally selected to be appropriate for the
desired application. Typicafly, the mo]ec‘ular 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.
Antioxidant polymers as described immediately above which are suitable for
use in the methods and compositions of the present invention can be either
homopolymers 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. 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.

Antioxidant polymers as described immediately above which are suitable for
use in the methods and compositions of the present invention are typically insoluble
in aqueous media. The solubility of the antioxidant polymers in non-agueous 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.

Antioxidant polymers as described immediately above which are suitable for
use in the methods and compositions of the present invention can be branched or

linear, but are preferably linear. Branched antioxidant polymers can only be formed
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from benzene molecules having three or fewer substituents (e.g., three or more
hydrogen atoms), as in Structural Formulas (XX), (XXI) and (XXIV).

Specific examples of repeat units included in polymers which are suitable for
use in the compositions and methods of the present invention are represented by one

of the following structural formulas:

- ‘ 7
OH O— OH O~ OH
)\ t-Bu
l [
F L
‘\’)\t—eu t-Bu t-Bu Bu gy -Bu t-Bu
OH OH OH OH and OH
OH [oSum— OH . OH
t-Bu
t-Bu -Bu t-8y -Bu : :t-Bu
OH Ok OH - and OH )
il ’ N — n
o o— (o] o—
t-Bu t-Bu
HO OH Ho oH HO OH  HO OH
t-Bu ) t-Bu ) 1-Bu and | n
NH, NH—— NH;
I/K \
P P
H/Rt-Bu t-Bu t-Bu +Bu
‘ OH OH OH
’ and dn
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NH2 HN——

A

t-Bu . t-Bu t-Bu tBu, g t-Bu

NH, " NH———

. OH , . OH OH
— ’ ~'n
o— o—
t-Bu t-Bu
OH Ho oH HO OH HO OH
t-Bu ' t-8u , t-Bu ' and n

B " OH
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n is an integer equal to or greater than 2, .

In another embodiment, the first antioxidants which are suitable for use in
5  the compositions and methods of the present invention includes an antioxidant

polymer represented by Structural Formula M or M,

F R1H R1-‘—‘j_
Rg Ry Rs Ry
— and/or .
R4 R Ry Rs .
| RqH ' R4H
AN
M
(Ryo)a XH Rioka __ % |
fr i and Qg
\K /
XH XH
L aJn
10 ‘ M’
In Structural Formula M:
n is an integer equal to or greater than 2;
R,is O, S, or NH;
15 R4, Rs, R7 and Ry are independently —H, -OH, -NH, -SH, a substituted or

unsubstituted alky)] or aryl group, or a substituted or unsubstituted
-alkoxycarbonyl group, or a bond when part of the polymer chain,
provided that:
(1) at least one of Ry, Rs, R7 and Ry is a rers-butyl group or a substituted or
20  unsubstituted alkoxycarbonyl group, and at least two of R4, Rs, R; and Rg are -H; or
(2) at least one of R4, Rs, Ry and Ry is a rers-butyl group.or a substituted or
unsubstituted alkoxycarbonyl group, at least one of R4, Rs, R7 and Ry is a hydroxyl,
alkoxy, alkoxycarbony!t or aryloxycarbohyl group, and at least one of R4, Rs, R and
Ry is —H.
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In structural formula M’ each X is independently —O-, -NH- or —S-. Each
R 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 optionally substituted alkoxycarbonyl group, an

optionally substituted aryloxycarbony} group, -OH, -SH or -NHz; and/or two Ry

groups on adjacent carbon atoms join together to form an optionally substituted

aromatic ring or an optionally substituted carbocyclic or heterocyclic non- aromatic
ring. qis an integer from 0 to 2. n is an integer greater than or equal to 2.
Substituted benzene repeat units of an antioxidant polymer as described
immediately above which are suitable for use in the methods and compositions of
thé 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 preferabl);, the bulky alkyl group is located ortho or meta
to a hydroxy!l group on the benzene ring, typically ortho. A “bulky alkyl group” is
defined 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,
1,1-dimethyipropyl, 1-ethyl-1-methylpropyl and 1,1-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 moiecule or the
polymer. Straight chained alkoxylcarbonyl groups include methoxycarbonyl,
ethoxycarbonyl, n-propoxycarbonyl, n-butoxycarbonyl and n-pentoxycarbonyl.
n-propoxycarbonyl is a preferred group. Sirﬁilar to the bulky alkyl groups,
n-alkoxycarbony! groups are optionally substituted with a functional group that does
not interfere with the antioxidant activity of the molecule or the polymer.
Antioxidant polymers as described immediately above which are suitable for
use in the methods and compositions of the present invention have two or more
repeat units, preferably greater than about five 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



WO 2007/064843

10

15

227 -

1,000 amu and less than about 100,000, greater than about 2,000 amu and Jess than

about 10,000, or greater than about 2,000 amu and less than about 3,000 amu.
Antioxidant polymers as described immediately above which are suitable for

use in the methods and compositions of the present invention can be either . |

homopolymers 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. 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 pdlymer with tunable properties. The second, third and/or further repeat
units in a copolymer can be either a synthetic or natural antioxidant.

Antioxidant polymers as described immediately above which are suitable for
use in the methods and compositions of the present invention are typically insoluble
in aqueous media. The solubility of the antioxidant polymers in non-agueous 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.

Antioxidant polymers as described immediately above which are suitable for
use in the methods and com(}ositions 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).

In another embodiment, the first antioxidants which are suitable for use in
the compositions and methods of the present invention include a polymer havmg at
Jeast one repeat unit that is represented by a structure selected from the group h

consisting of Structural Formulas (A), (B), (C), (D) and combinations thereof:

PCT/US2006/045929
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R .
o o
o
(C,:H»m (TH?’)’“ |
(CH=CHY), (CH=TH)“
(CHa)p (TH2>°
z
Z (A)a ) ' (B>,
OH
*, * *__,___.l_ LS S
|
o
T o (CHg)s
(CHz) l‘l?
l }
z (C) and — — D).

R' is a covalent bond, -O-, -C(Q)O-, -C(OYN-, -C(O)-, -CH=CH-, -S- or -N-.
R; is =H or an alky| group, or -(CHy)-O-X-Z. Typically, R; is —H or alkyl.
Each X is independently a covalent bond, -C(O)-, -C(0)O- or -C(O)N-.

Y is -O-, -N- or -S-,

Each Z is an independently selected antioxidant.

wn

aisan iﬁtegcr from 0 to 12.
Each k is independently an integer from 0 to 12,
10 © mis an integer from 0 to 6. |
nisQor .
p is an integer from O to 6.
In one embodiment, the polymer does not include cyclic anhydride repeat

units,
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An antioxidant can be attached to the polymer by one or more linkages or
bonds. Examples of suitable linkages 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.

There are many examples of polymers that can be derivatized with an
antioxidant. One type of such polymer has pendént hydroxyl groups, such as
poly(vinyl alcohol) and copolymers thereof (e.g., poly(ethylene-co-viny) alcohol)).
The hydroxyl groups of poly(vinyl alcohol), a polyhydroxyalkyl methacrylate (e.g.,
polyhydroxy methy! methacrylate), 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 pref;afred polymer; the carboxylic acid groups of paly(acrylic acid) can be
derivatized, although carboxylic acid groups generally require activation before
derivatization can occur.

An additionahl 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:
[— R

Rio Rz

X
=

(CHZ)a

R

H

where a is an integer from 0 to 12; R is -OH, ~-COOH, -NH,, -SH or a halogen; and
Rio, Ry and Ry; are each independently —H, -OH, -NH- or —SH, provided that at
least one of Ryq, R)) and Ry, is ~OH, -NH; or -SH. Preferably, one of R)q, Ry; and
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R, is —OH and the remaining two are optionally ~H. More preferably, R, is -OH
and Ry and R, are -H,

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.

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.

All or a fraction of the pendant reactive groups of a derivatizable polymer
can be derivatized with an antioxidant. In one example, about 100% of the pendant
reactive groups can be derivatized. In another example, about 5% to about 0%,
such as about 20% to about 80% (e.g., about 50% to about 80%) of the pendant
reactive groups can be derivatized. '

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), 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 first 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 I:i).

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, Phenoclic antioxidants typically have one or more bulky
allcy! 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 substituent, an alkoxycarbonyl
substituent, a 1-propenyl-3-carboxylic acid substituent or an ester thereof. A

preferred bulky alkyl group is a tert-butyl group. The phenol hydroxyl group can be
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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.

| One group of suitable phenolic antioxidants can be represented by Structural

Formula (E):
Rs Ry

Ry Re

Ry is —H or a substituted or unsubstituted alkyl, acyl or aryl group, preferably
—H or an acyl group. ‘

R4, Rs, Rg, R; and Ry are independently chosen substituent groups, such that
at least one substituent can-be a substituted or unsubstituted alkyl or aryl group, a
substituted or unsubstituted alkoxycarbonyl group, a substituted or unsubstituted
alkylenédioxy group, a 1-propenyl-3-carboxylic acid group or an ester thereof.

Also, at least one of R4, R5, Rs, Ry and Rg must be a substituént 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, —H, -OH, -NH and —SH. A substituent should not decrease the
antioxidant activity more than two-fold; instead, substituents preferably increase the
antioxidant activity of the molecule.

Specific 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-terr-butyl-4-hydroxyphenyl) propionic acid,
3,5-di-tert-butyl-4-hydroxybenzenethiol, '
2-(3,5-di-tert-butyl—4-hydroxypheny])acetic acid, 3,5-di-zert-butyl-4-hydroxybenzoic
acid, 3,5-di-tert-butyl-4-hydroxycinnamic acid, gallic acid, alky! gallates,
3,5-di-tert-butyl-4-hydroxybenzyl alcohol, tejrt-butyl-hydroquinone,'
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2,5-di-tert-butyl-hydroquinone, 2,6-di-tert-butyl-hydroquinone,
3,5-di-rers-butyl-4-hydroxybenzaldehyde, monoacetoxy-terr-butylhydroquinone,
sesamol, 1soflavones, flavanoids and coumarins.

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

configuration:

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

Polymers described immediately above which are suitable for use in the
compositions and rhethods of the present invention can be homopolymers or
copolymers. One type of copolymer includes ethylene repeat units, particularly in a
copolymer containing repeat units represented by Structural Formula (A) and/or |
Structural Formula (B).

In one embodiment of the invention, a polymer comprises repeat units
represented by Structural Formula (A). In a first 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 phenélic |
antioxidant is a 3,5-di-tert-butyl-4-hydroxyphenyi group, particularly when X is
-C(O)-. For these values of X and Z, m 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 —~C(0)-. Other preferred antioxidants are mono and
di-rert-butylated-4-hydroxyphenyl groups, 4-acetoxy-3-tert-butylphenyl groups and
3-alkoxycarbonyl-2,6-dihydroxyphenyl groups (e.g.,
3-propoxycarbonyl-2,6-dihydroxyphenyl groups), particularty when X is a covalent
bond.

In a second set of these polymer having repeat units represented by

Structural Formula (A), m and p are each 0. When m and p are 0, n is also typically
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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-trihydroxypheny! group or a
4-acetoxy-3-rert-butylphenyl group, particularly when X is —C(O)-.

In another embodiment of the invention, an antioxidant polymer has repeat

" units represented by Structural Formula (B). For these polymers, m, n and p are

each typically 0. Zis ;)referably a phenolic antioxidant, specifically a
3,4,5-trihydroxyphenyl, 3,5-di-zere-butyl-4-hydroxypheny) group or a 3,5-di-
-tert-butyl-2-hydroxypheny! group.

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 —
O- and Z is preferably ascorbic acid, particularly when k is 0. In another group, Y is
—O- 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-rerr-butyl-4-hydroxyphenyl group.
Other examples include of phenolic antioxidants include
4-acetoxy-3-tert-butylphenyl, 3-rert-butyl-4-hydroxyphenyl,
2,6-di—terz-butyl-4-mercéptophenyl and 2,6-di-tert-butyl-4-hydroxyphenyl groups.

| 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 antioxidants, as described above. For these polymers, the
phenol hydroxyl group is typically p"ara or meta to the group containing Z, more
typically para.

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 five 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 abouf 5,000 amu.
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Antioxidant polymers described immediately above which are suitable for
use in the methods of the present invention éan be typically insoluble in aqueous
media. The solubility of the antioxidant polymers in non-aqueous ﬁedia (e.g., oils)
depends upon the molecular weight of the polymer, such that high molecular weight

‘5  polymers can be typically sparingly sofuble 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. '

In another embodiment, the first antioxidants which are suitable for use in

. the compositions and methods of the present invention are represented by the

10  following structural formula:

(FF'),'
—3—M'—CHz% Z'—(CHQ;;-@- OH

n and m in each occurrence, independently is O or a positive integer.

Preferably 0 to 18 inclusive.

Jj in each occurrence, independently is 0, 1,2, 3 ord.

15 Z’ in each occurrence, independently is -C(O)O-, -OC(0)-, -C(O)NH-,
-NHC(O)-, -NH-, -CH=N-, -N=CH-, -C(0)-, -O-, -S-, -S-S-, -§=N-, -N=S-, -C(S)0-,
-OC(S), -OP(0)(OR4)O-, OP(OR4)O-, -C(O)OC(O)- or a bond. In one embodiment,
Z’ is -C(0)O-.

R’ in each occurrence, independently is C1-C6 alkyl, -OH, -NH;, -SH, an
20  optionally substituted aryl, an optionallyv substituted ester or

(R"1);

—¢—Z'—(CHy), OH

2

wherein at least one R’ adjacent to the -OH group is an optionally substituted
bulky alkyl group (e.g., butyl, sec-butyl, fert-butyl, 2-propy], 1,1-dimethylhexyl, and
the like).
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R’y in each occurrence, independently is C1-C6 alkyl, an optionally
substituted aryl, an optionally substimted aralkyl, -OH, -NH,, -SH, or C1-C6 alkyl
ester wherein at jeast one R adjacent to the -OH group is a bulky alkyl group (e.g.,
butyl, sec-butyl, tert-butyl, 2-propyl, 1,1-dimethylhexyl, and the like). ).

M’ is H, an optionally substituted aryl, Ci-CZO linear or branched alkyl

chain with or without any functional group anywhere in the chain,

o (R
R . =|=
R'/\( " - ?}I\\ HO | (CHy) "éﬁ
SVVS , =7 or \ / e

[VaVal s

o is 0 or a positive integer,

R’s in each occurrence, independently is —H, C1-C6 alkyl, -OH, -NH;, -SH,
optionally substituted aryl, ester, or

(T'>,~
HO \ / (CHZ)O—g_

.wherein at least one R’; is “OH.

R’; in each occurrence, independently is -H, C1-C6 alkyl, optionally
substituted aryl, optionalily substituted aralkyl -OH, -NHa;, -SH or ester.

In another embodiment, the first antioxidants which are suitable for use in
the compositions and methods of the present invention are represented by the

following structural formula:

('T'z)i (Ff')j
*%-M‘—*X’—</:>—‘(CH2-)5-Z'-(CHZ)F—@—OH

X in each occurrence, indebendently is -C(0)0-, -OC(O)-, -C(O)NH-,
-NHC(O)-, -NH-, -CH=N-, -C(0O)-, -0-, -§-, -C(0)QC(O)- or a bond.

PCT/US2006/045929
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R’; is C1-C6 alkyl, -OH, -NH,, -SH, aryl, ester, or

(T’w)j
-———Z—*%CHQ;*~%<L;;>*~OH

wherein at least one R’z is —OH, and the values and preferred values for the

remainder of the variables are as described immediately above.

5. In certain embodiments Z’ is -C(0)O-. In certain other embodiments Z” is

| -OC(0)- . In certain other embodiments Z’ is -C(O)NH-. In certain other
embodiments Z° is -NHC(0)- . In certain other embodiments Z* is -NH-. In certéin
other embodiments Z’ is -CH=N-. In certain other embodiments 2’ is -N=CH-. In
certain other embodiments Z’ is -C(O)- . In certain other embodiments Z’ is -O-. In

10 certain other embodiments Z’ is -S-. In certain other embodiments Z’ is -S-S-. In

certain other embodiments Z’ is -S=N-. In certain other embodiments Z° is -N=S-.
In certain other embodiments Z’ is -C(S)O-. In certain other embodiments Z’ is
-OC(S)- . Incertain other embodiments Z’ is -OP(O)(OR4)O-. In certain other
embodiments 2’ is OP(OR4)O-. In certain other embodiments Z' is -C(0)OC(O)- .

15  In certain other embodiments Z’ is a bond.
In certain embodiments both R’ groups adjacent to the -OH group is an
‘optionally substituted bulky alky! group. In a-particular embodiment both R* groups
adjacent to the -OH group are rert-butyl.
In certain embodiments M’ is
(R'z)l NS
L
20 we o,

In certain embodiments M' is

In certain embodiments, at least one R’ is



WO 2007/064843

10

15

-37-

(R"1);
—3—Z'—(CHy), OH

In certain embodiments n is 0.
In certain embodiments m is 1.
In certain embodiments n is 0, m is 1 and Z is ~C(O)O-.

In certain embodiments n is 0, m is 1, Z is —C(OQ)O- and the two R’ groups
adjacent to the —OH are t-butyl. S '

In certain embodiments n is 0, m is 1, Z is —C(Q)O-, the two R’ groups

2)"\\
/

wn |

adjacent to the —OH are t-butyl and M’ is

(R

In certain embodiments n is 0, m is 1, Z is —=C(O)O-, the two R’ groups
adjacent to the —OH are t-butyl, M’ is '

(R

X
=
[Va¥al

and the R’; in the para position is ~OH.

In certain embodiments nis 0, m is 1, Z is —C(O)O-, the two R’ groups

RSN
>

VAVl s

adjacent to the —~OH are t-butyl, M’ is

(R

the R’z in the para position is “OH and an adjaéent R’; is “OH..

In certain embodiments nis 0, m is 1, Z s —-C(O)O-, the two R’ groups

PCT/US2006/045929
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adjacent to the ~OH are t-butyl, M’ is
(RQZ)"\\
P
R s

the R’y in the para position is ~OH and the two adjacent R’; are —OH..

In certain embodiments n is 0, m is 1, Z is —-C(O)O-, the two R’ groups
5 adjacent to the ~OH are t-butyl, M’ is

R'5

)\(R‘s
R'3

Vaval

In certain embodiments n is 0, m is 1, Z is -C(O)O-, the two R* groups
adjacent to the —~OH are t-butyl, M’ is '

R's
)\(R'S
R'3
[VaVal

10 and R3is-H.

Specific 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:
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In another emboediment, the first antioxidants which are suitable for use in
- the compositions and methods of the present invention include a macromonomer

represented by Structural Formula Y and I’.
OH
Ry Ry

5 I
In I, R and R -Rs are independently —H, -OH, or a C1-C10 optionally

substituted linear or branched alkyl group. n is an integer from 0 to 24.
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OoH

In I’, each of R and R-Rs are independently —H, -OH, or a C1-C10 alkyl
group. n is an integer from 0 to 24, R’ is —H, optionally substituted C1-C20 alkyl or

5  optionally substituted aryl group.

In another embodiment, the first antioxidants which are suitable for use in

the compositions and methods of the present invention include a macromonomer

represented by Structural Formula IH and an antioxidant polymer represented.by

10 Structural Formula IV, The variables are as defined above.

OH ‘ - OH
Ry Rz J R1\')\T/Rz
R )
]
R{ Ra [ %/\(‘\R’

NH ) NH
polymerization o
——— -

n

deacetylation
Rs

.OA¢ OH

m v
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OH

OH
R, R, [ R, \)\'/RQ
. | ,
|
e
R4 R3 l R“/\{KRS
m

NR' NR'
o polymerization o
—_—_—
) .  deacetylation ) n
Re Rs Re Rs
R7 Ra Ry RB
OAc OH
m’ : S

in IIT* and IV’ each of R, and R,-Rg are independently -H, -OH, ora C1-
C10 alkyl gfoup. n is an integer from 0 to 24. m is an integer equal to 2 or greater.
R’ is —H, optionally substituted C1-C20 alkyl or optionally substituted aryl group.

5 InIID and IV the variables are as defined above.

Repéat units of the antioxidant polymers as described immediately above
suitable for use in the compositions and methods of the present invention include
substituted benzene molecules. These benzene molecules are typically based on
phenol or a phenol derivative, such that they have at least one hydroxyl or ether

10 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

15 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 —OH can be replaced by ~SH, -NH-, and the like.

Substituted benzene repeat uﬁits of an antioxidant polymer as described
immediately above suitable for use in the compositions and methods of the present

20 invention are also typically substituted with a bulky alkyl group or an
n-alkoxycarbonyl group. Preferably, the benzene monémers are substituted with a
bulky alkyl group. More preferably, the bulky alkyl group is located ortho or mera
to a hydroxyl group on the benzene ring, typically ortho. A “bulky alkyl group” is
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defined herein as an alkyl group that is branched alpha- or beta- to the benzene ring.
Preferably, the alky! 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 rert-butyl
group. Other examples of bulky alky! groups include isopropyl, 2-butyl, 3-pentyl,
1,1-dimethylpropyl, 1-ethyl-1-methylpropyl and 1,1-diethylpropy!l. 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 molecﬁle or thé
polymer. Straight chained alkqulcarbonyl groups include methoxycarbonyl,
ethoxycarbonyl, n-propoxycarbonyl, n-butoxycarbony! and n-pentoxycarbony!.
n-propoxycarbonyl 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.

‘Antioxidant polymers as described immediately above suitable for use in the
compositions and methods of the present invention have two or more repeat units,
preferably greater than about five repeat units. The molecular weight of the
polymers disclosed herein can be generally selected to be appropriate for the desired
application. Typically, the molecuiar 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 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.

Antioxidant polymers as described immediately above suitable for use in the
compositions and methods of the present invention can be either homopolymers 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. 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.

Antioxidant polymers as described immediately above 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

PCT/US2006/045929
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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 sﬁbstrate.
Antioxidant polymers as described immediately above suitable for use in the
5  compositions and methods of the present invention can be branched or linear, but are
preferably linear. Branched antioxidant po'lymers can only be formed from benzene
molecules having three or fewer substituents (e.g., three or more hydrogen atoms).
In another embodiment, the antioxidants which are suitable for use in the
compositioﬁs and methods of the present invention include macromolecule

10  antioxidants represented by Structural Formula J or J*:

| ‘ R Ra Rs ' |L -
R / N N o OH
| J

In J, R and R-R¢ are independently —H, -OH, or a C1-C10 optionally

15  substituted linear or branched alkyl group. n is an integer from 0 to 24.

J9
In J’ Each R, is independently an optionally substituted aikyl. Each Ry, is

20 independently an optionally substituted alkyl. Each R. is independently an
optionally substituted alkyl or an optionally substituted alkoxycarbonyl. Ry is ~H or
an optionally substituted alkyl. Ryis —H or an optionally substituted alkyl. Each R’
is independently —H or an optionally substituted alkyl. R’’is ~H, an optionally
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substituted alkyl, an optionally substituted aryl or an optionally substituted aralkyl.
n s an integer from 1to0 10. m is an integer from 1 to 10. s is an integer from 0 to 5.
‘tis an integer from 0 to 4. ‘uisan integer from 1 to 4. With the proviso that when n

is 1, then either ring C is not:

‘sisnotQ, or R is not -H.

Specific examples of macromolecule antioxidants represented by Structural
Formula J which are suitable for use in the compositions and methods of the present

10 invention are represented by one of the following structurai formulas:

<
S
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<
9]

In another embodiment, the antioxidants which are suitable for use in the
compositions and methods of the present invention include macromolecular

antioxidants represented by structural formula J*:
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f_ ] Ry R,
Ryl /=== Rk~ /=== =\~ Reh
a\ . \ c
T A
L - —n
Jl

Each R, is independéntly an optionally substituted alkyl. Each Ry, is
independently an optionally substituted alkyl. Each R is independently an
optionally substituted alky! or an optionally substituted alkoxycarbonyl. Ry is—H or

an optionally substituted alkyl. Ry is —H or an optionally substituted alkyl. Each R’

is independently —H or an optionally substituted alkyl. R’’is ~H, an optiopally
substituted alkyl, an optionally substituted aryl or an optionally substituted aralkyl.
n is an integer from 1 to 10. m is an integer from 1 to 10. s is an integer from 0 to 5.
tis an integer from 0 to 4. u is an integer from 1 to 4, With the proviso that when n

is 1, then either ring C is not:

sisnot 0, or R’ is not —H.
In one embodiment the variables in J' are as described as follows:
Each R, is independently an optionally substituted alkyl. 1In one
embodiment, each R, is independently a C1-C20 alkyl. In another embodiment,
each R, is independently a C1-C10 alkyl. In another embodiment, each R, is

independently selected from the group consisting of:
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SO G
E

In another embodiment R, is:

=

Each R, is independently an optionally substituted alkyl.

Each R, is independently an optionally substituted alkyl or an optionally
substituted alkoxycarbonyl. In one embodiment, each R. is independently a C1-C10

alkyl.

Ry is ~H or an optionally substituted alkyl. R, is —H or an optionally
substituted alkyl. In one embodiment, Ry and Ry are —H.
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Each R’ is independently —H or an optionally substituted alkyl. In one
embodiment, one R’ is =H. In another embodiment, bbth R’ are —H.

R’ is —H, an optionally substituted alkyl, an optionally substituted aryl or an
optionally s‘ubstituted aralkyl. In one embodiment, R’ is ~H, a C1-C20 alkyl or an
optionally substituted aralkyl. In another embodiment, R’"is —H, a C1-C10 alkyl or
a substituted benzy! group. In yet another-embodiment, R* is —H. 1In yet another

embodiment, R’ is:

oR
S5

In yet another embodiment R’ is selected from the group consisting of:
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PG }{Y'\/\

;{\/\/\/.}{.\r\‘/\./

BN NP }c{\r\/\/,\
B <

SR R
:a,(\r\< RSN

/
e LN N

N

. ' and
In yet another embodiment R’ is:

:77_)\/<.

n is an integer from 1 to 10. In one embodiment, n is an integer from 1 to 6.
In anothgr embodiment, n is 1. In yet another embodiment, n is 2. In yet another
embodiment, n is 3. In yet another embodiment, n is 4.
- m is an integer from 1 to 10. In one embodiment, m is 1 or 2. In another

embodiment, mis 1.

s is an integer from 0 to 5. In one embodiment, s is 0 or 1. In another
10 embodiment, s is 0.

t is an integer from 0 to 4. In one embodiment, t is 0.
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u is an integer from 1 to 4. In one embodiment, uis 1 or 2.
In certain embodiments for antioxidants represented by J', when n is 1, the

either ring C is not:

Ve

sisnot 0, or R’ is not -H.
In one embodiment in J':

Each R, is independently a Cl-CZO alkyl. Each R; is independently a C1-

: ‘C]O alkyl. R”’is =H, a C1-C20 alky! or an optionally substituted aralkyl, and the

remainder of the variables are as described above for structural formula (D).
In another embodiment in J*: one R’ is —H, t is 0, R, and R, are —H and the

compounds are represented by structural formula J*:

32
and the remainder of the variables are as described in the immediately preceding
paragraph or for structural formula J'

In another embodiment in J*:

m is1or2.

sisOorl.

uis 1 or 2, and the remainder of the variables are as described in the
immediately preceding paragraph or for J'.

In another embodiment in J*; both R’ are —=H and m is 1 and the compounds

are represented by structural formula J*:

PCT/US2006/045929
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and the remainder of the variables are as described in the immediately preceding
paragraph or for structural formula J' or J%.
* In another embodiment in J°:
* Each R, is independently a C1-C10 alkyl.
R’’is —H, a C1-C10 alky! or a substituted benzyl group.
n is an integér from 1 to 6, and the remainder of the variables are as
described in the immediately preceding paragraph or for structural formula J* or J%.
In another embodiment in 3*: n is 1,sis 0 and R" is ~H and the compounds

are represented by structural formula J*; -
— )o
' /(Rc
C v
A

with the proviso that ring C is not:

i
Iz

E -

and the remainder of the variables are as described above for structural formula J?,
32, or P,

In certain embodiments of the present invention the antioxidants which are
suitable for use in the compositions and methods of the present invention include

structural formula J* or J* represented by the following structural formulas:

PCT/US2006/045929
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Rel,}

\__/

In another embodiment in J°: n is 1 and the compounds are represented by
structural formula J*: ’
(Ro)y

H ' =
i S \ ey
JS . : .

10 and the remainder of the variables are as described above for structural formula J*,

A
J?, or J3,

In another embodiment of the present invention for compounds represented
by structural formula J*.: s is 0 and the compounds are represented by structural

formula J°.



WO 2007/064843

10

15

PCT/US2006/045929
- 61 -
— Relu
H e
~N F—N 4
R \ / oh
Je

and the remainder of the variables are as described above for structural formula J',
¥, or I

In another embodiment of the present invention for compounds represented

" by structural formula J*: R** is -H and the compounds are represented by structural
) P

formula J7:

- -
L 0,
H \ 7> on
L J,
Y

and the remainder of the variables are as described above for structural formula J L
J*or P2,

In certain embodimgnts of the present invention the compounds represented
by structural formula J°, J%, J%or J7 are represented by the following structural

formulas:
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In another embodiment of the présent invention for compounds represented
by structural formula J*: R”’ is -H and n is 1 and the compounds are represented by
structural formula J%:
——/ (Rc)u
H C >
N N \ K
H 4/ on
10 .
J® .

and the remainder of the variables are as described above for structural formula J%,
Por P ' -
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In certain embodiments of the present invention the compounds represented

by structural formula J? or I8 are represented by the following structural formulas:

22X
Iz
I
e

U
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rv—\\\—/ /

and

H oo

In another embodiment of the present invention for compounds represented
by structural formula J*: s is 0 and R’ is -H and the compounds are represented by

5 structural formula J°;

r— -_

. Pt
a N N\ o

J9
and the remainder of the variables are as described above for structural formula J?,
JorJ®.

10 In certain embodiments of the present invention the compounds represented

by structural formula J° or J® are represented by the following structural formulas:

15 : ‘ ,
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o “.\/~”’<>'H\/H
and
N .~ - -~ -
/ _

In another embodiment of the present invention for compounds represented
by structural formula J*: s is 0 and n is 0 and the compounds are represented by

structural formula J';

H
’N‘.—N
B
10
Jio

and the remainder of the variables are as described above for structural formula J',
J*or .

In certain embodiments of the present invention the compounds represented

c >
PN

OH

15 by structural formula J° or J'®are represented by the following structural formulas:
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In another embodiment of the present invention the antioxidants which are

suitable for use in the compositions and methods of the present invention include

compounds represented by the following structural formulas:

. |
. . 3

'”‘ ]

‘ H

5 L 12

] o |

1 ho

HO N
L

- ZXT
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In another embodiment, the first antioxidants which are suitable for use in

HO

5  the compositions and methods of the present invention include alkylated antioxidant

macromolecules having formula K;

Rz R R R
R, Rz R R
K

wherein, independently for each occurrence,
10 n and m are integers from 0 to 6, inclusive;

Zis -C(O)O~, -0C(0)-, -C(O)NH-, -NHC(O)-, -NH-, -CH=N-, -C(0)-, -O-,
-S-, -C(O)OC(0)-, or a bond;

R is H, C, alkyl, -OH, -NH,, -SH, aryl, aralkyl, or
R1 R1
fvwz-(CHz)n—Q—OH

Ri Rs Wherein at least one R adjacent to the -OH group is a
15 bulky alkyl group (e.g., butyl, sec-butyl, tert-butyl, 2-propyl, 1,1-dimethylhexyl, and

the like);
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R, is H, C\ alkyl, aryl, alkylaryl, -OH, -NH., -SH, or C1-C6 alky! ester
wherein at least one R, adjacent to the -OH group is a bulky alkyl group (e.g., butyl,
sec-butyl, rert-butyl, 2-propyl, 1,1-dimethylhexyl, and the like); and

Ra is H, Cy¢ alkyl, ary), aralkyl, -OH, -NHj, or -SH wherein at least one R,

5 adjacent to the -OH group is a bulky alkyl group (e.g., butyl, sec-butyl, zers-butyl, 2-
propyl, 1,1-dimethylhexyl, and the like);

X is -C(0O)0-, -OC(0)-, -C(O)NH-, -NHC(O)-, -NH-, -CH=N-, -C(O)-, -O-,
-S8-, -C(Q)OC(O)-, or a bond; -

M is H, aryl, C-1 to C-20 linear or branched alk'yl chain with or without any

10 . functional group anywhere in the chain, or

R R
HO‘Q‘*(CH:MW
R R

wherein m and each R is independently as described above;
wherein

Ra is H, Cy alkyl, -OH, -NH,, -SH, aryl, ester, or

R1 R1
. ’\WZ—(CHz),\—@‘OH
15 : , R, R, ,

In certain embodiment, at least one Rp is ~OH and n, Z, and each R, are

independently as described above.

In various embodiments, for compounds of formula K, Z is ~-OC(O)-. In
another embodiment, Z is -C(O)O-. In another embodiment, Z is -C(O)NH-. In
20  another embodiment, Z is -NHC(O)-. In another embodiment, Z is -NH-. In another
embodiment, Z is -CH=N-, In another embodiment, Z is -C(QO)-. In another
embodiment, Z is -O-. In another embodiment, Z is -C(0)0OC(O)-. In another

embodiment, Z is a bond.

In another embodiment, for compounds of formula K, both R groups

adjacent to -OH are bulky alkyl groups (e.g., butyl, sec-butyl, tert-butyl, 2-propy,

[
wh
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I,1-dimethylhexyl, and the like). In another embodiment, both R groups are rert-
buryl. ‘

In another embodiment, for compounds of formula K, M is

R R2
R4

2 .

Rz R2

5 In another embodiment, for compounds of formula K, at least one R is

Ry

'VVV‘Z—(CHz)n——QOH

R4
In another embodiment for compounds of formula K, n is 0.
In another embodiment, for compounds of formula K, m is 1.

In another embodiment, for compounds of formula K, n is 0 and m is 1.

10 In another embodiment, for compounds of formula K, nis 0, mis 1, and Z is
-C(0)O-.

In another embodiment, for compounds of formula K, nis 0, mis 1, Z is

: -C(O)O- and the two R groups ad_]acent to the OH are zers-butyl.

In another embodiment, for compounds of formula K, nis 0, mis 1, Z is
"R, R,

gt

15 -C(O)O-, the two R groups adjacent to the OH are t-butyl, and M is Rz Re

In another embodiment, for compounds of formulaK,nis 0, mis 1, Zis

-C(0)0-, the two R groups adjacent to the OH are t-butyl, M is

R, R

and the R; in the para position is OH.
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In another embodiment, for compounds of formula K,nis 0, mis 1, Z is

-C(0O)O-, the two R groups adjacent to the OH are t-butyl, M is

Ra Rp
’V\’V’Q—Rz
R Rz

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

5 In another embodiment, for compounds of formula K, nis 0, mis 1, Z is
-C(O)O-, the two R groups adjacent to the OH are t-butyl, M is

Ry R,
Ra

<

Ry R,

1

the R; in the para position is OH, and the two adjacent Rz groups are -OH.

In one embodiment the antioxidant suitable for use in the compounds and
10 methods of the present invention are compounds represented Structural Formula K':

(RZ)Q - (R)s

/ \ (CR )y Z 7 (CR 2 N\ / éR‘

e
M
‘ o
Z is -C(O)NR’-, -NR’C(O)-, -NR’-, -CR’=N-, -C(0)-, -C(0)0O-, -0OC(0)-,
-0-, -S-, -C(O)OC(O)- or a bond. Each R’ is independently -H or optionally
15  substituted alkyl. Each R is independently an optionally substituted alkyl, optionally
~ substituted aryl, optionally substituted alkoxycarbonyl, optionally substituted ester,

(R

-—-—z-—<C<R'>z>n—<\- _i
-OH, -NH,, -SH, or / OR' EachR,is

independently an optionally substituted alky!, optionally substituted aryl, optionally



WO 2007/064843

10

-80 -

substituted alkoxycarbonyi, optionally substituted ester, -OH, -NH; or —SH. Each

R is independently an optionally substituted alkyl, optionally substituted aryl,

optionally substituted atkoxycarbonyl, optionally substituted ester, -OH, -NH, or -

SH. X is -C(0)O-, -OC(0)-, -C(O)NR’-, -NR’C(0O)-, -NR’-, -CH=N-, -C(O)-, -O-,'
(R)s

- ——*(C(R‘)z)m‘Q
% A
-8-, -NR’- or -C(O)OC(O)-. M is an alkyl or \ Z ‘OR. .

Each n and m are independently integers from 0 to 6. Each s, q and u are

independently integers from 0 to 4. In certain embodiments M is not

when X is -C(0)O- or —OC(O)-.

In certain embodiments for compounds represented by Structural Formula
K |

Zis -C(O)NR’-, -NR’C(0)-, -NR*-, -CR’=N-, -C(O)-, -C(0)O-, -OC(0)-,
-O-, -S-, -C(O)OC(O)- or a bond. In certain other embodiments Z is -C(Q)O-, ‘

- . .-0C(0)-, -C(O)NH-, -NHC(Q)-, -NH-, -O- or -C(0)-. In certain other

15

20

embodiments, Z is -C(O)NH- or -NHC(O)-. Optionally, Z is not —C(0)O-, -OC(0)-,

-O- or—NH-. In various embodiments, the present invention relates to a compound

-of Structural Formula 1 and the attendant definitions, wherein Z is -OC(O)-. In

another embodiment, Z is -C(Q)O-. In ancther embodiment, Z is -C(O)NH-. In
another embodiment, Z is -NHC(O)-. In another embodiment, Z is -NH-. In another
embodiment, Z is -CH=N-, 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 a bond.

PCT/US2006/045929
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Each R’ is independently -H or optionally substituted alkyl. In certain other
embodiments R’ is =H or an alkyl group. In certain other embodiments R’ is —H or

a C1-C10 alky! group. In certain other embodiments R* is ~H.

Each R is independently an optionally substituted alkyl, optionally

substituted aryl, optionally substituted alkoxycarbonyl, optionally substituted ester,
' (Ra)y

—— Z——(CR)2)n

OR . In certain other

-OH, -NH;, -SH, or
embodiments, each R is independently an optionally substituted alky! or optionally
substituted alkoxycarbonyl. In certain other embodiment each R is independently an

alkyl or alkoxycarbonyl. In certain ofher embodiments each R is independently a

- C1-C6 alkyl or a C1-C6 alkoxycarbonyl. In certain other embodiments each R is

independently rerz-buty! or propoxycarbonyl. In certain other embodiments each R
is independently an alkyl group. In certain embodiments each R is independently a
bulky alkyl group. Suitable examples of bulky alky! groups include butyl, sec-butyl,
tert-butyl, 2-propyl, 1,1-dimethylhexyl, and the like. In certain embodiments each R
is ferr-butyl. In certain embodiments at least one R adjacent to the -OH group is a
bulky alkyl group (e.g., butyl, sec-butyl, tert-butyl, 2-propyl, 1,1-dimethylhexyl, and
the like). In certain other embodiments both R groups adjacent to -OH are bulky
alkyl groups (e.g., butyl, sec-butyl, zerr-butyl, 2-propyl, 1,1-dimethylhexyl, and the
like). In another embodiment, both R groups are tert-butyl. In another embodiment,

both R groups are tert-butyl adjacent to the OH group.

Each Ry is independently an optionally substituted alkyl, optionally
substituted aryl, optionally substituted alkoxycarbonyl, optionally substituted ester,
-OH, -NH; or -SH. In certain other embodiments, each R, is independently an
optionally substituted alky! or optionally substituted alkoxycarbonyl. In certain
other embodiment each R, is independently an alkyl or alkoxycarbonyl. In certain
other embodiments each R, is independently a C1-C6 alkyl or a C1-C6
alkoxycarbonyl. In certain other embodiments each R, is independently tere-butyl or

propoxycarbonyl. In certain other embodiments each R, is independently an alkyi

PCT/US2006/045929
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group. In certain embodiments each R, is independently a bulky alkyl group.
Suitable examples of bu‘lky alkyl groups include butyl, sec-butyl, zerz-butyl, 2-
propyl, 1,1-dimethylhexyl, and the like. In certain embodiments each R is tert-
butyl. In certain embodiments at Jeast one R, adjacent to the -OH group is a bulky
alky! group (e.g., butyl, sec-butyl, tert-butyl, 2-propyl, 1,1-dimethylhexyl, and the
like). In certain other embodiments both R; groups adjacent to -OH are bulky alky!
groups (e.g., butyl, sec-butyl, rers-butyl, 2-propyl, 1,1-dimethylhexyl, and the like).
In another embodiment, both Ry groups are rers-butyl. In another embodiment, both

R, groups are teri-butyl adjacent to the OH group.

Each R; is independently an optionally substituted alkyl, optionally
substituted aryl, optionally substituted alkoxycarbonyl, optionally substituted ester,
-OH, -NH; or -SH. In certain other embodiments, each R; is independently an
optionally substituted alkyl or optionally substituted alkoxycarbonyl. In certain
other embodiment each R; is independently an alkyl or alkoxycarbonyl. In certain
other embodiments, each R is independently an optionally substituted alkyl. In
certain other embodiment each R; is independently an alkyl. In certain other
embodiments each Rz is independently a C1-C10 alkyl. In certain other
embodiments each R is independently a C1-C6 alkyl. In certain other embodiments
each R, is independently a bulky alkyl group or a straight chained alkyl group. In
certain other embodiments each R; is independently methyl, ethyl, propyl, butyl,
sec-butyl, tert-butyl, 2-propyl or 1,1-dimethythexyl. In certain embodiments each
R is methy) or zers-butyl.

X is -C(0)O-, -OC(Q)-, -C(O)NR’-, -NR’C(0)~, -NR’~, -CH=N-, -C(O)-,
-O-, -8-, -NR’- or -C(0)OC(O)-. In certain embodiments X is ~-NH-, -S- or -O-. In

certain embodiments X is -O-. Optionally X is a bond.

(R)s

-§~<C<R'>z>m ‘>
| N Ron ‘
M is an alkyl or OR'. In certain embodiment

M is alkyl. In certain other embodiments M is a C1-C20 linear or branched chain
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alkyl. In certain other embodiments M is a C5-C20 linear or branched chain alkyl.

In certain other embodiments M is decane.

Each n and m are independently integers from 0 to 6. In certain

embodiments each n and m are independently integers from 0 to 2.

In another embodiment, the antioxidant suitable for use in the compositions

W

and methods of the present invention is represented by a compound of Structural
Formula K wherein n is 0.

In another embodiment, the antioxidant suitable for use in the compositions

and methods of the present invention is represented by a compound of Structural
10  Formula K'whereinmis1. |

In another embodiment, the antioxidant suitable for use in the compositions
and methods of the present invention is represented by a compound of Structural
Formula K! and the attendant definitions, wherein n is 0 and m is 1.

In another embodiment, the antioxidant suitable for use in the compositions

15  and methods of the present invention is represented by a compound of Structural
Formula K* wherein nis 0, m is 1, and Z is -C{O)O-.

In another embodiment, the antioxidant suitable for use in the compositions
and methods of the present invention is represented by a compound of Structural
Formula K* wherein nis 0, m is 1, Z is -C(O)O-, and the two R groups adjacent to

20 the OH are tert-butyl.

Each s, q and u are independently integers from 0 to 4. In certain

embodiments, each s and q are independently integers from 0 to 2. In certain

embodiments, s is 2.

In certain embodiments for compounds represented by Structural Formula K!

~
f’yt N OH

25 Misnot when X is ~C(O)O- or “OC(O)-.
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In a sixth embodiment of the present invention directed to a compound
represented by Structural Formula K', the compound is represented by a Structural

Formula selected from:

/

Iz

P e e P

Iz

§
3

/\OH

O
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/\\/\/\/\/\Of\u OH

7\

/\/\/\M°

Iz
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N
H

OH

@]
X
Va

1Z

In another embodiment, the antioxidants which are suitable for use in the
compositions and methods of the present invention include alkylated antioxidant

macromolecules having formula L.
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o
M——-o-—@——mw-—g—-(cm)z oH

L

where M is C1 to C20- linear or branched alkyl chains.

* In another embodiment the antioxidants which are suitable for use in the
compositions and methods of the present invention are alkylated antioxidant

macromolecules having formula A:

‘ Rz R R R
M——X—Q-((:HQ;—Z—(CH%—Q— OH
RS R, R R

A
wherein, independently for each occurrence:

n and m are integers from 0 to §, inclusive;

Z is -C(0)0-, -OC(0)-, -C(O)NH-~, -NHC(O)-, -NH-, -CH=N-, -C(0)-, -O-,
-S-, -C(0O)OC(O)-, aor a bond;
R is H, C, alkyl, -OH, -NHa,, -SH, aryl, ester, or
Ri Ri '
AN Z = (CHa)p OH
Ri Ry , wherein at least one R adjacent to the -OH group is a
bulkS/ alkyl group (e.g., butyl, sec-butyl, rert-butyl, 2-propyl, 1,1-dimethylhexyl, and
the like); '
R; 1s H, Cy5 alkyl, aryl, aralkyl, -OH, -NH,, -SH, or C1-C6 alkyl ester
wherein at least one R, adjacent to the -OH group is a bulky alky! group (e.g., butyl,
sec-butyl, rert-butyl, 2-propyl, 1,1-dimethylhexyl, and the like); and
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R, is H, Ci alkyl, aryl, aralkyl, -OH, -NH_, -SH, or ester, wherein at least
one R, adjacent to the -OH group is a bulky alkyl group (e.g., butyl, sec-butyl, rer-
butyl, 2-propyl, 1,1-dimethylhexyl, and the like);

X is -C(Q)O-, -OC(O)-, -C(O)NH-, -NHC(O)-, -NH-, -CH=N-, -C(0)-, -O-,

5  -S., -C(OYOC(O)-, or a bond; '

M is H, aryl, C-1 to C-20 linear or branched alkyl chain with or without any

R R
HO—Q@Hz)mw\A
functional group anywhere in the chain, or R R .

In one embodiment, the first antioxidants which are suitable for use in the
compositions and methods of the present invention are sterically hindered phenol

10 and phosphite based compounds, represented by a formula selected from I-I:

Specific examples of compounds which are suitable for use in the
compositions and methods of the present invention are represented by one of the

following structural formulas:
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HN

OoH

and
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OH

In one embodiment, the first antioxidants which are suitable for use in the
compositions and methods of the present invention are sterically hindered phenol

and phosphate based compounds, represented by a formula selected from O, P and

|
(o) 0
0 / \
' R—O—R p—0—R
o//P\\o \b d/
e ~
R R
o , P and
R——0Q, O—R
P—0 O—PR
R—O O0—R

Ris:
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or ) ~(Rqh
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R and R; in each occurrence, independently is an optibnally substituted

.alkyl, optionally substituted aryl or optionally substituted aralkyl. In one

embodiment, each R, and R; are independently an optionally substituted alkyl. In

alkyl.

In one embodiment R is:

—1—(Ry)
AN

' (Rah
/

OH

In another embodiment R is:

another embodiment, each R, and Rj are independently a linear or branched C1-C6
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[Va¥aVaVy

y

!
. n .o
N .
P
N .
OH L

SeN

In yet another embodiment R is:
| ‘

[Vavavavy

X and Y in each occurrence independently is a bond, -O-, -NH-, -C(O)NH-,
5 -NHC(O)-, -C(0)O-, -OC(O)- or -CHo-. In one embodiment, X and Y in each
occurrence independently is a bond or -CHz-. In another embodiment. X and Y in
each occurrence independently is a bond, -O- or -CH»-. In yet another embodiment,
X and Y in each occurrence independently is a bond, -NH- or -CH;-. In yet another
embodiment, X and Y in each occurrence independently is a bond, -C(O)NH- or -
10 CH;-. In yet another embodiment, X‘and Y in each occurrence independently is a

bond, -NHC(O)-, or -CHz-. In yet another embodiment, X and Y in each occurrence
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independently is a bond, -C(O)O- or -CH;-. In yet another embodiment, X and Y in

each occurrence independently is a bond, -OC(0)- or -CH,-.

n and m in each occurrence independently is 0 or a positive integer. In one .
embodiment, n and m in each occurrence independently'is O to 18. In another:
embodiment, n and m in each occurrence independently is 0 to 12. In yet another

embodiment, n and m are in each occurrence independently is O to 6.

i and j in each occurrence independently is 0, 1, 2, 3 or 4. In one
embodiment i and j in each occurrence independently is 0, 1 or 2. In a particular

embodiment, i is 0. In another particular embodiment j is 2.

R’ is an optionally substituted alkyl. In one embodiment R’’ is C1-C6
alkyl,

In a particular embodiment, for compounds represented by structural
formulas O, P and Q, R is:

OH
H
and n and m in each occurrence independently is 0 to 12, and the remainder of the

variables are as described above for structural formulas O, P and Q.
In another particular embodiment, for compounds represented by structural
formulas O, P and Q, R, n and m are as described immediately above, and R| and

R in each occurrence, independently is an optionally substituted alkyl; i and j in
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each occurrence independently is 0, 1 or 2; and the remainder of the variables are‘ as
described above for structural formulas O, P and Q.

In yet another particular embodiment, for compounds represented by
structural formulas O, P and Q, Ry, R;, i and j are as described immediately above,

and R is:

”

4 OH

£

n and m in each occurrence, independently is O to 6; and the remainder of the

variables are as described above for structural formulas O, Pand Q.

In another particular embodiment, for compounds represented by structural
formulas O, P and Q, R, Ry, i, ], R, n and m are as described immediately above,
and X and Y in each occurrence, independently is a bond or -CHbz-; and the
remainder of the variables are as described above for structural formulas O, P and
Q.

In another particular embodiment, for compounds represented by structural
formulas O, P and Q, R, Ry, i, j, R, n and m are as described immediately above,
and X and Y in each occurrence, independently is a bond, -O- or -CH»-; and the
remainder of the variables are as described above for structural formulas O, P and
Q.

In another particular embodiment, for compounds represented by structural

formulas O, P and Q, Ry, Ry, i, j, R, n and m are as described immediately above,

PCT/US2006/045929
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and X and Y in each occurrence, independently is a bond, -NH- or -CH»-; and the
remainder of the variables are as described above for structural formulas O, P and
Q.
In another particular embodiment, for compounds represented by structural
5 formulas O, P and Q, R}, Ry, i, j, R, n and m are as described hnmediately above,
and X and Y in each occurrence, independently is a bond, -C(O)NH- or -CH»-; and
the remainder of the variables are as described above for structural formulas O, P
and Q. ,
In another particular embodiment, for compounds represented by structural
10 formulas O, P and Q, Ry, Ry, i,j. R, n and m are as described immediately above,
and X and Y in each occurrence, independently is a bond, -NHC(Q)-, or -CH5-; and
the remainder of the variables are as described above for structural formulas 0,p
and Q.
In another particular embodiment, for compounds of the present invention
15 represented by structural formulas O, P and Q, R, R», i,j, R, nand m are as
described immediately above, and X and Y in each occurrence, independently is a
bond, -C(0)O- or -CH;z-; and the remainder of the variables are as described above
for structural formulas O, P and Q.
In another particular embodiment, for compounds of the present invention
20  represented by structural formulas O, P and Q, Ry, Ra, i, j, R, nand m are as
described immediately above, and X and Y in each occurrence, independently is a
bond, -OC(Q)- or -CHz-; and the remainder of the variables are as described above
for structural formulas O, P and Q.

In an additional embodiment, for formulas O, P and Q R is:

(‘T'z)i (l?‘)j
- —é—M'—X’@—(CHz-)n—Z‘—(CHZ),—n—O—OH
25 — = .

n and m in each occurrence, independently is O or a positive integer. In one
embodiment, n and m in each occurrence, independently is 0 to 18. In another
embodiment, n and m in each occurrence, independently is 0 to 12. In yet another

embodiment, n and m in each occurrence, independently is 0 to 6.
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i and j in each occurrence, independently is 0, 1, 2, 3 or 4, In one
embodiment, i and j in each occurrence, independently is 0, 1 or 2. In a particular

embodiment, i is 0. In another particular embodiment, j is 2.

Z’ is -C(0)O-, -OC(0)-, -C(O)NH-, -NHC(O)-, -NH-, -CH=N-, -C(0O)-, -O-,
-S-, -C(Q)OC(0)- or a bond. In one embodiment, Z’ is -C(0)O-. In another
embodiment, Z’ is -OC(O)-. In yet another embodiment, Z’ is -C(O)NH-. In yet
another embodiment, Z’ is -NHC(O)- . In yet another embodiment, Z’ is -NH-. In
yet another embodiment, Z’ is -CH=N-. In yet another embodiment, Z’ is -C(O)- .
In yet another embodiment, Z' is -O-. In yet another embodiment, Z’ is -S-. In yet

another embodiment, Z’ is -C(O)OC(0)- . In yet another embodiment, Z’ is a bond.

R’ is an opticnally substituted C1-C6 alkyl, -OH, -NH,, -SH, an optionally

substituted aryl, an ester or

(R'1)i

—%—Z'—(CHZ),., — OH

>

wherein at least one R’ adjacent to the -OH group is an optionally substituted
bulky alkyl group (e.g., butyl, sec-butyl, rerz-butyl, 2-propyl, 1,1-dimethylhexyl, and
the like).

R’|’is an optionally substituted C1-C6 alkyl, an optionally substituted aryl,
an optionally substituted aralkyl, -OH, -NH,, -SH, or C1-C6 alky! ester wherein at
least one R adjacent to the -OH group is a bulky alkyl group (e.g., butyl, sec-butyl,
tert-butyl, 2-propyl, 1,1- dnmethylhe\yl and the like). ).

R’; is an optionally substituted C1-C6 alkyl, an optionally substituted aryl,
an optionally substituted aralkyl, -OH, -NH,, -SH, or ester.

X’ is -C(0)0O-, -OC(0)-, -C(O)NH-, -NHC(O)-, -NH-, -CH=N-, -C(0)-, -O-,
-S-, ~C(O)OC(O)- or-a bond. In one embodiment X* is -C(O)O-. In another
embodiment X’ is -OC(O)-. In yet another embodiment X’ is -C(O)NH-. In yet
another embodiment X’ is -NHC(O)- . In yet another embodiment X’ is -NH-. In
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yet another embodiment X is -CH=N-. In yet another embodiment X" is -C(O)- .
In yet another embodiment X’ is -O-. In yet another embodiment X is -S-. In yet

another embodiment X is -C(O)YOC(O)- . In yet another embodiment X’ is a bond.

M’ is H, an optionally substituted aryl, an optionally substituted C1-C20
5  linear or branched alky! chain with or without any functional group anywhere in the

chain, or
R,

Ho—@wo-g-

2

o is 0 or a positive integer. Preferably o is 0 to 18. More preferably o is 0 to

12. Even more preferably o is 0 to 6.
10 In yet another embodiment, for formulas O, P and QR is:

(F'Q'z)i | (F‘{')i
-—2-—M'——><'~</;:>—-(CH27;-Z'~<CHZ>F"—®-OH

R’; is C1-C6 alkyl, -OH, -NH,, -SH, aryl, ester, aralkyl or
(R'9);

e
— —-—Z‘—-—(CHZ)n—‘<\)—~OH

E)

wherein at least one R’ is ~OH, and the values and preferred values for the

15 remainder of the variables for R are as described immediately above.

In yet another embodiment, the present invention relates to a compound of
formula O, P and Q, wherein M is

oy

Wherein p is 0, 1, 2, 3 or 4; and the values and preferred values for the

20  remainder of the variables are as described above for formulas O, P and'Q.
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Specific examples of compounds which are suitable for use in the
compositions and methods of the present invention are represented by one of the

following structural formulas:

oH

and

In another embodiment, the first antioxidants which are suitable for use in

the compositions and methods of the present invention are represented by a
10 structural formula selected from 1-6:
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R——2Z Z—R
/R
z
R ———— Z ——Z—R
R z Z—R
R Zz—— 7R
z
\R
1 s 2
5
o)
R-Z )]\ ZR
\N N/
R——Z——(CHz— z——R ZR
3 , 4
L RS l T (-ZR)s
/‘
10 N F :
6

5 and

R is:
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Ain ea’ch occurrence, independently is a bond, -O-, -NH-, -S-, -C(O)-,
-C(Q)NH-, -NHC(Q)-, -C(O)O-, -OC(O)-, -CH=N- or -N=CH-. In certain particular

5  embodiments, A in each occurrence, independently is -C(O)NH- or -NHC(O)-.

B in each occurrence, independently is a bond or an optionally substituted
alkylene group. In certain particular embodiments B is a C1-C6 alkyl.

C in each occurrence, independently is -H, an optionally substituted alkyl
group or ‘

u\lvv
(Ra);
/ .
10 o oH

In a particular embodiment, C is:
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In a particular embodiment R is:

o—"0" o

OH
In another particular embodiment R is:
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OH

In yet another particular embodiment R is:

o D"‘Z{

R) and R; in each occurrence, independently is an optionally substituted
alkyl, optionally substituted ary! or optionally substituted aralky!, In one
embodiment, each R; and R; in each occurrence, independently is an optionally
substituted alkyl. In another embodim.ent, each R) and R, in each occurrence,
independently is a C1-C6 alkyl. | A

D in each occurrence, independently is a bond, an optionally substituted
alkylene group, ~(CH2)C(O)O(CHz))~, (CHy) NHC(OYCH,)-, -
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(CH2)IC(O)NH(CHa)r-, -(CH2)C(O)O(CHa)i-, -(CH2)O0C(0)(CHz)r-, -
(CH2),ICH=N(CH>)i-, -(CH)IN=CH(CH.),-, -(CH2)INH(CH2)i-, -(CH2)S-(CH2)-, -
(CH2)| O(CHz)l- or ~(CH2>|C(O)(CH2),-.

Z in each occurrence, independently is a bond, an optionally substituted

alkylene group, -S-, -O- or —-NH-.

i and ) in each occurrence, independently is 0, 1, 2, 3 or 4. In one
embodiment i and j in each occurrence, independently is 0, 1 or 2. In a particular

embodiment, i is 0. In another particular embodiment, j is 2.

k is a positive integer from 1 to 20. In one embodiment, k is a positive

integer from 1 to 12. In another embodiment, k is a positive integer from 1 to 6.

I is 0 or a positive integer from 1 to 20. In one embodiment, 1is O or a
positive integer from 1 to 12. In another embodiment, I is 0 or a positive integer

from 1 to 6.

" nand m in each occurrence independently is 0 or a positive integer. In one
embodiment, n and m in each occurrence independently is 0 to 18. In another
embodiment, n and m in each occurrence independently is 0 to 12. In yet another

embodiment, n and m are in each occurrence independently is O to 6.
s is a positive integer from 1 to 6.
q is a positive integer from 1 to 3.

D in each occurrence, independently is a bond, an optionally substituted
alkylene group, ~(CH2)C(O)O(CHa)n~, |(CHa)y NHC(O)CHa2)n-, -
(CH2IC(OINH(CH2)1-, -(CH2)C(OYO(CH2h-, -(CH2OC(O) CH2)s-, -
(CH2)CH=N(CH2)h-, ~(CH2)N=CH(CHz)n-, -(CH2)INH(CHz)n-, -(CH)S-(CHz)y-, -
(CHa2)) O(CHa2)n- or ~(CH2)C(O)(CH2)h-.

Z in each occurrence, independently is a bond, an optionally substituted

alkylene group, -S-, -O- or —-NH-. In a particular embodiment, Z is a single bond.

i and j in each occurrence, independently is 0, 1, 2, 3 or 4. In one
embodiment i and j in each occurrence, independently is 0, 1 or 2. In a particular

embodiment, i is 0. In another particular embodiment, j is 2.
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k is a positive integer from 1 to 20. In one embodiment, k is a positive

integer from 1 to 12, In another embodiment, k is a positive integer from 1 to 6.

| is 0 or a positive integer frdm I to 20, and when D is «(CH;),
NHC(O)(CH2)p-, -(CH2)OC(O)(CH2)n-, -(CH2)S-(CHa)n-, or -(CH2)y O(CH)y-, 1 is
5 not 0. In one embodiment, ] is O or a positive integer from 1 to 12. In another

embodiment, | is 0 or a positive integer from 1 to 6.

h is 0 or a positive integer from 1 to 20, When Z is not abond and D is -
(CH2)IC(0)O(CH2)n- -(CH2)C(O)NH(CHa)y-, (CH2NC(OYO(CHz)v, -
(CH2)NH(CHp)p-, (CH,)S-(CHa2)y-, or -(CHz) O(CHz2)y-, h is not 0. In one

10  embodiment, h is O or a positive integer from 1 to 12. In another embodiment, h'is 0

or a positive integer from 1 to 6. In another embodiment, h is 0.

" In certain other embodiments R is:

=
x

“:——'(Rz),

OH

15 | R, and R; in each occurrence, independently is —H, -OH, a C1-C10 alkyl
group or a tert-butyl group; A is -NHC(O)- or -C(0)O- and B is a bond ora C1-C24
alkylene,andtandjare 0, 1,2, 3 or 4..

In othcf certain embodiments, the present invention is directed to
macromolecular antioxidants represented by a structural formula sel‘ecyted from

20  Structural Formulas 1- 6, wherein R is:

(Ra p'

) R'Q ORe s
=\" A= =/ P
HO‘<:/>~<CR"z>m-—Da—<CR°z>n~«< H />——(CR"2>~
_ ‘ B
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wherein:

D? for each oécurrence, is independently -C(O)NRgy-, -NR4C(O)-, -NRy-,
-CR4=N-, -C(0)-, -C(0)O-, -0OC(0)-, -O-, -§-, -C(O)OC(0O)- or a bond. In certain
other embodiments D? is -C(0)O-, -OC(0)-, -C(O)NH-, -NHC(O)-, -NH-, -O- or
-C(0O)-. In certain other embodiments, D* is -NH-, -C(O)NH- or -NH‘C(O)-.
Optionally, D* is not ~C(0)O-, -OC(O)-, -O- or ~NH-. In various embodiments, the
present invention relates to a compound of Structural Formula I and the attendant
definitions, wherein D* is -OC(O)-. In another embodiment, D* is -C(O)O-. In
another embodiment, D* is -C(O)NH-. In another embodiment, D® is -NHC(O)-. In

. another embodiment, D? is -NH-. In another embodiment, D? is -CH=N-, ‘In another

embodiment, D* is -C(O)-. In another embodiment, D* is -O-. In another
embodiment, D? is -C(O)OC(O)-. In another embodiment, D is a bond.

Each Ry is independently -H or optionally substituted alkyl. In certain other
embodiments Rq is —H or an alkyl group. In certain other embodiments Rq is ~H or

a C1-C10 alkyl group. In certain other embodiments Ry is —H.

R. and R.’ are independently H or an optionally substituted alkyl. In one
embodiment, R; and R’ are H. In another embodiment, one of R¢ and R’ is H and

the other is an optionally substituted alkyl. More specifically, the alkyl is a C1-C10

| alkyl. Even more specifically, the alkyl is a C10 alkyl.

R? for each occurrence, is independently an optionally substituted alkyl,
optionally substituted aryl, optionally substituted alkoxycarbonyl, optionally
substituted ester, -OH, -NH,, or -SH. In certain other embodiments, each R* is
independently an optionally substituted alkyl or optionally substituted
alkoxycarbonyl. In certain other embodiment each R? is independently an alkyl or
alkoxycarbonyl. In certain other embodiments each R® is independently a C;-Cs
alkyl or a C,-Cs alkoxycarbony). In certain other embodiments each R is
independently feri-buty! or propoxycarbonyl. In certain other embodiments each R*
is independently an alkyl group. In certain embodiments each R? is independently a
bulky alky! group. Suitable examples of bulky alky! groups include butyl, sec-butyl,
tert-butyl, 2-propyl, 1,1-dimethylhexyl, and the like. In certain embodiments each

R® is tert-butyl. In certain embodiments at least one R* adjacent to the -OH group is
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a bulky alkyllg'roup (e.g., butyl, sec-butyl, tert-butyl, 2-propyl, 1,1-dimethylhexyl,
and the like). In certain other embodiments both R® groups adjacent to -OH are
bulky alkyl groups (e.g., butyl, sec-butyl, tert-butyl, 2-propyl, 1,1-dimethylhexyl,
and the like). In another embodiment, both R? groups are terr-butyl. In another

5 embodiment, both R® groups are zers-butyl adjacent to the OH group.

Rb, for each occurrence, is independently H or optionally substituted alkyl.

In certain embodiment, R® is H.

Each n’.and m’ are independently integers from 0 to 18. In another '
embodiment, n” and m’ in each occurrence, independently is 0 to 12. In yet another
10 embodiment, n” and m’ in each occurrence, independently is 0 to 6.. In certain
embodiments each n’ and m’ are independently integers from 0 to 2. In a specific
embodiment, n’ is 0. Tn another specific embodiment, m is an integer from 0 to 2.

In another specific embodiment, n’ is 0 and m’ is 2.

Each p’ is independently an integer from 0 to 4. In certain embodiments,

15 each p’ is independently an integer from 0 to 2. In certain embodiments, p’ is 2.

In one embodiment the first antioxidants which are suitable for uuse in the

compositions and methods of the present invention are represented by:

H
. (o] or

‘ o} "
In an additional embodiment, for formulas 1-6 R is:

(R'2)i (R);

—é—M'-X'—@—(CHZ-yn- z'—(CHzm—C>— OH
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n and m in each occurrence, independently is 0 or a positive integer. In one
embodiment, n and m in each occurrence, independently is O to 18, In another
embodiment, n and m in each occurrence, independently is 0 to 12. In yet another

embodiment, n and m in each occurrence, independently is 0 to 6.

w

i and j in each occurrence, independently is 0, 1, 2, 3 or 4. In one
embodiment, i and j in each occurrence, independently is 0, 1 or 2. In a particular

embodiment, i is 0. In another particular embodiment, j is 2.

Z’ in each occurrence, independently is -C(0)O-, -OC(0)-, -C(O)NH-,
-NHC(Q)-, -NH-, -CH=N-, -C(O)-, ;O-, -8-, -C(O)YOC(O)- or a bond. Inone
10 embodiment, Z7 is ~-C(O)O-. In another embodiment, Z° is -OC(O)-. In yet another
embodiment, Z° is ~-C(O)NH-. In yet another embodiment, Z’ is -NHC(O)- . In yet
another embodiment, Z’ is -NH-. In yet another embodiment, Z’ is -CH=N-. in yet
another embodiment, Z’ is -C(O)- . In yet another embodiment, Z’ is -O-. In yet |
another embodiment, Z’ is -S-. In yet another embodiment, Z’ is -C(O)OC(O)- . In

15 yet another embodiment, Z’ is a bond.

R’ in each occurrence, independently is C1-C6 alkyl, -OH, -NH>, -SH, an

optionally substituted aryl, an ester or

(R'4);

—S—Z'——(CH,),, —— OH
wherein at least one R’ adjacent to the -OH group is an optionally substituted

20  bulky alkyl group (e.g., butyl, sec-butyl, rers-butyl, 2-propy), 1,1-dimethylhexyl, and -
the like).

R’y in each occurrence, independently is C1-C6 alkyl, an optionally
substituted aryl, an optionally substituted aralkyl, -OH, -NH,, -SH, or Cl-C6'a'lkyl
ester wherein at least one R, adjacent to the -OH group is a bulky alkyl group (e.g.,
25 butyl, sec-butyl, tert-butyl, 2-propyl, 1,1-dimethylhexyl, and the like). ). -
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R’, in each occurrence, independently is C1-C6 alkyl, an optionally

substituted aryl, an optionally substituted aralkyl, -OH, -NHa, -SH, or ester.

X in each occurrence, independently is -C(O)0O-, -OC(O)-, -C(O)NH-,

-NHC(O)-, -NH-, -CH=N-, -C(0O)-, -O-, -S-, -C(0)OC(O)- or a bond. In one

5  embodiment X' is -C(0)O-. In another embodiment X’ is -OC(O)-. In yet another
embodiment X’ is -C(O)NH-. In yet another embodiment X’ is -NHC(O)-. In yet
another embodiment X’ is -NH-. In yet another embodiment X’ is -CH=N-. In yet
another embodiment X is -C(0)- . In yet another embodiment X’ is -O-. In yet
another embodiment X' is -S-. In yet another embodiment X is -C(O)OC(O)'- . In

10 yet another embodiment X’ is a bond.

M’ is H, an optionally substituted aryl, C1-C20 linear or branched alky! -

chain with or without any functional group anywhere in the chain, or
(R

Ho_®_<CHﬁo;§f

b

0 is 0 or a positive integer. Preferably o is O to 18. More preferably o is 0 to

15 12. Even more preferably o is 0 to 6.

In yet another embodiment, for formulas 1-6 R is:

(T'Z)i ' (l?')j
—é—M'—X'—@-(CHZ-)-n— z*—(CH2>-m—®- OH

R’ is C1-C6 alkyl, -OH, -NH,, -SH, aryl, ara']kyl, ester, or

(R4)

—Q——2'——(CHy) \ / OH
20 wherein at least one R’; is ~OH, and the values and preferred values for the

remainder of the variables for R are as described immediately above,

In yet another embodiment, the present invention relates to a compound of

formula 1-6, wherein M is’
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Wherein p is 0, 1, 2, 3 or 4; and the values and preferred values for the

remainder of the variables are as described above for formulas 1-6.

Specific examples of first macromolecular antioxidants which are suitable
5  for use in the compositions and methods of the present invention, for example, high

molecular weight dimers, and tetramers etc., are shown below.

(Rz);
. (R\). (R|)
L vC S S —— /\}

(R'\)l . (Ryh

o9 =|= I\ Vaa\
M<__:V>/ > A\€{<;_r/ hoﬁvaﬁo——o—{a;w\ ™ (Tz))
( JJ l D

' e\ T R
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5 The values and preferred values for the variables are as described above,

In another embodiment, the first antioxidants which are suitable for use in
the compositions and methods of the present invention are represented by a

structural formula selected from 7a, 7b, 8a and 8b:

Nz e
_ - |
A
| , IS
| —_—t
//) U —
Ra)i ~
(R (Ro)
L L -
NH P
N
x
10 (Ra);
Ta 7b
_ _ NH,
NH — r .
. l X XY
| AN e / ____.___E _J_____
/ P >¢ (Ra); (Ra)i
...(Ra)j (Rs)i_ P L Jop
15 8a and 8b

R; and R4 in each occurrence, independently is Cl-Cl6 alkyl, -O-(C1-C16
alkyl), -NH(aryl), -NH,, -OH, or -SH.

p in each occurrence, independently is an integer equal to or greater than 2.
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‘Specific examples of polymers which are useful in the compositions methods

of the present invention include:

NH,
NH L
5
™ 7]
NH —
oS
——
NH; =
— ~p
NH;
. NH,
— -
l AN X
N2 T = P —
- NH2 ~p
10

In one embodiment antioxidants suitable for use in the methods and
compositions of the present invention include compounds represented by Structural

Formula I:
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‘ (R%, RO OR' . ma
(R%)
HO / (CR®)(y—Z—(CR®;) \_ _—/ CRY,),~Z~(CRY 7 o)
\ / 2)m Zn\ / \\/ (CR"2)n ( z)m\ / H
I

wherein:

‘R and R’ are independently H or optionally substituted atkyl and at least one
ofRand R’ is H;

Zis -C(O)NR‘-; -NRC(QO)-, -NR°’-, -CR°=N~, 7C(O)-, -C(O)O-,
-0C(0)-, -0O-, -5-, -C(O)OC(0)- or a bond;

R® is independently H or optionally substituted alkyl;

R?, for each occurfence, is independently an optionally substituted alkyl,
optionally substituted aryl, optionally substituted alkoxycarbonyl, optionally
substituted ester, -OH, -NH;, -SH;

R®, for each occurrence, is independently H or optionally substituted alky1];
s, for each occurrence, is independently an integer from 0 to 4; and
m and n, for each occurrence, are independently integers from 0 to 6.

In one embodiment antioxidants suitable for use in the methods and
compositions of the present invention include compounds represented by Structural

Formulia IT:

(R%)s RO (R%s

..../-_
H/U\@sz)m—{}—ori

II

wherein:

R and R’ are independently H or optionally substituted alkyl and at least one
of Rand R’ is H;



WO 2007/064843 PCT/US2006/045929

-115 -

R® for each occurrence, is independently an optionally substituted alkyl,
optionally substituted aryl, optionally substituted alkoxycarbonyl, optionally
substituted ester, ~-OH, -NH3, or -SH;

R®, for each occurrence, is independently H or optionally substituted alkyl.
5 s, for each occurrence, is independently an integer from 0 to 4; and
m, for each occurrence, is independently an integer from 0 to 6.

In one embodiment antioxidants suitable for use in the methods and
compositions of the present invention include compounds represented by Structural
Formula III:

OH
HO

10

wherein R and R’ are independenily H or optionally substituted alky! and at least
one of R and R’ is H.

In one embodiment antioxidants suitable for use in the methods and
15 compositions of the present invention include a compound A représented by the

following structural formula:

In one embodiment antioxidants suitable for use in the methods and

(A)

compositions of the present invention include a compound B represented by the

20 folloxviﬂg structural formula:
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‘ y OH
o) O,

(B)

In one embodiment, the first antioxidants which are suitable for use in the
compositions and methods of the present invention include antioxidant polymers

5 which comprises at least one repeat unit selected from:

— XH _

H/]\/\j N AlOH

g |
A L

(Rygla

Ry (Ryglq

L and -

n

X is ~O-, -NH- or —S-. Each R 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 optionally substituted

10
—NH: or two R)o 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. R,z is a bulky alkyl
group substituent bonded to a ring carbon atom adjacent (ortho) to a ring carbon

15
bulky alkyl group substituent bonded to a ring carbon atom meta or para to a ring
carbon atom substituted with an —OH, -SH or —-NH> group.

In certain embodiments, the first antioxidants which are suitable for use in

alkoxycarbonyl group, an optionally substituted aryloxycarbonyl group, -OH, -SH or

atom substituted with an ~OH, -SH or —-NHj; group. In certain embodiments, Ry; is a

the compositions and methods of the present invention include antioxidant polymers

20 which comprises at least one repeat unit selected from:
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- XH -
—r——————e X
OH
\

(L/j -]

] P ——

R‘S\A(R1QQ ‘ /\/\/)

Ry (Riyolg

L ‘ and -

n

Ry is an aryl group. In certain embodiments, the aryl group is adjacent (or ortho) to
an -OH, -SH or —NH; group. In certain embodiments, the ary) group is adjacent (or
ortho) to an —OH group. In certain embodiments, the aryl group is mera or para to
an ~OH, -SH or -NHj; group. Each Ryq 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 optionally substituted
alkoxycarbony! group, an optionally substituted aryloxycarbony!| group, -OH, -SH or
~NH; or two Rjo groups on adjacent carbon atoms join together to form an
optionally substituted aromatic ring or an optionally substituted carbocyclic or
heterocyclic non- aromatic ring. g'is an integer from 0 to 2. R, is a bulky alkyl
group substituent bonded to a ring carbon atom adjacent (ortho) to a ring carbon
atom substituted with an ~OH group. '

In certain embodiments, the ~OH groups in the structures in the two
immediately preceding paragraphs may be replaced with -SH or —NHa,.

In one embodiment, the first antioxidants which are suitable for use in the
compositions and methods of the present invention include a macromonomer

represented by the following structura) formula;
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OH
Ry Rz
Rq Ra
NR'
Q
' ) n
Ry Rs
Ry Rg.
OH
n=0123....

1

s

Each of R and R;-R; are independently —H, -OH, or a C1-C10 alky! group. n
is an integer from 0 to 24. R’ is —H, optionally substituted C1-C20 alky! or
optionally substituted aryl group. '

STABILIZED LUBRICANT OIL COMPOSITIONS

Lubricants, lubricant oils, mixtures thereof and compositions comprising
lubricants and lubricant oils can be improved by the methods of the present
invention, by contacting the Iubricént, lubricant oil, mixtures thereof or composition
comprising the lubricant or lubricant oil or mixtures thereof with antioxidants,
additives and mixtures thereof as described herein.

As used here, the terms “lubricants” and “lubricant oils™ can be used

interchangeably. Examples of lubricants suitable for use in the compositions and

‘methods of the present invention include, but are not limited to: i) petroleum based

oils (Group I, Il and III), ii) synthetic oils (Group IV) and iii) biolubricant oils
(vegetable oils such as canola, soybean, cornoil etc.,). Group I oils, as defined
herein are solvent refined base oils. Group 11 oils, as defined herein are modern
conventional base oils made by hydrocracking and early wax isomerization, or
hydroisomerizatioh technologies and have significantly lower levels of impurities
than Group I oils. Group III oils, as defined herein are unconventional base oils.
Groups I-III differ in impurities, and viscosity index as ts shown in Kramer e? al.
“The Evolution of Base Oil Technology” Turbine Lubrication in the 21° Century
ASTM STP #1407 W.R. Herguth and T.M. Wayne, Eds., American Sociery for
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Testing and Materials, West Conshohocken, PA, 2001 the entire contents of which
are incorporated herein by reference. Group IV oils as defined herein are
“synthetic” lubricant oils, including for example, poly-alpha olefins (PAOs).
Biolubricants as defined herein are lubricants which contain at least 51% biomaterial
(see Scott Fields, Environmental Health Perspectives, volume 111, number 12,
September 2003, the entire contents of which are'incorporated herein by reference).
Other examples of lubricant oils cane be found in Melvyn F. Askew “Biolubricants-
Market Data Sheet” IENICA, August 2004 (as part of the IENICA workstream of
the IENICA-INFORRM project); Taylor ez al. “Engine lubricant Trends Since
1990 paper accepted for publication in the Proceedings 1. Mech. E. Part J, Journal
of Engineering Tribology, 2005 (Vol. 219 p 1-16); and Desplanches et al.
“Formulating Tomorrow’s Lubricants™ page 49-52 of Thé Paths to Sustainable
Developmént, part of special report published in October 2003 by Total; the entire
contents of each of which are incorporated herein by reference. Biolubricants are
often but not necessarily, based on vegetable oils. Vegetable derived, for exémple,
from rapeseed, sunflower, palm and coconut can be used as biolubricants. They can
also be synthetic esters which may be partly derived from renewable resources.
They can be made fro ma wider variety of natural sources including solid fats and
low grade or waste materials such as tallows. Biolubricants in general offer rapid

biodegradability and low environmental toxicity.

ADDITIVES

Examples of first additives suitable for use in the compositions and methods
of the present invention, include but are not limited to, surface additives,
performance enhancing additives and lubricant protective additives.

Surface additives: In certain embodiments of the present invention, surface
additives can protect the surfaces that are lubricated from wear, corrosion, rust, and
frictions. Examples of these surface additives suitable for use in the compositions
and methods of the present invention include, but are not limited to: (a) rust
inhibitors, (b) corrosion inhibitors,"(c) extreme pressure agents, (d) tackiness agents,

(e) antiwear agents, (f) detergents and dispersénts, (g) compounded oil (like fat or

PCT/US2006/045929
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vegetable oil to reduce the coefficient of friction without affecting the viscosity), (h)
antimisting, (i) seal swelling agents and (j) biocides.

Performance Enhancing Additives: In certain embodiments of the present
invention, performance enhancing additives improve the performance of lubricants.
Examples of these performance enhancing additives suitable for use in the
Compositions and methods of the present invention include, but are not limited to: ‘
(a) pour-point depressants, (b) viscosity index modifiers (c) emulsifiers, and (d),
demulsifiers.

Lubricant Protective Additives: In certain embodiments of the present
invention, lubricant protective additives maintain the quality of oil from oxidation
and other thermal degradation processes. Examples of these lubricant protective
additives suitable for use in the compositions and methods of the present invention

include, but are not limited to: (a) oxidation inhibitors and (b) foam inhibitors.

OTHER LUBRICANT ADDITIVES

In certain embodiments, a second additive can be used in the compositions
and methods of the present invention in combination with the first antioxidant and
the first additive as described above. Examples of second additives suitable for use
in the compositions and methods of the present invention include, include but are
not limited to, for example, dispersants, detergents, corrosion inhibitors, rust
inhibitors, metal deactivators, antiwear and extreme pressure agents, antifoam
agents, friction modifiers, seal swell agents, demulsifiers, viscosity index improvers,
pour point depressants, and the like. See, for example, U.S. Patent No. 5,498,809
for a description of useful lubricating oil composition additives, the disclosure of
which is incorporated herein by reference in its entirety.

Dispersants: Examples of dispersants suitable for use in the compositions
and methods of the present invention include, but are not limited to:
polybutenylsuccinic acid-amides, -imides, or —esters, polybutenylphosphonic acid
derivatives, Mannich Base ashless dispersants, and the like.

Detergents: Examples of detergents suitable for use in the compositions and

methods of the present invention include, but are not limited to: metallic phenolates,
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metallic sulfonates, metallic salicylates, metallic phosphonates, metallic
thiophosphonates, metallic thiopyrophosphonates, and the like.

Corrosion Inhibitors: Examples of corrosion inhibitors suitable for use in the
compositions and methods of the present invention include, but are not limited to:
phosphosulfurized hydrocarbons and their reaction products with an alkaline earth

metal oxide or hydroxide, hydrocarbyl-thio-substituted derivatives of 1,3,4-

thiadiazole, thiadiazole polysulphides and their derivatives and polymers thereof,

thio and polythio sulphenamides of thiadiazoles such as those described in U.K.
Patent Specification 1,560,830, and the like. '

Rust Inhibitors: Examples of rust‘inhibitors suitable for use in the
compositions and methods of the present invention include, but are not limited to:
nonionic surfactants such as polyoxyalkylene polyols and ésters thereo'f, anionic
surfactants such as salts'of alky! sulfonic acids, and other compounds such as
alkoxylated fatty amines, amides, alcohols and the like, including alkoxylated fatty
acid derivatives treated with C9 to C16 alkyl-substituted phenols (such as the mono-
and di-heptyl, octyl, nonyl, decyl, undecyl, dodecy! and tridecyl phenols).

Metal Deactivators: Metal deactivators as used herein, are the additives
which form an inactive film on metal surfaces by complexing with metallic ions and
reducing, for example, the catalyticeffect on metal gum formation and other
oxidation. Examples of metal deactivators suitable for use in the compositions and
methods of the present invention include, but are not limited to: N,N-disubstituted
aminomethyl-1,2,4-triazoles, N,N-disubstituted .aminomethy]—benzon-iazoles,
mixtures thereof, and the like.

Antiwear and Extreme Pressure Additives: Antiwear and extreme pressure

-additives, as used herein, react with metal surfaces to form a layer with lower shear

strength then metal, thereby preventing metal to metal contact and reducing friction
and wear. Examples of antiwear additives suitable for use in the compositions and
methods of the present invention include, but are not limited to: sulfurized olefins,
sulfurized esters, sulfurized animal and vegetable oils, phosphate esters,
organophosphites, dialkyl alkylphosphonates, acid phosphates, zinc
dialkyldithiophosphates, zinc diaryldithiophosphates, organic dithiophosphates,

organic phosphorothiolates, organic thiophosphates, organic dithiocarbamates,
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dimercaptothiadiazole derivatives, mercaptobenzothiazole derivatives, amine
phosphates, amine thiophosphates, amine dithiophosphates, organic borates,
chlorinated paraffins, and the like.

Antifoam Agents: Examples of antifoam agents suitable for usé in the
compositions and methods of the present invention include, but are not limited to:
polysiloxanes and the like.

Friction Modifiers: Examples of friction modifiers suitable for use in the
compositions and methods of the present invention include, but are not limited to:
fatty acid esters and amides, organic molybdenum compounds, molybdenum
dialkylthiocarbamates, molybdenum dialkyl dithiophosphates, molybdenum
dithiolates, copper oleate, copper salicylate, copper dialkyldithiophosphates,
molybdenum disulﬁde,' graphite, polytetrafluoroethylene, and the like. ‘

Seal Swell Agents: Seaswell agents, as used herein, react chemically with
elastomers to cause slight swell thus improving low temperature performance
expeciaﬂy in, for example, aircraft hydraulic oil. Examples of seal swell agents
suitable for use in the compositions and methods of the present invention include,
but are not fimited to: dioctyl sebacate, diocty} adipate, dialky) phthalates, and the
like.

Demulsifiers: Demulsifiers, as used herein promote separation of oil and
water in lubricants exposed to water. Examples of demulsifiers suitable for use in
the compositions and methods of the present invention include, but are not liﬁited
to: the esters described in U.S. Patent Nos. 3,098,827 and 2,674,619 incorporated
herein by reference. ' ‘

Viscosity Index Improvers: Examples of viscosity index improvers suitable
for use in the compositions and methods of the present invention include, but are not
limited to: olefin copolymers, dispersant olefin copolymers, polymethacrylates,
vinylpyrrolidone/methacrylate-copolymers, polyvinylpyrrolidones, polybutanes,
styrene/-acrylate-copolymers, polyethers, and the like.

Pour Point Depressants; Pour point depressants as used herein reduce the
size and cohesiveness of crystal structure resulting in low pour poimt and increased

flow at low-temperatures. Examples of pour point depressants suitable for use in the

PCT/US2006/045929
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compositions and methods of the present invention include, but are not limited to:

polymethacrylates, alkylated naphthalene derivatives, and the like.

OTHER ANTIOXIDANTS AND STABILIZERS

In certain embodiments, a second antioxidant or a stabilizer can be used in

the compositions and methods of the present invention in combination with the first

antioxidant and the first additive and optionally the second additive as described

above. Examples of second antioxidants suitable for use in the compositions and

methods of the present invention include, include but are not limited to:

1.
1.1

1

o

to

LI

A,

W

Amine Antioxidants
Alkylated Diphenylamines, for example octylated diphenylamine; styrenated
diphenylamine; mixtures of mono- and dialkylated tert-butyl-tert-
octyldiphenylamines; and 4,4°-dicumyldiphenylamine.
Phen&l Naphtﬁy]amines, for example N-phenyl-1-naphthylamine; N-phenyl-
2-naphthylamine; tert-octylated N-phenyl-1-naphthylamine.
Derivatives of para-Phenylencdiamine, for example N,N'-diisopropyl-p-
phenylenediamine; N,N'-di-sec-butyl-p-phenylenediamine; N,N'-bis(1,4-
dimethylpentyl)-p-phenylenediamine; N,N'-bi‘s(l -ethyl-3-methylpentyl)-p-
phenylenediamine; N,N'-bis(l-methy]heptyI)-p-phenylenediamine; N,N'-

1

diphenyl-p-phenylenediamine: N,N'-di-(naphthyl-2)-p-phenylenediamine; N
isopropyl-N'-phenyl-p-phenylenediamine; N-(1,3-dimethylbutyl)-N'-phenyl-
p-phenylenediamine; N-(1-methylheptyl)-N'-phenyl-p-phenylenediamine; N-

- cyclohexyl-N'-phenyl-p-phenylenediamine; N,N'-dimethyl-N,N'-di-sec-

butyl-p-phenylenediamine.

Phenothiazines, for example phenothiazine; 2-methylphenothiazine; 3-
octylphenothiazine; 2,8-dimethylphenothiazine; 3,7-dimethylphenothiazine;
3,7-diethylphenothiazine; 3,7-dibutylphenothiazine; 3,7-
dioctylphenothiazine; 2,8-dioctylphenothiazine.

Dihydroquinolines, for example 2,2,4-trimethyl-l,‘2-dihydroquinoline ora
polymer thereof,

Phenolic Antioxidants
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Alkylated monophenols, for example 2,6-di-tert-butyl-4-methylphenol; 2,6-
di-tert-butylphenol; 2-tert-butyl-4,6-dimethylphenol; 2,6-di-tert-butyl-4-
ethylphenol; 2,6-di-tert-butyl-4-n-butylphenol; 2,6-di-tert-butyl-4-
isobutylphenol; 2,6-di-tert-butyl-4-sec-butylphenol; 2,6-di-tert-butyl-4-
octadecylphenol; 2,6-di-tert-butyl-4-nonylphenol; 2,6-dicyclopentyl-4-
methylphenol; 2-(a-methylcyclohexyl)-4,6-dimethylphenol; 2,6-dioctadecy!-
4-methylphenol; 2,4,6-tricyclohexylphenol; 2,6-di-tert-butyi-4-
methoxymethylphenol; 2,6-di-tert-butyl-4-dimethylaminomethylphenol; o-
tert-butylphenol.

Alkylated hydroquinones, for example 2,6-di-tert-butyl-4-methoxyphenol;
2,5-di-tert-butylhydroquinone; 2,5-di-tert-amylhydroquinone; 2,6-di-phenyl-
4-octadecyloxyphenol. :
Hydroxylated thiodipheny! ethers, for example 2,2'-thiobis(6-tert-buty!-4-
methyl-phenol); 2,2'-thiobis(4-octylphenol); 4,4'-thiobis(6-tert-butyl-3-
methyiphenol); 4,4'-thiobis(6-tert-butyl-2-methylphenol).
Alkylidenebisphenols, for example 2,2'-methylenebis(6-tert-butyl-4-
methylphenol); 2,2'-methylenebis(6-tert-butyl-4-ethylphenol); 2,2'-
methylenebis(4-methyl-6-(o.-methylcyclohexyl)phenol); 2,2'-
methylenebis(4-methyl-6-cyclohexylphenol); 2,2'-methylenebis(6-nonyl-4-
methylphenol); 2,2'-methylenebis(4,6-di-tert-butyiphenol); 2,2'-
ethylidenebis(é-tert-butyl~4-isobutylphenol); 2,2'-imethylenebis[6-a-
mefhyIbenzyl)-4-n0nylphenol]; 2,2'-methylenebis[6-(a,c-dimethylbenzyl)-4-
nonylphenol]; 4,4'-methylenebis(2,6-di-tert-butylphenol); 4,4'-
methylenebis(6-tert-butyl-2-methylphenol); 1,1-bis(S-tert-butyl-4-h'ydroxy-
2-methylphenyi)butane; 2,6-di(3-terf-butyl-5-methyl-'2-hydroxybenzyl)-4-
methylphenol; 1,1,3-tris(5-tert-butyl-4-hydroxy-2-methylphenyl)-3-n-
dodecylmercaptobutane; éthylene glycol bis[3,3-bis(3'-tert-butyl-4'-
hydroxylphenyl)butyrate]; di(3-tert-butyl-4-hydroxy-5-
methylphenyl)dicyclopentadiene; di[2-(3'-tert-buty}-2'-hydroxy-5'-
methylbenzyl)-6-tert-butyl-4-methylphenyl]terephthalate.

Benzyl compounds, for example 1,3,5-tris(3,5-di-tert-butyl-4-
hydroxybenzyl)-2,4,6-trimethylbenzene; di(3,5-di-tert-butyl-4-
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hydroxybenzyl)sulfide; 3,5-di~tert-butyl-4-hydroxybenzylmercaptoacetic
acid isooctyl ester; bis(4-tert-butyl-3-hydroxy-2,6-dimethyl-
benzyl)dithioterephthalate; 1,3,5-tris(3,5-di-tert-butyl-4-
hydroxybenzyl)isocyanurate; ],3,5-tris(4—tert-butyl-3-};ydroxy-2,6-

"~ dimethylbenzyl)isocyanurate; 3,5-di-tert-butyl-4-hydroxybenzylphosphonic

acid dioctadecyl ester; 3,5-di-tert-butyl-4-hydroxybenzylphosphonici acid
mono-ethyl ester calcium salt. |
Acylaminophenols, for example 4-hydroxylauric acid anilide; 4~
hydroxystearic acid anilide; 2,4—bis-octylmercapto—6—(3,5-di-tért-butyl-4-
hydroxyaniline)-s-triazine; N-(3,5-di-tert-butyl—4-hydfoxyphenyl)carbamic

acid octyl ester.

.Esters of B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid with mono- or

polyhydric alcohols, e.g. with methanol; octadecanol; 1,6-hexanediol;
neopentyl glycol; thiodiethylene glycol; diethylene glycol; triethylene glycol;
pentaerythritol; tristhydroxyethyl)isocyanurate; and di(h)/droxyetl\yl)oxalic
acid diamide.

Esters of 3-(5-tert-butyl-4-hydroxy-3-methyiphenyl)propionic acid with
mono- or polyhydric alcohols, e.g. with methanol; octadecanol; 1,6-
hexanediol; neopentyl glycol; thiodiethylene glycol; diethylene glycol;
triethylene glycol; pentaerythritol; tris(hydroxyethyl)isocyanurate; and
dithydroxyethyl)oxalic acid diamide.

Amides of B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid, e.g., N,N'-
di(3,5-di-tert-buty}-4-hydroxyphenyl-propionyl)hexamethylenediamine ;
N,N'-di(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)trimethylenediamine;
N,N'-di-(3,5-di-tert-butyl-4-hydroxyphenylpropionyhhydrazine.

Sulfurized organic compounds, for example aromatic, alkyl, or alkenyl
sulfides and polysulfines; sulfurized olefins; sulfurized fatty acid esters;
sulfurized ester olefins; sulfurized oils; esters of B-thiodipropionic acid;
sulfurized Diels-Alder adducts; sulfurized terpene compounds; and mixtures
thereof. |

Organo-borate compounds, for example alkyl- and aryl- (and mixed alkyl,

aryl) substituted borates,

PCT/US2006/045929
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Phosphite and phosphate antioxidants, for example alkyl- and aryl- (and
mixed alkyl, aryl) substituted phosph‘ites, and alkyl- and aryl- (and mixed
alkyl, aryl) substituted dithiophosphates such as O,0,S-trialkyl
dithiophosphates, O,0,S-triaryldithiophosphates and dithiophosphates
having mixed substitution by alkyl andaryl groups, phosphorothionyl sulfide,
phosphorué—containing silane, polyphenylene sulfide, amine salts of
phosphinic acid and quinone phosphates. A
6. Copper compounds, for example copper dihydrocarbyl thio- or
dithiophosphates, copper salts of synthetic or natural carboxylic acids,
copper salts of alkeny! carboxylic acids or anhydrides such as succinic acids
or anhydrides, copper dithiocarbamates, copper sulphonates, phenates, and
acetylacetonates. The copper may be in cuprous (Cu") or cupric (Cu" form.
7. Zinc di;hiodiphosphatés, for example zinc dialkyldithiophosphates,
diphenyld};alkyldithiophosphates, and di(alkylphenyl)dithiophosphates.

In one embodiment, the conﬂpositions for use in the methods of the present
invention, include but are not limited to: '

a. a first antioxidant (in the concentration range, from about 0.0001% to
about 50%, from about 0.0005% to about 20%, from about 0.005% to about 10%,
from about 0.05% to about 5% or from about 0.01% to about 1%) with a first
additive selected from the group comprising a surface additive, a performance ‘
enhancing additive and a lubricant performance additive, for example, in amounts of
from about 0.0005% to about 50%0, from about 0.0001% to about 20%, from about
0.005% to about 10%, from about 0,05% to about 5% or from about 0.01% to about
1% by weight, based on the weight of lubricant to be stabilized.

b. the first antioxidant and the first additive as described in a. and a second
additive, for example, in concentrations of from about 0.0001% fo about 50% by
weight, about 0.0005% to about 20% by weight, about 0.001% to about 10% by
weight, from about 0.01% to about 5% by weight, from about 0.05% to about 1% by
weight from about 0.1% to about 1% by weight based on the overall weight of the

lubricant to be stabilized.

c. the first antioxidant and the first additive as described in a. and optionally

the second additive as described in b. and a second antioxidant, for example,
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Irganox® 1010, Irganox® 1330, Irganox® 10‘76, Irganox® 5057 and Irganox® 1135
in the concentration range, from about 0.0001% to about 50%, from about 0.0005%
to about 20%, from about 0.005% to about 10%, from about 0.05% to about 5% or
from about 0.01% to about 1%) by weight, based on the weight of lubricant to be
stabilized. | |

The term “alkyl” as used herein means a saturated straight-chain, branched
or cyclic hydrocarbon. When straight-chained or branched, an alkyl group is
typically C1-C8, more typically C1-Cé6; when cyclic, an alkyl group is typically C3-
C12, more typically C3-C7 alkyl ester. Examples of alkyl groups include methyl,
evthyl, n-propyl, iso-propyl, n-butyl, sec-butyl and rers-butyl and 1,1-dimethylhexy!.

The term “alkoxy” as used herein is represented by —OR**, wherein R** is
an alkyl group as defined above.

The term “carbonyl’ as used herein is represented by —C{(=0)R**, wherein
R** is an alkyl group as defined above.

The term “alkoxycarbony!” as used herein is represented by —C(=O)OR**,
wherein R** is an alkyl group as defined above.

The term “‘aromatic group” includes carbocyclic aromatic rings and heteroaryl
rings. The term “aromatic group” may be used interchangeably with the terms “aryl”,

LR N1

*” “aromatic rfng , “aryl group™ and “aromatic group”.

Carbocyclic aromatic ring groups have only carbon ring atoms (typically six to
fourteen) and include monocyclic aromatic rings such as phenyl and fused polycyclic
aromatic ring systems in which a carbocyclic aromatic ring is fused to one or more
aromatic rings (carbocyclic aromatic or hetefoaromatic)r. Examples include 1-
naphthyl, 2-naphthyl, 1-anthracyl and 2-anthracyl. Also included within the scope of
the term “carbocyclic aromatic ring”, as it is used herein, is a group in which an
aromatic ring is fused to one or more non-aromatic rings (carbocyclic or
heterocyclic), such as in an indanyl, phthalimidyl, naphthimidyl, phenanthridinyl, or
tetrahydronaphthy!, where the radical or point of attachment is on the aromatic ring.

AN 13

The term ‘“‘heteroaryl”, “heteroaromatic”, “heteroaryl ring”, “heteroaryl

group” and “heteroaromatic group”, used alone or as part of a larger moiety as in

“heteroaralkyl” refers to heteroaromatic ring groups having five to fourteen

members, including monocyclic heteroaromatic rings and polycyclic aromatic rings
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in which a monocyclic aromatic ring is fused to one or more other aromatic ring
(carbocyc]ic'or heterocyclic). Heteroaryl groups have one or more ring heteroatoms,
Examples of heteroaryl groups include 2-furanyl, 3-furanyl, N-imidazolyl, 2~
imidazolyl, 4-imidazolyl, 5-imidazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl,
oxadiazolyl, oxadiazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, N-pyrazoly], 3-
pyrazolyl, 4-pyrazolyl, 5-pyrazolyl, N-pyrrolyl, 2-pyrrolyl, 3—pyrrélyl, 2-pyridyl, 3-
pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 3-pyridazinyl, 4-
pyridazinyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, triazolyl, tetrazolyl, 2-thienyl, 3-
thienyl, carbazolyl, benzothiény], benzofuranyl, indolyl, quinolinyl, benzothiazole,

benzooxazole, benzimidazolyl, isoquinolinyl and isoindoly]. Also included within

the scope of the term “heteroaryl™, as it is used herein, is a group in which an

aromatic ring is fused to one or more non-aromatic rings (carbocyclic or
heterocyclic), where the radical or point of attachment is on the aromatic ring.

The term non-aromatic heterocyclic group used alone or as part of a larger
moievty refers to non-aromatic heterocyclic ring groups having three to fourteen
members, including monocyclic heterocycleic rings and polycyclic rings in which a
monocyclic ring is fused to one or more other non-aromatic carbocyclic or
heterocyclic ring or aromatic ring (carbocyclic or heterocyclic). Heterocyclic groups
have one or more ring heteroatoms, and can be saturated or unsaturated. Examples
of heterocyclic groups include piperidinyl, piperizinyl, pyrrolidinyl, pyrazolidinyl,
imidazolidinyl, tetrahydroquinolinyl, inodolinyl, isoindoliny!, tetrahydrofurany],
oxazolidinyl, thiazolidinyl, dioxolanyl, dithiolany), tetrahydropyranyl,
dihydropyranyl, azepany) aNd azetidinyt

The term “heteroatom” means nitrogen, oxygen, or sulfur and includes any
oxidized form of nitrogen and sulfur, and the quaternized form of any basic nitrogen.
Also the term “nitrogen” includes a substitutable nitrogen of a heteroaryl or non-
aromatic heterocyclic group. As an example, in a saturated or partially unsaturated
ring having 0-3 heteroatoms selected from oxygen, sulfur or nitrogen, the nitrogen
may be N (as in 3,4-dihydro-2H-pyrroly!), NH (as in pyrrolidinyl) or NR” (as in N-
substituted pyrrolidinyl), wherein R is a suitable substituent for the nitrogen atom
in the ring of a2 non-aromatic nitrogen-containing heterocyclic group, as defined

below.



WO 2007/064843 PCT/US2006/045929

10

15

- 20

[0}
n

- 30

-129 -

As used herein the term non-aromatic carbocyclic ring as used alone or as
part of a larger moiety refers to a non-aromatic carbon containing ring which can be
saturated or unsaturated having three to fourteen atoms inciuding monocyclic and
polycyclic rings in which the carbocyclic ring can be fused to one or more non-
aromatic carbocyclic or heterocyclic rings or one or more aromatic (carbocyclic or
heteroéyclic) rings

An optionally substituted aryl group as defined herein may contain one or
more substitutable ring atoms, such as carbon or nitrogen ring atoms. Examples of
suitable substituents on a substitutable ring carbon atom of an aryl group include
halogen (e.g., -Br, Cl, T and F), -OH, C1-C4 alkyl, C1-C4 haloalkyl, -NO,, C1-C4.
alkoxy, C1-C4 haloalkoxy, -CN, -NH,, C1-C4 alkylamino, C1-C4 dialkylamino,
-C(O)NH,, -C(O)NH(C1-C4 alkyl), ~-C(O)(C1-C4 alkyl), ~-OC(O)(C1-C4 alky!),
~OC(O)(aryl), -OC(O)(substituted aryl), -OC(O)(aralkyl), -OC(O)(substituted
aralkyl), -NHC(O)H, -NHC(O)(C1-C4 alkyl), -C(O)N(C1-C#4 alkyl),, -NHC(0)O~
(C1-C4 alkyl), -C(O)OH, -C(0)O-(C1-C4 alkyl), -NHC(O)NH,, -NHC(O)NH(C]1-
C4 alkyl), -NHC(Q)N(C1-C4 alkyl);, -NH-C(=NH)NH,;, -SO,NH; -SO,NH(C1-
Clalkyl), -SO:N(C1-C3alkyl),, NHSO,H, NHSO,(C1-C4 alkyl) and optionally
substituted aryl. Preferred substituents on aryl groups are as defined throughout the
specification. In certain embodiments aryl groups are unsubstituted.

Examples of suitable substituents on a substitutable ring nitrogen atom of an
aryl group include C1-C4 alkyl, NH,, C1-C4 alkylamino, C1-C4 dialkylamino,
-C(O)NH,;, -C(O)NH(C1-C4 alkyl), ~C(O)(C1-C4 alkyl), -CO; R**, -C(OYC(O)R**,
-C(0)CH3, -C(O)OH, -C(0)0-(C1-C4 alkyl), -SO.NH: -SO,NH(C1-C3alkyl),
-SO:N(C1-C3alkyl)s, NHSO,H, NHSO,(C1-C4 alkyl), -C(=S)NH_, -C(=S)NH(C1-
C4 alkyl), -C(=S)N(C1-C4 alky!),, -C(=NH)-N(H),, -C(=NH)-NH(C1-C4 alkyl) and
~C(=NH)-N(C1-C4 alkyl), '

An optionally substituted alky! group or non-aromatic carboc‘:yclic or
heterééyclic group as defined herein may contain one or more substituents,

Examples of suitable substituents for an alky} group include those listed above for a

- substitutable carbon of an aryl and the following: =0, =S, =NNHR**, =NN(R**),,

=NNHC(O)R**, =NNHCO; (alkyl), =NNHSO; (alkyl), =NR**, spiro cycloalky!

group or fused cycloalkyl group. R** in each occurrence, independently is -H or
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C1-C6 alkyl. Preferred substituents on alky} groups are as defined throughout the
specification. In certain embodiments optionally substituted alkyl groups are
unsubstituted.

" A “spiro cycloalky!l” group is a cycloalkyl group which shares one ring
carbon atom with a carbon atom in an alkylehe group or alkyl group, wherein the
carbon atom being shared in the alkyl group is not a terminal carbon atom.

Without wishing to be bound by any theory or limited to any mechanism it is
believed that macromolecular antioxidants and polymeric macromolecular
antioxidants of the present invention exploit the differences in activities (ks,
equilibrium constant) of, for example, homo- or hetero- type antiqxidant moieties.
Antioxidant moieties include, for example, hindered phenolic groups, unhindered
phenolic groups, aminic groups and thioester groups, etc. of which there can be one
or more present in each macromolecular antioxidant molecule. As used herein a

homo- type antioxidant macromolecule comprises antioxidant moieties which are all

- same, for example, hindered phenolic, -OH groups. As used herein a hetero- type

antioxidant macromolecule comprises at least one different type of moiety, for
example, hindered phenolic and aminic groups in the one macromolecule.

This difference in activities can be the result of, for example, the
substitutions on neighboring carbons or the local chemical or physical envifonment
(for example, due to electrochemical or stereochemical factors) which can be due in'
part to the macromolecular nature of molecules.

In one embodiment of the present invention, a series of macromolecular
antioxidant moieties of the present invention with different chemical structures can
be represented by WIH, W2H, W3H, ..... to WnH. In one embodiment of the
present invention, two types of antioxidant moieties of the present invention can be
represented by: W1H and W2H. In certain embodiments W1H and W2H can have
rate constants of k1 and k2 respectively. The reactions involving these moieties and

peroxyl radicals can be represented as;

g
ROO.+ W1H — ROOH + W1. (1)

PCT/US2006/045929
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k2
ROO. + W2H — ROOH + W2. (2)

where ROO. is a peroxyl radical resulting from, for example, initiation steps
involving oxidation activity, for example: ‘

RH— R.+H. 3)

R.+02 - ROO. | @

In one particular embodiment of the present invention k1 >> k2 in equations
(1) and (2). As a result, the reactions would take place in such a way that there is a
decrease in concentration of W1. free radicals due their participation in the

regeneration of active moiety W2H in the molecule according equation (5):
W1, +W2H — WIH + W2, (5) (transfer equilibrium)

This transfer mechanism may take place either in intra- or inter-molecular
macromolecules. The transfer mechanism (5) could take place between moieties
residing on the same macromolecule (intra- type) or residing on different
macromolecules (inter-type). '

In certain embodiments of the present invention, the antioxidant properties
described immediately above (equation 5) of the macromolecular antioxidants and
polymeric macromolecular antioxidants of the present invention result in advantages

including, but not limited to:

a) Consumption of free radicals W1. according to equation (5) can result in a
decrease of reactions of W1. with hydroperoxides and hydrocarbons (RH).

b) The regeneration of W1H provides extended protection of materials. This is
a generous benefit to sacrificial type of antioxidants that are used today.
Regeneration of W1H assists in combating the oxidation process The
increase in the concentration of antioxidant moieties W1H (according to

equation 5) extends the shelf life of materials.
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In certain embodiments of the present invention, the following items are of
significant interest for enhanced antioxidant activity in the design of the
macromolecular antioxidants and polymeric macromolecular antioxidants of the

present invention:

a) The activity of proposed macromolecular antioxidant is dependent on the
regeneration of W1H in equation (5) either through inter- or intra-molecular
activities involving homo- or hetero-type antioxidant moieties.

b) Depending on the rates constants of W1H and W2H it is possible to achieve
performance enhancements by many multiples and not just incremental
improvements. -

In certain embodiments of the present invention, more than two types of
antioxidant moieties with different rate constants are used in the methods of the

present invention.

In certain embodiments, the present invention pertains to the use of the

.disclosed compositions to improve materials, such as lubricants, lubricant oils,

compositions comprising lubricants and lubricant oils and mixtures thereof,

In certain embodiments, as defined herein improving a material means
inhibiting oxidation of an oxidizable material.

- For purposes of the present invention, a method of “inhibiting oxidation” is a
method that inhibits the propagation of a free radical-mediated process. Free
radicals can be generated by heat, light, ionizing radiation, metal ions and some
proteins and enzymes. Inhibiting oxidation also includes inhibiting reactions caused
by the presence of oxygen, ozone or another compound capable of generating these
gases or reactive equivalents of these gases.

As used herein the term “oxidizable material” is any material which is
subject to oxidation by free-radicals or oxidative-reaction caused by the presence of
oxygen, ozone or another compound capable of generating these gases or reactive
equivalents thereof. In particular the oxidizable material is a lubricant or a mixture
of lubricants.

In certain other embodiments, as defined herein improving a material means

inhibiting oxidation, as well as improving performance and/or increasing the quality
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of a material, such as, a lubricant, lubricant o0il, composition comprising a lubricant
or lubricant oil or mixtures thereof. Increasing the quality of a material includes
reducing friction and wear, increasing viscosity, resistance to corrosion, aging or
contamination, etc. In certain embodiments, improving rr\leans that the Jubricant is
more resistant to degradation due to the presence of oxygen, temperature, pressure,
water, metal species and other contributing factors to degradation. Incertain._
embodiments, additive as described herein help to promote the shelf life of these
oils. In ceratin embodiments the stability of the lubricants is directly related to their
performance. That is the lubricant will not perform well if the lubricant has been
degraded. In certain embodiments tﬁe performance of the lubriucants is related to
the additives. That is if antioxidant and additives are used they will result in an ‘
improvement in the stability and performance of the lubricants.

A lubricant, as defined herein is a substance (usually a liquid) introduced
between two moving surfaces to reduce the friction and wear between them.
Lubricant can be used in, for example, automotive engines, hydraulic fluids with
transmission oils and the like. In addition to automotive and industrial applications,
Iﬁbricants are used for many other purposes, including bio-medical applicatic;ns (e.g.
lubricants for artificial joints), grease, aviation lubricants, turbine engine lubricants,
compressor oils, power transformer oils, automatic transmission fluids, metal
working fluids, gear oils, sexual lubricants and others.

Non-liquid lubricants include grease, powders (dry graphite, PTFE,
Molybdenum disulfide, etc.), teflon tape used in plumbing, air cushion and others.

The entire teachings of each of the following applications are incorporated
herein by reference: '

Docket No.: 3805.1000-000; Provisional Patent Application No.: 60/632,893, filed

December 3, 2004, Title: Process For The Synthesis Of Polyalkylphenol

Antioxidants, by Suizhou Yang, et al;

. Docket No.: 3805.1000-001; filed December 2, 2003, Title: Process For The

Synthesis Of Polyalkylphenol Antioxidants, by Suizhou Yang, et al;

Docket No.: 3805.1001-000; Provisional Patent Application No.: 60/633,197, filed
December 3, 2004, Title: Synthesis Of Sterically Hindered Phenol Based

Macromolecular Antioxidants, by Ashish Dhawan, et al.;
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EXEMPLIFICATION
Example 1, ‘
A commercial lubricant oil (example Castrol GTX 3W30) which comprises
additives, was added to a known amout of a first antioxidant as cddescribed above.
The commercial lubricant oil alone was tested versus the commercial
lubricant oil with the added antioxidant, using Passenger Car Motor Qil (PMCO)
TEOST MHT test (ASTM D78097-05 test) performed at SWRI, Antonio Texas.
Test conditions include 285 °C for 24 hours, airflow, the deposit on the rod
was then tested. '
The deposit on the metal strip for the control sample was 46 mg, while for

the sample containing the antioxidant was 18 mg. The difference of 28.1 mg was

~ due to 1% of the antioxidant. The smaller deposit on the metal strip indicates the

superior performance of the lubricant oil in combination with an antioxidant

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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CLAIMS

What is claimed is:

1.

of:

A composition comprising;

a) a first antioxidant; and

b) at least one first additive selected from the group consisting
i) a surface additive;
i) a performance enh‘anging additive; and

iii) a lubricant protective additive.

The composition of Claim 1, wherein the first antioxidant is selected
from the group consisting of polyalkyl phenol based antioxidants, |
sterically hindered phenol based antioxidants, sterically hindered
phenol based macromolecular antioxidants, nitrogen and hindered
phenol containing dual functional macromolecular antioxidants,
alkylated macromolecular antioxidants, sterically hindered phenol

and phosphite based macromolecular antioxidants.

The composition of Claim 2 wherein the first additive is a surface

. additive selected from the group consisting of (a) rust inhibitors, (b)

corrosion inhibitors, (c) extreme pressure agents, (d) tackiness agents,
(e) antiwear agents, (f) detergents and dispersants and (g)

compounded oil.

The composition of Claim 2 wherein the first additive is a
performance enhancing additive selected from the group consisting of
(a) pour-point depressants, (b) viscosity index modifiers, (c)

emulsifiers, and (d) demulsifiers.

The composition of Claim 2 wherein the additive is a lubricant
protective additive selected from the group consisting of (a) oxidation

inhibitors and (b) foam inhibitors.
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The composition of Claim 2 wherein the composition further includes

at least one second additive selected from the group consisting of;

.dispersants, detergents, corrosion inhibitors, rust inhibitors, metal

deactivators, antiwear and extreme pressure agents, antifoam agents,
friction modifiers, seal swell agents, demulsifiers, viscosity index

improvers and pour point depressants.

The composition of Claim 6 wherein the composition further includes
a second antioxidant selected from the group consisting of: amine
antioxidants, phenolic antioxidants, sulfurized organic compounds,
organo-borate compounds, phosphite and phosphate antioxidants,

copper compoLmds and zinc dithiodiphosphates.

A lubricant composition comprising:

a) a lubricant or a mixture of lubricants;

b) a first antioxidant; and

) at least one first additive selected from the group consisting of
1) a surface additive;
ii) a performance enhaﬁcing additive; and
'iif)  a lubricant protective additive.

The lubricant composition of Claim 8, wherein the first antioxidant is
selected from the group consisting of polyalkyl phenol based
antioxidants, sterically hindered phenol based antioxidants, sterically
hindered phenol based macromolecular antioxidants, nitrogen and
hindered phenol containing dual functional macromolecular
antioxidants, alkylated macromolecular antioxidants, sterically

hindered phenol and phosphite based macromolecular antioxidants.

The lubricant composition of Claim 8§, wherein the first additive is a

surface additive selected from the group consisting of (a) rust
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inhibitors, (b) corrosion inhibitors, (c) extreme pressure agents, (d)
tackiness agents, (e) antiwear agents, (f) detergents and dispersants

and (g) compounded oil.

The lubricant composition of Claim 10, wherein the antioxidant is in
a concentration range from about 0.0001% to about 50%, and the first

additive is in a concentration range from about 0.0005% to about

50%, by weight.

The lubricant composition of Claim 8, wherein the first additive is a
performance enhancing additive selected from the group consisting of
(a) pour-point depressants, (b) viscosity index modifiers, (c)

emulsifiers, and (d) demulsifiers.

The lubricant composition of Claim 12, wherein the antioxidant 'is in
a concentration range from about 0.0001% to about 50%, and the first
additive is in a concentration range from about 0.0005% to about
50%, by weight, -

The lubricant composition of Claim 8, wherein the additive is a
lubricant protective additive selected from the group consisting of (a)
oxidation inhibitors and (b) foam inhibitors.

The lubricant composition of Claim 14, wherein the antioxidant is in
a concentration range from about 0.0001% to about 50%, and the first
additive is in a concentration range from about 0.0005% to about

50%, by weight.

The lubricant composition of Claim 8, wherein the composition
further includes.at least one second additive selected from the group
consisting of: dispersants, detergents, corrosion inhibitors, rust

inhibitors, metal deactivators, antiwear and extreme pressure agents,
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antifoam agents, friction modifiers, seal swell agents, demulsifiers,

viscosity index improvers and pour point depressants.

The lubricant composition of Claim 16, wherein the composition
further includes a second antioxidant selected from the group
consisting of: amine antioxidants, phenolic antioxidants, sulfurized
organic compounds, organo-borate compounds, phosphite and
phosphate antioxidants, copper compounds and zine

dithiodiphosphates.

The lubricant compasition of Claim 8§, wherein the {ubricant is

selected from the grdup comprising petroleum based oils, synthetic

oils and biolubricant oils.

A method of improving a composition comprising combining the

composition with:

a) a first antioxidant; and

b) at jeast one first additive selected from the group consisting
i)  asurface additive;
i1) & performance enhancing additive; and

iii) a lubricant protective additive.

The method of Claim 19, wherein the first antioxidant is selected
from the group consisting of polyalkyl phenol based antioxidants,
sterically hindered phenol based antioxidants, sterically hindered
phenol based macromolecular antioxidants, nitrogen and hindered
phenol containing dual functional macromolecular antioxidants,
alkylated macromolecular antioxidants, sterically hindered phenol

and phosphite based macromolecular antioxidants.
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A method of improving a lubricant or a mixture of lubricants

comprising combining the lubricant or mixture of lubricants with:

. a) a first antioxidant; and
b) at least one first additive selected from the group consisting
i) a surface additive;
i) " a performance enhancing additive; and

~ i) a lubricant protective additive.

The method of Claim 21, wherein the first antioxidant is selected

from the group consisting of polyalkyl phenol based antioxidants,

sterically hindered phenol based antioxidants, sterically hindered

phenol based macromolecular antioxidants, nitrogen and hindered
phenol cohtaining dual functional macromolecular antioxidants,
alkylated macromolecular antioxidants, sterically hindered phenol

and phosphite based macromolecular antioxidants.

The method of Claim 22, wherein the first additive is a surface

additive selected from the group consisting of (a) rust inhibitors, (b)
corrosion inhibitors, (c) extreme pressure agents, (d) tackiness agents,
(e) antiwear agents, (f) detergents and dispersants and (g)

compounded oil.

The method of Claim 23, wherein the antioxidant is in a

_concentration range from about 0.0001% to about 50%, and the first

additive is in a concentration range from about 0.0005% to about
50%, by weight.

The method of Claim 22, wherein the first additive is a performance
enhancing additive selected from the group consisting of (a) pour-
point depressants, (b) viscosity index modifiers, (c) emulsifiers, and

(d) emulsifiers.
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The method of Claim 235, wherein the antioxidant is in a
concentration range from about 0.0001% to about 50%, and the first
additive is in a concentration range from about 0.0005% to about
50%, by weight.

The method of Claim 22, wherein the additive is a Jubricant
protective additive selected from the group consisting of (a) oxidation
inhibitors and (b) foam inhibitors,

The method of Claim 27, wherein the antioxidant is in a
concentration range from about 0.0001% to about 50%, and the first
additive is in a concentration range from about 0.0005% to about

50%, by weight.

The method of Claim 22, wherein the composition further includes at
least one second additive selected from the group consisting of:
dispersants, detergents, corrosion inhibitors, rust inhibitors, metal
deactivators, antiwear and extreme pressure agents, antifoam agents,
friction modifiers, seal swell agents, demulsifiers, viscosity index

improvers and pour point depressants,

The method of Claim 29, wherein the composition further includes a
second antioxidant selected from the group consisting of: amine
antioxidants, phenolic antioxidants, sulfurized organic compounds,
organo-borate compounds, phosphite and phosphate antioxidants,

copper compounds and zinc dithiodiphosphates.

The method of Claim 22, wherein the lubricant is selected from the
group comprising petroleum based oils, synthetic oils and

biolubricant oils.
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