
Attorney Docket No. HEA-010.25 Extracts and Methods
Comprising Green Tea Species Related Applications This
application claims the benefit of priority to United
States Provisional Patent Application serial number
60/785,178, filed March 23, 2006, which is hereby
incorporated by reference in its entirety. Field of
Invention The invention relates to extracts of green
tea species, methods of preparing them using
sequential extractions steps, and methods of treatment
thereof. Background of the Invention Tea originated in
southern China some 4000 years ago and is consumed by
over two-thirds of the world's population. Tea has an
attractive odor, excellent taste, and health promoting
effects making it the most popular beverage in the
world, second only to water. As early as 3000 B.C.,
tea was used by the Chinese as a medicinal drink. The
medical use of tea was recorded in the ancient Chinese
pharmacopoeia "Ben Cao Gang Mo" written during the
Ming dynasty (16th century). The source of tea is the
botanical, Camellia sinensis. Literally hundreds of
teas are now produced from the leaves of C. sinensis
and are generally classified into three major
categories: non-fermented green tea, partially
fermented oolong, and fully fermented black tea.
Camellia sinesis, a member of the Theaceae family, is
an evergreen shrub or tree that can grow to a height
of 30 feet. However, it is usually clipped to a height
of 1-5 feet in cultivation for tea leaves. The plant
is heavily branched with dark-green, hairy,
oblongovate leaves cultivated and preferentially
picked as young shoots. Older leaves are generally
considered to be of inferior quality. Although both
green and black teas are derived from the botanical,
Camellia, sinensis, it is the processing of the leaves
that differentiates the two types of tea. In the case
of the black teas, after the leaves are picked, they
are permitted to wilt and then rolled. These leaves
are allowed to ferment, converting the tea polyphenols
(catechins) tophlobaphenes and forming aromatic rings.
Fermentation occurs as leaf enzymes, including
polyphenol oxidate, reacts with the tea polyphenols,
particularly the catechins [I]. In the case of green
tea production, the young leaves are not permitted to
oxidize. Instead, the leaves are steamed, which
inactivates the oxidative enzymes, thus preserving the
tea catechins. The chemical constituents of green tea
leaf include the polyphenols, methylxanthines, amino
acids, organic acids, carbohydrates, proteins, lignin,
lipids, chlorophyll and other pigments, ash, and
essential oils, see Table 1 [2,3]. From a commercial
and biological standpoint, the polyphenols and
caffeine have been traditionally considered to be of
greater importance than the other constituents.
However, other chemical constituents such as theanine,
the essential oils and, the water soluble-ethanol
insoluble polysaccharides have recently been shown to
have important biologically beneficially effects (see
summary below). Table 1. Principle chemical
constituents of green tea leaves. Chemical
constituents % dry weight Essential Oil Fraction
(primarily volatile oils) 0.1 Polyphenols 39.0
Catechins 25.0 Catechin (C) (0.2) Epicatechin (EC)
(2.2) Epicatechin gallate (ECG) (1.9) Gallocatechin
(GC) (8.7) Epigallocatechin gallate (EGCG) (10.9)
Epigallocatechin (EGC) (9.7) Caffeic Acid Derivatives
trace Caffeic acid Chlorogenie acid Flavonols &
flavonol glycosides 3.0 Quercetin (0.4) Rutin (1.5)
Kaempferol (0.5) Other phenolic acids (tannins) 12.0 



Methylxanthines 3.5 Caffeine* 3.3 Theobromine 0.1
Amino Acids 4.0 Theanine 0.6 Oxalic Acid* 0.6
Polysaccharides 13.0 Monosaccharides 4.0 Cellulose
7.0Protein 15.0 Organic acids 0.5 Lignin 6.0 Lipids
3.0 Chlorophyll & other pigments 0.5 Ash 5.0 Toxicity
Green tea contains 30-42% polyphenols by % mass dry
weight. The majority of these polyphenols which also
have been reported to have the greatest biologically
beneficial activity are the flavonols know as
"catechols". The principal catechins Include the
following: (-)-epigallocatechin-3-gallate (EGCG),
(-)-epigallocatechin (EGC), (-)-catechin gallate (CG),
and epicatechin (EC), The highest concentrations is in
the order of EGCG followed by EGC, ECG, EC in
decreasing order. Other catechins including (+)-
gallocatechin (GC), (-)-gallocatechin gallate (GCG),
(-)-catechin gallate (CG), and (+)- catechin (C) are
present in minor quantities. Many beneficial
biological effects of the catechins have been studied.
They include anti-oxidative activities, antimutagenic
effects, anti-carcinogenic effects, nitrosation
inhibition, and inhibitory actions of growth of tumor
and immortalized cells but no effect on normal cells.
However other chemical constituent groups also exhibit
biologically beneficial effects. For example, the
essential oil (EO) chemical constituents have
anti-oxidant activity, anti-asthmatic activity,
anti-bacterial activity, anti-viral activity,
anti-cancer activity, immunological enhancement
activity, hypoglycemic activity, hypolipidemic
activity, anti-inflammatory activity, anti-dermatitic
activity, anti-acne activity, and anti-atherosclerosis
activity. Theanine (T) has anxiety reducing and mood
enhancing activity, cognitive enhancing activity,
anti-cancer activity, neuroprotective against cerebral
ischemia and stroke, and weight reduction activity.
Furthermore, the green tea polysaccharides (P) have
anti-oxidant and oxygen free radical scavenging
activity, anti-diabetic activity and immunological
enhancing activity. To briefly summarize the
therapeutic value of green tea's chemical
constituents, recent scientific research and clinical
studies have demonstrated the following therapeutic
effects of the various chemical compounds, chemical
fractions, and gross extraction products of green tea
which include the following: powerful anti-oxidant,
oxygen free radical scavenging, and nitrosation
inhibition (EO, catechins-primarily ECGC & ECG, P,
extract) [4-7]; anti-mutagenic activity (EO,
catechins, extract) [7-12]; anti-carcinogenic activity
without effect on normal cells (EO, catechins, T,
extract) [7-13]; skin protective(EO, catechins, P,
extract) [8, 10, 11, 14, 15]; anti-cardiovascular
disease (EO, catechins, extract) [4-7,16,17];
anti-hyperlipidemia (extract) [16]; anti-stroke and
cerebral protection (EO, catechins, T, P, extract)
[18, 19]; anti-periodontal disease (extract) [20];
antiosteoporosis (extract) [21]; immune enhancement
(extract) [22]; anti-viral, anti-HIV, and
anti-bacterial (EO, catechins, extract) [23]; weight
loss and thermogenesis (catechins, caffeine, T,
extract) [23,24]; anti-aging (catechins-ECGC, extract)
[23]; anxiety reduction, mood enhancer, and cognitive
enhancer (T, extract) [25,26]; and anti-diabetes (P,
extract) [27]. Although green tea is generally safe
and not toxic at very high doses, one potential
outcome of consumption of green tea beverages and
medicinal products is the development of caffeine
related disorders such as cardiac arrhythmias,
gastrointestinal disorders, and caffeine toxicity
manifested by jitteriness, generalized anxiety,
insomnia. Moreover, excessive consumption of caffeine
exaggerates stress and stress-related hormone release.
Blood pressure may be elevated and the risks of heart
attack and stroke are increased when excessive
caffeine is consumed. In view of the lack of
comprehensive selectivity in currently available
extraction processes, presently available green tea
products are suspect regarding their chemical
compositions. Thus, what is needed are novel and
reproducible green tea extract 



compositions that combine purified essential oil,
catechins with high ECGC, theanine, and polysaccharide
chemical constituent fractions with low caffeine
concentrations that can be produced with standardized
and reliable amounts of these synergistically [14,28]
acting physiologically and medically beneficial green
tea chemical constituents. Summary of the Invention In
one aspect, the present invention relates to a green
tea species extract comprising a fraction having a
Direct Analysis in Real Time (DART) mass spectrometry
chromatogram of any of Figures 6 to 25. In a further
embodiment, the extract comprises a compound selected
from the group consisting of an essential oil, a
polyphenol, a polysaccharide, and combinations
thereof. In a further embodiment, the essential oil is
selected from the group consisting of n-hexadecanoic
acid, tetradecanoic acid, 9-hexadecanol, 1-undecanol,
1-hexadecanol, oleyl alcohol, 9-octadecen-l-ol,
nonadecanol, and combinations thereof. In a further
embodiment, the polyphenol is selected from the group
consisting of catechins, flavanols,flavonol
glycosides, and combinations thereof. In a further
embodiment, the catechin is selected from the group
consisting of catechin (C), epicatechin (EC),
epicatechin gallate (ECG), gallocatechin (GC),
epigallocatechin gallate (EGCG), epigallocatechin
(EGC), and combinations thereof. In a further
embodiment, the flavanol is selected from the group
consisting of quercetin and rutin. In a further
embodiment, the flavonol glycoside is kaempferol. In a
further embodiment, the polysaccharide is selected
from the group consisting of glucose, arabinose,
galactose, rhamnose, xylose uronic acid and
combinations thereof. In a further embodiment, the
green tea species of the present invention are
substantially free of caffeine, oxalic acid, or
tannins. In a further embodiment, the amount of
essential oil is greater than 2% by weight. In a
further embodiment, the amount of essential oil is
from 25% to 90% by weight. In a further embodiment,
the amount of essential oil is from 50% to 90% by
weight. In a further embodiment, the amount of
essential oil is from 75% to 90% by weight. In a
further embodiment, the amount of polyphenol is
greater than 40% by weight. In a further embodiment,
the amount of polyphenol is from 50% to 90% by weight.
In a further embodiment, the amount of polyphenol is
from 75% to 90% by weight. In a further embodiment,
the amount of polysaccharide is greater than 15% by
weight. In a further embodiment, the amount of
polysaccharide is from 25% to 90% by weight. In a
further embodiment, the amount of polysaccharide is
from 50% to 90% by weight. In a further embodiment,
the amount of polysaccharide is from 75% to 90% by
weight. In a further embodiment, the green tea species
extract comprises an essential oil from 2% to 97% by
weight, a catechin from 15% to 98% by weight, a
theanine from 4% to 90% by weight, and a
polysaccharide from 9% to 98% by weight. In another
aspect, the present invention relates to food or
medicament comprising the green tea species extract of
the present invention. In another aspect, the present
invention relates to a method of preparing a green tea
extract having at least one predetermined
characteristic comprising sequentially extracting a
green tea species plant material to yield an essential
oil fraction, a polyphenol fraction, and a
polysaccharide fraction by a) extracting a green tea
species plant material by super critical carbon
dioxide extraction to yield an essential oil fraction
and a first residue; b) extracting either a green tea
species plant material or the first residue from step
a) byalcoholic extraction to yield the polyphenolic
fraction and a second residue; and c) extracting the
second residue from step a) by water extraction and
precipitating the polysaccharide with alcohol to yield
the polysaccharide fraction. In a further embodiment,
the first residue from step a) is further
decaffeinated by supercritical carbon dioxide
extraction. In a further embodiment, the polyphenolic
fraction is further purified by affinity adsorbent
chromatography. In a further embodiment, step a)
comprises: 1) loading in an extraction vessel ground
green tea species plant material; 2) adding carbon
dioxide under supercritical conditions; 3) contacting
the green tea species plant material and the carbon
dioxide for a time; and 4) collecting an essential oil
fraction in a collection vessel. In a further
embodiment, step a) further comprises altering the
essential oil chemical compound ratios by
fractionating the essential oil fraction with a
supercritical carbon dioxide fractional separation
system. In a further embodiment, supercritical
conditions comprise 60 bars to 800 bars of pressure at
35 0C to 90 0C. In a further embodiment, supercritical
conditions comprise 60 bars to 500 bars of pressure at
40 0C to 80 0C. In a further embodiment, the 



time is 30 minutes to 2.5 hours. In a further
embodiment, the time is 1 hour. In a further
embodiment, step b) comprises: 1) contacting ground
green tea species plant material or the first residue
from step a) with an alcoholic solvent for a time
sufficient to extract polyphenol chemical
constituents; 2) passing an aqueous solution of
extracted polyphenolic chemical constituents from step
1) through an affinity adsorbent resin column wherein
the polyphenolic constituents are adsorbed; 3) eluting
the caffeine compounds from the affinity adsorbent
using an acidic elution solvent; and 4) eluting the
polyphenolic chemical constituents from the affinity
adsorbent resin using a hydro-alcoholic eluting
solvent. In a further embodiment, the hydro-alcoholic
solution comprises ethanol and water wherein the
ethanol concentration is 10-95% by weight. In a
further embodiment, the hydro-alcoholic solution
comprises ethanol and water wherein the ethanol
concentration is 25% by weight. In a further
embodiment, step 1) is carried out at 30 0C to 100 0C.
In a further embodiment, step 1) is carried out at 60
0C to 100 0C. In a further embodiment, the time is
1-10 hours. In a further embodiment, the time is 1-5
hours. In a further embodiment, the time is 2 hours.
In a further embodiment, step c) comprises: 1)
contacting the second residue from step b) with water
for a time sufficient to extract polysaccharides; and
2) precipitating thepolysaccharides from the water
solution by alcohol precipitation. In a further
embodiment, the water is at 70 0C to 90 0C. In a
further embodiment, the water is at 80 0C to 90 0C. In
a further embodiment, the time is 1-5 hours. In a
further embodiment, the time is 2-4 hours. In a
further embodiment, the time is 2 hours. In a further
embodiment, the alcohol is ethanol. In another aspect,
the present invention relates to a green tea species
extract prepared by the methods of the present
invention. In another aspect the present invention
relates to a green tea species extract comprising
pyrogallol, theophylline/theobromine at 25 to 35% by
weight of the pyrogallol, shikimic acid at 0.1 to 5%
by weight of the pyrogallol, coumaric acid at 0.1 to
5% by weight of the pyrogallol, and
3-methoxy-l-tyrosine at 0.1 to 5% by weight of the
pyrogallol. In another aspect the present invention
relates to a green tea species extract comprising
theanine, theophylline/theobromine at 20 to 30% by
weight of the theanine, catechin/epicatechin at 1 to
10% by weight of the theanine, gallic acid at 1 to 10%
by weight of the theanine, catechin quinone at 0.1 to
5% by weight of the theanine, cinnamaldehyde at 0.1 to
5% by weight of the theanine, and 3-methoxy-l-tyrosine
at 1 to 10% by weight of the theanine. In another
aspect the present invention relates to a green tea
species extract comprising theanine,
theophylline/theobromine at 45 to 55% by weight of the
theanine, catechin/epicatechin at 1 to 10% by weight
of the theanine, carnosic acid at 0.1 to 5% by weight
of the theanine, gallic acid at 1 to 10% by weight of
the theanine, catechin quinone at 0.5 to 5% by weight
of the theanine, cinnamaldehyde at 1 to 10% by weight
of the theanine, methyl cinnamic acid at 0.1 to 5% by
weight of the theanine, cinnamide at 1 to 10% by
weight of the theanine, and 3-methoxy-l-tyrosine at 1
to 10% by weight of the theanine. In another aspect
the present invention relates to a green tea species
extract comprising pyrogallol,
theophylline/theobromine at 1 to 10% by weight of the
pyrogallol, theanine at 0.1 to 5% by weight of the
pyrogallol, catechin/epicatechin at 1 to 10% by weight
of the pyrogallol, kaempferol at 5 to 15% by weight of
the pyrogallol, myricitin at 0.1 to 5% by weight of
the pyrogallol, gallocatechin quinone at 0.1 to 5% by
weight of the pyrogallol, gallic acid at 65 to 75% by
weight of the pyrogallol, catechin quinone at 0.5 to5%
by weight of the pyrogallol, vanillic acid at 1 to 10%
by weight of the pyrogallol, and 3- methoxy-1-tyrosine
at 1 to 5% by weight of the pyrogallol. In another
aspect the present invention relates to a green tea
species extract comprising kaempferol, theanine at 1
to 10% by weight of the kaempferol,
catechin/epicatechin at 95 to 105% by weight of the
kaempferol, quercetin at 20 to 30% by weight of the
kaempferol, myricitin at 5 to 15% by weight of the
kaempferol, gallocatechin quinone at 5 to 10% by
weight of the kaempferol, gallic acid at 55 to 65% by
weight of the kaempferol, catechin quinone at 1 to 10%
by weight of the kaempferol, coumaric acid at 10 to
20% by weight of the kaempferol, vanillic acid at 1 to
10% by weight of the kaempferol, and
3-methoxy-l-tyrosine at 15 to 25% by weight of the
kaempferol. In another aspect the present invention
relates to a green tea species extract comprising
pyrogallol, theophylline/theobromine at 0.5 to 5% by
weight of the pyrogallol, catechin/epicatechin at 95
to 105% by weight of the pyrogallol, kaempferol at 55
to 65% by 



weight of the pyrogallol, quercetin at 20 to 30% by
weight of the pyrogallol, myricitin at 10 to 20% by
weight of the pyrogallol, gallocatechin quinone at 20
to 30% by weight of the pyrogallol, gallic acid at 50
to 60% by weight of the pyrogallol, catechin quinone
at 15 to 25% by weight of the pyrogallol, coumaric
acid at 15 to 25% by weight of the pyrogallol,
vanillic acid at 1 to 10% by weight of the pyrogallol,
and 3-methoxy-l-tyrosine at 0.5 to 5% by weight of the
pyrogallol. In another aspect the present invention
relates to a green tea species extract comprising
pyrogallol, theophylline/theobromine at 0.5 to 5% by
weight of the pyrogallol, catechin/epicatechin at 95
to 105% by weight of the pyrogallol, kaempferol at 55
to 65% by weight of the pyrogallol, quercetin at 20 to
30% by weight of the pyrogallol, myricitin at 10 to
20% by weight of the pyrogallol, gallocatechin quinone
at 20 to 30% by weight of the pyrogallol, gallic acid
at 50 to 60% by weight of the pyrogallol, catechin
quinone at 15 to 25% by weight of the pyrogallol,
coumaric acid at 15 to 25% by weight of the
pyrogallol, vanillic acid at 1 to 10% by weight of the
pyrogallol, and 3-methoxy-l-tyrosine at 0.5 to 5% by
weight of the pyrogallol. In another aspect the
present invention relates to a green tea species
extract comprising pyrogallol, theanine by weight of
the pyrogallol, catechin/epicatechin at 90 to 100% by
weight of the pyrogallol, kaempferol at 65 to 75% by
weight of the pyrogallol, quercetin at 15 to 25% by
weight of the pyrogallol, myricitin at 5 to 15% by
weight of thepyrogallol, gallocatechin quinone at 5 to
15% by weight of the pyrogallol, gallic acid at 65 to
75% by weight of the pyrogallol, catechin quinone at 5
to 15% by weight of the pyrogallol, coumaric acid at
10 to 20% by weight of the pyrogallol, vanillic acid
at 1 to 10% by weight of the pyrogallol, and
3-methoxy-l-tyrosine at 1 to 10% by weight of the
pyrogallol. The extractions of the present invention
are useful in providing physiological and medical
effects including, but not limited to, anti-oxidant
activity, oxygen free radical scavenging, nitrosation
inhibition, anti-mutagenic activity (cancer
prevention), anticarcinogenic activity (cancer
therapy), skin protection, anti-aging,
anti-cardiovascular disease, anti-stroke disease and
therapy, cerebral protection, anti-hyperlipidemia,
antiperiodontal disease, anti-osteoporosis,
immunological enhancement, anti-viral, anti-HIV and
anti-bacterial activity, anti-fungal activity,
anti-viral activity, weight control and thermogenesis,
anti-diabetes, and anxiety reduction, mood enhancement
and cognitive enhancement. These embodiments of the
disclosure, other embodiments, and their features and
characteristics, will be apparent from the
description, drawings and claims that follow. Brief
Description of the Drawings Figure 1 depicts an
exemplary schematic diagram of supercritical carbon
dioxide extraction of essential oil (Step 1) and
decaffeination of green tea (Step 2) in accordance
with the present invention. Figure 2 depicts an
exemplary schematic diagram of ethanol extraction of
crude green tea catechin chemical constituents
fraction in accordance with the present invention.
Figure 3 depicts an exemplary schematic diagram of an
affinity adsorbent extraction process in accordance
with the present invention. Figure 4 depicts an
exemplary schematic diagram of water leaching
extraction for L-theanine and polysaccharides in
accordance with the present invention. Figure 5
depicts an exemplary schematic diagram of the
purification of L-theanine and polysaccharide
fractions in accordance with the present invention.
Figure 6 depicts AccuTOF-DART Mass Spectrum for green
tea polysaccharide fraction from step 6 of the present
methods (positive ion mode).Figure 7 depicts
AccuTOF-DART Mass Spectrum for green tea
polysaccharide fraction from step 6 of the present
methods (negative ion mode). Figure 8 depicts
AccuTOF-DART Mass Spectrum for green tea
polysaccharide fraction from step 6 of the present
methods (positive ion mode). Figure 9 depicts
AccuTOF-DART Mass Spectrum for green tea
polysaccharide fraction from step 6 of the present
methods (negative ion mode). Figure 10 depicts
AccuTOF-DART Mass Spectrum for green tea
polysaccharide fraction from step 6 of the present
methods (positive ion mode). Figure 11 depicts
AccuTOF-DART Mass Spectrum for green tea
polysaccharide fraction from step 6 of the present
methods (negative ion mode). Figure 12 depicts
AccuTOF-DART Mass Spectrum for commercially available
green tea (Kai Hua Long Ding) (positive ion mode). 



Figure 13 depicts AccuTOF-DART Mass Spectrum for green
tea crude extract by 95% ethanol leaching from step 3
of the present methods (positive ion mode). Figure 14
depicts AccuTOF-DART Mass Spectrum for green tea
phenolic acid feed from step 4 of the present methods
by column chromatography using XAD 7HP desorption
packing material (positive ion mode). Figure 15
depicts AccuTOF-DART Mass Spectrum for green tea
purified F2 fraction from step 4 of the present
methods by column chromatography using XAD 7HP
desorption packing material (positive ion mode).
Figure 16 depicts AccuTOF-DART Mass Spectrum for green
tea purified F3 fraction from step 4 of the present
methods by column chromatography using XAD 7HP
desorption packing material (positive ion mode).
Figure 17 depicts AccuTOF-DART Mass Spectrum for green
tea purified F4 fraction from step 4 of the present
methods by column chromatography using XAD 7HP
desorption packing material (positive ion mode).
Figure 18 depicts AccuTOF-DART Mass Spectrum for green
tea purified F5 fraction from step 4 of the present
methods by column chromatography using XAD 7HP
desorption packing material (positive ion mode).Figure
19 depicts AccuTOF-DART Mass Spectrum for commercially
available green tea (Kai Hua Long Ding) (negative ion
mode). Figure 20 depicts AccuTOF-DART Mass Spectrum
for green tea crude extract by 95% ethanol leaching
from step 3 of the present methods (negative ion
mode). Figure 21 depicts AccuTOF-DART Mass Spectrum
for green tea phenolic acid feed from step 4 of the
present methods by column chromatography using XAD 7HP
desorption packing material (negative ion mode).
Figure 22 depicts AccuTOF-DART Mass Spectrum for green
tea purified F2 fraction from step 4 of the present
methods by column chromatography using XAD 7HP
desorption packing material (negative ion mode).
Figure 23 depicts AccuTOF-DART Mass Spectrum for green
tea purified F3 fraction from step 4 of the present
methods by column chromatography using XAD 7HP
desorption packing material (negative ion mode).
Figure 24 depicts AccuTOF-DART Mass Spectrum for green
tea purified F4 fraction from step 4 of the present
methods by column chromatography using XAD 7HP
desorption packing material (negative ion mode).
Figure 25 depicts AccuTOF-DART Mass Spectrum for green
tea purified F5 fraction from step 4 of the present
methods by column chromatography using XAD 7HP
desorption packing material (negative ion mode).
Detailed Description of the Invention Definitions The
articles "a" and "an" are used herein to refer to one
or to more than one (i.e. to at least one) of the
grammatical object of the article. By way of example,
"an element" means one element or more than one
element. As used herein, "aerial parts" refers the
constituent part of C. sinensis comprising leaves and
stems. As used herein, the term "catechin fraction"
comprises the water soluble and ethanol soluble
catechin compounds obtained or derived from green tea,
further comprising, but not limited to, compounds such
as ECGC, EGC, ECG, EC, GC, GCC, GC, and C.The terms
"comprise" and "comprising" are used in the inclusive,
open sense, meaning that additional elements may be
included. The term "consisting" is used to limit the
elements to those specified except for impurities
ordinarily associated therewith. The term "consisting
essentially of is used to limit the elements to those
specified and those that do not materially affect the
basic and novel characteristics of the material or
steps. As used herein, the term "decaffeinated"
comprises green extraction compositions that have a
caffeine concentration less than that found in green
tea leaf plant material. The term "effective amount"
as used herein refers to the amount necessary to
elicit the desired biological response. As will be
appreciated by those of ordinary skill in this art,
the effective amount of a composite or bioactive agent
may vary depending on such factors as the desired
biological endpoint, the bioactive agent to be
delivered, the composition of the encapsulating
matrix, the target tissue, etc. As used herein, the
term "essential oil fraction" comprises lipid soluble,
water 



insoluble compounds obtained or derived from green tea
including, but not limited to, the chemical compounds
classified as n-hexadecanoic acid, tetradecanoic acid,
9-hexadecanol, E, oleyl alcohol, 1-octadecaol, phytol,
and dihydroactinidiolide. As used herein, "feedstock"
generally refers to raw plant material, comprising
whole plants alone, or in combination with on or more
constituent parts of a plant comprising leaves, roots,
including, but not limited to, main roots, tail roots,
and fiber roots, stems, leaves, seeds, and flowers,
wherein the plant or constituent parts may comprise
material that is raw, dried, steamed, heated or
otherwise subjected to physical processing to
facilitate processing, which may further comprise
material that is intact, cut, chopped, diced, milled,
ground or otherwise processed to affected the size and
physical integrity of the plant material.
Occasionally, the term "feedstock" may be used to
characterize an extraction product that is to be used
as feed source for additional extraction processes. As
used herein, the term "fraction" means the extraction
composition comprising a specific group of chemical
compounds characterized by certain physical, chemical
properties or physical or chemical properties.As used
herein, term "green tea" refers to the leaves or
aerial plant material derived from the Camellia
sinensis species botanical. The term green tea is also
used interchangeably with C. sinensis species and
means these plants, clones, variants, and sports, etc.
Green tea is the pharmaceutical name for conventional
extraction products of the C. sinensis species plant
material processed to produce green tea leaves. As
used herein, the term "green tea constituents' shall
mean chemical compounds found in green tea species and
shall include all such chemical compounds identified
above as well as other compounds found in green tea
species, including but not limited to the essential
oil chemical constituents, catechins, theanine, and
polysaccharides. As used herein, the term "one or more
compounds" means that at least one compound, such as
n-hexadecanoic acid (a lipid soluble essential oil
chemical constituent of green tea), or ECGC (a water
and water-ethanol soluble catechin of green tea), or
theanine (a water soluble amino acid of green tea) or
a water soluble-ethanol insoluble polysaccharide
molecule of green tea is intended, or that more than
one compound, for example, n-hexadecanoid acid and
ECGC is intended. As known in the art, the term
"compound" does not mean a single molecule, but
multiples or moles of one or more compound. As known
in the art, the term "compound" means a specific
chemical constituent possessing distinct chemical and
physical properties, whereas "compounds" refer to one
or more chemical constituents. As used herein, the
term "polysaccharide fraction" comprises water
soluble-ethanol insoluble polysaccharide compounds
obtained or derived from green tea. Non-limiting
examples of polysaccharides include glucose,
arabinose, galactose, rhamnose, xylose uronic acid and
combinations thereof. Other chemical constituents of
green tea may also be present in these extraction
fractions. As used herein, the term "profile" refers
to the ratios by percent mass weight of the chemical
compounds within an extraction fraction or to the
ratios of the percent mass weight of each of the four
green tea fraction chemical constituents in a final
green tea extraction composition. As used herein, the
term "purified" fraction or composition means a
fraction or composition comprising a specific group of
compounds characterized by certain physicalchemical
properties or physical or chemical properties that are
concentrated to greater than50% of the fraction's or
composition's chemical constituents. In other words, a
purified fraction or composition comprises less than
50% chemical constituent compounds that are not
characterized by certain desired physical-chemical
properties or physical or chemical properties that
define the fraction or composition. The term
"synergistic" is art recognized and refers to two or
more components working together so that the total
effect is greater than the sum of the components. As
used herein, the term "theanine fraction" comprises
water soluble theanine, an amino acid obtained or
derived from green tea. The term "treating" is
art-recognized and refers to curing as well as
ameliorating at least one symptom of any condition or
disorder. Extractions The present invention comprises
extractions of isolated and purified fractions of
essential oils, catechins, theanine, and
polysaccharides from one or more green tea feedstocks.
These individual fraction can be combined in specific
ratios (profiles) to 



provide beneficial combinations and can provide
extract products that are not found in currently known
extract products. For example, an essential oil
fraction from one species may be combined with a
catechin fraction from the same or different species,
and that combination may or may not be combined with a
theanine fraction or polysaccharide fraction from the
same or different green tea feedstock material. Such
extractions include fractions that have predetermined
amounts of at least one of the essential oil,
catechin, theanine, or polysaccharide fractions.
Embodiments comprise extractions of green tea that are
free of oxalic acid. Embodiments comprise extractions
of green tea that are decaffeinated. Additional
embodiments comprise extractions comprising altered
profiles (ratio distribution) of the chemical
constituents of the green tea in relation to that
found in the native plant material or to currently
available green tea extract products. For example, the
essential oil fraction concentration may be increased
or decreased in relation to the catechin and/or
theanine and/or polysaccharide concentrations.
Similarly, the catechins or theanine or
polysaccharides may be increased or decreased in
relation to the other extract constituent fractions to
permit novel constituent chemical profile compositions
for specific biological effects.In one embodiment, an
extraction of the present invention may comprise
greater than 2% by mass weight of essential oil
chemical constituents. Another embodiment of such
extractions comprises a predetermined catechin
concentration wherein the catechin concentration is
greater than that found in the native plant material
or conventional green tea species extracts. For
example, an extraction may comprise novel green tea
catechins at a concentration of greater than 30% by
mass weight of the extraction. Another embodiment of
such extractions may comprise an L-theanine
concentration of greater than 2% by mass weight which
is greater than the concentration of natural green tea
L-theanine in the native plant material or currently
available extraction products. Alteration of the
concentration relationships (chemical profiles) of the
beneficial chemical constituents of the individual
Green tea species permits the formulation of unique or
novel Green tea species extraction products designed
for specific human conditions or ailments. For
example, a novel and powerful Green tea composition
for anti-oxidant, oxygen free radical scavenging, and
nitrosation inhibition activity could have a greater
purified essential oil, catechin, and polysaccharide
compositions and a reduced L-theanine composition by %
mass weight than that found in the Green tea native
plant material or conventional known extraction
products. In contrast, a novel Green tea extraction
for cancer prevention could have a greater purified
essential oil and catechin fractions and reduced
L-theanine and polysaccharide fractions by % mass
weight than that found in the Green tea native plant
material or conventional known extraction products.
Another example of a novel Green tea extraction
profile for anti-stroke and cerebral protection could
be an extraction profile with a greater purified
essential oil, catechin, L-theanine, and
polysaccharide compositions by % mass weight than that
found in native Green tea plant material or known
conventional Green tea extraction products. For
anti-aging activity, a high catechin fraaction and
reduced essential oil, theanine, and polysaccharide
fractions by % mass weight than that found in native
green tea plant material or conventional extraction
products may be desirable. In contrast, for anxiety
reduction, mood enhancement and cognitive enhancement,
a greater purified theanine fraction and reduced
essential oil, catechin, and polysaccharide fractions
by % mass weight than that found in native green tea
plant material or conventional extraction products may
be the optimal composition product. A further
embodiment of the invention is extractions comprising
novel sub-fractions of the catechin chemical
constituents wherein the total catechins are highly
purified (e.g., > 95% by mass weight) and the
concentration of specific highly bio-active
catechincompounds such as ECGC has it's concentration
increased relative to the other catechin compounds
(profiled sub-fractions). Such novel and purified
catechin sub-fraction extractions may be used alone or
in combination with other green tea purified
fractions, other botanical chemical constituents, or
pharmaceutical chemical compounds. For example, such
novel catechin sub-fractions may have substantial
benefit for the prevention of cancer and aging.
Methods of the present invention comprise providing
novel green tea extractions for treatment and
prevention of human disorders. For example, a novel
green tea extraction for antioxidant activity and
cardiovascular protection may have an increased
catechin fraction concentration, an increased
essential oil fraction concentration, a decreased
theanine concentration, and an increased
polysaccharide fraction concentration, by % weight,
than 



that found in the green tea native plant material or
conventional known extraction products. A novel green
tea species extraction for stroke prevention and
therapy may have an increased catechin fraction,
essential oil fraction fraction, theanine fraction and
a polysaccharide fraction concentration, by % weight,
than that found in the native green tea plant material
or conventional known extraction products. Another
example of a novel green tea extraction for treatment
of anxiety and depression comprises a composition
having an increased theanine fraction concentration
and a reduced essential oil fraction, and a reduced
catechin concentration, and a reduced polysaccharide
fraction than that found in native green tea plant
material or known conventional extraction products.
Extractions Relative to Natural Green Tea Embodiments
comprise extractions of green tea having at least one
of an essential oil, catechin, theanine, or
polysaccharide concentration that is in an amount
greater than that found in the native green tea plant
material or currently available green tea extract
products. Embodiments also comprise compositions
wherein one or more of the fractions, including
essential oils, catechins, theanine, or
polysaccharides, are found in a concentration that is
greater than that found in native green tea plant
material. Embodiments also comprise extractions
wherein one or more of the fractions, including
essential oil, catechins, theanine, or
polysaccharides, are found in a concentration that is
less than that found in native green tea plant
material. Known amounts of the bio-active chemical
constituent fractions of green tea (Table 1) are used
as an example of the present invention. For example,
extractions of the present invention comprise
fractionss wherein the concentration of essential oils
is from 0.001 to 200 times the concentration of
nativegreen tea plant material, and/or compositions
wherein the concentration of catechins is from 0.001
to 4 times the concentration of native green tea plant
material, and/or extractions wherein the concentration
of theanine is from 0.001 to 200 times the
concentration in green tea plant material, and/or
extractions wherein the concentration of
polysaccharides is from 0.001 to 40 times the
concentration of native green tea plant material,
and/or extractions wherein the concentration of
caffeine is 0.001 to 0.99 times the concentration of
green tea plant material. Extractions of the present
invention comprise fractions wherein the concentration
of essential oils is from 0.01 to 200 times the
concentration of native green tea, and/or extractions
wherein the concentration of catechins is from 0.01 to
4 times the concentration of native green tea, and/or
extractions wherein the concentration of theanine is
from 0.01 to 200 the concentration of native green
tea, and/or extractions wherein the concentration of
polysaccharides is from 0.01 to 40 times the
concentration of native green tea plant material.
Furthermore, extractions of the present invention
comprise sub-fractions of the catechin chemical
constituents having at least one or more of chemical
compounds present in the native plant material
catechin chemical constituents that is in an amount
greater or lesser than that found in native green tea
plant material catechin chemical constituents. For
example, the chemical compound ECGC may have it's
concentration increased in a catechin sub-fraction to
60% by % mass weight of the sub-fraction from it's
concentration of 50% by % mass weight of the total
catechin chemical constituents in the native green tea
plant material. In contrast, C may have it's
concentration reduced in a catechin sub-fraction to <
0.1% by % mass weight of the sub-fraction from it's
concentration of 2.2% by % mass weight of the total
catechin chemical constituents in the native plant
material. Extractions of the present invention
comprise extractions wherein the concentration of
specific chemical compounds in such novel catechin
sub-fractions are either increase by about 1.1 to
about 2 times or decreased by about. 0.1 to 100 times
that concentration found in native green tea catechin
chemical constituents. A further embodiment of such
extractions comprises a predetermined polysaccharide
concentration substantially increased in relation to
that found in natural Green tea species dried plant
material or conventional Green tea species extract
products. For example, an extraction may comprise the
water-soluble ethanol insoluble polysaccharide
fractions of greater than 3% of mass weight of the
extraction. Embodiments also comprise extractions
wherein one or more of the fractions, including the
essential oil compounds, the catechins, L-theanine, or
the polysaccharides, are found in a concentrationthat
is less than that found in native Green tea plant
material. For example, extractions of the present
invention comprise the essential oils is from 0.001 to
100 times the concentration of native Green tea plant
material, and/or extractions where the concentration
of catechins is from 0.001 to 14 times the
concentration of native Green tea plant material,
and/or the concentration of L-theanine is from 0.001
to 100 times the native green tea plant material,
and/or the polysaccharide concentration is from 0.001
to 80 times the 



concentration of native Green tea plant material. In
making a combined extraction, from about 0.001 mg to
about 200 mg of an essential oil fraction, can be
used. Additionally, from about 0.001 mg to about 500
mg of a purified catechin fraction can be used.
Furthermore, from about 0.001 mg to about 500 mg of a
purified L-theanine fraction can be used. Finally,
from about 0.001 mg to about 500 mg of the
water-soluble, ethanol insoluble polysaccharide
fraction can be used. Purity of Extractions The
methods as taught in the present invention below
permit the purification (concentration) of an
essential oil fraction, a catechin fraction, catechin
sub-fractions, a Ltheanine fraction, and a
polysaccharide fraction as well as decaffeination of
the catechin, Ltheanine, and polysaccharide fractions.
An essential oil fraction purity as high as 89% by
mass weight of the desired chemical constituents may
be achieved with caffeine as the principal
non-essential oil constituent in the purified
fraction. SCCO2 has proven to be an excellent means
for decaffeination of the green tea feedstock removing
about 85% by mass weight of the caffeine in the
feedstock material. Combining all of the sub-fractions
of the process chromatography purification of the
catechin fraction, a purity of total catechins of
63-68% by mass weight of the combined extract with a
57-69% ECGC concentration (profile) by mass weight of
the total catechins may be obtained. Combining
selected affinity adsorbent process chromatography
elution sub-fractions, highly purified catechin
sub-fractions comprising a total catechin purity of
91-99% by mass weight of the subfraction with a
concentration of ECGC of 62-70% by mass weight of the
total catechins is readily accomplish with a
reasonably high yield. If yield is sacrificed,
sub-fractions comprising even higher levels of total
catechin purity and ECGC concentration may be
obtained. A purified L-theanine fraction comprising an
L-theanine concentration of 90% by mass weight of the
fraction and a purified polysaccharide fraction
comprising a polysaccharide concentration of greater
than 90% by mass weight of the fraction with high
yields are also accomplished using the methods as
taught in the present invention. Thespecific
extraction environments, rates of extraction,
solvents, and extraction technology used depend on the
starting chemical constituent profile of the source
material and the level of purification desired in the
final extraction products. Specific methods as taught
in the present invention can be readily determined by
those skilled in the art using no more than routine
experimentation typical for adjusting a process to
account for sample variations in the attributes of
starting materials that is processed to an output
material that has specific attributes. For example, in
a particular lot of Green tea species plant material,
the initial concentrations of the essential oil
chemical constituents, caffeine, the catechins,
L-theanine, and the polysaccharides are determined
using methods known to those skilled in the art as
taught in the present invention. One skilled in the
art can determine the amount of change from the
initial concentration of the catechin constituents,
for instance, to the predetermined amounts of catechin
chemical constituents for the final extraction product
using the extraction methods, as disclosed herein, to
reach the desired concentration in the final Green tea
species composition product. Similarly, such changes
can be made for the level of decaffeination and for
the essential oil compounds, L-theanine, and
polysaccharide fraction compositions. In general, the
methods and compositions of the present invention
comprise methods for making an extracted Green tea
species composition having predetermined
characteristics. Such an extracted Green tea species
composition may comprise any one, two, three, or all
four of the four concentrated extract fractions
depending on the beneficial biological effect(s)
desired for the given product. Typically, a
composition containing all four purified Green tea
species extract fractions is generally desired as such
novel compositions represent the first highly purified
Green tea species extraction products that contain all
four of the principal biologically beneficial chemical
constituents found in the native plant material.
Embodiments of the invention comprise methods wherein
the predetermined characteristics comprise a
predetermined selectively increased concentration of
the Green tea species' essential oil compounds,
catechins, L-theanine, and polysaccharides in separate
extraction fractions. The importance of having all
four of the biologically beneficial chemical
constituent groups in final compositions is related to
the synergistic interaction of these compounds in
enhancing the desired physiological and medical
effects of the green tea chemical constituents over
that found with highly purified single chemical
compounds or groups of related compounds.Methods of
Extraction The starting material for extraction is
plant material from one or more C. sinensis 



species. The plant material may be the any portion of
the plant, though the aerial portion of the plant,
which includes the leaves, stems, or other plant part
is preferred. The leaves are the most preferred
starting material. The C. sinensis species plant
material may undergo pre-extraction steps to render
the material into any particular form, and any form
that is useful for extraction is contemplated by the
present invention. The C. sinensis leaf material is
preferably steamed to inactivate the enzymes that
convert the catechins to phlobphenes for the
production of green tea. Such pre-extraction steps
include, but are not limited to, that wherein the
material is cut, chopped, minced, shredded, ground,
pulverized, cut, or torn, and the starting material,
prior to pre-extraction steps, is dried or fresh plant
material. A preferred preextraction step comprises
grinding and/or pulverizing the C. sinensis species
leave material into a fine powder. The starting
material or material after the pre-extraction steps
can be dried or have moisture added to it. Once the
green tea plant material is in a form for extraction,
methods of extraction are contemplated by the present
invention. In general, methods of the present
invention comprise, in part, methods wherein green tea
plant material is extracted using supercritical fluid
extraction (SFE), also termed supercritical carbon
dioxide (SCCO ), that is followed by one or more
solvent extraction steps, such as, but not limited to,
water, hydroalcoholic, and affinity polymer absorbent
extraction processes. Additional other methods
contemplated for the present invention comprise
extraction of green tea plant material using other
organic solvents, refrigerant chemicals, compressible
gases, sonification, pressure liquid extraction, high
speed counter current chromatography, molecular
imprinted polymers, and other known extraction
methods. Such techniques are known to those skilled in
the art. In one aspect, compositions of the present
invention may be prepared by a method comprising the
steps depicted schematically in Figures 1-5. The
invention includes methods for concentrating
(purifying) and profiling the essential oil and other
lipid soluble compounds from green tea plant material
using SCCO2 technology. The invention includes the
decaffeination of the green tea plant material using
SCCO2 processing. Extraction of the essential oil
chemical constituents and decaffeination of the green
tea plant material with SCCO2 as taught in the present
invention eliminates theuse of toxic organic solvents.
Carbon dioxide is a natural and safe biological
product and an ingredient in many foods and beverages.
Essential oils are aromatic substances that are widely
used in the perfume industries, in the pharmaceutical
sector and in the food and human nutrition. They are
mixture of more than 200 compounds, that can be
grouped basically into two fractions, a volatile
fraction, that constitutes 90-95% of the whole oil and
contains monoterpenes and sesquiterpene hydrocarbon
and their oxygenated derivatives, along with alphatic
aldehydes, alcohols and esters, and a non-volatile
residue, that constitutes from 5 - 10% of the whole
oil and contains hydrocarbon, fatty acid, sterols,
caroteroids, waxes, coumarins, psoraline and
flavonoids. The isolation, concentration and
purification of essential oil have been important
processes for many years, as a consequence of the
widespread use of these compounds. The common methods
used so far are mainly based on solvent extraction and
steam distillation. The use of these conventional
techniques has a major disadvantage (the risk of
losses of thermolabile compounds) and also two
significant drawbacks (the infeasibility for
automation and the long time required for extraction).
The commercial methods used for concentration are
fractional vacuum distillation and selective solvent
extraction and chromatographic separation. All these
methods have important drawbacks, such as low yield,
formation of byproducts (owing to the time of exposure
to high temperature) and the presence of toxic organic
residues in the extracts. Supercritical fluid
extraction (SFE) has been used recently for the
extraction essential oils from plants in an attempt to
avoid the drawbacks linked to conventional technique.
Its usefulness for extraction is due to the
combination of gas-like mass transfer properties and
liquid-like solvating characteristics with diffusion
coefficients greater than those of liquid solvents.
SFE is also a suitable technique for enhancing the
quality of essential oils obtained by conventional
extraction methods by means of fractionation.
Caffeine, the most consumed alkaloid in the world, is
found in high concentration in some natural products
such as coca beans (0.2%), coffee beans (0.9 - 2.4%)
and tea leaves (1.5 - 2.5%). Caffeine is commonly
obtained by extraction using organic solvents, such as
dichloromethane and hexane, which are considered
harmful to human health and 



environment. Water is an excellent but a non-selective
solvent for caffeine. Extractionwith water leads to
dissolution and subsequent loss of other valuable
components such as the polyphenols (catechins) of
green tea. In the present invention, supercritical
carbon dioxide has been chosen as the principal
process for extract caffeine (decaffeination of green
tea). This process involves using a compressed gas at
high temperature as the solvent to remove caffeine. On
a commercial scale, carbon dioxide is used to extract
caffeine from coffee beans. Supercritical CO2 is
non-polluting and nontoxic compared to the
traditionally used organic solvents. Several patents
have been issued for caffeine extraction from coffee
beans with CO2 and have been previously discussed.
Zosel (US Patent 4,247,570) detailed the operation of
decaffeination on a commercial scale. The caffeine
content in the coffee beans, ranging form 0.7 to 3%,
was decreased to about 0.02% caffeine. The extraction
process was conducted at 70- 90 C and 160 - 200 bar
(CO2 density of 0.4 - 0.65 g/cc). Supercritical carbon
dioxide is very selective for caffeine, but the
solubility of caffeine is lower than in organic
solvent, which results in the use of large quantities
of CO2 and thereby a substantial increase in both
fixed and operating costs. As observed with coffee
beans, water can act as a valuable co-solvent leading
to a substantially improved extraction yield. A
schematic diagram of the methods of extraction of the
biologically active chemical constituents of green tea
plant material is illustrated in Figures 1-5. The
extraction process is typically, but not limited to, 6
steps. For reference in the text, when the bold number
X appears in the text, the number refers to the number
in Figures 1-5. The analytical methods used in the
extraction process are presented in the
Exemplification section. Step 1: Supercritical Fluid
Carbon Dioxide Extraction of Green Tea Essential Oil
Due to the hydrophobic nature of the essential oil,
non-polar solvents, including, but not limited to SCCO
, hexane, petroleum ether, and ethyl acetate may be
used for this extraction process. Since some of the
components of the essential oil are volatile, steam
distillation may also be used as an extraction
process. A generalized description of the extraction
of the essential oil chemical constituents from the
leaves of green tea using SCCO2 is diagrammed in
Figure 1-Step 1. The feedstock [10] is dried cut green
tea leaves (size greater than 105 mm). The extraction
solvent [210] is pure carbon dioxide. Water may be
used as a co-solvent. The feedstock is loaded into a
into a SFE extraction vessel [20]. After purge and
leak testing, the process comprisesliquefied CO2
flowing from a storage vessel through a cooler to a
CO2 pump. The CO2 is compressed to the desired
pressure and flows through the feedstock in the
extraction vessel where the pressure and temperature
are maintained at the desired level. The pressures for
extraction range from about 60 bar to 800 bar and the
temperature ranges from about 35 0C to about 90 0C.
The SCCO2 extractions taught herein are preferably
performed at pressures of at least 100 bar and a
temperature of at least 35 0C, and more preferably at
a pressure of about 60 bar to 300 bar and at a
temperature of about 40 0C to about 60 0C. The time
for extraction for a single stage of extraction range
from about 30 minutes to about 2.5 hours, to about 1
hour. The solvent to feed ratio is typically about
20-60 to 1 for each of the SCCO2 extractions. The CO2
is recycled for commercial extraction processing. The
extracted, purified, and profiled essential oil
chemical constituents [30] are then collected a
collector or separator, saved in a light protective
glass bottle, and stored in a dark refrigerator at 4
0C. The Green tea feedstock [10] material may be
extracted in a one step process (Figure 1, Step IA)
wherein the resulting extracted and purified Green tea
essential oil fraction [30] is collected in a one
collector SFE or SCCO2 system [20]. Alternatively, as
in a fractional SFE system, the SCCO2 extracted green
tea feedstock material may be segregated into
collector vessels (separators) such that within each
collector there is a differing relative percentage
essential oil chemical constituent composition
(profile) in each of the purified essential oil
sub-fractions collected. The residue (remainder) [40]
is collected, saved and used for further processing to
include, but not limited to, decaffeination and
processing to obtain purified fractions of the green
tea catechins, theanine, and polysaccharides. An
embodiment of the invention comprises extracting the
green tea feedstock material using multi-stage SCCO2
extraction at a pressure of 60 bar to 800 bar and at a
temperature between 350C and 90 0C and collecting the
extracted green tea material after each stage. A
second embodiment of the invention comprises
extracting the green tea species feedstock material
using fractionation SCCO2 extraction at pressures of
60 bar to 800 bar and at a temperature between 35 0C
and 90 0C and collecting the extracted green tea
material in differing collector vessels at
predetermined conditions (pressure, 



temperature, and density) and predetermined intervals
(time). The resulting extracted green tea purified
essential oil sub-fraction compositions from each of
the multi-stage extractors or in differing collector
vessels (fractional system) can be retrieved and used
independently or can be combined to form one or more
green tea essential oil compositions comprising a
predetermined essential oil chemical constituent
concentration that is higher or lower thanthat found
in the native plant material. Typically, the total
yield of the essential oil fraction from green tea
plant material using a single step SCCO2 extraction is
about 0.4% (> 95% of the essential oil chemical
constituents) by % weight having an essential oil
chemical constituent purity of greater than 85% by
mass weight of the extract. The results of such
extraction processes are found below in Tables 2-4.
The procedure can be found in Example 1. Table 2.
Results of 1st stage processing at 40 C and 200 bar.
1. Fl = Chinese green tea; F4 = Chinese green tea;
JPGT = Japanese green tea. 2. Caffeine extracted from
feed = caffeine in extracts/caffeine in feed x 100.
Table 3. Composition of the essential oil extracts of
Green tea.Extracts And Methods Comprising Cinnamon
Species Related Applications This application claims
the benefit of priority to United States Provisional
Patent Applications serial numbers 60/785,012, filed
March 23, 2006, and 60/873,475, filed December 7,
2006, which are hereby incorporated by reference in
their entirety. Field of Invention The disclosure
relates in part to extractions derived from cinnamon
species, having an elevated essential oil amount, an
elevated phenolic acid amount, an elevated
proanthocyanidin amount, and/or an elevated
polysaccharide amount, methods of preparing such
extractions, and methods for use of such extractions.
Background of the Invention Cinnamon (Cinnamomum
zeylanicum or verum, C. aromaticum, and C. cassia) is
a small evergreen tree 10-15 meters tall that is
native to tropical southern India and Sri Lanka and
grows from sea level to elevations of nine hundred
meters. It has thick scabrous bark and strong
branches. Young shoots are speckled greenish orange.
The leaves are petiolate and leathery when mature,
with a shiny green upper side and lighter underside.
The leaves smell spicy and have a hot taste. The fruit
is an oval berry, larger than a blackberry; like an
acorn in its receptacle. The fruit is bluish when ripe
with white spots on it, with a taste like Juniper and
a terebine smell. When boiled, it gives off an oily
matter which is called cinnamon suet. The root-bark
smells like cinnamon and tastes like camphor, which
can be isolated via distillation "cinnamon", the
medicinal part of cinnamonum species, consists of the
dried bark, separated from the cork and the underlying
parenchyma, of young branches and shoots of Cinnamoum
species. Cinnamon species were introduced throughout
the islands of the Indian Ocean and Southeast Asia,
and are now cultivated extensively in Sri Lanka and
the coastal regions of India. Sri Lanka is the main
producing country, though substantial cinnamon product
comes from India, Malaysia, Madagascar and the,
Seychelles. Cinnamon bark has been used in traditional
Eastern and Western medicines for several thousand
years. According to the energetics theory in
traditional Chinese medicine (TCM), cinnamon acts to
supplementthe body fire, to warm and tone the spleen
and kidney; thus making it effective for chest and
abdominal pain, diarrhea due to asthenia, and
hypofunction of the kidney. Galenical preparations of
cinnamon are used as a carminative, digestive, or
stomachic component of compounds in TCM, traditional
Greco-European medicines, and traditional Indian
Ayurvedic and Unani medicine. The German Commission E
approved the internal use of cinnamon for loss of
appetite and dyspeptic complaints such as mild spasms
of the gastrointestinal tract, bloating, and
flatulence. In the United States and Germany, cinnamon
is used as a carminative and stomachic component of
herbal compounds in dosage forms including aqueous
infusion or decoction, alcoholic fluid extract or
tincture, and essential oil. It also appears as a
component of multi-herb cough, cold, and fever
formulas. More recently, scientific evidence has
supported the use of cinnamon for type 2 diabetes
(NIDDM-non-insulin dependent diabetes mellitus),
anti-oxidant activity, anti-platelet adhesive
activity, anti-inflammatory activity, anti-bacterial
and fungal activity, and enhancement of brain
function. See Khan A et al. Diabetes Care
26:3215-3218, 2003; Anderson RA et al. J Agric Food
Chem 52:65-70, 2004; Jarville-Taylor et al. J Am Coll
Nutri 20:327-336, 2001; Qin R et al. Horm Metab Res
36:1 19-123, 2004; Vespohl EJ et al. Phytother Res
19:203-206, 2005; Lee SH et al Biochem Pharmacol
69:791-9,2005; Chericoni S et al. J Agric Food Chem
53:4762-4765, 2005; Lin CC et al. Phytother Res 



17:7260730, 2003; Jayaprakasha GK et al. J Agric Food
Chem 51:4344-4348, 2003; Huss U et al. J Nat Prod
65:1517-21, 2002; Nagai H et al. Jpn J Pharmacol
32:813-822, 1982; Su MJ et al. J Biomed Sci 6:376-386,
1999; Shimada Y et al. Phytomed 11:404-410, 2004;
Taher M et al. Med J Malayia 59B:97-98, 2004; Kamath
JV et al. Phytother Res 17:970- 972, 2003; Kurokawa M
et al. Eur J Pharmacol 348:45-51, 1998; Simic A et al.
Phytother Res 18:713-717, 2004; Tabak M et al. J
Ethnopharmacol 67:269-277, 1999; Kong LD et al. J
Ethnopharmacol 73:199-207, 2000; Kwon BM et al. Arch
Pharm Res 21:147-152, 1998; Ka H et al. Cancer Lett
196:143-152, 2003. The chemical constituents of
cinnamon bark include the essential oils (volatile and
non-volatile), polyphenolic acids, coumarin, gum,
muscilage, resin, carbohydrates (starch,
polysaccharides), and ash (Table 1). From a commercial
and biological standpoint, the essential oil
(particularly the cinnamaldehydes and terpenes) and
the polyphenolic acids (particularly the flavonol
glycosides-proanthocyanidins and flavonoids) have been
traditionally considered to be of greater importance
than the other constituents. Polyphenolic compounds
contain more than one hydroxyl group (OH) on one or
morearomatic rings. The physical and chemical
properties, analysis, and biological activities of
polyphenols and particularly flavonoids have been
studied for many years. However, other chemical
constituents such as the polysaccharides may also have
important biologically beneficial effects. Like all
botanicals, the chemical composition of cinnamon bark
varies with species, age of harvest, climate, soil,
and horticultural practices. Table 1. Principal
Chemical Constituents of Cinnamon Bark % dry Chemical
constituents weight Essential Oils 1-4% Volatile Oils
Trans-cinnamaldehyde (60-80%) Benzaldehyde
2'-hydroxycinnamaldehyde 2-methoxycinnamaldehyde
2'-benzoxycinnamaldehyde Eugenol (up to 10%)
Trans-cinnamic acid (5-10%) Cinnamyl acetate Cinnamyl
alcohol Linalool 1,8-cineole Monoterpenes and
Sesquiterpenes (1-3%) Alpha-Pinene Beta-pinene Borneo1
Polyphenols 5-10% Flavonol glycosides Kaempferitrin
Kaempferol 3-O-Beta-D-glucopyranosyl-(l
^4)-alpha-Lrhamnopyr anoside Kaempferol
3-O-beta-D-apiofuranosyl-(l ^2)-alpha-Lrhamnopyr
anoside Kaempferol 3-O-beta-D-apiofuranosyl-(l
^4)-alpha-Lrhamnopyr anoside Flavonoids
Methylhydroxychalcone catechin epicatechin
anthocyanidin Catechin/Epicatechin oligomers
3-(2-hydroxyphenyl)-propanoic acid
3-(2-hydroxyphenyl)-O-glycoside Proanthocyanidins
Condensed Tannins 



Calcium-monterpenes oxalate GumMuscilage Resin
Carbohydrates 80-90% Starch Polysaccharides Ash
Summary of the Invention In one aspect, the present
invention relates to a cinnamon species extract
comprising a fraction having a Direct Analysis in Real
Time (DART) mass spectrometry chromatogram of any of
Figures 6 to 85. In a further embodiment, the fraction
comprises a compound selected from the group
consisting of cinnamaldehyde, benzaldehyde, cinnamyl
alcohol, trans-cinnamic acid, cinnamyl acetate, an
essential oil, a polyphenol, a polysaccharide, and
combinations thereof. In a further embodiment, the
fraction comprises cinnamaldehyde in an amount greater
than about 2% by weight. In a further embodiment, the
fraction comprises cinnamaldehyde in an amount greater
than about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, or 95% by weight. In a
further embodiment, the fraction comprises
cinnamaldehyde in an amount from about 65% to about
95% by weight. In a further embodiment, the fraction
comprises an essential oil selected from the group
consisting of eugenol, 2'-hydroxycinnamaldehyde,
2-methoxycinnamaldehyde, Tbenzoxycinnamaldehyde,
linalool, 1,8-cineole, alpha-pinene, beta-pinene, and
combinations thereof. In a further embodiment, the
fraction comprises essential oil in an amount from
about 1% to about 5% by weight. In a further
embodiment, the fraction comprises a combined amount
of cinnamaldehyde and essential oil of about 5% to
about 40% by weight. In a further embodiment, the
fraction comprises a polyphenol selected from the
group consisting of flavonoid, flavonol glycoside, and
combinations thereof. In a further embodiment, the
flavonoid is selected from the group consisting of
3-(2-hydroxyphenyl)- propanoic acid,
3-(2-hydroxyphenyl)-O-glycoside, anthocyanidin,
epitcatechin, catechin, methylhydroxychalcone,
catechin oligomers, epicatechin oligomers, oligomeric
proanthocyanidins, polymeric proanthocyanidins, and
combinations thereof. In a further embodiment, the
flavonol glycoside is selected from the group
consisting of kaempferitrin,kaempferol
3-u-Beta-D-glucopyranosyl-(1^4)-alpha-L-rhamnopyranosi
de, kaempferol 3- O-beta-D-apiofuranosyl-(l
^2)-alpha-L-rhamnopyranoside, kaempferol
3-O-beta-Dapiofuranosyl-( 1^4)-alpha-L-
rhamnopyranoside, and combinations thereof. In a
further embodiment, the fraction comprises a
polyphenol in an amount from about 20 % to about 70 %
by weight. In a further embodiment, the fraction
comprises cinnamaldehyde at about 6% by weight and a
polyphenol at about 70 % by weight. In a further
embodiment, the fraction comprises cinnamaldehyde at
about 40% by weight and a polyphenol at about 20 % by
weight. In a further embodiment, the fraction
comprises a polysaccharide selected from the group
consisting of glucose, arabinose, galactose, rhamnose,
xylose uronic acid and combinations thereof. In a
further embodiment, the fraction comprises a
polysaccharide at about 30% by weight. In another
aspect, the present invention relates to a food or
medicament comprising the cinnamon species extract of
the present invention. In another aspect, the present
invention relates to a method for making a cinnamon
extract comprising sequentially extracting a cinnamon
species plant material to yield an essential oil
fraction, a non-tannin polyphenolic fraction and a
polysaccharide fraction by a) extracting cinnamon
species plant material by supercritical carbon dioxide
extraction to yield the essential oil fraction and a
first residue; b) extracting cinnamon species plant
material or the first residue from step a) with hot
water to yield the polysaccharide fraction and a
second residue; and c) extracting cinnamon species
plant material, the first residue from step a) and/or
the second residue from step b) with a hydro-alcoholic
solution and purifying the extraction using affinity
adsorbent processes to yield the non-tannin
polyphenolic fraction. In a further embodiment, step
a) comprises 1) loading in an extraction vessel ground
cinnamon species plant material; 2) adding carbon
dioxide under supercritical 



conditions; 3) contacting the ground cinnamon bark and
the carbon dioxide for a time; and 4) collecting an
essential oil fraction in a collection vessel. In a
further embodiment, supercritical conditions comprise
60 bars to 800 bars of pressure at 35 0C to 90 0C. In
a further embodiment, supercritical conditions
comprise 60 bars to 500 bars of pressure at 40 0C to
80 0C. In a further embodiment, the time is 30 minutes
to 2.5 hours. In a further embodiment, the time is 1
hour. In a further embodiment, a supercritical carbon
dioxidefractional separation system is used for
fractionation, purification, and profiling of the
essential oil fraction. In a further embodiment, step
b) comprises 1) contacting ground cinnamon species
plant material or the first residue from step a) with
a water solution for a time sufficient to extract
polysaccharide chemical constituent; and 2) separating
and purifying the solid polysaccharides from the
solution by alcohol precipitation. In a further
embodiment, the water solution is at 80 0C to 100 0C.
In a further embodiment, the water solution is at 80
0C to 90 0C. In a further embodiment, the time is 1-5
hours. In a further embodiment, the time is 2-4 hours.
In a further embodiment, the time is 2 hours. In a
further embodiment, the alcohol is ethanol. In a
further embodiment, step c) comprises: 1) contacting
cinnamon species plant material, the first residue
from step a) and/or the second residue from step b)
with hydroalcoholic solution for a time sufficient to
extract polyphenolic chemical constituents; 2) passing
a concentrated alcohol solution of extracted
polyphenolic chemical constituents from the
hydroalcoholic solvent mixture through an affinity
adsorbent resin column wherein the polyphenolic acids
are adsorbed; and 3) eluting the purified non-tannin
polyphenolic chemical constituent fraction(s) from the
affinity adsorbent resin leaving the tannin
polyphenolics adsorbed to the affinity adsorbent
resin. In a further embodiment, the hydroalcoholic
solution comprises ethanol and water wherein the
ethanol concentration is 10-95% by weight. In a
further embodiment, the hydroalcoholic solution
comprises ethanol and water wherein the ethanol
concentration is 25% by weight. In a further
embodiment, step 1) is carried out at 30 0C to 100 0C.
In a further embodiment, step 1) is carried out at 60
0C to 100 0C. In a further embodiment, the time is
1-10 hours. In a further embodiment, the time is 1-5
hours. In a further embodiment, the time is 2 hours.
In another aspect the present invention relates to a
cinnamon species extract prepared by the methods of
the present invention. In another aspect the present
invention relates to a cinnamon species extract
comprising cinnamaldehyde, cinnamic acid at 1 to 5% by
weight of the cinnamaldehyde, methyl cinnamic acid at
5 to 15% by weight of the cinnamaldehyde, cinnamyl
alcohol at 1 to 5% by weight of the cinnamaldehyde,
b-gualenen/cis-g-bisababolene at 20 to 30% by weight
of the cinnamaldehyde, and pyrogallol at 1 to 5% by
weight of the cinnamaldehyde.In another aspect the
present invention relates to a cinnamon species
extract comprising pyrogallol, cinnamic acid at 80 to
90% by weight of the pyrogallol, methyl cinnamic acid
at 85 to 95% by weight of the pyrogallol, coumaric
acid at 20 to 30% by weight of the pyrogallol,
homovanillic acid at 15 to 25% by weight of the
pyrogallol, cinnamaldehyde at 85 to 95% by weight of
the pyrogallol, and benzyl benzoate at 10 to 15% by
weight of the pyrogallol. In another aspect the
present invention relates to a cinnamon species
extract comprising catechin, cinnamic acid at 5 to 15%
by weight of the catechin, methyl cinnamic acid at 5
to 15% by weight of the catechin, coumaric acid at 5
to 15% by weight of the catechin, ferulic acid at 1 to
10% by weight of the catechin, 2-methoxyphenol at 1 to
5% by weight of the catechin, homovanillic acid at 5
to 15% by weight of the catechin, vanillic acid at 20
to 30% by weight of the catechin, benzaldehyde at 1 to
5% by weight of the catechin, cinnamaldehyde at 35 to
45% by weight of the catechin, pyrogallol at 85 to 95%
by weight of the catechin, and caffeic acid at to 15%
by weight of the catechin. In another aspect the
present invention relates to a cinnamon species
extract comprising b-gualenen/cis-g-bisababolene and
cinnamaldehyde at 5 to 15% by weight of the
b-gualenen/cis-g-bisababolene. In another aspect the
present invention relates to a cinnamon species
extract comprising cinnamaldehyde and
b-gualenen/cis-g-bisababolene at 10 to 20% by weight
of cinnamaldehyde. In another aspect the present
invention relates to a cinnamon species extract
comprising cinnamaldehyde, pyrogallol at 30 to 40% by
weight of the cinnamaldehyde, and catechin/epicatechin
at 1 to 10% by weight of cinnamaldehyde. 



In another aspect the present invention relates to a
cinnamon species extract comprising cinnamaldehyde,
cinnamic acid at 1 to 5% by weight of the
cinnamaldehyde, methoxy cinnamaldehyde at 0.5 to 5% by
weight of the cinnamaldehyde, eugenol at 0.1 to 5% by
weight of the cinnamaldehyde, p-cymene at 1 to 5% by
weight of the cinnamaldehyde, camphor at 0.1 to 5% by
weight of the cinnamaldehyde, carvacrol at 0.5 to 5%
by weight of the cinnamaldehyde,
caryophyllene/humulene at 25 to 35% by weight of the
cinnamaldehyde, pyrogallol at 0.1 to 5% of the
cinnamaldehyde, and cinnamyl cinnamate at 40 to 50% by
weight of the cinnamaldehyde.In another aspect the
present invention relates to a cinnamon species
extract comprising cinnamyl cinnamate, methoxy
cinnamaldehyde at 0.5 to 5% by weight of the cinnamyl
cinnamate, cinnamyl alcohol at 0.1 to 5% by weight of
the cinnamyl cinnamate, p-cymene at 1 to 5% by weight
of the cinnamyl cinnamate, linalool at 0.1 to 5% by
weight of the cinnamyl cinnamate, camphor at 0.1 to 5%
by weight of the cinnamyl cinnamate, carvacrol at 0.5
to 5% by weight of the cinnamyl cinnamate,
cinnamaldehyde at 70 to 80% by weight of the cinnamyl
cinnamate, caryophyllene/humulene at 45 to 55% by
weight of the cinnamyl cinnamate, and pyrogallol at
0.1 to 5% of the cinnamyl cinnamate. In another aspect
the present invention relates to a cinnamon species
extract comprising pyrogallol, cinnamic acid at 5 to
10% by weight of the pyrogallol, coumaric acid at 60
to 70% by weight of the pyrogallol, ferulic acid at 1
to 10% of the pyrogallol, 2- methoxyphenol at 5 to 15%
of the pyrogallol, vanillic acid at 1 to 10% by weight
of the pyrogallol, catechin/epicatechin at 30 to 40%
by weight of the pyrogallol, benzaldehyde at 1 to 5%
by weight of the pyrogallol, afzelechin/epiafzelechin
at 5 to 15% by weight of the pyrogallol, resveratrol
at 1 to 10% by weight of the pyrogallol, and vanillin
at 1 to 5% by weight of the pyrogallol. In another
aspect the present invention relates to a cinnamon
species extract comprising pyrogallol, cinnamic acid
at 0.5 to 5% by weight of the pyrogallol, coumaric
acid at 10 to 20% by weight of the pyrogallol, ferulic
acid at 0.5 to 5% of the pyrogallol, 2- methoxyphenol
at 1 to 5% of the pyrogallol, homo/isovanillic acid at
0.5 to 5% by weight of the pyrogallol, vanillic acid
at 1 to 10% by weight of the pyrogallol,
catechin/epicatechin at 25 to 35% by weight of the
pyrogallol, benzaldehyde at 1 to 5% by weight of the
pyrogallol, cinnamaldehyde at 1 to 5% of the
pyrogallol, afzelechin/epiafzelechin at 0.1 to 5% by
weight of the pyrogallol, and vanillin at 65 to 75% by
weight of the pyrogallol. The extractions of the
disclosure are useful in providing physiological and
medical effects including, but not limited to,
anti-oxidant activity, oxygen free radical scavenging,
nitrosation inhibition, anti-mutagenic activity
(cancer prevention), anti-carcinogenic activity
(cancer therapy), skin protection, anti-aging,
anti-cardiovascular disease, anti-stroke disease and
therapy, cerebral protection, anti-hyperlipidemia,
anti-periodontal disease, antiosteoporosis,
immunological enhancement, anti-viral, anti-HIV and
anti-bacterial activity, anti-fungal activity,
anti-viral activity, weight control and thermogenesis,
anti-diabetes, and anxiety reduction, mood enhancement
and cognitive enhancementThese embodiments of the
disclosure, other embodiments, and their features and
characteristics, will be apparent from the
description, drawings and claims that follow. Brief
Description of the Invention Figure 1 depicts an
exemplary schematic diagram of cinnamon extraction
processes Figure 2 depicts an exemplary method for the
preparation of essential oil fractions. Figure 3
depicts an exemplary method for preparation of
polysaccharide fractions. Figure 4 depicts an
exemplary method for solvent leaching extraction.
Figure 5 depicts an exemplary method for preparation
of purified polyphenolic fractions. Figure 6 depicts
AccuTOF-DART Mass Spectrum for cinnamon polysaccharide
(positive ion mode). Figure 7 depicts AccuTOF-DART
Mass Spectrum for cinnamon polysaccharide (negative
ion mode). Figure 8 depicts AccuTOF-DART Mass Spectrum
for cinnamon bark (positive ion mode). Figure 9
depicts AccuTOF-DART Mass Spectrum for crude extract
of cinnamon bark separated by column chromatography
using Sephadex LH-20 packing material (positive ion
mode). Figure 10 depicts AccuTOF-DART Mass Spectrum
for crude extract of cinnamon bark HS#147 using a 75%
EtOH extraction solvent (positive ion mode). Figure 11
depicts AccuTOF-DART Mass Spectrum for fraction F3
separated by 



column chromatography using Sephadex LH-20 packing
material (positive ion mode). Figure 12 depicts
AccuTOF-DART Mass Spectrum for fraction F4 by column
chromatography using Sephadex LH-20 packing material
(positive ion mode). Figure 13 depicts AccuTOF-DART
Mass Spectrum for fraction F5 by column chromatography
using Sephadex LH-20 packing material (positive ion
mode). Figure 14 depicts AccuTOF-DART Mass Spectrum
for fraction F6 by column chromatography using
Sephadex LH-20 packing material (positive ion
mode).Figure 15 depicts AccuTOF-DART Mass Spectrum for
fraction F7 by column chromatography using Sephadex
LH-20 packing material (positive ion mode). Figure 16
depicts AccuTOF-DART Mass Spectrum for fraction F8 by
column chromatography using Sephadex LH-20 packing
material (positive ion mode). Figure 17 depicts
AccuTOF-DART Mass Spectrum for cinnamon bark (negative
ion mode). Figure 18 depicts AccuTOF-DART Mass
Spectrum for crude extract of cinnamon bark HS#147
using a 75% EtOH extraction solvent (negative ion
mode). Figure 19 depicts AccuTOF-DART Mass Spectrum
for crude extract of cinnamon bark separated by column
chromatography using Sephadex LH-20 packing material
(negative ion mode). Figure 20 depicts AccuTOF-DART
Mass Spectrum for fraction F3 separated by column
chromatography using Sephadex LH-20 packing material
(negative ion mode). Figure 21 depicts AccuTOF-DART
Mass Spectrum for fraction F4 by column chromatography
using Sephadex LH-20 packing material (negative ion
mode). Figure 22 depicts AccuTOF-DART Mass Spectrum
for fraction F5 by column chromatography using
Sephadex LH-20 packing material (negative ion mode).
Figure 23 depicts AccuTOF-DART Mass Spectrum for
fraction F6 by column chromatography using Sephadex
LH-20 packing material (negative ion mode). Figure 24
depicts AccuTOF-DART Mass Spectrum for fraction F7 by
column chromatography using Sephadex LH-20 packing
material (negative ion mode). Figure 25 depicts
AccuTOF-DART Mass Spectrum for fraction F8 by column
chromatography using Sephadex LH-20 packing material
(negative ion mode). Figure 26 depicts AccuTOF-DART
Mass Spectrum for cinnamon stick purchased
commercially from Mountain Rose Herbs (positive ion
mode). Figure 27 depicts AccuTOF-DART Mass Spectrum
for cinnamon essential oil extracted by SCCO methods
at 40 0C and 100 bar (positive ion mode). Figure 28
depicts AccuTOF-DART Mass Spectrum for cinnamon
essential oil extracted by SCCO methods at 40 0C and
300 bar (positive ion mode).Figure 29 depicts
AccuTOF-DART Mass Spectrum for cinnamon essential oil
extracted by SCCO methods at 40 0C and 500 bar
(positive ion mode). Figure 30 depicts AccuTOF-DART
Mass Spectrum for cinnamon essential oil extracted by
SCCO methods at 60 0C and 100 bar (positive ion mode).
Figure 31 depicts AccuTOF-DART Mass Spectrum for
cinnamon essential oil extracted by SCCO2 methods at
60 0C and 300 bar (positive ion mode). Figure 32
depicts AccuTOF-DART Mass Spectrum for cinnamon
essential oil extracted by SCCO2 methods at 60 0C and
500 bar (positive ion mode). Figure 33 depicts
AccuTOF-DART Mass Spectrum for cinnamon essential oil
extracted by SCCO2 methods at 80 0C and 100 bar
(positive ion mode). Figure 34 depicts AccuTOF-DART
Mass Spectrum for cinnamon essential oil extracted by
SCCO2 methods at 80 0C and 300 bar (positive ion
mode). Figure 35 depicts AccuTOF-DART Mass Spectrum
for cinnamon essential oil extracted by SCCO2 methods
at 80 0C and 500 bar (positive ion mode). Figure 36
depicts AccuTOF-DART Mass Spectrum for 80% EtOH
leaching extract of crude cinnamon (positive ion
mode). Figure 37 depicts AccuTOF-DART Mass Spectrum
for 80% EtOH leaching extract of residue from SCCO2
extraction of crude cinnamon (positive ion mode).
Figure 38 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction F4 using Sephadex
LH-20 packing material of HSl 14 SCCO2 residue
(positive ion mode). Figure 39 depicts AccuTOF-DART
Mass Spectrum for cinnamon ethanol elution fraction F5
using Sephadex LH-20 packing material of HSl 14 SCCO2
residue (positive ion mode). Figure 40 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution 



fraction F6 using Sephadex LH-20 packing material of
HSl 14 SCCO2 residue (positive ion mode). Figure 41
depicts AccuTOF-DART Mass Spectrum for cinnamon
ethanol elution fraction F7 using Sephadex LH-20
packing material of HSl 14 SCCO2 residue (positive ion
mode).Figure 42 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction F8 using Sephadex
LH-20 packing material of HSl 14 SCCO residue
(positive ion mode). Figure 43 depicts AccuTOF-DART
Mass Spectrum for cinnamon ethanol elution fraction F9
using Sephadex LH-20 packing material of HSl 14 SCCO
residue (positive ion mode). Figure 44 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction FlO using Sephadex LH-20 packing
material of HSl 14 SCCO2 residue (positive ion mode).
Figure 45 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction Fl 1 using Sephadex
LH-20 packing material of HSl 14 SCCO2 residue
(positive ion mode). Figure 46 depicts AccuTOF-DART
Mass Spectrum for cinnamon crude extract from HSl 14
(positive ion mode). Figure 47 depicts AccuTOF-DART
Mass Spectrum for cinnamon crude extract from HSl 14
(SCCO2) (positive ion mode). Figure 48 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction F4 after thio lytic degradation from
Sepadex LH-20 (positive ion mode). Figure 49 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction F5 after thio lytic degradation from
Sepadex LH-20 (positive ion mode). Figure 50 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction F6 after thio lytic degradation from
Sepadex LH-20 (positive ion mode). Figure 51 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction F7 after thio lytic degradation from
Sepadex LH-20 (positive ion mode). Figure 52 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction F8 after thio lytic degradation from
Sepadex LH-20 (positive ion mode). Figure 53 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction F9 after thio lytic degradation from
Sepadex LH-20 (positive ion mode). Figure 54 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction FlO after thio lytic degradation from
Sepadex LH-20 (positive ion mode).Figure 55 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction Fl 1 after thio lytic degradation
from Sepadex LH-20 (positive ion mode). Figure 56
depicts AccuTOF-DART Mass Spectrum for cinnamon stick
purchased commercially from Mountain Rose Herbs
(negative ion mode). Figure 57 depicts AccuTOF-DART
Mass Spectrum for cinnamon essential oil extracted by
SCCO methods at 40 0C and 100 bar (negative ion mode).
Figure 58 depicts AccuTOF-DART Mass Spectrum for
cinnamon essential oil extracted by SCCO methods at 40
0C and 300 bar (negative ion mode). Figure 59 depicts
AccuTOF-DART Mass Spectrum for cinnamon essential oil
extracted by SCCO2 methods at 40 0C and 500 bar
(negative ion mode). Figure 60 depicts AccuTOF-DART
Mass Spectrum for cinnamon essential oil extracted by
SCCO2 methods at 60 0C and 100 bar (negative ion
mode). Figure 61 depicts AccuTOF-DART Mass Spectrum
for cinnamon essential oil extracted by SCCO2 methods
at 60 0C and 300 bar (negative ion mode). Figure 62
depicts AccuTOF-DART Mass Spectrum for cinnamon
essential oil extracted by SCCO2 methods at 60 0C and
500 bar (negative ion mode). Figure 63 depicts
AccuTOF-DART Mass Spectrum for cinnamon essential oil
extracted by SCCO2 methods at 80 0C and 100 bar
(negative ion mode). Figure 64 depicts AccuTOF-DART
Mass Spectrum for cinnamon essential oil extracted by
SCCO2 methods at 80 0C and 300 bar (negative ion
mode). Figure 65 depicts AccuTOF-DART Mass Spectrum
for cinnamon essential oil extracted by SCCO2 methods
at 80 0C and 500 bar (negative ion mode). Figure 66
depicts AccuTOF-DART Mass Spectrum for 80% EtOH
leaching extract of crude cinnamon (negative ion
mode). Figure 67 depicts AccuTOF-DART Mass Spectrum
for 80% EtOH leaching extract of residue from SCCO2
extraction of crude cinnamon (negative ion mode). 



Figure 68 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction F4 using Sephadex
LH-20 packing material of HSl 14 SCCO2 residue
(negative ion mode).Figure 69 depicts AccuTOF-DART
Mass Spectrum for cinnamon ethanol elution fraction F5
using Sephadex LH-20 packing material of HSl 14 SCCO
residue (negative ion mode). Figure 70 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction F6 using Sephadex LH-20 packing
material of HSl 14 SCCO residue (negative ion mode).
Figure 71 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction F7 using Sephadex
LH-20 packing material of HSl 14 SCCO2 residue
(negative ion mode). Figure 72 depicts AccuTOF-DART
Mass Spectrum for cinnamon ethanol elution fraction F8
using Sephadex LH-20 packing material of HSl 14 SCCO2
residue (negative ion mode). Figure 73 depicts
AccuTOF-DART Mass Spectrum for cinnamon ethanol
elution fraction F9 using Sephadex LH-20 packing
material of HSl 14 SCCO2 residue (negative ion mode).
Figure 74 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction FlO using Sephadex
LH-20 packing material of HSl 14 SCCO2 residue
(negative ion mode). Figure 75 depicts AccuTOF-DART
Mass Spectrum for cinnamon ethanol elution fraction Fl
1 using Sephadex LH-20 packing material of HSl 14
SCCO2 residue (negative ion mode). Figure 76 depicts
AccuTOF-DART Mass Spectrum for cinnamon crude extract
from HSl 14 (negative ion mode). Figure 77 depicts
AccuTOF-DART Mass Spectrum for cinnamon crude extract
from HSl 14 (SCCO2) (negative ion mode). Figure 78
depicts AccuTOF-DART Mass Spectrum for cinnamon
ethanol elution fraction F4 after thio lytic
degradation from Sepadex LH-20 (negative ion mode).
Figure 79 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction F5 after thiolytic
degradation from Sepadex LH-20 (negative ion
mode).Figure 80 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction F6 after thio lytic
degradation from Sepadex LH-20 (negative ion mode).
Figure 81 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction F7 after thio lytic
degradation from Sepadex LH-20 (negative ion mode).
Figure 82 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction F8 after thio lytic
degradation from Sepadex LH-20 (negative ion mode).
Figure 83 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction F9 after thio lytic
degradation from Sepadex LH-20 (negative ion mode).
Figure 84 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction FlO after thio lytic
degradation from Sepadex LH-20 (negative ion mode).
Figure 85 depicts AccuTOF-DART Mass Spectrum for
cinnamon ethanol elution fraction Fl 1 after thio
lytic degradation from Sepadex LH-20 (negative ion
mode). Detailed Description of the Invention
Definitions As used herein, cinnamon refers to the
bark plant material derived from the Cinnamomum
species botanical. The term "cinnamon" is also used
interchangeably with cinnamon species and relates to
said plants, clones, variants, and sports, etc. As
used herein, the term "one or more compounds" means
that at least one compound, such as, but not limited
to, trans-cinnamaldehyde (a lipid soluble essential
oil chemical constituent of cinnamon species), or
methylhydroxychalcone (a water soluble polyphenolic of
cinnamon species) or a polysaccharide molecule of
cinnamon species is intended, or that more than one
compound, for example, trans-cinnamaldehyde and
methylhydroxychalcone is intended. As used herein, the
term "fraction" means the extraction comprising a
specific group of chemical compounds characterized by
certain physical and/or chemical properties. As used
herein, the term "essential oil fraction" refers to a
fraction comprising lipid soluble, water insoluble
compounds obtained or derived from cinnamon and
related species including, but not limited to, the
chemical compound classified as trans-cinnamaldehyde.
As used herein, the term "essential oil sub-fraction"
refers to a fraction comprising 



lipid soluble, water insoluble compounds obtained or
derived from cinnamon and relatedspecies including,
but not limited to, the chemical compound classified
as transcinnamaldehyde having enhanced concentrations
of specific compounds found in the essential oil of
cinnamon species. As used herein, the term
"polyphenolic fraction" refers to a fraction
comprising the water soluble and ethanol soluble
polyphenolic acid compounds obtained or derived from
cinnamon and related species, further comprising, but
not limited to, compounds such as
methylhydroxychalcone, and catechin and epicatechin
oligomers. As used herein, the term "polysaccharide
fraction" refers to a fraction comprising
soluble-ethanol insoluble polysaccharide compounds
obtained or derived from cinnamon and related species.
Other chemical constituents of cinnamon may also be
present in these extraction fractions. As used herein,
the term "purified" fraction relates to a fraction
comprising a specific group of compounds characterized
by certain physical- chemical properties or physical
or chemical properties that are concentrated to
greater than 20% of the fraction's chemical
constituents. In other words, a purified fraction
comprises less than 80% chemical constituent compounds
that are not characterized by certain desired
physicalchemical properties or physical or chemical
properties that define the fraction. As used herein,
the term "profile" refers to the ratios by percent
mass weight of the chemical compounds within an
extraction fraction or sub-fraction or to the ratios
of the percent mass weight of each of the three
cinnamon fraction chemical constituents in a final
cinnamon extraction. As used herein, "feedstock"
generally refers to raw plant material, comprising
whole plants alone, or in combination with on or more
constituent parts of a plant comprising leaves, roots,
including, but not limited to, main roots, tail roots,
and fiber roots, stems, bark, leaves, seeds, and
flowers, wherein the plant or constituent parts may
comprise material that is raw, dried, steamed, heated
or otherwise subjected to physical processing to
facilitate processing, which may further comprise
material that is intact, chopped, diced, milled,
ground or otherwise processed to affected the size and
physical integrity of the plant material.
Occasionally, the term "feedstock" may be used to
characterize an extraction product that is to be used
as feed source for additional extraction processes.As
used herein, the term "cinnamon constituents" shall
mean chemical compounds found in cinnamon species and
shall include all such chemical compounds identified
above as well as other compounds found in cinnamon
species, including but not limited to the essential
oil chemical constituents, polyphenolic acids, and
polysaccharides. The chemical constituents of cinnamon
are of extensive therapeutic value. Recent scientific
research and clinical studies have demonstrated the
following therapeutic effects of the various chemical
compounds, chemical fractions, and gross extraction
products of cinnamon which include the following:
NIDDM-type 2 diabetes mellitus (proanthocyanidins,
methylhydroxychalcone, catechins and epicatechin
oligomers, flavonoids, water soluble extract);
Improved cholesterol metabolism including decreased
low density lipoprotein (phenolic acids including
proanthocyanidins, methylhydroxychacone, catechins,
epicatechin oigomers, flavonoids, water soluble
extract); anti-artery damaging free radicals and
improved function of small blood vessels (essential
oils, cinnamaldehyde, 2'-hydroxycinnamaldehyde,
2'-methoxycinnmaldehyde, phenolic acids, flavonoids
glycosides, proanthocyanidins, flavonoids, catechins,
epicatechin oligomers, extract); anti-thrombotic and
anti-platelet aggregation (essential oil,
cinnamaldehyde); anti-inflammatory activity (essential
oil, cinnamaldehyde, eugenol, 1,8 cineole,
alpha-pinene, beta-pinene, borneol, flavonol
glycosides, extract); anti-oxidant (phenolic acids,
flavonol glycosides, proanthocyanidins, flavonoids,
water soluble extract); anti-allergic (phenolic acids,
flavonol glycosides, proanthocyanidins, flavonoids,
water soluble extract); Neurological protectant (water
soluble extract); cardiovascular protectant (essential
oil, water soluble extract); enhanced brain function
(essential oil, particularly volatile oils);
carminative, loss of appetite, dyspeptive complaints,
anti-vomiting, antibloating & flatulence, promotion of
intestinal motility, facilitation of weight gain,
(flavonoids, 3-(2-hydroxyphenyl)-propanoic acid,
3-(2-hydroxyphenyl)-O-glycoside, water soluble
extract); anti-cough, common cold and fever (essential
oil, cinnamyl acetate); ant i bacterial & anti- fungal
activity (essential oil, cinnamaldehyde, eugenol,
1,8-cineole, betapinene, borneol); lipolytic &
improved wound healing (ethanol extract); and
anti-cancer & anti-gout (essential oil,
cinnamaldehyde, 2'-hydroxycinnamaldehyde, T - 



benzoxycinnamaldehyde, methanol extract); See Khan A
et al. Diabetes Care 26:3215- 3218, 2003; Anderson RA
et al. J Agric Food Chem 52:65-70, 2004;
Jarville-Taylor et al. J Am Coll Nutri 20:327-336,
2001; Qin R et al. Horm Metab Res 36:1 19-123, 2004;
Vespohl EJ et al. Phytother Res 19:203-206, 2005; Lee
SH et al Biochem Pharmacol69:791-9,2005; Chericoni S
et al. J Agric Food Chem 53:4762-4765, 2005; Lm CC et
al. Phytother Res 17:7260730, 2003; Jayaprakasha GK et
al. J Agric Food Chem 51:4344- 4348, 2003; Huss U et
al. J Nat Prod 65:1517-21, 2002; Nagai H et al. Jpn J
Pharmacol 32:813-822, 1982; Su MJ et al. J Biomed Sci
6:376-386, 1999; Shimada Y et al. Phytomed 11:404-410,
2004; Taher M et al. Med J Malayia 59B:97-98, 2004;
Kamath JV et al. Phytother Res 17:970-972, 2003;
Kurokawa M et al. Eur J Pharmacol 348:45-51, 1998;
Simic A et al. Phytother Res 18:713-717, 2004; Tabak M
et al. J Ethnopharmacol 67:269- 277, 1999; Kong LD et
al. J Ethnopharmacol 73:199-207, 2000; Kwon BM et al.
Arch Pharm Res 21:147-152, 1998; Ka H et al. Cancer
Lett 196:143-152, 2003. Anthocyanins are a particular
class of naturally occurring flavonoid compounds that
are responsible for the red, purple, and blue colors
of many fruits, vegetables, cereal grains, and
flowers. For example, the colors of fruits such as
blueberries, bilberries, strawberries, raspberries,
boysenberries, marionberries, cranberries,
elderberries, etc. are due to many different
anthocyanins. Recently, the interest in anthocyanin
pigments has intensified because of their possible
health benefits as dietary antioxidants. For example,
anthocyanin pigments of bilberries (Vaccinium
myrtillus) have long been used for improving visual
acuity and treating circulatory disorders. There is
experimental evidence that certain anthocyanins and
other flavonoids have anti-inflammatory properties. In
addition, there are reports that orally administered
anthocyanins are beneficial for treating diabetes and
ulcers and may have antiviral and antimicrobial
activities. The chemical basis for these desirable
properties of flavonoids is believed to be related to
their antioxidant capacity. Thus, the antioxidant
characteristics associated with berries and other
fruits and vegetables have been attributed to their
anthocyanin content. Proanthocyanidins, also known as
"oligomeric proanthocyanidins," "OPCs," or
"procyanidins," are another class of naturally
occurring flavonoid compounds widely available in
fruits, vegetables, nuts, seeds, flowers, and barks.
Proanthocyanidins belong to the category known as
condensed tannins. They are the most common type of
tannins found in fruits and vegetables, and are
present in large quantities in the seeds and skins. In
nature, mixtures of different proanthocyanidins are
commonly found together, ranging from individual units
to complex molecules (oligomers or polymers) of many
linked units. The general chemical structure of a
polymeric proanthocyanidin comprises linear chains of
flavonoid 3-ol units linked together through common
C(4)-C(6) and/or C(4)-C(8) bonds. The
proanthocyanidins are mixtures of oligomers and
polymers containing catechin and/orepicatechm units
linked through C4-C8 and/or C4-C6 bonds. These
tlavan-3-ols can also be doubly linked by a C4-C8 bond
and an additional ether bond between C7-C2. 13C NMR
has been useful in identifying the structures of
polymeric proanthocyanidins, and recent work has
elucidated the chemistry of di-, tri-, and tetrameric
proanthocyanidins. Larger oligomers of the flavonoid
3-ol units are predominant in most plants and are
found with average molecular weights above 2,000
Daltons and containing 6 or more monomer units.
(Newman, et al, Mag. Res. Chem., 25:1 18 (1987)).
Considerable recent research has explored the
therapeutic applications of proanthocyanidins, which
are primarily known for their antioxidant activity.
However, these compounds have also been reported to
demonstrate antibacterial, antiviral,
anticarcinogenic, anti-inflammatory, anti-allergic,
and vasodilatory actions. In addition, they have been
found to inhibit lipid peroxidation, platelet
aggregation, capillary permeability and fragility, and
to affect enzyme systems including phospholipase A2,
cyclooxygenase, and lipoxygenase. For example,
proanthocyanidin monomers (i.e., anthocyanins) and
dimers have been used in the treatment of diseases
associated with increased capillary fragility and have
also been shown to have anti-inflammatory effects in
animals (Beladi, I . et al., Ann. N.Y. Acad. Sci.,
284:358 (1977)). Based on these reported findings,
oligomeric proanthocyanidins (OPCs) may be useful
components in the treatment of a number of conditions
(Fine, A. M., Altern. Med. Rev. 5(2): 144-151 (2000)).
Proanthocyanidins may also protect against viruses. In
in vitro studies, proanthocyanidins from witch hazel
(Hamamelis virginiana) killed the Herpes simplex 1
(HSV-I) virus (Erdelmeier, C. A., Cinatl, J., Plant
Med. June: 62(3):241-5 (1996); DeBruyne, T., Pieters,
L., J . Nat. Prod. JuI: 62(7):954-8 (1999)). Another
study was carried out to determine the
structure-activity relationships of the antiviral
activity of various 



tannins. It was found that the more condensed the
chemical structure, the greater the antiviral effect
(Takechi, M., et al., Phyto chemistry, 24:2245-50
(1985)). In another study, proanthocyanidins were
shown to have anti-Herpes simplex activity in which
the 50 percent effective doses needed to reduce herpes
simplex plaque formation were two to three orders of
magnitude less than the 50 percent cytotoxic doses
(Fukuchi, K., et al., Antiviral Res., 11:285-298
(1989)). Cyclooxygenase (COX-I, COX-2) or
prostaglandin endoperoxide H synthase (PGHS-I, PGHS-2)
enzymes are widely used to measure the
anti-inflammatory effects of plant products (Bayer,
T., et al., Phyto chemistry, 28:2373-2378 (1989); and
Goda, Y., et al.,Chem. Pharm. Bull, 40:2452-2457
(1992)). COX enzymes are the pharmacological target
sites for nonsteroidal anti-inflammatory drugs (Humes,
J . L., et al, Proc. Natl. Acad. Sci. U.S.A.,
78:2053-2056 (1981); and Rome, L. H., et al., Proc.
Natl. Acad. Sci. U.S.A., 72:4863-4865 (1975)). Two
isozymes of cyclooxygenase involved in prostaglandin
synthesis are cyclooxygenase- 1 (COX-I) and
cyclooxygenase-2 (COX-2) (Hemler, M., et al., J .
Biol. Chem., 25:251, 5575-5579 (1976)). It is
hypothesized that selective COX-2 inhibitors are
mainly responsible for anti-inflammatory activity
(Masferrer, J . L., et al., Proc. Natl. Acad. Sci.
U.S.A., 91:3228-3232 (1994)). Flavonoids are now being
investigated as anti-inflammatory substances, as well
as for their structural features for cyclooxygenase
(COX) inhibition activity. Although cinnamon is
generally safe and non-toxic even at high doses, it
may induce allergic reactions in individuals who are
sensitive to cinnamon or Peruvian balsa. It is not
recommended during pregnancy and lactation. There are
no known interactions with other drugs. What is needed
are novel and reproducible cinnamon extracts that
combine purified essential oil, purified polyphenolics
with high flavonol glycosides and flavonoids, and
polysaccharide chemical constituent fractions that can
be produced with standardized and reliable amounts of
these synergistically acting, physiologically and
medically beneficial cinnamon chemical constituents.
Williamson EM. Phtomedicine 8:401-409, 2001.
Extractions Essential oil fraction Cinnamon bark is
rich in essential oil and provides various kinds of
oils depending on the part of plant used. It was
reported that there is 1-2% essential oil by % mass
weight in cinnamon bark. The main component of
cinnamon bark oil is the aromatic aldehyde-3-
phenyl-2(E)-propenal, also called cinnamaldehyde
(about 60% in essential oil by mass weight). Cinnamon
bark was used as feedstock for current research.
Supercritical carbon dioxide extraction and
fractionation technology has been chosen for
extraction due to its well-known benefit on processing
of lipid soluble chemicals. Its usefulness for
extraction is due to the combination of gas-like mass
transfer properties and liquid-like solvating
characteristics with diffusion coefficients greater
than those of liquid solvents. The extracted essential
oil constituents were assayed using gas
chromatography-massspectroscopy. Total 7 1 compounds
have been identified from cinnamon bark oil extracted
by supercritical CO2. Besides major cinnamaldehyde's
congeners, such as benzaldehyde (Pl), cinnamaldehyde
(PlO and P14), cinnamyl alcohol (P16), trans-cinnamic
acid (P23), cinnamyl acetate (P25), other minor
compounds including: 4 monoterpenes, 16
sesquiterpenes, 9 fatty acids and their derivatives,
and 6 steroids (P64 and P67-P71) have also been
identified. Fatty acids and steroids have not
previously been reported in cinnamon oil. It was found
that supercritical CO2 is an excellent tool to purify
and profile essential oil fractions. The extraction
yield of these fractions varies depending on
processing temperature, pressure, and solvent/feed
ratio. The highest extraction yield was 1.76 % by mass
weight at temperature of 80 0C and pressure of 100-500
bar with a solvent/feed ratio of 114. In crude
extracted cinnamon bark essential oil, cinnamaldehyde
accounts for 58% - 69% by mass weight of the purified
fractions. It was found that up to 20% of steroid
compounds in extracts in extract fractions can only be
extracted at low temperatures of about 40 C. High
purity of cinnamaldehyde's congeners (greater than
90%) can be obtained at high temperatures of 60 - 90
0C and low pressures of about 100 bar. High pressure
and temperature are better for processing fatty acid
compounds and the highest purity can be up to ~ 10% in
extract fractions. The crude extracted cinnamon bark
essential oil can also be fractioned by multistage
stage processing by increase processing pressure
sequentially at fixed temperature. The 



results are shown in Table 2. It was found that the
major compounds cinnamaldehyde congeners can be
profiled between 67.1-93.1%. Other minor compounds, as
sesquiterpene can be profiled bwtween 1.1-2.7%; fatty
acid can be profiled between 0.9 -9.9 %; steroids can
only be extracted at temperature of 40 0C and can be
profiled between 0.0-20.3% by % mass weight of the
fraction (relative abundance). The highest purity of
cinnamaldehyde can be up to 91.13%, which is 76 times
greater than that found of that in cinnamon bark
feedstock. Table 2. Cinnamon essential oil compounds
profile in extracts obtained at different conditions T
= 40 0C T = 60 0C T = 80 0C Stage Stage Stage Stage
Stage Stage Stage Stage Stage Stage Compounds 1 2 3 4
1 2 3 1 2 3 Cinnamaldehyde congeners 67.3 88.0 83.3
67.1 93.1 86.2 74.7 90.7 88.9 74.1Sesquiterpene 1.4
1.5 2.1 2.1 2.7 1.7 2.0 1.1 1.1 3.5 Fatty acids and
derivatives 0.9 2.5 6.6 9.9 0.9 5.9 8.6 1.0 4.1 7.8
Steroids 20.3 5.2 0.3 0.8 0.0 0.0 0.0 0.0 0.0 0.0
Phenolic acid fraction Antioxidant activity of
cinnamon is related to the phenolic acid chemical
constituent content. Specific antioxidant
phytochemicals that have been identified in cinnamon
include the following phenolic acids: epicatechin,
camphene, engenol, gamma-terpinene, phenol, salicylic
acid and tannins. More recently, scientists at the US
department of agriculture found one type of flavonoid,
type-A procyanidin, extracted by water that mimics the
effect of insulin. This compound potentiates insulin
action in isolated adipocytes. In-vivo studies also
showed that cinnamon water extracts improve insulin
actions via increasing glucose uptake, in part through
enhancing the insulin-signaling pathway in skeletal
muscle. The object of this section of the present
invention is to purify phenolic acids by removing
tannin acids. The phenolic acids of interests due to
their hypoglycemic activity are the proanthocyanidins.
The proanthocyanindins are mixtures of oligomers and
polymers containing (+)-catechin and/or
(-)-epicatechin units linked through C4-C8 and/or
C4-C6 bonds (B-type). These flavan-3-ol can also be
doubled linked by a C4-C8 bond and an additional ether
bond between C7-C2 bond (A-type). Due to lack of a
commercial available HPLC reference standard, the
Folin-Ciocalteu method was used to analysis total
phenolic acid content and the protein-precipitable
phenolics method to analysis total tannin acid
content. Individual phenolic acids in the total
phenolic acids were identified and semiquantified by
Direct Analysis in Real-time (DART) mass spectrometry.
In the cinnamon bark feedstock, there is about 4.87%
total phenolic acid, in which about 2.27% is nontannin
phenolic acids and about 2.61% is tannin acids. Total
phenolic acid extraction conditions were optimized by
studying the effect of different solvents,
temperatures, PH values, and multistage processing. It
was found that aqueous ethanol (25- 75% ethanol) were
optimum extraction solvents. The highest extraction
yield were found at about 17.6% by using 25% ethanol
as the extraction solvent at a temperature of 40 0C
using two stage of processing at solvent feed ratio of
10 and 5 respectively. No pH value change needed
during processing. Sephadex LH-20 dextran beads were
found to be an excellent media to separate nontannin
phenolic acids from tannin acids. The results are
shown in Table 3. It was foundthat tannm acid has been
remarkably removed and nontannm phenolic acid has been
purified to up to 100% (44 fold of that in feedstock).
Table 3. Cinnamon phenolics weight percentage changing
during sephadex LH-20 processing. Feed B1-F3 B1-F4
B1-F5 B1-F6 B1-F7 B1-F8 Weight % Nontannin phenolic
acids 2.27 29.5 66.4 87.8 91.1 100 93.8 Tannin acids
2.61 0 0 0 0 0 0 Polysaccharide fraction Cinnamon
polysaccharide-glycoprotein fraction were obtained by
water extraction and 80% ethanol precipitation. The
yield of purified cinnamon polysaccharideglycoprotein
fractions was about 3.5%. The purity of cinnamon
polysaccharide was 0.29 - 0.47 g dextran equivalent /
g polysaccharide. (Dextran was used as reference
standard because no cinnamon polysaccharide standards
are available). The average molecular 



weight of cinnamon polysaccharide was ~ 2500 KDa.
AccuTOF-DART mass spectrometry was also used to
characterize cinnamon polysaccharide, the results are
shown in Figures 6 and 7. Extractions Relative to
Natural Cinnamon Species This disclosure comprises
extractions of isolated and purified fractions of
essential oils (or essential oil sub-fractions),
polyphenolic acids, and polysaccharides from one or
more cinnamon species. These individual fractions can
be combined in specific ratios (profiles) to provide
beneficial combinations and can provide reliable or
reproducible extract products that are not found in
currently know extract products. For example, an
essential oil fraction or sub-fraction from one
species may be combined with an essential oil fraction
or sub-fraction from the same or different species or
with a polyphenolic acid fraction from the same or
different species, and that combination may or may not
be combined with a polysaccharide fraction from the
same or different species of cinnamon. Extractions of
the disclosure may also be defined in terms of
concentrations relative to those found in natural
cinnamon species. Embodiments also comprise
extractions wherein one or more of the fractions,
including essential oils, polyphenolic acids, or
polysaccharides, are found in a concentration that is
greater than that found in native cinnamon species
plant material. Embodiments also comprise extractions
wherein one ormore of the fractions, including
essential oils, polyphenolics, or polysaccharides, are
found in a concentration that is less than that found
in native cinnamon species. Known amounts of the
bio-active chemical constituent fractions of the
cinnamon species (Table 1) are used as an example of
the disclosure. For example, extractions of the
disclosure comprise fractions wherein the
concentration of essential oils is from 0.001 to 50
times the concentration of native cinnamon species,
and/or compositions where the concentration of desired
polyphenolic acids is from 0.001 to 50 times the
concentration of native cinnamon species, and/or
compositions where the concentration of water
soluble-ethanol insoluble polysaccharides is from
0.001 to 20 times the concentration of native cinnamon
species. Extractions of the disclosure comprise
fractions wherein the concentration of essential oils
is from 0.01 to 50 times the concentration of native
cinnamon species, and/or compositions wherein the
concentration of desired polyphenolic acids is from
0.01 to 50 times the concentration of native cinnamon
species, and/or compositions wherein the concentration
of polysaccharides is from 0.01 to 20 times the
concentration of native cinnamon species. Furthermore,
extractions of the disclosure comprise sub-fractions
of the essential oil chemical constituents having at
least one or more of chemical compounds present in the
native plant material essential oil that is in amount
greater or less than that found in native cinnamon
plant material essential oil chemical constituents.
For example, the chemical compound,
trans-cinnamaldehyde, may have it's concentration
increased in an essential oil sub-fraction to 80% by %
mass weight of the sub-fraction from its concentration
of 60% by % mass weight of the total essential oil
chemical constituents in the native cinnamon plant
material. In contrast, trans-cinnamaldehyde may have
it's concentration reduced in an essential oil
sub-fraction to about 6% by % mass weight of the
sub-fraction from it's concentration of about 60% by %
mass weight of the total essential oil chemical
constituents in the native plant material, a 10 fold
decrease in concentration. Extractions of the
disclosure comprise fractions wherein the
concentration of specific chemical compounds in such
novel essential oil sub-fractions is either increase
by about 1.1 to about 10 times or decreased by about
0.1 to about 10 times that concentration found in the
native cinnamon essential oil chemical constituents.
Additional embodiments comprise extractions comprising
altered profiles (ratio distribution) of the chemical
constituents of the cinnamon species in relation to
that found in the native plant material or to
currently available cinnamon species extract products.
For example, the essential oil fraction may be
increased or decreased in relation to thepolyphenols
acids and/or polysaccharide concentrations. Similarly,
the polyphenols acids or polysaccharides may be
increased or decreased in relation to the other
extract constituent fractions to permit novel
constituent chemical profile extractions for specific
biological effects. By combining the isolated and
purified fractions of one or more of essential oils,
polyphenolics and/or polysaccharides, extractions may
be made that provide novel combinations of essential
oils. Methods of the disclosure comprise providing
novel cinnamon extractions for treatment and
prevention of human disorders. For example, a novel
cinnamon species extraction for treatment of type 2
diabetes mellitus may have an increased polyphenolic
fraction concentration and reduced essential oil and
polysaccharide fraction concentrations, 



by % weight, than that found in the cinnamon species
native plant material or conventional known extraction
products. A novel cinnamon species extraction for
anti-oxidant, antiblood vessel damage, and ischemic
cerebrovascular disease may have an increased
essential oil and polyphenolic acid fraction and a
reduced polysaccharide fraction, by % weight, than
that found in the native cinnamon species plant
material or conventional known extraction products.
Another example of a novel cinnamon species
extraction, for treatment of allergic disorders
comprises a fraction having an increased polyphenolic
fraction concentration, an increased polysaccharide
fraction, and a reduced essential oil fraction than
that found in native cinnamon species plant material
or known conventional extraction products. Methods of
Extraction The following methods as taught may be used
individually or in combination with the disclosed
method or methods known to those skilled in the art.
The starting material for extraction is plant material
from one or more cinnamon species. The plant material
may be the any portion of the plant, though the bark
is the most preferred starting material. The cinnamon
species plant material may undergo pre-extraction
steps to render the material into any particular form,
and any form that is useful for extraction is
contemplated by the disclosure. Such pre-extraction
steps include, but are not limited to, that wherein
the material is chopped, minced, shredded, ground,
pulverized, cut, or torn, and the starting material,
prior to pre-extraction steps, is dried or fresh plant
material. A preferred preextraction step comprises
grinding and/or pulverizing the cinnamon species bark
material into a fine powder. The starting material or
material after the pre-extraction steps can bedried or
have moisture added to it. Once the cinnamon species
plant material is in a form for extraction, methods of
extraction are contemplated by the disclosure. Methods
of extraction of the disclosure comprise processes
disclosed herein. In general, methods of the
disclosure comprise, in part, methods wherein cinnamon
species plant material is extracted using
supercritical fluid extraction (SFE) with carbon
dioxide as the solvent (SCCO ) that is followed by one
or more solvent extraction steps, such as, but not
limited to, water, hydroalcoholic, and affinity
polymer absorbent extraction processes. Additional
other methods contemplated for the disclosure comprise
extraction of cinnamon species plant material using
other organic solvents, refrigerant chemicals,
compressible gases, sonif cation, pressure liquid
extraction, high speed counter current chromatography,
molecular imprinted polymers, and other known
extraction methods. Such techniques are known to those
skilled in the art. In one aspect, extractions of the
disclosure may be prepared by a method comprising the
steps depicted schematically in Figures 1-5. The
disclosure includes processes for concentrating
(purifying) and profiling the essential oil and other
lipid soluble compounds from cinnamon plant material
using SCCO technology. The disclosure includes the
fractionation of the lipid soluble chemical
constituents of cinnamon into, for example, an
essential oil fraction of high purity (high essential
oil chemical constituent concentration). Moreover, the
disclosure includes a SCCO2 process wherein the
individual chemical constituents within an extraction
fraction may have their chemical constituent ratios or
profiles altered. For example, SCCO2 fractional
separation of the chemical constituents within an
essential oil fraction permits the preferential
extraction of certain essential oil compounds relative
to the other essential oil compounds such that an
essential oil extract sub-fraction can be produced
with a concentration of certain compounds greater than
the concentration of other compounds. Extraction of
the essential oil chemical constituents of the
cinnamon species with SCCO2 as taught in the
disclosure eliminates the use of toxic organic
solvents and provides simultaneous fractionation of
the extracts. Carbon dioxide is a natural and safe
biological product and an ingredient in many foods and
beverages. In performing the previously described
extraction methods, it was found that greater than 80%
yield by mass weight of the essential oil chemical
constituents having greater than 95% purity of the
essential oil chemical constituents in the original
dried cinnamon bark feedstock of the cinnamon species
can be extracted in the essential oil SCCO2 extract
fraction (Step IA). Using the methods as taught in
Step IB (SCCO2 Extraction andFractionation Processes),
the essential oil yield was reduced due to the
fractionation of the essential oil chemical
constituents into highly purified (>90%) essential oil
sub-fractions. In addition, the SCCO extraction and
fractionation process as taught in this disclosure
permits the ratios (profiles) of the individual
chemical compounds comprising the essential oil
chemical constituent fraction to be altered such that
unique essential oil sub-fraction profiles can be
created for particular medicinal purposes. For
example, the concentration of 



the steroid essential oil chemical constituents may be
increased while simultaneous reducing the
concentration of the fatty acid compounds or visa
versa. Using the methods as taught in Step 2 of this
disclosure, a water soluble fraction is achieved with
a 4.8% mass weight yield from the original cinnamon
species feedstock having a 26.0% concentration of
total phenolic acids, a yield of about 10% mass weight
of the phenolic acid chemical constituents found in
the native cinnamon bark feedstock. However, this
water solvent extract does contain valuable water
soluble-ethanol insoluble polysaccharide chemical
constituents. In addition, this extraction step
achieves about 100% yield of the water soluble,
ethanol insoluble polysaccharides found in the native
cinnamon species plant material. The polysaccharide
concentration in this water-soluble extraction
fraction is about 27% by % dry mass weight in this
water soluble extract fraction. Using 95% ethanol to
precipitate the polysaccharides, a purified
polysaccharide fraction may be collected from this
water leaching extract. The yield of the
polysaccharide fraction is about 1.3% by % mass weight
based on the cinnamon rhizome feedstock. Based on a
colormetric analytical method using dextran as
reference standards, a purity of > 95% cinnamon
polysaccharides compounds may be obtained. Using the
methods as taught in Step 3 of this disclosure, a
hydroalcoholic leaching fraction is achieved with a
17.6% yield from the original cinnamon species
feedstock having a 64% concentration of phenolic
acids, about 1/3 of the phenolic acids being
nonbioactive tannins. This further equates to about a
90% yield of the phenolic acid related chemical
constituents found in the native cinnamon species
plant material. Using the methods as taught in Step 4
of this disclosure (Affinity Adsorbent Extraction
Processes or Process Chromatography), polyphenolic
acid fractions with purities of greater than 95% by %
dry mass of the extraction fraction with less than
0.1% tannins by % mass weight may be obtained. It is
possible to extract about 77% of the non-tannin
polyphenolic acids from the hydroalcoholic leaching
extract feedstock. This equates to a 69% yield of the
polyphenolic acid chemical constituents found in the
native cinnamonspecies plant material. Based on the
average degree of polymerization, the purified
polyphenolic fractions are largely made of the
beneficial bioactive polyphenolic oligomers.
Furthermore, it is possible to profile the
polyphenolic chemical constituents of the purified
polyphenolic fractions. For example, purified
polyphenolic sub-fractions may be obtained containing
a high concentration of polyphenolic trimers or
tetramers. Such novel purified polyphenolic
sub-fractions may have great value for specific
medical conditions. Finally, the methods as taught in
the disclosure permit the purification (concentration)
of the cinnamon species essential oil chemical
constituent fractions, novel polyphenolic fractions or
sub-fractions, and a novel polysaccharide fraction to
be as high as 99%% by mass weight of the desired
chemical constituents in the essential oil fractions,
as high as 97% by mass weight in the polyphenolic
phenolic fraction, and as high as 98% by mass weight
in the polysaccharide fraction. The specific
extraction environments, rates of extraction,
solvents, and extraction technology used depend on the
starting chemical constituent profile of the source
material and the level of purification desired in the
final extraction products. Specific methods as taught
in the disclosure can be readily determined by those
skilled in the art using no more than routine
experimentation typical for adjusting a process to
account for sample variations in the attributes of
starting materials that is processed to an output
material that has specific attributes. For example, in
a particular lot of cinnamon species plant material,
the initial concentrations of the essential oil
chemical constituents, the polyphenolic acids, and the
polysaccharides are determined using methods known to
those skilled in the art as taught in the disclosure.
One skilled in the art can determine the amount of
change from the initial concentration of the essential
oil chemical constituents, for instance, to the
predetermined amounts or distribution (profile) of
essential oil chemical constituents for the final
extraction product using the extraction methods, as
disclosed herein, to reach the desired concentration
and/or chemical profile in the final cinnamon species
extraction product. A schematic diagram of the methods
of extraction of the biologically active chemical
constituents of cinnamon is illustrated in Figures
1-5. The extraction process is typically, but not
limited to, 4 steps. Step 1: Supercritical Fluid
Carbon Dioxide Extraction of Cinnamon Essential Oil
Due to the hydrophobic nature of the essential oil,
non-polar solvents, including, but not limited to SCCO
, hexane, petroleum ether, and ethyl acetate may be
used for thisextraction process. Since some of the
components of the essential oil are volatile, steam
distillation may also be used as an extraction
process. 



A generalized description of the extraction of the
essential oil chemical constituents from the bark of
the cinnamon species using SCCO is diagrammed in
Figure 2-Step 2A and 2B. The feedstock 10 is dried
ground cinnamon bark (about 140 mesh). The extraction
solvent 210 is pure carbon dioxide. Ethanol may be
used as a co-solvent. The feedstock is loaded into a
into a SFE extraction vessel 20. After purge and leak
testing, the process comprises liquefied CO flowing
from a storage vessel through a cooler to a CO2 pump.
The CO2 is compressed to the desired pressure and
flows through the feedstock in the extraction vessel
where the pressure and temperature are maintained at
the desired level. The pressures for extraction range
from about 60 bar to 800 bar and the temperature
ranges from about 35 0C to about 90 0C. The SCCO2
extractions taught herein are preferably performed at
pressures of at least 100 bar and a temperature of at
least 35 0C, and more preferably at a pressure of
about 60 bar to 500 bar and at a temperature of about
40 0C to about 80 0C. The time for extraction for a
single stage of extraction range from about 30 minutes
to about 2.5 hours, to about 1 hour. The solvent to
feed ratio is typically about 60 to 1 for each of the
SCCO2 extractions. The CO2 is recycled. The extracted,
purified, and profiled essential oil chemical
constituents 30 are then collected a collector or
separator, saved in a light protective glass bottle,
and stored in a dark refrigerator at 4 0C. The
cinnamon feedstock 10 material may be extracted in a
one step process (Figure 2, Step 2A) wherein the
resulting extracted and purified cinnamon essential
oil fraction 30 is collected in a one collector SFE or
SCCO2 system 20 or in multiple stages (Figure 2, Step
2B) wherein the extracted purified and profiled
cinnamon essential oil sub-fractions 50, 60, 70, 80
are separately and sequentially collected in a one
collector SFE system 20. Alternatively, as in a
fractional SFE system, the SCCO2 extracted cinnamon
feedstock material may be segregated into collector
vessels (separators) such that within each collector
there is a differing relative percentage essential oil
chemical constituent fraction (profile) in each of the
purified essential oil sub-fractions collected. The
residue (remainder) 40 is collected, saved and used
for further processing to obtain purified fractions of
the cinnamon species phenolic acids and
polysaccharides. An embodiment of the disclosure
comprises extracting the cinnamon species feedstock
material using mult i stage SCCO2 extraction at a
pressure of 60 bar to 500 bar and at a temperature
between 350C and 90 0C and collecting the extracted
cinnamon material after each stage. A secondembodiment
of the disclosure comprises extracting the cinnamon
species feedstock material using fractionation SCCO
extraction at pressures of 60 bar to 500 bar and at a
temperature between 35 0C and 90 0C and collecting the
extracted cinnamon material in differing collector
vessels at predetermined conditions (pressure,
temperature, and density) and predetermined intervals
(time). The resulting extracted cinnamon purified
essential oil subfractions from each of the
multi-stage extractors or in differing collector
vessels (fractional system) can be retrieved and used
independently or can be combined to form one or more
cinnamon essential oil fractions comprising a
predetermined essential oil chemical constituent
concentration that is higher or lower than that found
in the native plant material or in conventional
cinnamon extraction products. Typically, the total
yield of the essential oil fraction from cinnamon
species using a single step maximal SCCO extraction is
about 0.4 to about 1.8% (> 85% of the essential oil
chemical constituents) by % weight having an essential
oil chemical constituent purity of greater than 95% by
mass weight of the extract. The results of such
extraction processes are found below and in Table 4.
The procedure can be found in Example 1. Table 4. HPLC
analysis of single stage SFE cinnamon essential oil
extraction. These results demonstrate the effect of
pressure on the kinetics of extraction. Higher
extraction pressures result in the system reaching
equilibrium at shorter times with less amount of CO2
consumed. The total extraction yield increases with
increasing extraction pressure due to the density
increase associated with pressure increase.
Interestingly, a lower pressures such as 100-300 bar,
the lower the temperature, the higher the yield again
related to a higher density. At higher pressures such
as 300-500 bar, temperature has far less effect of the
extraction yield. Although a higher yield and
greaterefficiency of extraction may be achieved with
pressures greater than 200 bar, 95% purity of the
essential oil chemical constituents can be achieved
with pressures less than 300 bar and temperatures of
about 40-80 0C. In the experiment range investigated,
it can be clearly noted that there is a competition
effect between temperature and density. This aspect is
well defined and documented in the literature, where
an increase in pressure, at constant temperature,
leads to an increase in the yield due to the
enhancement in the solvency power of the supercritical



and near critical fluid. An increase in temperature
promotes an enhancement in vapor pressure of the
compounds favoring the extraction. Additionally, the
increase in diffusion coefficient and the decrease in
solvent viscosity also help the compounds extraction
from the herbaceous porous matrix as the temperature
is increased to higher value. On the other hand, an
increase in temperature, at constant system pressure,
leads to a decrease in the solvent density.
Seventy-one compounds were separated and identified in
cinnamon bark essential oil using GC-MS analysis. By
comparing the mass spectra data of sample with the
data in the scientific literature, cinnamaldehyde,
coumarin, and cinnamyl acetate were identified.
(Tables 3 and 4) In addition to cinnamaldehyde and
it's cogeners such as benzaldhyde (Pl), cinnamaldehyde
(PlO & P14), cinnamyl alcohol (P16), trans-cinnamic
acid (P23), and cinnamyl acetate (P25), 4 monoterpenes
(P6, P8, and P9), 16 sesquiterpenes (P20-22, P26, P29,
P31-2, P35-42, and P46), and 9 fatty acids and fatty
acid derivatives were identified. Other minor aromatic
and aliphatic compounds were also present. Of the
compounds identified, SFE was able to extract fatty
acids and steroid compounds that had not previously
been identified in cinnamon essential oil. These
compounds make up about 90% of the essential oil
chemical constituents by % mass weight. Cinnamaldehyde
is the major chemical constituent of the cinnamon
essential oil at about 70-91% by % mass weight. A
greater number of compounds were identified from
extractions under the conditions of 40 0C and 120 bar
with higher purity of about 100% than at SFE
extraction conditions of higher temperatures and
pressures. Cinnamaldehyde purity of greater than 90%
mass weight was accomplished with SFE temperatures of
60 0C and 100 bar with a loss of steroid compounds and
lower fatty acid and sesquiterpene purity. Steroid
compounds can only be extracted a low temperature of
40 0C. At a SFE temperature of 40 0C and 80 bar, the
steroid compound chemical constituent purity was as
high as 20% mass weight. In contrast, higher SFE
temperatures (60-80 0C) and pressures (500 bar) favor
the extraction of the fattyacid compounds. These data
indicate that SCCO has the ability to profile the
chemical constituents of cinnamon essential oil. Table
5. Compounds Identified in Cinnamon Essential Oil
Fraction.TITLE Polymer and Lubricating Compositions
Thereof FIELD OF INVENTION The present invention
relates to a lubricating composition containing an oil
of lubricating viscosity and a hydrogenated copolymer
of an olefin block and vinyl aromatic block, wherein
the copolymer is optionally functionalised. The
invention further provides a method for preparing a
hydrogenated copolymer, and the use of lhe lubricating
composition. BACKGROUND OF THE INVENTION LOOOIj The
use of polymers as viscosity modifiers (or viscosity
index im provers) or dispersant viscosity modifiers in
an oil of lubricating viscosity is well known.
Typically polymer backbones include polymcthacrylates,
polyolcfins or hydrogenated styrene-butadienes and
functional derivatives thereof. For dispersant
viscosity modifiers, the backbone may be
functionalised with a grafted nitrogen compound.
[0002] Many of the known viscosity modifiers and
dispersant viscosity modifiers have limited
cleanliness performance and limited low temperature
properties when the polymers degrade. This is often
observed in engine piston deposits, particularly for
olefin copolymers. Further, a number of viscosity
modifiers and dispersant viscosity modifiers have
limited low temperature performance. [0003]
Specifically for engine lubricants, limited
cleanliness performance may result in ring stick or
accumulation of deposits on valves or the tract.
Deposit accumulation in valves may result in misting,
air intake debris and valve stem seal leakage and
cause other engine operation problems. [0004] It is
also further known that additives with long chain
alkyl groups, such as polyisobutylene (commonly from
succinimide dispersants), have a detrimental impact on
fuel economy and cold crank. Therefore it would be a
further advantage to reduce the amount of additives
with a detrimental impact of fuel economy from engine
oils.[0005] In engine lubricants for marine diesel
applications, due to limited supply of bright-stock,
there is a need for an alternative material capable of
providing a viscosity-modifying boost. Therefore, it
would be a further advan 



tage to identify a viscosity modi fier capable of
replacing brightstock. [0006] US Patent 5,5 12 192
discloses a dispcrsant viscosity improver for
lubricating oil compositions prepared by the reaction
of an oil soluble, substan tially hydrogenated, vinyl
substituted aromatic-aliphatic conjugated diene block
copolymer, grafted with an ethylenically unsaturated
carboxylic acid or func tional derivative thereof. The
dispersant viscosity improver typically has a number
average molecular weight of 30,000 to 300,000; and a
weight average molecular weight of 50,000 to 500,000.
[0007] US Patent 5,429,758 discloses graft copolymers
prepared from solvent free reactions and dispersant
derivatives thereof. The graft copolymers include a
hydrogenated random or normal block copolymer made
from a vinyl substituted aromatic monomer and a
conjugated diene. The normal and random block
copolymer has a number average molecular weight from
10,000 to 500,000. [0008] US Patent Application
2005/01 53849 discloses grafting a polymcr backbone
selected from olefin polymers, diene polymers, vinyl
polymers and vinylidenc polymers, which have been
further reacted with a variety of amines. [0009] The
present invention provides a copolymer capable of
being used as viscosity modifiers and/or dispersant
viscosity modifiers capable of providing at least one
of acceptable low temperature performance and/or
cleanliness. When the lubricant composition is
suitable for engine oils, the invention further
provides at least one of acceptable fuel economy,
whilst maintaining cleanli ness, and soot and sludge
handling. SUMMARY OF THE INVENTION [0010] As used
herein the phrase 'mole ratio of block A/(block A+B)'
means the ratio of the moles of repeat units (or
monomer units) in block A divided by the sum of repeat
units in (block A + block B). [0011] The present
invention in one embodiment provides a lubricating
compo sition comprising: an oil of lubricating
viscosity and a hydrogenated copolymercomprising at
least one olefin polymer block (block A) and at least
one vinyl aromatic polymer block (block B) with mole
ratio of block L/(block A+B) of 0.5 to 0.9, wherein
block A contains repeat units with 5 mol % to 95 mol %
of branched alkyl groups, with the proviso that when
the copolymer comprises a tapered copolymer, block A
contains repeat units with greater than 38.5 mol % to
95 mol % of branched alkyl groups, wherein the
branched alkyl groups of block A are optionally
further substituted; and wherein the hydrogenated
copolymer is optionally further functionalised by at
least one of the following routes: (i) block A or
block B being further functionalised with a pendant
carbonyl containing group, and wherein the pendant
carbonyl containing group is optionally further
substituted to provide an ester, amine, imide or amide
functionality, and/or (ii) block A being further
functionalised with an amine functional ity bonded
directly onto the olefin block polymer. [0012] The
present invention in one embodiment provides a
lubricating compo sition comprising: an oil of
lubricating viscosity and a hydrogenated copolymer
other than a tapered copolymer, wherein the
hydrogenated copolymer comprises at least one olefin
polymer block (block A) and al least one vinyl
aromatic polymer block (block B) with mole ratio of
block A/(block A+B) of 0.5 to 0.9, wherein block A
contains repeat units with 5 mol % to 95 mol % of
branched alkyl groups, wherein the branched alkyl
groups of block A are optionally further substituted;
and wherein the hydrogenated copolymer is optionally
further functionalised by at least one of the
following routes: (i) block A or block B being further
functionalised with a pendant carbonyl containing
group, and wherein the pendant carbonyl con taining
group is optionally further substituted to provide an
ester amine, imide or amide functionality, and/or (ii)
block A being further functionalised with an amine
functionality 



bonded directly onto the olefin block polymer.[0013]
The present invention in one embodiment provides a
lubricating compo sition comprising: an oil of
lubricating viscosity and a hydrogenated tapered
copolymer, wherein the hydrogenated tapered copolymer
comprises at least one olefin polymer block (block A)
and at least one vinyl aromatic polymer block (block
B) with mole ratio of block A/(block A+B) of 0.5 to
0.9, wherein block A contains repeat units with
greater than 38.5 mol % to 95 mol % of branched alkyl
groups, wherein the branched alkyl groups of block A
are optionally further substituted; and wherein the
hydrogenated copolymer is optionally further
functionalised by at least one o( the following
routes: (i) block A or block B being further
Iunclionalised with a pendant carbonyl containing
group, and wherein the pendant carbonyl con taining
group is optionally further substituted to provide an
ester, amine, imide or amide functionality, and/or
(ii) block A being further functionalised with an
amine functionality bonded directly onto the olefin
block polymer. [0014] In one embodiment the invention
provides a lubricating composition comprising: an oil
of lubricating viscosity and a hydrogenated copolymer
comprising block A and block B represented by the
formulae: and Block ( 13) wherein a and b are
coefficients for their corresponding monomer repeat
units wherein the ratio of a/(a+b) is 0.5 to 0.9, or
0.55 to 0.8, or 0.6 to 0.75;R is H, alkyl, or alkyl-Z,
with the proviso that 5 mo] % to 95 mol % of 9 9 the R
groups are alkyl or alkyl-Z groups (in one embodiment,
R is not H); R is an arcnc group or an
aikyl-substituted arene group optionally fur ther
functionalised with a pendant carbonyl-containing
group; E is an alkylene group or an alkenylene group
(typically E is a C4 group); X, Y and Z are
independently H or pendant carbonyl-containing groups,
with the proviso that at least one of X, Y and Z is a
pendant carbonyl-containing group; and m. n, and o arc
numbers of repeat units for the moieties described
above, with the proviso that each repeat unit is
present in sufficient quantities to pro vide the
polymer with an appropriate number average molecular
weight, and wherein the polymer is terminated with a
polymerisation terminating group, and with the proviso
that when the copolymer comprises a tapered copolymer
block, A contains repeat units with greater than 38.5
mol % to 95 mol % of branched, optionally substituted
alkyl groups. [0015] In one embodiment the invention
provides a lubricating composition comprising: an oil
of lubricating viscosity and a hydrogenated copolymer
containing blocks A and B as above, represented by the
formula: wherein a and b are coefficients for their
corresponding monomer repeat units, wherein the ratio
of a/(a+b) is 0.5 to 0.9, or 0.55 to 0.8. or 0.6 to
0.75; R1 is H, t-alkyl sec-alky], CH3- R' 2N-, or
aryl; R is H, alkyl or alkyl-Z, with the proviso that
in block (A) 5 mol % to 95 mol % of the R groups are
alkyl or -alkyl-Z groups; RJ is an arene group or an
alkyl-substituted arene group optionally fur ther
functionalised with a pendant carbonyl-containing
group; R4 is a polymerising terminating group, such as
H or alkyl; E is an alkylene group or an alkenylene
group (typically E is a C group);X, Y and Z are
independently H or a carbonyl-containing group, with
the proviso that at least one of X, Y and Z is a
pendant carbonyl-containing group; R' is a hydrocarbyl
group, and m, n, and o are numbers of repeat units for
the moieties described above, with the proviso thai
each repeat unit is present in sufficient quantities
to pro vide the hydrogenated copolymer with an
appropriate number average molecular weight, and with
the proviso that when the copolymer comprises a
tapered copolymer block A contains repeat units with
greater than 38.5 mol % to 95 mol % of branched
optionally substituted alky 1groups. 



[0016] In one embodiment the invention provides a
lubricating composition comprising (1) an oil of
lubricating viscosity and (II) a hydrogenated
copolymer obtainable/obtained by (he process
comprising: (a) polymerising (i) a vinyl aromatic
polymer block and (ii) an olefin polymer block,
wherein the olefin polymer block reacts by
1,2-addilion to give 5 mol % to 95 mol % of branched,
optionally substituted alkyl groups in the olefin
polymer block, followed by one or more of steps (b) to
(d); (b) optionally hydrogenating the product of step
(a); (C) optionally either (c l ) reacting, under free
radical grafting conditions (in processes well known
to a person skilled in the art of polymer science
e.g., solution phase and/or melt processes i.e.
extrusion grafting), a carbonyl contain ing compound,
with the polymer from step (b) to form a polymer with
a pendant carbonyl containing group or (c2) reacting,
under thermal grafting conditions, a carbonyl
containing compound with the polymer from step (a) to
form a polymer with a pendant carbonyl containing
group followed by optionally hydrogenat ing the
polymer of (c2); (d) optionally reacting the carbonyl
containing polymer of step (c 1) and/or (c2) with at
least one of an alcohol and/or an amine (typically
forming an ester, an amide or an imide) to form a
functionalised polymer, with the proviso that when the
copolymer comprises a tapered copolymer, block A
containsrepeat units with greater than 38.5 mol % to
95 mol % of branched optionally substituted alkyl
groups; and (e) optionally reacting the copolymer with
a pendant carbonyl-containing group with at leasl one
of an alcohol and/or an amine, to form a functiopahsed
polymer, with the proviso that when the copolymer
comprises a tapered co polymer block A contains repeat
units with greater than 38.5 mol % to 95 mol % of
branched, optionally substituted alkyl groups. [0017]
In one embodiment the invention provides a lubricating
composition comprising an oil of lubricating viscosity
a hydrogenated copolymer as disclosed herein and at
least one additive including a dispcrsant, an
antioxidant an antiwear agent, a friction modifier or
mixtures thereof. [0018] In one embodiment the
lubricating composition comprises an oil of
lubricating viscosity, a hydrogenated copolymer as
disclosed herein and a dispersant, or mixtures
thereof. [0019] In one embodiment the lubricating
composition comprises an oil of lubricating viscosity,
a hydrogenated copolymer as disclosed herein and an
antioxidant or mixtures thereof. [0020] In one
embodiment the lubricating composition comprises an
oil of lubricating viscosity, a hydrogenated copolymer
as disclosed herein and an antiwear agent, or mixtures
thereof. [0021] In one embodiment the lubricating
composition comprises an oil of lubricating viscosity,
a hydrogenated copolymer as disclosed herein and a
friction modifier, or mixtures thereof. [0022] In one
embodiment the lubricant composition as described
herein for an internal combustion engine has reduced
amounts of at least one of sulphur, phosphorus and
sulphatcd ash. [0023] In one embodiment the invention
provides for the use of the lubricating composition in
an engine oil for a 2-stroke or a 4-strokc internal
combustion engine, a gear oil, an automatic
transmission oil, a hydraulic fluid, a turbine oil, a
metal working fluid, or a circulating oil.DETAILED
DESCRIPTION QF THE TNVENTION Hydrogenated Copolymer
[0024] The present invention provides a hydrogenated
copolymer and lubri cating compositions as disclosed
above. [0025] As used herein the phrase 'branched
alkyl groups' includes branched alkyl groups that are
optionally further substituted. As otherwise stated,
alkyl branches on the polymer chain may or may not
themselves be further branched. [0026] In different
embodiments the hydrogenated copolymer is typically
hydrogenated at 50 % to 100 %, or 90 % to 100 % or 95
% to 100 % of available 



double bonds (which does not normally include aromatic
unsaturalion). [0027] In one embodiment block A may be
derived from a dienc or mixtures thereof. A suitable
diene used to generate the block represented by A
includes 1,4-butadicnc or isoprene. In one embodiment
the dicne is 1,4-butadiene. In one embodiment block A
is substantially free of, to free of, isoprene. [0028]
As used herein the term "substantially free of
isoprene" means the polymer contains isoprene at not
more than impurity levels, typically, less than 1 mol
% of the polymer, or 0.05 mol % or less of the
polymer, or 0.01 mol % or less of the polymer, or 0
mol % of the polymer. [0029] The diene typically
polymerises by either 1,2- addition or 1,4- addilion.
In the present invention the degree of 1,2-addition is
an important feature and is defined by the relative
amounts of repeat units of branched alkyl groups (also
defined herein as R2) . Any initially-formed pendant
unsaturated or vinyl groups, upon hydrogenation,
become alkyl branches ("branched alkyl groups").
[0030] In different embodiments block A (when not in a
tapered copolymer) contains 20 mol % to 80 mol %, or
25 mol % to 75 mol %, or 30 mol % to 70 mol %, or 40
mol % to 65 mol % of repeat units of branched alkyl
groups. [0031] A tapered copolymer, may contain 40 mol
% to 80 mol %, or 50 mol % to 75 mol % of block A
containing repeat units of branched alkyl groups (or
vinyl groups). [0032] In one embodiment the polymer of
the invention may be prepared by anionic
polymerisation techniques. As a person skilled in the
art will appreci ate, it is believed that anionic
polymerisation initiators containing alkali
metalsand/or organometallic compounds are sensitive Io
interactions between the various metals and the
countcrion and/or solvent. In order to prepare a
polymer with increasing amounts of dicnc polymerised
with a larger amount of 1,2-addition, it is typical to
employ a polar solvent (for example tetrahydrofuran).
Further employing an initiator with a lower atomic
mass is suitable (for example use lithium rather than
cesium). In different embodiments butyl lithium or
butyl sodium may be used as initiators. Typical
anionic polymeri sa tion temperatures such as below 0
0C, or -20 0C or less may be employed. A more detailed
description of methods suitable for preparing a
polymer with a greater amounts of diene 1,2-addition
stereospecificity is found in Kirk-Othmer Encyclopedia
of Chemical Technology, Third Edition, Volume 4, pages
316-3 17 or in Anionic Polymerisation, Principles and
Practical Applications, Edited by Henry L. Hsieh and
Roderic P. Quirk, pages 209 and 217, 1996, Marcel
Dekker. [0033] In different embodiments, the olefin
polymer block may also be formed with a large amount
of 1,2-addition (i.e. 5 mol % to 95 mol % of branched
groups) by employing the processes or methods
described in US Patent Numbers 5,753,778 (discloses in
column 3, lines 1 to 33 a process using an
alkyllithium initiator for selectively hydrogcnaling a
polymer); 5,910,566 (discloses in column 3, lines 13
to 43 a suitable process, solvent and catalyst for
hydrogenating a conjugated diene); 5,994,477
(discloses in column 3, line 24 to column 4, line 32 a
method for selectively hydrogenating a polymer);
6,020,439 (column 3, lines 30-52 discloses a suitable
catalyst); and 6,040,390 (discloses in column 9, lines
2-17 a suitable catalyst). Typically the amount of
1,2-addition disclosed in the Examples of these
patents range from 30 to 42 % of the butadiene units).
[0034] Suitable vinyl aromatic monomers include
styrene or alkylstyrene (e.g. alpha-methylstyrene,
para-tert-butylstyrene, alpha-ethylstyrene, and
paralower alkoxy styrene). In one embodiment the vinyl
aromatic monomer is styrene. [0035] The vinyl aromatic
monomers (e.g. a substituted styrene) may often be
functionalised with a group including acyl groups or
halo-, alkoxy-, carboxy.hydroxy-, sulphonyl-, nitro-,
nitroso-, and hydrocarbyl-substituents wherein the
hydrocarbyl group typically has 1 to 12 carbon atoms.
[0036] The acyl group may be incorporated into the
vinyl aromatic block under thermal grafting
conditions, optionally in the presence of a Lewis
acid. Suitable Lewis acid catalysts are known in the
art and include BF and com plexes thereof, AlCl 3,
TiCl , or SnCh. Complexes of BF3 include boron tri
fluoride etherate, boron trifluo pde-phenol and boron
trifluoride-phosphoric 



acid. [0037] Thermal grafting conditions are known m
the art and include a reaction temperature of 0 0C to
150 0C. or 10 0C to 120 0C. [0038] The pendant
carbonyl-containing group may be derived from alkyl
acid halides (typically chlorides), alkyl anhydrides
or alkyl-substituted monocarboxylic acids or
derivatives thereof. In different embodiments the
alkyl group contains 6 to 100, or 8 to 80 or 8 to 50
carbon atoms. Examples of a suitable alkyl group
include polyisobutylene, linear or branched dodecyl,
tctradecyl or hexadecyl. [0039] The weight average
molecular weight of the hydrogenated copolymer
typically ranges from 1000 to 1,000,000, or 5,000 to
500,000, or 10,000 to 250,000, or 50,000 to 175,000.
[0040] In different embodiments the polydispersity of
the hydrogenated polymer typically ranges from 1 to
less than 1.6, or 1 to 1.55, or 1 to 1.4, or 1.01 to
1.2. [0041] In one embodiment the polymer of the
invention comprises a back bone derived from 5 to 70
mol %, or 10 mol % to 60 mol %, or 20 mol % to 60 mol
% of the alkenylarene monomer e.g., styrcne. [0042] In
one embodiment the polymer of the invention comprises
a back bone derived from 30 to 95 mol , or 40 mol % to
90 mol %, or 40 mol 7o to 80 mol % of an olefin
monomer e.g., butadiene. [0043] In one embodiment the
polymer of the invention is a block copolymer and
includes regular, random, tapered or alternating
architectures. The block copolymer may be either a
di-block AB copolymer or a tri-block ABA copolymer.
Often the polymer is a di-block AB copolymer. In one
embodiment the polymer is other than a tapered
copolymer. [0044] In one embodiment the pendant
carbonyl-containing group is present on X or Y as
disclosed by the Formulae Block (A) and Block (B)
defined above. [0045] The X and Y groups may be
grafted onto the polymer backbone under free radical
conditions. The free radical conditions are known and
include a reaction temperature of 20 0C to 200 C, or
60 0C to 160 0C. [0046] Alternatively, the invention
may be disclosed by the formulae Block (A) and Block
(B) defined above. [0047] The R group, containing
alkyl or -alkyl-Z groups, may also be defined as a
vinyl group prior to hydrogenation. The 1,2- addition
produces a vinyl group or branching group. The number
of carbons present on an unsubstituted R may be from 1
to 8, or 1 to 4, or about 2 . When R is further substi
tuted, e.g., with a pendant carbonyl containing group,
the number of carbon atoms on R2 increases by the
number of carbon atoms present in the pendant carbonyl
containing group. [0048] The Z group of the -alkyl-Z
and/or the Y group may be grafted onto the vinyl or
branched group or backbone under ene-reaction
conditions. [0049] The ene-reaction conditions are
known and include a reaction temperature of 60 0C to
220 0C, or 100 uC to 200 0C. [0050] R3 may be derived
from vinyl aromatic monomers, or mixtures thereof. In
one embodiment R may be substituted styrene. [0051] In
different embodiments the hydrogenated copolymer may
be a sequential block, random block or regular block
copolymer. In one embodiment the hydrogenated
copolymer is sequential block copolymer. [0052] As
used herein the term 'sequential block copolymer'
means that the copolymer consists of discrete blocks
(A and B). each made up of a single monomer. Examples
include of a sequential block copolymer include those
with A-B or B-A-B architecture. [0053] In different
embodiments the hydrogenated copolymer may be a
linear, a branched or a star copolymer. U[0054] I one
embodiment the hydrogenated copolymer is a linear
copoly mer. [0055] In one embodiment the hydrogenated
copolymer is a star copolymer. [0056] In different
embodiments the hydrogenated copolymer is either a
diblock sequential block copolymer, or a diblock
normal diblock star copoly 



mer. [0057] Tn one embodiment the hydrogenated
copolymer is not a triblock or higher block copolymer.
[0058] In one embodiment the polymer comprises a
backbone of styrenc and 1,3-butadiene. Commercially
available copolymers of styrene and butadiene (i.e. an
unfunctionalised copolymer with X, Y and Z groups
defined as hydrogen from formulae above) with 5 mol %
to 95 mol of butadiene reacted by 1,2- addition
include Lubrizol(r)7408A. Pendant Carbonyl-Containing
Group [0059] The pendant carbonyl-containing group may
be represented by a carboxylic acid or derivatives
thereof, such as an amide- or imide-conlaining group.
The carboxylic acid or derivatives thereof includes
anhydrides, acyl halidcs, or lower alkyl esters
thereof, amides, ketones aldehydes and imides.
Mixtures of such materials can also be used. These
include mono-carboxylic acids (e.g., acrylic acid and
methacrylic acid) and esters, e.g., lower alkyl esters
thereof, as well as dicarboxylic acids, anhydrides and
esters, e.g., lower alkyl esters thereof. Examples of
dicarboxylic acids, anhydrides and esters include
maleic acid or anhydride, fumaric acid, or ester, such
as lower alkyl, i.e.. those containing no more than 7
carbon atoms on the alkyl ester group. [0060] In one
embodiment the dicarboxylic acids, anhydrides and
esters may be represented by the groups of
formulae:[0061] R is hydrogen or hydrocarbyl of up to
8 carbon atoms, such as alkyl, alkaryl or aryl. Each
R' is independently hydrogen or hydrocarbyl, for
instance, lower alkyl of up to 7 carbon atoms (e.g.,
methyl, ethyl, butyl or heptyl). R" may be
independently aromatic (mononuclear or fused
polynuclear) hydrocar bon, representative of an
aromatic amine or polyamine as described below. The
dicarboxylic acids, anhydrides or alkyl esters thereof
typically contain up to 25 carbon atoms total, or up
to 15 carbon atoms. Examples include maleic acid or
anhydride, or succinimidc derivatives thereof; benzyl
maleic anhydride; chloro maleic anhydride; heptyl
maleate; itaconic acid or anhydride; citraconic acid
or anhydride; ethyl fumarate; fumaric acid; mesaconic
acid; ethyl isopropyl maleate; isopropyl fumarate;
hexyl methyl maleate; and phenyl maleic anhy dride.
Maleic anhydride, maleic acid and fumaric acid and the
lower alkyl esters thereof are often used.
Aleohol-Functionalised Polymer [0062] In one
embodiment the polymer of the invention further
comprises an ester group, typically from the reaction
of the carbonyl-containing functional group with an
alcohol. Suitable alcohols may contain I to 40 or 6 to
30 carbon atoms.[0063] Examples of suitable alcohols
include Oxo Alcohol(r) 79 11, Oxu Alcohol(r) 7900 and
Oxo Alcohol(r) 1100 of Monsanto; Alphanol(r) 79 of
ICI; Nafol(r) 1620, Alfol(r) 610 and Alfol(r) 810 of
Condca (now Sasol); Epal(r) 610 and Epal(r) 810 of
Ethyl Corporation; Linevol(r) 79 Linevol(r) 9 11 and
Dobanol (r) 25 L of Shell AG; Lial(r) 125 of Condea
Augusta, Milan; Dehydad(r) and Lorol(r) of Hcnkel KGaA
(now Cognis) as well as Linopol(r) 7-1 1 and
Acropol(r) 9 1 of Ugine Kuhlmann.
Nitrogen-Functionalised Polymer [0064] In one
embodiment the polymer of the invention further
comprises a nitrogen-containing group. In one
embodiment the polymer may be further reacted/grafted
with a nitrogen-containing group to form a
functionalised polymer containing an amine, amide or
imide group. Typically the nitrogencontaining group
reacts with the pendant carbonyl-containing group.
Suitable amines include aliphatic, aromatic or
non-aromatic amines. [0065] The amine functional group
may be (i) bonded to a pendant carbonyl containing
group, e.g., a carboxylic acid to form an imide or
amide functional ity or (ii) the amine may be bonded
directly onto the olefin block polymer (block A).
[0066] In different embodiments the amine functional
group may be derived from a nitrogen-containing
monomer, and/or an amine with a primary and/or
secondary nitrogen. [0067] Examples of suitable
nitrogen-containing monomers include 



(meth)acrylamide or a nitrogen containing
(meth)acrylate monomer (where "(mcth)acrylate" or
"(meth)acryl amide" represents both the acrylic or
methacrylic materials). Typically the
nitrogen-containing compound comprises a
(meth)acrylamide or nitrogen containing (meth)acrylate
monomer and may be represented by the formula:wherein
Q is hydrogen or methyl and, in one embodiment, Q is
methyl; Z is an N-H group or O (oxygen); each R is
independently hydrogen or a hydrocarbyl group
containing 1 to 2 carbon atoms and, in one embodiment,
each R'" is hydrogen; each Riv is independently
hydrogen or a hydrocarbyl group containing 1 to 8 or 1
to 4 carbon atoms; and g is an integer from 1 to 6 and
in one embodiment, g is 1 to 3. [0068] Examples of
suitable nitrogen-containing monomers include
N,Ndimethylacrylamide, N-vinyl carbonamides (such as,
N-vinyl-formamide, Nvinylacetoamide,
N-vinyl-n-propionamides, N-vinyl-i-propionamides,
N-vinyl hydroxyacctoamide, vinyl pyridine, N-vinyl
imidazole, N-vinyl pyrrolidinone, N-vinyl caprolactam,
dimcthylaminoethyl acrylate, dimethylami poethyl
methacrylate, dimethylaminobutylacrylamide,
dimcthylamine propyl methacrylate, dimethyl ami
nopropylacrylamide, dimethyl ami
nopropylmcthacrylamidc, dimethylaminocthylacrylamide
or mixtures thereof. [0069] In one embodiment the
amine is aromatic. Aromatic amines include those which
can be represented by the general structure NH2-Ar or
T-NH-Ar, where T may be alkyl or aromatic, Ar is an
aromatic group, including nitrogencontaining aromatic
groups and Ar groups including any of the following
structures:as well as multiple non-condensed or linked
aromatic rings. In these and related structures, Rv,
RV 1, and Rv" can be independently, among other groups
disclosed herein, -H, -C alkyl groups, nitro groups,
-NH-Ar, -N=N-Ar, -NH-CO-Ar, -OOC-Ar, -OOC-C M S alkyl,
-COO-C M alkyl, -OH, -0-(CH 2CH2-O)0CM 8 alkyl groups,
and -0-(CH 2CH2O 1 1 Ai (where n is Oto 10). [0070]
Aromatic amines include those amines wherein a carbon
atom of the aromatic ring structure is attached
directly to the amino nitrogen. The amines may be
monoamines or polyamines. The aromatic ring will
typically be a mononuclear aromatic ring (i.e., one
derived from benzene) but can include fused aromatic
rings, especially those derived from naphthalene.
Examples of aromatic amines include aniline,
N-alkylanilines such as N-methylaniline and
N-butylaniline, di-(para-mcthylphenyl)amine,
4-aminodiphenylaminc, N,Ndimcthylphenylenediamine,
naphthylamine, 4-(4-nitrophenylazo)aniIine (disperse
orange 3), sulfamethazine, 4-phenoxyaniline,
3-nitroaniline, 4- aminoacetanilide
(N-(4-aminopheny!)acetamide)),
4-amino-2-hydroxy-ben/oic acid phenyl ester (phenyl
amino salicylate), N-(4-amino-phenyl)-benzamidc,
various bepzylamines such as 2,5-dimethoxybenzylamine,
4-phenylazoaniline, and substituted versions of these.
Other examples include para-ethoxyaniline,
para-dodecylaniline, cyclohexyl-substituted
naphthylamine, and thienyisubstituted aniline.
Examples of other suitable aromatic amines include
aminosubstitLitcd aromatic compounds and amines in
which the amine nitrogen is a part of an aromatic
ring, such as 3-aminoquinoline, 5-aminoquinoline, and
8- aminoquinoline. Also included are aromatic amines
such as 2- aminobenzimidazole, which contains one
secondary amino group attached directly to the
aromatic ring and a primary amino group attached to
the imida zole ring. Other amines include
N-(4-anilinophenyl)-3-aminobutanamide or 3-amino
propyl imidazole. Yet other amines include
2,5-dimethoxybenzylamine[0071] Additional aromatic
amines and related compounds are disclosed in U.S.
Patent 6,107,257 and 6,107,258; some of these include
aminocarbazoles, benzoimidazoles, aminoindoles,
aminopyrroles, amino-indazolinones, aminoperimidines,
mercaptotriazoles. aminophenothiazines, aminopypdmes,
aminopyrazines, aminopyrimidines, pyridines,
pyrazines, pyrimidines, aminothiadiazoles,
aminothiothiadiazoles, and aminobenzotriaozles. Other
suitable amines include
3-amino-N-(4-anilinophenyl)-N-isopropyl butanamide,
and N-(4- 



anilinophcnyl)-3-{ (3-aminopropyl)-(cocoalkyl)amino }
butanamide. Other aromatic amines which can be used
include various aromatic amine dye intermediates
containing multiple aromatic rings linked by, for
example, amide structures. Examples include materials
of the general structure and isomeric variations
thereof, where R ' and R1 are independently alkyl or
alkoxy groups such as methyl, methoxy, or ethoxy. In
one instance, Rvm and R' are both -OCH and the
material is known as Fast Blue RR [CAS# 6268-05-9J.
[0072] In another instance, Ri is -OCH and RVI" is -CH
, and the material is known as Fast Violet B
[99-21-8]. When both Rviu and RIX are ethoxy, the
material is Fast Blue BB [120-00-3]. U.S. Patent
5,744,429 discloses other aromatic amine compounds,
particularly aminoalkylphcnothiazines. N-aromatic
substituted acid amide compounds, such as those
disclosed in U.S. Patent application 2003/0030033 Al,
may also be used for the purposes of this inven tion.
Suitable aromatic amines include those in which the
amine nitrogen is a substituent on an aromatic
carboxyclic compound, that is, the nitrogen is not sp
hybridized within an aromatic ring. [0073] The
aromatic amine will typically have an N-H group
capable of condensing with the pendant carbonyl
containing group. Certain aromatic amines are commonly
used as antioxidants. Of particular importance in that
regard arc alkylated diphenylamines such as
nonyldiphenylamine and dinonyldiphenylamine. To the
extent that these materials will condense with the
carboxylic functionality of the polymer chain, they
arc also suitable for use within the present
invention. However, it is believed that the two
aromatic groups attached lo the amine nitrogen may
lead to steric hindrance and reduced reactivity. Thus,
suitable amines include those having a primary
nitrogen atom (-NH2) or a secondary nitrogen atom in
which one of the hydrocarbyl substituents is a
relatively short chain alkyl group, e.g., methyl.
Among such aromatic amines are 4-phenylazoaniline,
4-aminodiphenylamine, 2-aminobenzimidazole, and
N,N-dimethylphenylenediamine. Some of these and other
aromatic amines may also impart antioxidant
performance to the polymers, in addition to
dispersancy and other properties. [0074] In one
embodiment of the invention, the amine component of
the reaction product further comprises an amine having
at least two N-H groups capable of condensing with the
carboxylic functionality of the polymer. This material
is referred to hereinafter as a "linking amine" as it
can be employed to link together two of the polymers
containing the carboxylic acid functionality. It has
been observed that higher molecular weight materials
may provide im proved performance, and this is one
method to increase the material's molecular weight.
The linking amine can be either an aliphatic amine or
an aromatic amine; if it is an aromatic amine, it is
considered to be in addition to and a distinct element
from the aromatic amine described above which
typically will have only one condensable or reactive
NH group, in order to avoid excessive crosslinking of
the polymer chains. Examples of such linking amines
include ethylenediamine, phenylcnediamine, and
2,4-diaminotoluene; others include propylenediamine,
hexamethylenediamine, and other,
w-polymelhylenediamines. The amount of reactive
functionality on such a linking amine can be reduced,
if desired, by reaction with less than a
stoichiometric amount of a blocking material such as a
hydrocarbyl-substiluted succinic anhydride. [0075] In
one embodiment the amine comprises nitrogen-containing
compounds capable of reacting directly with a polymer
backbone. Examples of suitable amines include
N-p-diphenylamine, 4-anilinophenyl methacrylamide, 4-
anilinophcnyl malcimidc, 4-anilinophenyl itaconamide,
acrylatc and methacrylate esters of
4-hydroxydiphenylamine, the reaction product of
paminodiphenylaminc or p-alkylaminodiphenylamine with
glycidyl methacrylate, the reaction product of
p-aminodiphcnylamine with isobutyraldehyde, deriva
tives of p-hydroxydiphenylamine; derivatives of
phcnothiazinc, vinylogous derivatives of diphenyl
amine, or mixtures thereof. [0076] The
nitrogen-containing compound may be directly reacted
onto the polymer backbone by grafting of the amine
onto the polymer backbone either (i) in a solution
using a solvent, or (ii) under reactive extrusion
conditions in the presence or absence of solvent. The
aminc-functional monomer may be grafted 



onto the polymer backbone in multiple ways. In one
embodiment, the grafting takes place by a thermal
process via an "ene" reaction. In one embodiment the
grafting takes place by a Friedel Crafts acylating
reaction. In another embodi ment the grafting is
carried out in solution or solid form through a free
radical initiator. Solution grafting is a well-known
method for producing grafted polymers. In such a
process, reagents are introduced either neat or as
solutions in appropriate solvents. The desired polymer
product must sometimes then be separated form the
reaction solvents and/or impurities by appropriate
purifica tion steps. [0077] In one embodiment the
nitrogen-containing compound may be directly reacted
onto the polymer backbone by free radical catalysed
grafting of the polymer in solvents like benzene,
t-butyl benzene, toluene xylene, or hexane. The
reaction may be carried out at an elevated temperature
in the range of 100 0C to 250 C or 120 0C to 230 C. or
160 0C to 200 0C, e.g., above 160 0C, in a solvent,
such as a mineral lubricating oil solution containing,
e.g., 1 to 50, or 5 to 40 wt. %, based on the initial
total oil solution of said polymer and preferably
under an inert environment. [0078] The molecular
weight of the functionaliscd polymer will be corre
spondingly somewhat higher than the ranges given above
for the polymer. However, the weight average and
number weight molecular weights for functionalised
polymer may be readily estimated on the basis of the
amount and molecular weight of the amine or
alcohol.Oil of Lubricating Viscosity [0079] The
composition comprises an oil of lubricating viscosity.
Such oils include natural and synthetic oils, oil
derived from hydrocracking, hydrogenation, and
hydrofinishing, unrefined, refined and re-refined oils
and mixtures thereof. [0080] Unrefined oils are those
obtained directly from a natural or synthetic source
generally without (or with little) further
purification treatment. [0081] Refined oils are
similar to the unrefined oils except they have been
further treated in one or more purification steps to
improve one or more propcrties. Purification
techniques are known in the art and include solvent
extraction, secondary distillation, acid or base
extraction, filtration, percolation and the like.
[0082] Re-refined oils are also known as reclaimed or
reprocessed oils, and are obtained by processes
similar to those used to obtain refined oils and often
are additionally processed by techniques directed to
removal of spent additives and oil breakdown products.
[0083] Natural oils useful in making the inventive
lubricants include animal oils, vegetable oils (e.g.,
castor oil, lard oil) mineral lubricating oils such as
liquid petroleum oils and solvent-treated or
acid-treated mineral lubricating oils of the
paraffinic, naphthenic or mixed paraffinic-naphthenic
types and oils derived from coal or shale or mixtures
thereof. [0084] Synthetic lubricating oils are useful
and include hydrocarbon oils such as polymerised and
interpolymerised olefins (e.g., polybutylcnes,
polypropylenes, propyleneisobutylene copolymers);
poly(l-hexenes), poly( l-octencs), poly(l-decenes),
and mixtures thereof; alkyl-bcnzenes (e.g.
dodecylbenzenes, tetradecylbenzenes, dinonylben/enes,
di-(2-ethylhexyl)-benzenes); polyphenyls (e.g.,
biphenyls, terphenyls, alkylated polyphenyls);
alkylated diphenyl ethers and alkylated diphenyl
sulphides and the derivatives, analogs and homologs
thereof or mixtures thereof. [0085] Other synthetic
lubricating oils include liquid esters of
phosphoruscontaining acids (e.g., tricresyl phosphate,
trioctyl phosphate, and the diethyl ester of decane
phosphonic acid), and polymeric tetrahydrofurans.
Synthetic oils may be produced by Fischer-Tropsch
reactions and typically may be hydroisomerised
Fischer-Tropsch hydrocarbons or waxes. In one
embodiment oils may be prepared by a Fischer-Tropsch
gas-to-liquid synthetic procedure as well as other
gas-to-liquid oils. [0086] Oils of lubricating
viscosity may also be defined as specified in the
American Petroleum Institute (API) Base Oil
Interchangeability Guidelines. The five base oil
groups are as follows: Group I (sulphur content >0.03
wt % and/or <90 wt % saturates viscosity index
80-120); Group II (sulphur content 



<0.03 wt %, and >90 wt % sal urates, viscosity index
80-120); Group III (sulphur content <0.03 wt %, and
>90 wt % saturates, viscosity index >120); Group IV
(all polyalphaolefins (PAOs)); and Group V (all others
not included in Groups 1, IT, TII, or IV). The oil of
lubricating viscosity comprises an API Group I , Group
II, Group ITT, Group IV, Group V oil or mixtures
thereof. Often the oil o f lubricating viscosity is an
API Group 1, Group II, Group III, Group IV oil or
mixtures thereof. Alternatively the oi l of
lubricating viscosity is often an API Group T, Group
II, Group 111 oil or mixtures thereof. [0087] The
lubricant composition may be in the form of a
concentrate and/or a fully formulated lubricant. If
the polymer of the present invention is in the form of
a concentrate (which may be combined with additional
oil to form, in whole or in part, a finished
lubricant), the ratio of the polymer to the oil of
lubricating viscosity and/or to diluent oil include
the ranges of 1:99 Io 99: 1 by weight, or 80:20 to
10:90 by weight. Other Performance Additives [0088]
The composition optionally comprises other performance
additives. The other performance additives comprise at
least one o f melal deactivators, conventional
detergents (detergents prepared by processes known in
the art), dispersants, viscosity modifiers, friction
modifiers, antiwear agents, corrosion inhibitors,
dispersant viscosity modifiers, extreme pressure
agents, antiscuffing agents, antioxidants, foam
inhibitors, dcmulsifiers, pour point depressants, seal
swelling agents and mixtures thereof. Typically,
fully- formulated lubricating oil will contain one or
more o f these performance additives.Dispersants
[0089J Dispersants are often known as ashless-type
dispersants because, prior to mixing in a lubricating
oiJ composition, they do not contain ash-forming
metals and they do not normally contribute any ash
forming metals when added to a lubricant and polymeric
dispersants. Ashless type dispersants are character
ised by a polar group attached to a relatively high
molecular weight hydrocar bon chain. Typical ashless
dispersants include N-substituted long chain alkenyl
SLiccinimidcs. Examples of N-substituted long chain
alkenyl succinimidcs include polyisobutylene
succinimide with number average molecular weight of
the polyisobutylene substituent in the range 350 to
5000, or 500 to 3000. Succinimide dispersants and
their preparation are disclosed, for instance in IfS
Patent 4,234,435. Succinimide dispersants are
typically the imide formed from a polyaminc, typically
a poly(ethyleneamine). [0090] In one embodiment the
invention further comprises at least one dispersant
derived from polyisobutylene succinimide with number
average molecular weight in the range 350 to 5000, or
500 to 3000. The polyisobutylene succinimide may be
used alone or in combination with other dispersants.
[0091] In one embodiment the invention further
comprises at least one dispersant derived from
polyisobutylene, an amine and zinc oxide to form a
polyisobutylene succinimide complex with zinc. The
polyisobutylene succinim ide complex with zinc may be
used alone or in combination. [0092] Another class of
ashless dispersant is Mannich bases. Mannich
dispersants are the reaction products of alky] phenols
with aldehydes (especially formaldehyde) and amines
(especially polyalkylene polyamines). The alky I group
typically contains at least 30 carbon atoms. [0093]
The dispersants may also be post-treated by
conventional methods by a reaction with any of a
variety of agents. Among these are boron, urea, thio
urea, dimercaptothiadiazoles, carbon disulphide,
aldehydes, ketones, carboxylic acids,
hydrocarbon-substituted succinic anhydrides, maleic
anhydride, nitriles, epoxides, phosphorus compounds
and/or metal compounds. 9 ?[0094] The dispersant may
be present at 0 wt % to 20 wt %, or 0 .1 wt % to 15 wt
%, or 0 .1 w L% to 10 wt %, or 1 wt % to 6 wt %, or 7
wt to 12 wt of the lubricating composition. Detergents
[0095] The lubricant composition optionally further
comprises other known neutral or overbased detergents.
Suitable detergent substrates include phenatcs,
sulphur containing phcnates, sulphonatcs, salixaratcs,
salicylates, carboxylic 



acid, phosphorus acid, mono- and/or di- thiophosphoric
acid, alkyl phenol, sulphur coupled alkyl phenol
compounds, or saligenins. Various overbased detergents
and their methods of preparation are described in
greater detail in numerous patent publications,
including WO2004/096957 and references cited therein.
[0096] The detergent may be present at 0 wt % to 10 wt
%, or 0.1 wt % to 8 wt %, or 1 wt % to 4 wt %, or
greater than 4 to 8 wt 0Ic. Antioxidants [0097]
Antioxidant compounds are known and include for
example, sulphur ised olefins, diphenylamines,
hindered phenols, molybdenum compounds (such as
molybdenum dithiocarbamales), and mixtures thereof.
Antioxidant com pounds may be used alone or in
combination. The antioxidant may be present in ranges
0 wt % to 20 wt 7c , or 0 .1 wt % to 10 wt %, or 1 wt
% to 5 wt %, of the lubricating composition. [0098]
The hindered phenol antioxidant often contains a
secondary butyl and/or a tertiary butyl group as a
sterically hindering group. The phenol group is often
further substituted with a hydrocarbyl group and/or a
bridging group linking to a second aromatic group.
Examples of suitable hindered phenol antioxidants
include 2,6-di-tert-butylphenol,
4-methyl-2,6-di-tert-butylphenol,
4-cthyl-2,6-di-tert-butylphenol,
4-propyl-2,6-di-lert-butylphenol or 4-butyl-2,6-
di-iert-butyiphenol, or
4-dodecyl-2,6-di-tcrt-butylphenol. In one embodiment
the hindered phenol antioxidant is an ester and may
include, e.g., lrganox IM L- 135 from Ciba. A more
detailed description of suitable ester-containing hin
dered phenol antioxidant chemistry is found in US
Patent 6.559,105.[0099] Suitable examples of
molybdenum dithiocarbamates which may be used as an
antioxidant include commercial materials sold under
the trade names such as Molyvan 822(tm) and
Molyvan(tm) A from R. T. Vanderbilt Co., Ltd., and
Adeka Sakura-Lube(tm) S-I OO, S- 165 and S-600 from
Asahi Denka Kogyo K. K and mixtures thereof. Viscosit
y Modifiers [0100] Although the polymers of the
present invention may serve as viscosity modifiers,
additional viscosity modifiers of other types may also
be present. Such viscosity modifiers are well known
materials and include hydrogenated styrenebutadiene
rubbers, ethylene-propylene copolymers, hydrogenated
styrcncisoprene polymers, hydrogenated radical
isoprene polymers, poly(meth)acrylates (often
polyalkylmethacrylates), polyalkyl styrcnes,
polyolefins and esters of maleic anhydride-styrene
copolymers, or mixtures thereof. Such additional
viscosity modifiers may be present in ranges including
0 wt % to 15 wt , or 0.1 wt % to 10 wt % or 1wt % to 5
wt % of the lubricating composition. Antiwear Agents
[0101] The lubricant composition optionally further
comprises at least one other antiwear agent. The
antiwear agent may be present in ranges including 0 wt
% to 15 wt %, or 0 .1 wt % to 10 wt % or 1 wt % to 8
wt % of the lubricating composition. Examples of
suitable antiwear agents include phosphate esters,
sulphurised olefins, sulphur-containing ashless
anti-wear additives are metal
dihydrocarbyldithiophosphates (such as zinc
dialkyldithiophosphates), thiocarbamate- containing
compounds, such as thiocarbamate esters, thiocarbamate
amides, thiocarbamic ethers, alkylcne-coupled
thiocarbamates, and bis(Salkyldithiocarbamyl)
disulphides. [0102] The dithiocarbamate-containing
compounds may be prepared by reacting a
dithiocarbamate acid or salt with an unsaturated
compound. The dithiocarbamale containing compounds may
also be prepared by simultaneously reacting an amine,
carbon disulphide and an unsaturated compound.
Generally, the reaction occurs at a temperature of 25
0C tol25 0C. US Patents 4,758,362 and 4,997,969
describe dithiocarbamate compounds and methods of
making them.[0103] Examples of suitable olefins that
may be sulphurised to form an the sulphurised olefin
include propylene, butylene, isobutylene, pentene,
hexane, heptene, octane, nonene, decene, undecene,
dodecene, undecyl, tridecene, tetradecene,
pentadecene, hexadecene, heptadecene, octadeccne,
octadcccnene, nonodecene, eicosene or mixtures
thereof. In one embodiment, hexadecene, heptadecene,
octadccenc, octadeccncnc, nonodecene, eicosene or
mixtures 



thereof and their dimers, trimers and tetramers are
especially useful olefins. Alternatively, the olefin
may be a Diels-Alder adduct of a diene such as
1,3-butadiene and an unsaturated ester, such as,
butylacrylate. [0104J Another class of sulphurised
olefin includes fatty acids and their esters. The
fatty acids are often obtained from vegetable oil or
animal oil; and typically contain 4 to 22 carbon
atoms. Examples of suitable fatty acids and their
esters include triglycerides, oleic acid, linoleic
acid, palmitoleic acid or mixtures thereof. Often, the
fatty acids are obtained from lard oil, tall oil,
peanut oil, soybean oil, cottonseed oil, sunflower
seed oil or mixtures thereof. In one embodiment fatty
acids and/or ester are mixed with olefins. [0105] In
an alternative embodiment, the ashless antiwear agent
may be a monoester of a polyol and an aliphatic
carboxylic acid, often an acid containing 12 to 24
carbon atoms. Often the monoester of a polyol and an
aliphatic carboxylic acid is in the form of a mixture
with a sunflower oil or the like, which may be present
in the friction modifier mixture include 5 to 95, or
in other embodiments 10 to 90, or 20 to 85, or 20 to
80 weight percent of said mixture. The aliphatic
carboxylic acids (especially a monocarboxylic acid)
which form the esters are those acids typically
containing 12 to 24 or 14 to 20 carbon atoms. Examples
of carboxylic acids include dodecanoic acid, stearic
acid, laiiric acid behenic acid, and oleic acid.
[0106] Polyols include diols triols, and alcohols with
higher numbers of alcoholic OH groups. Polyhydric
alcohols include ethylene glycols, including di-, tri-
and tetraethylenc glycols; propylene glycols,
including di-, tri- and tetrapropylene glycols;
glycerol; butane diol; hexane diol: sorbitol;
arabitol; mannitol; sucrose; fructose; glucose;
cyclohexane diol: erythritol; and pentaerythritols,
including di- and tripentacrythritol. Often the polyol
is diethylene glycol, tricthylene glycol, glycerol,
sorbitol, pentaerythritol or dipentaerythritol. [0107]
The commercially available monoesler known as
"glycerol monooleate" is believed to include 60 + 5
percent by weight of the chemical species glycerol
monooleate, along with 35 + 5 percent glycerol
dioleate, and less than 5 percent trioleate and oleic
acid. The amounts of the monocstcrs described above,
are calculated based on the actual, corrected, amount
of polyol monoester present in any such mixture.
Antiscuffing Agents [0108] The lubricant composition
may also contain an antiscuffing agent. Anliscuffing
agent compounds are believed to decrease adhesive wear
are often sulphur-containing compounds. Typically the
sulphur-containing compounds include organic sulphides
and polysulphides, such as dibenzyldisulphide, bis-
(chlorobenzyl) disulphide, dibutyl tetrasulphidc,
di-tcrtiary butyl polysulphide, sulphurised methyl
ester of oleic acid sulphurised alkylphenol,
sulphurised dipentene, sulphurised terpcne,
sulphurised Diels-Alder adducts, alkyl sulphenyl
N'N-dialkyl dilhiocarbamates, the reaction product of
polyamines with polybasic acid esters, chlorobutyl
esters of 2,3-dibiOmopropoxyisobutyric acid,
aceloxymethyl esters of dialkyl dithiocarbamic acid
and acyloxyalkyl ethers of xanthogenic acids and
mixtures thereof. Extreme Pressure Agents [0109]
Extreme Pressure (EP) agents that are soluble in the
oil include sulphur- and chlorosulphur-conlaining EP
agents, chlorinated hydrocarbon EP agents and
phosphorus EP agents. Examples of such EP agents
include chlorinated wax; organic sulphides and
polysulphides such as dibenzyldisulphide, bis-
(chlorobenzyl) disulphide, dibutyl tetrasulphidc,
sulphurised methyl ester of oleic acid, sulphurised
alkylphenol, sulphurised dipentene, sulphurised
terpene, and sulphurised Diels-Alder adducls;
phosphosuJphuriscd hydrocarbons such as the reaction
product of phosphorus sulphide with turpentine or
methyl oleate: phosphorus esters such as the
dihydrocarbon and tri hydrocarbon phosphites, e.g.,
dibutyl phosphite, diheptyl phosphite dicyclohexyl
phosphite, pentylphenyl phosphite; dipcntylphenyl
phosphite, lridecyl phosphite, distearylphosphite and
polypropylene substituted phenol phosphite; metal
thiocarbamates such as zinc dioctyldithiocarbamate and
barium heptylphcnol diacid; the zinc salts of a
phosphorodithioic acid; amine salts of alkyl and
dialkylphosphoric acids, including, for example, the
amine salt of the reaction product of a
dialkyldithiophosphoric 



acid with propylene oxide; and mixtures thereof. Other
Additives [0110] Other performance additives such as
corrosion inhibitors include those described in
paragraphs 5 to 8 of US Application US05/038319 (filed
on October 25, 2004 McAfee and Boyer as named
inventors), octylamine octanoate, condensation
products of dodecenyl succinic acid or anhydride and a
fatty acid such as oleic acid with a polyamine. In one
embodiment the corrosion inhibi tors include the
Synalox(c) corrosion inhibitor. The Synalox corrosion
inhibitor is typically a homopolymer or copolymer of
propylene oxide. The Synalox(r) corrosion inhibitor is
described in more detail in a product brochure with
Form No. 118-01453-0702 AMS, published by The Dow
Chemical Company. The product brochure is entitled '
SYNALOX Lubricants, High-Performance PoIyglycols for
Demanding Applications." [0111] Metal deactivators
including derivatives of benzotriazoles,
dimercaptothiadiazole derivatives, 1,2,4-tria/ ules,
benzimidazoles, 2-alkyldithiobcnzimidazoles, or
2-alkyldithiobenzothiazoles; foam inhibitors including
copoly mers of ethyl acrylate and 2-ethylhexylacrylale
and optionally vinyl acetate; demulsifiers including
trialkyl phosphates, polyethylene glycols,
polyethylene oxides, polypropylene oxides and
(ethylene oxide-propylene oxide) polymers; pour point
depressants including esters of maleic
anhydride-styrene, polymethacrylates, polyacrylatcs or
polyacrylamides; and friction modifiers including
fatty acid derivatives such as amines, esters,
epoxides, fatty imidazolines, condensation products of
carboxylic acids and polyalkylene-polyamines and amine
salts of alkylphosphoric acids may also be used in the
lubricant composi tion. Friction modifiers may be
present in ranges including 0 wt % to 10 wt % or 0 .1
wt % to 8 wt % or 1 wt % to 5 wt % of the lubricating
composition.Industrial Application [0112] The polymer
of the invention is suitable for any lubricant composi
tion. The polymer may be employed as a viscosity
modifier and/or a dispersant viscosity modifier (often
referred to as a DVM). 5 [0113] In one embodiment the
polymer of the invention provides at least one of
acceptable viscosity modifying performance, acceptable
dispersant perform ance, and acceptable soot and
sludge handling. When the polymer of the invention is
used in an engine oil lubricant composition, it
typically further provides acceptable fuel economy
performance or acceptable soot and sludge IU handling.
[01 14] In one embodiment for fuel economy
performance, the polymer comprises an aromatic amine.
[0115] In one embodiment for acceptable soot and
sludge handling the polymer comprises a non-aromatic
amine. 15 [0116] Examples of a lubricant include an
engine oil for a 2-stroke or a 4-stroke internal
combustion engine, a gear oil, an automatic
transmission oil, a hydraulic fluid, a turbine oil, a
metal working fluid or a circulating oil. [0117] In
one embodiment the internal combustion engine may be a
diesel fuelled engine, a gasoline fuelled engine, a
natural gas fuelled engine or a mixed 0
gasoline/alcohol fuelled engine. In one embodiment the
internal combustion engine is a diesel fuelled engine
and in another embodiment a gasoline fuelled engine.
[0118] The internal combustion engine may be a
2-slroke or 4-stroke engine. Suitable internal
combustion engines include marine diesel engines,
aviation 5 piston engines, low-load diesel engines,
and automobile and truck engines. [0119] The lubricant
composition for an internal combustion engine may be
suitable for any engine lubricant irrespective of the
sulphur, phosphorus or sulphated ash (ASTM D-874)
content. The sulphur content of the engine oil
lubricant may be 1 wt % or less, or 0.8 wt % or less
or 0.5 wt % or less, or 0.3 0 wt % or less. The
phosphorus content may be 0.2 wt % or less, or 0 .1 wt
% or less, or 0.085 wt % or less, or even 0.06 wt % or
less, 0.055 wt % or less, or 0.05 wl % or less. The
total sulphated ash content may be 2 wt % or less, or
1.5wt % or less, or J .I wt % or less, or 1 wl % or
less, or 0.8 wt % or less, or 0.5 wt % or less. [0120]
In one embodiment the lubricating composition is an
engine oil, 



wherein the lubricating composition has a (i) a
sulphur content of 0.5 wt % or less, (ii) a phosphorus
content of 0.1 wt % or less, and (iii) a sulphated ash
content of 1.5 wt % or less. [0121 J In one embodiment
the lubricating composition is suitable for a 2-
stroke or a 4-stroke marine diesel internal combustion
engine. In one embodi ment the marine diesel
combustion engine is a 2-slroke engine. The polymer of
the invention may be added to a marine diesel
lubricating composition at 0.01 to 20 wt %, or 0.05 to
10 wt %, or 0.1 to 5 wt %. [0122] In several
embodiments a suitable lubricating composition
comprises additives present on an actives basis in
ranges as shown in Table I a and Ib. Table I aTable Ib
[0123] The following examples provide an illustration
of the invention. These examples are non exhaustive
and are not intended to limit the scope of the
invention. EXAMPLES [0124] As used herein below the
styrene-butadiene copolymer has a vinyl group content
(prior to hydrogenalion) on the butadiene blocks of
between 40 and 65 mole %. Styrenc-Butadiene Copolymer
Functionalised with Maleic Anhydride [0125] A
styrenc-butadicne copolymer functionalised with maleic
anhydride is prepared by the process described below.
Hydrogenaled slyrene-butadicnc resin ("SBR") is added
to hot (120 UC) t-butylben/ene ( 10 mL/gsm*) in a
flange flask with a 5-peck lid (with gasket) and
equipped with nitrogen inlet for a nitrogen flow of
470 cnrVmin (or 1 SCFH nitrogen), overhead stirrer and
stirrer guide, dropping funnel, double walled water
condenser and immersion tempera ture probe with
stirring (50 rpm) under nitrogen until dissolved.
Maleic anhy dride is then added (in an amount suitable
to provide the incorporation shown in Table 2 ;
typically 1 g will provide 0.4 g grafted onto the
polymer) and stirred (400 rpm) and the mixture is
heated to 13O0C. The addition funnel is charged with
di(t-butyl)peroxide ( 1:3 molar ratio of initiator to
maleic anhydride) in tbutylbenze pe (2.5 mL/gsBi0 and
added dropwisc to the hot solution over 60 minutes.
The reaction is stirred for a further 3 hours and
approximately 65-70%of initial solvent is removed
gradually under vacuum over 2 hours at 7 Io 95 kPa
(0.07 to 0.95 bar or 2-28" Hg at 13O0C) and cooled to
room temperature. The reaction mixture is treated with
toluene ( 1.25 mL/gsm*) and cooled in butanol- CO2
bath (-30 min). The toluene solution is added
gradually to cold (-4O0C) methanohisopropanol ( 1:1,
2.5 mL/gsBiO with constant stirring and the resulting
white precipitate is filtered under vacuum and dried
on the filter under vacuum for 2 hours. Samples are
dried under vacuum at 500C until no further weight
loss is observed. Specific examples are prepared by
using the method described above in combination with
the data shown in Table 2 . It is noted that lightly
Crosslin ked polymers obtained from reactions
involving high initiator charges (e.g. with a target
graft of 3 wt % to 5 wt % maleic anhydride (MAA) with
1:2 MAA: initiator ratio) in initial laboratory
preparations are slower to dissolve in oil and
typically require prolonged mixing and/or heating.
Table 2Where tBuO2 is tertiary butyl peroxide, tBuPh
is tertiary butyl benzene, PhCl is chlorobenzenc, SBR
is styrene-butadiene copolymer, BPO is benzoyl
peroxide, and MAA is malcic anhydride. Preparative
Examples 11 to 20: Amine Functionalised Copolymers
[0126] Styrene-butadiene copolymers functionalised
with maleic anhydride (prepared from solution grafting
of maleic anhydride) may be further reacted with an
amine. The process for preparing an
amine-functionalised polymer is described below.
Hydrogenated SBR-g-MAA is added to base oil (e.g.,
Nexbase IM 3050) (89 wi%) heated to 1500C in a flange
flask/five neck lid and gasket, fitted with nitrogen
inlet (470 cmVmin, 1 SCFH nitrogen, non subsur face),
overhead stirrer, stirrer guide and immersion
temperature probe. The polymer-oil solution is heated
for minimum 2.5 hours. 4-aminodiphenylaminc (ADPA,
1:1, C=O:N) and an amphoteric surfactant ( 1 wt%) as a
slurry in toluene are added over a period of 5 minutes
and stirred for a minimum of 18 hours. The vessel is
fitted with immersion addition tube and DMAPA
(dimethylaminopropyl 



amine) (1:0. J5, C=O:N) in toluene are then added and
before stirring for 2 hours. The vessel is equipped
for vacuum distillation, and volatile components are
distilled at 160 0C and 95 kPa (0.95 bar or 28" Hg).
The resultant viscous oil/gel is cooled to 100C and
transferred whilst hot. Specific Examples are prepared
by using the process described above and the
information contained in Table 3 . In some instances
polymers with a higher than expected residual
acid/anhydride have poorer oil solubility.Tabic 3
Where ADPA is 4-aminodiphenylamine; DO3 is disperse
orange-3. Rheology Test [0127] A series of samples
prepared above are evaluated in a drain oil rheology
test. The samples are analysed using the oscillation
rheology test with a TA Instruments AR500(tm)
rheometer in oscillation mode. The lest geometry is a
40 mm flat top plate, and the sample is placed
directly onto the flat variable temperature peltier
plate of the rheometer. The samples arc pre-shcared
for 30 seconds at a shear stress of 0.080 Pa to ensure
that all samples have a similar baseline shear
history. The samples are allowed to equilibrate for 5
minutes before the oscillation test is initiated. The
samples are equilibrated for a further 1 minute
between each temperature step. Sample evaluation is
performed with a temperature sweep test at a constant
strain of 0.06, covering the temperature range of 40
0C to 150 0C with measurements taken at a total of 30
points. G' is the elastic, or storage modulus, and is
defined in more detail in The Rheology Handbook,
Thomas G. Mczgcr (edited by Ulrich ZoIl), Published by
Vinccntz, 2002, ISBN 3-87870-745-2, p . 117.
Generally, better results arc obtained for samples
with a lower G' value. The data obtained is presented
in Table 4 .Table 4 Where G'(.viax) refers to the
measurement of the peak G' value exhibited by the
sample during the temperature sweep rheology
experiment; DG' refers to the measurement of the
height of the G' peak obtained during the temperature
sweep rheology, by subtracting the G value of the
minimum prior to the peak from the G max value; G'
ratio refers to a ratio of the G' max of a candidate
species to that of the equivalent reference oil to
provide a normalised measure o reduction in structure
build-up; and DG' Ratio refers to the change in DG'
between candidate and the equivalent reference oil.
[0128] A representative sooted drain oil value has
been included as a base line. The sooted drain oil is
analysed prior to each sample to allow G' ratio
calculation (ratio of sooted drain oil and sooted oil
containing DVM G'(Max) ratio). [0129] The results
obtained for the rheology screen test indicate that
the polymer of the invention reduces soot structure
build-up relative to untreated drain oil. Lubricating
Compositions [0130] The lubricating compositions
contain a viscosity modi fier (defined by the present
invention or a reference comparative example (olefin
copolymer)) and an additive package. An additive
package containing detergents, dispersants, zinc
dialkyldithiophosphates, antioxidants, pour point
depressants, frictionmodifiers, corrosion inhibitors,
and compalabi users is added to lubricant formu
lations in Table 5. Table 5 T H Where the superscript
represents theoretical values for phosphorus and
sulphur content; and CEl, CE2 and CE3 are comparative
Examples 1 to 3 respectfully. KVlOO is Kinematic
Viscosity at 100 0C; HTHS is high tempera ture high
shear measurement as determined by CEC-L-36-A-90; and
CCS is cold crank simulator viscosity, in centipoise.
Test 1: CEC-L-51-A-98 [0131] The lubricant
formulations of comparative example 1 and example 1
are both tested in an OM602A engine test. The test
procedure is CEC-L-5 1-A- 98 as laid out for the ACEA
(European Automobile Manufacturers Association) oil
sequences. The results obtained are presented in Table
6 .Table 6 



Where MB229.31 and MB229.5 1 are Mercedes Benz
specifications. [0132] The results of the OM602A
engine test indicate that the inclusion of the polymer
of the invention into a lubricating composition
provides the compo sition with a lower average cam
wear result and improvements in soot, sludge and
deposit control. Test 2 : Volkswagon TDi Engine Test
[0133] Comparative Example 2 and Example 2 are both
evaluated in a Volkswagen 1M TDi engine. The test
procedure follows the PV1452 and CEC L- 78-T-99
methods as laid out in the ACEA oil sequences.
Typically it is known that increasing the amount of
polymer in a lubricating composition results in
reduced piston cleanliness. The results obtained for
the lest are presented in Table 7 .Tabic 7 L0134J The
results demonstrate that the polymer of the invention
may be added into a lubricating composition at a
higher wt % without having a detri mental affect on
piston cleanliness. Test 3 : Peugeot DV4 Engine Test
[0135J Comparative Example 3 and Example 3 are run in
the Peugeot DV4 as per procedure CEC-L-093 and the
ACEA oil sequences. The results obtained are presented
in Table 8. Table 8 [0136] The results indicate that
the polymer of the invention in a lubricating
composition has acceptable soot control and causes a
lower soot related viscos ity increase than a
comparative example. Test 4 : Panel Coker [0137J A
series of lubricating compositions (Examples 4 and 5;
and Com parative Examples 4 to 8) are prepared by
blending a polymer and other pe r formance additives
into an oil of lubricating viscosity. The difference
between the Examples and Comparative Examples are (i )
the viscosity modfier polymer and (ii) the sulphur,
phosphorus and sulphated ash content. Comparative Exam
ples 4 and 7 (CE4 and CE7) have an olefin copolymer
viscosity modifer; Com parative Examples 5 and 8 (CE5
and CE8) have a conventional styrcnc-isoprenc polymer;
and Examples 4 and 5 (EX4 and EX5) have a
styrene-butadienepolymer as defined by the invention.
The 'Low SAPS Engine Oil' has a phos phorus content of
0 . 1 wt % or less a sulphur content of 0.5 vvt % or
less and a siilphated ash content of 1.5 wt % or less.
The 'High SAPS Engine Oil' has the sulphur, phosphorus
and sulphated ash content of greater than 0.1 wt %,
greater than 0.5 wt % and greater than 1.5 wt
respectively. [0138] The lubricating compositions are
tested in a Panel Coker heated to 325 C, with a sump
temperature of 95 0C, and a splash/bake cycle of
45s/45s. The airflow is 350 ml/min, with a spindle
speed of 1000 rpm and the test lasts for 4 hours. The
results obtained are presented in Table 9. Table 9
[0139] The results obtained indicate that the polymer
of the invention in lubricating compositions with
different levels of have improved in high tem perature
deposit control compared with the Comparative
Examples. Test 5 : ASTM D5293 [0140] Example 6 and
Comparative Example 8 are 5W-30 lubricating com
positions and are evaluated using the test method
D5293. Both examples contain 8 .1 wt % of a
performance package (containing dispersants, antioxi
dants, detergents and antiwear agents) and 0.2 wt % of
a pour point depressant. The test determines the low
temperature viscometrics. Typically better results are
obtained for samples with a lower value for CCS at -30
uC. The results obtained are presented in Table
10.Tabic 10 [0141] The data obtained indicate that the
polymer of the invention in a lubricating composition
has better low temperature viscometrics than the
comparative Example. Therefore the polymer of the
invention in a lubricating composition has acceptable
fuel economy. Lubricating Compositions EX7, CE9 and
CElO [0142] Lubricating compositions EX7, CE9 and CElO
all contain a dispersant viscosity modifier derived
from functionalising a polymer backbone with 



maleic anhydride and further reacted with either (a)
4-ADPA (EX7), or (b) a mixture of DO-3 and
3-nitroanaline (CE9 and CEl O). The lubricating
composi tions EX7, CE9 and CElO further contain an
additive package with 3 wt % dispersants, 1.4 wt %
detergents, 0.5 wt % antiwcar agents. 1.4 wl % antioxi
dants. Test 6 : Volkswagon PV1452 Test [0143] The
lubricating compositions EX7, CE9 and CEl O are
evaluated in the Volkswagen(tm) TDi engine following
procedure PV1452 and CEC L-78-T-99 as laid out in the
ACEA oil sequences. The results obtained are given in
Table 11. Table 11[0144] The data obtained indicates
that the polymer of the invention in a lubricating
composition has acceptable ring stick, gas blowing and
oil consump tion compared to the Comparative Examples
[0145] Furthermore oils CE9 and EX7 are evaluated in a
glass hot tube test. The test involves recirculating a
5 ml sample of oil through a narrow glass tube at 300
0C with an air flow of 10 ml/min for 20 hours. The
tubes are rated on a scale 0 to 100 units, with 0
being a black tube and 100 being a clear tube.
Typically better results are obtained for samples with
a higher rating. The used oil is also tested for
viscosity (ASTM D445) and total acid number TAN (ASTM
D664). The percentage difference between the starting
oil and end of test oil is calculated for the
viscosity data. The absolute difference between the
starting oil TAN and end o test oil TAN is also
calculated. The results obtained are: Table 12 Where
KV40 is Kinematic Viscosity at 40 C. [0146] The data
shows that the polymer of the invention in a
lubricating oil composition provides acceptable
deposit control, viscosity control and TAN control
compared to the comparative example. [0147]
Lubricating composition 8 (EX8) and Comparative
Example 10 (CElO) contain a viscosity modifier (as
defined in Table 13) and an additive package. The
additive package contains detergents, dispersants,
zinc dialkyldithiophosphates, antioxidants, pour point
depressants friction modifiers, corro sion inhibitors,
and compatabilisers. The compositions are presented
and characterised in Table 13.Table 13 Where RBO is
reference Base Oil 55 10/1 [0148] CElO and EX8 are
tested using Volkswagon PV148 1 method to assess
deposit tendency in inlet valves and tract of direct
injection petrol (i.e., gasoline) engines. The results
of the PV1481 method arc compared against a reference
base oil (5510/1). Typically, better results are
obtained for lubricating compositions that have lower
deposit accumulations than the reference base oil. The
results obtained are: Table 14 Note: that the tests
were carried out in different laboratories using the
same reference base oil.[0149J The results obtained
for EX8 indicate that the polymer of the inven tion
reduces the total amount of deposits in the eight
valves of the petrol direct injection engine relative
to the reference base oil. In contrast the CElO
results indicate that the olefin copolymer increases
the amount of deposits formed. Hence the polymer of
the invention has improved deposit control in inlet
valves and tract than CElO. Preparative Examples 2 1:
Amine Functiona lised Copolymer From Extrusion [0150]
A 5 litre flange flask fitted with nitrogen inlet (250
cmVmin), Dean- Stark trap with water cooled condenser
overhead stirrer with gland and thermowell/
thermoeouple is charged with a Group 111 mineral oil
(2000 g). SBR-g- MAA ( 160 g, 2 . 19 wt% graft MAA,
35.7 mol anhydride) is added to the oil over 1 hour at
130 0C and stirred for 3 hours.
N-Phenyl-p-phenylenediamine (6.58 g, 35.7 mol) is
added and the reaction mixture is heated to 150 0C for
16 hours. The reaction mixture is cooled to 130 C and
N,N-dimcthylamino propyl amine (0.367 g, 3.57 mol) is
added subsurface and the reaction is stirred for 2
hours. The progress of the reaction can be readily
monitored by infrared appearance of imide (1708 cm 1)
and disappearance of anhydride ( 178 1 cm 1) peaks is
deemed 



complete by IR and total acid number (very low
residual acid value via tit ra tion). [0151] The
product of preparative example 2 1 is then mixed with
1 vvt % and 2 wt % of surfactant to aid handleability.
The surfactants include Surfonics (c)L24-5
(commercially available from Hunstrnan Chemical
Corporation), Chemspcrsc@14 (a polyglyccryl-4-oleate
surfactant, commercially available from Chemron
Corporation), and Amidex(r)CE (commercially available
from Chemron Corporation). The kinematic viscosity
data obtained for the product of preparative Example 2
1 and each surfactant is:Table 15 Footnote: Examples
21a, 21b, and 2 1c are essentially the same, except
the surfactant employed is specified from the table.
[0152] The polymer of preparative example 2 1 e.g.,
example 21a is then further treated with an additional
1.4 wt % of Surfonics(r)L24-5 and assessed for
rheology characteristics as defined in the Rheology
Test described above. The product of preparative
example 2 1 has a G' ratio of 0.054 (when treat rate
is 0.5 wt %), and 0,006 (when the treat rate is 1 wt
%). [0153J As used herein, the term "hydrocarbyl
substituent" or "hydrocarbyl group" is used in its
ordinary sense, which is well-known to those skilled
in the art. Specifically, it refers to a group having
a carbon atom directly attached to the remainder of
the molecule and having predominantly hydrocarbon
character. Examples of hydrocarbyl groups include: (i)
hydrocarbon substituents, that is, aliphatic (e.g.,
alkyl or alkenyl), alicyclic (e.g., cycloalkyl,
cycloalkenyl) substituenls, and aromatic-, aliphatic-,
and alicyclic-substituted aromatic substituents, as
well as cyclic substituents wherein the ring is
completed through another portion of the molecule
(e.g.. two substituents together form a ring); (ii)
substituted hydrocarbon substituents, that is,
substituents containing non-hydrocarbon groups which,
in the context of this invention, do not alter the
predominantly hydrocarbon nature of the substituent
(e.g., halo (especially chloro and fluoro), hydroxy,
alkoxy, mercapto, alkylmercapto, nitro, nitroso, and
sulphoxy);(iii) hetero substituents, that is,
substitucnts which, while having a predominantly
hydrocarbon character, in the context of this
invention, contain other than carbon in a ring or
chain otherwise composed of carbon atoms. Heteroatoms
include sulphur, oxygen, nitrogen, and encompass
substituents as pyridyl, furyl, thienyl and
imidazolyl. In general, no more than two, preferably
no more than one, non-hydrocarbon substitucnt will be
present for every ten carbon atoms in the hydrocarbyl
group; typically there will be no nonhydrocarbon
substituents in the hydrocarbyl group. [0154] It is
known that some of the materials described above may
interact in the final formulation, so that the
components of the final formulation may be different
from those that are initially added. The products
formed thereby, including the products formed upon
employing lubricant composition of the present
invention in its intended use, may not be susceptible
of easy description. Nevertheless, all such
modifications and reaction products are included
within the scope of the present invention; the present
invention encompasses lubricant composition prepared
by admixing the components described above. [0155]
Each of the documents referred to above is
incorporated herein by reference. Except in the
Examples, or where otherwise explicitly indicated, all
numerical quantities in this description specifying
amounts of materials, reaction conditions, molecular
weights, number of carbon atoms, and the like, are to
be understood as modified by the word "about." Unless
otherwise indicated, each chemical or composition
referred to herein should be interpreted as being a
commercial grade material which may contain the
isomers, by-products, deriva tives, and other such
materials which are normally understood to be present
in the commercial grade. However, the amount of each
chemical component is presented exclusive of any
solvent or diluent oil, which may be customarily
present in the commercial material, unless otherwise
indicated. It is to be understood that the upper and
lower amount, range, and ratio limits set forth 



herein may be independently combined. Similarly, the
ranges and amounts for each element of the invention
may be used together with ranges or amounts for any of
the other elements.[0156] While the invention has been
explained in relation to its preferred embodiments, it
is to be understood that various modifications thereof
will become apparent to those skilled in the art upon
reading the specification. Therefore, it is to be
understood that the invention disclosed herein is
intended to cover such modifications as fall within
the scope of the appended claims.Case 3467 What is
claimed is: 1. A lubricating composition comprising:
an oil of lubricating viscosity and 5 a hydrogenated
copolymer comprising at least one olefin polymer block
(block A) and at least one vinyl aromatic polymer
block (block B) with mole ratio of block A/(block A+B)
of 0.5 to 0.9, wherein block A contains repeat units
with 5 mol % to 95 mol Vo of branched alkyl groups,
with the proviso that when the copolymer comprises a l
tapered copolymer block A contains repeat units with
greater than 38.5 mol % to 95 mol % of branched alkyl
groups, wherein the branched alkyl groups of block A
are optionally further substituted; and wherein the
hydrogenated copolymer is optionally further
functionalised by at least one of the following
routes: 5 (i) block A or block B being further
functionalised with a pendant carbonyl containing
group, and wherein the pendant carbonyl containing
group is optionally further substituted to provide an
ester, amine, imide or amide func tionality, and (ii)
block A being further functionalised with an amine
functionality 0 bonded directly onto the olefin block
polymer. 2. The lubricating composition of claim 1,
wherein block A, when not in a tapered copolymer,
contains 20 mol 0A to 80 mol %, or 30 mol % to mol 70
%, of repeat units of branched alkyl groups. 3. The
lubricating composition of claim 1, wherein when block
A 5 comprises a tapered copolymer, the tapered
copolymer contains 40 mol % to 80 mol %, or 50 mol %
to 75 mol % of block A containing repeat units of
branched alkyl groups. 4 . The lubricating composition
of claim 1. wherein the olefin poly mer block
comprises 1,3-butadiene repeat units, or wherein the
vinyl aromatic 0 polymer block comprises alkylenearene
repeat units. 5. The lubricating composition of claim
1, wherein the hydrogenated copolymer comprises a
backbone of styrenc and butadiene repeat units.6 . The
lubricating composition of claim 1, wherein the
hydrogenated copolymer is a diblock copolymer. 7 . The
lubricating composition of claim 1, wherein the
hydrogenated copolymer has a number average molecular
weight of 1000 to 1,000,000, or 10,000 to 250,000. 8.
The lubricating composition of claim 1, wherein the
hydrogenated copolymer has a polydispersity of 1 to
less than 1.6, or 1.0 1 to 1.4. 9 . The lubricating
composition of claim 1, wherein the hydrogenated
copolymer is a diblock copolymer. 10. The lubricating
composition of claim 1, wherein the hydrogenated
copolymer is a sequential block copolymer. 11. The
lubricating composition of claim 1, wherein block A
and/or block B independently further comprises a
pendant carbonyl-containing group. 12. The lubricating
composition of claim 11, wherein block A comprises a
pendant carbonyl-containing group. 13. The lubricating
composition of claim 11, wherein the pendant c ar
bonyl-containing group is further substituted to
provide an ester, amine, imide or amide functionality.
14. The lubricating composition of claim 1I, wherein
the pendant carbonyl- containing group comprises a
carboxylic acid or derivatives thereof, including
anhydrides, halides, or alkyl esters thereof
containing no more than 7 carbon atoms on the alkyl
ester group. 15. The lubricating composition of claim
14, wherein the carboxylic 



acid is a dicarboxylic acid. 16. The lubricating
composition of claim 1 wherein the hydrogenated
polymer further comprises a nitrogen containing
functional group. 17. The lubricating composition of
claim 16, wherein the nitrogen containing functional
group is derived from at least one aliphatic, aromatic
or non-aromatic amine. 18. The lubricating composition
of claim 16, wherein the nitrogen containing
functional group is (i) bonded to a pendant
carbonyl-containinggroup to form an amine, imide or
amide functionality, or (ii) the amine is bonded
directly onto the olefin block polymer. 19. The
lubricating composition of claim 18, wherein the
nitrogencontaining functional group is bonded to a
carboxylic acid, and wherein the amine comprises a
nitrogen-containing monomer or an amine with a primary
or secondary nitrogen group. 20. The lubricating
composition of claim 19, wherein the
nitrogencontaining functional group comprises at least
one aromatic amine selected from Fast Violet B, Fast
Blue BB, aniline, N-alkylanilines,
di-(paramcthylphenyl) amine, 4-aminodiphenylamine,
N,N-dimethylphenyle pediamine. naphthyl amine,
4-(4-nitrophenylazo)anilinc, sulfamethazine,
4-phenoxyaniline, 3-nitroaniline, 4-aminoacetanilide
(N-(4-aminophenyl)acetamide)), 4-amino-2-
hydroxy-benzoic acid phenyl ester (phenyl amino
salicylate). N-(4-aminophenyl)- benzamide,
benzylamines, 4-phenylazoaniline, para-ethoxyaniline,
para-dodecylaniline, cyclohexyl-substituted
naphthylamine, and thienylsubstituted aniline. 21. The
lubricating composition of claim 1, wherein block A
further comprising an amine functionality bonded
directly onto the olefin block poly mer. 22. The
lubricating composition of claim 21, wherein the amine
com prises at least one of N-p-diphenylamine;
4-anilinophenyl mcthacrylamide; 4-anilinophenyl
maleimide; 4-anilinophenyl itaconamide; acrylate and
methacrylate esters of 4-hydroxydiphenyIaminc; the
reaction product of p-aminodiphenylaminc or
p-alkylaminodiphenylamine with glycidyl methacrylate;
the reaction product of p-aminodiphenylamine with
isobutyraldchydc. derivatives of
p-bydroxydiphenylamine; derivatives of phenothiazine;
vinylogous derivatives of diphenylamine; or mixtures
thereof. 23. The lubricating composition of claim 1
further comprising at least one additive including a
dispersant, an antioxidant, an antiwear agent, a
friction modifier or mixtures thereof. 24. The
lubricating composition of claim 1, wherein the
lubricating composition is an engine oil, and wherein
the composition has at least one of (i)a sulphur
content of 0.8 wt % or less, (ii) a phosphorus content
of 0.2 wt % or less, or (iii) a sulphated ash content
of 2 wt 0Io or less. 25. The lubricating composition
of claim 1, wherein the lubricating composition is an
engine oil, and wherein the composition has a (i) a
sulphur content of 0.5 vvl % or less, (ii) a
phosphorus content of 0. 1 wt % or less, and (iii) a
sulphated ash content of 1.5 wt % or less. 26. The use
of the lubricating composition of claim 1 as an engine
oil for a 2-stroke or a 4-stroke internal combustion
engine, a gear oil. an automatic transmission oil, a
hydraulic fluid, a turbine oil, a metal working fluid
or a circulating oil. 27. The use of the lubricating
composition of claim 1 as an engine oil for a 2-stroke
or a 4-stroke marine diesel internal combustion
engine. 


