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BENZOTROPOLONE DERIVATIVES AND
MODULATION OF INFLAMMATORY
RESPONSE

The instant application claims priority under 35 U.S.C. §
120 to, and is a continuation of, U.S. application Ser. No.
10/652,813, filed Aug. 29, 2003, now U.S. Pat. No. 7,087,
790 the contents of which are incorporated by reference in
their entirety.

FIELD OF THE INVENTION

The present invention relates to compounds that contain
benzotropolone moieties and their use as antioxidants and
anti-inflammatory pharmaceutical agents, as well as a novel
method of making such compounds.

BACKGROUND OF THE INVENTION

A number of pharmaceutical agents have been developed
for use as antioxidants and anti-inflammatory agents. These
pharmaceutical agents, particularly anti-inflammatory
agents, have adverse actions such as drowsiness, gastrointes-
tinal troubles, and their continuous administration for a long
period cause a problem. Because of these adverse reactions,
there is a strong demand for antioxidant and anti-inflamma-
tory pharmaceutical agents derived from natural products
which can be administered long term, are safe, and cause no
adverse reactions.

Tea (Camellia sinensis (L.) Kuntze) is one of the most
popular beverages in the world. Tea leaf is known to be rich
in flavonoids, including catechins, and their derivaties which
are polyphenols (a compound consisting of one aromatic
ring which contains at least one hydroxyl group is classified
as a simple phenol. A polyphenol therefore consists of more
than one aromatic ring, and more than two hydroxyl groups).

Many studies have demonstrated that green tea and black
tea polyphenols have anti-inflammatory, anti-cancer, and
anti-cardiovascular disease activity (Vinson, 2000, Biofac-
tors 13: 127-132; Weisburger et al., 2002, Food & Chemical
Toxicology, 40:1145-1154.). These biological activities are
believed to be due to their antioxidant activity through
scavenging reactive oxygen species (ROS) and free radicals.
Theaflavins have been regarded as one of the important
biologically active components in black tea and the green tea
catechins are of similar importance. Indeed, there are a
number of reports disclosing the biological activities of
theaflavins as a mixture. However, even though tea is
consumed daily and in large quantities throughout the world,
limited information is available concerning biological activ-
ity of individual tea components or their use as pharmaceu-
tical agents.

There are a number of prior art references, which disclose
compounds having chemical structural formulas to some of
those disclosed in the present invention (Coxon et al., 1970,
Tetrahedron Letters, 60: 5241-5246; Leung et al., 2001, The
Journal of Nutrition, 2248-2251; Lewis et al., 1998, Phy-
tochemistry, 49: 2511-2519; Lin et al., 1999, European
Journal of Pharmacology, 376: 379-388; Miller et al., 1996,
FEBS Letters, 392: 40-44; Obanda et al., 2001, Food Chem-
istry, 75: 395-404; Shiraki et al., 1994, Mutat. Res., 323:
29-34; Tanaka et al., 2001, J. Agric. Food Chem, 49:
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5785-5789; Tanaka et al., 2002, J. Agric. Food Chem, 50:
2142-2148; Wan et. al.,, 1997, J. Sci. Food Agric., 74:
401-408; Wiseman et al., 1997, Critical Reviews in Food
Science and Nutrition, 37: 705-718; Yang et al., 1997,
Carcinogenesis, 18: 2361-2365). These prior art references
disclose the chemistry of polyphenolic compounds isolated
from tea. Some of these compounds contain benzotropolone
moiety.

The present inventors have sought to discover pharma-
ceutical preparations having antioxidant and anti-inflamma-
tory activity, and to identify essential agent(s) for treating
inflammatory conditions. The present inventors have found
that the compounds of the present invention having ben-
zotropolone as a common moiety possess anti-inflammatory
activity and that the compounds of the present invention can
be prepared by employing simple and unique methods of
synthesis.

SUMMARY OF THE INVENTION

The present invention provides therapeutic and preventive
agents for scavenging free radicals and for inflammatory
conditions, which show a high safety even in a long-term
administration and are able to be utilized as part of food,
beverage and/or cosmetic products that are used daily.

In its general aspect, the present invention discloses
various compounds having a benzotropolone moiety within
their structure and are capable of exhibiting potent anti-
inflammatory action. Further, it has been surprisingly dis-
covered that substantially pure compounds in high yields
can be synthesized by oxidative coupling of a molecule
containing pyrogallol unit (such as epigallocatechin or epi-
gallocatechin gallate) and a molecule containing a catechol
unit (such as epicatechin or epicatechin gallate) by using a
peroxidase in the presence of H,O,.

In specific aspects, the present invention discloses ben-
zotropolone-containing compounds and benzotropolone
derivatives represented by the general formula:

R, OH
0
* O >
R; OH

In the context of the present invention, the term “ben-
zotropolone containing compound(s)” refers to a broad
category of compounds, i.e., those already known in the art
and those that are not known in the art. The term “ben-
zotropolone derivative(s)” as used herein refers only to those
novel compounds disclosed herein and/or that are not known
in the art, which compounds can be made by those skilled in
the art having the benefit of the present disclosure. Thus,
benzotropolone derivatives are a subset of the broad class of
compounds contemplated in the present invention.

In one embodiment, the present invention provides a
composition, which is useful for modulating inflammatory
conditions and/or use as an antioxidant in a mammal, having
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one or more benzotropolone derivatives and optionally a
carrier, diluent or excipient. The benzotropolone containing
compounds of the present invention can be those extracted
from natural products or prepared synthetically and the
composition can have a pharmaceutical ingredient or a
nutraceutical ingredient or a combination of these ingredi-
ents as bioactive ingredients for modulating inflammatory
conditions and/or use as an antioxidant in a mammal.

In another embodiment, a method of treating or reducing
the progression of an inflammatory condition in a mammal
by administering a composition having benzotropolone con-
taining compound (s) is provided.

The benzotropolone containing compounds of the present
invention can be made in forms suitable for oral delivery or
non-oral deliveries such as, for example, topical adminis-
tration. In case of oral administration, the benzotropolone
containing compounds of the present invention can be
administered to keep blood concentration sufficient enough
to allow the manifestation of pharmacological effect, and the
number of oral administration per day can be set as desired,
particularly in light of the fact that the compounds of the
present invention show minimal toxicity, if any.

In yet another embodiment, a simple, easy to control and
reproducible method for synthesizing a benzotropolone
derivative is provided. The synthesis involves, among other
things, reacting a molecule comprising a pyrogallol unit
with a molecule comprising a catechol unit in the presence
of a peroxidase and H,O,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In one aspect of the invention, the present invention is
directed to compositions having benzotropolone containing
compounds (i.e., compounds with benzotropolone ring
structures). Benzotropolone is a common moiety of numer-
ous natural products. For example, theaflavins found in tea
contain benzotropolone nucleus. The four major theaflavins
that can be obtained from black tea are theaflavin, theafla-
vin-3-gallate, theaflavin-3'-gallate, theaflavin-3,3'-digallate.
The other benzotropolone containing compounds that can be
obtained from black tea are epitheaflavic acid, epitheaflavic
acid-3'-O-gallate, isotheaflavin, theaflavate A, theaflavate B,
isotheaflavin-3'-O-gallate and neotheaflavin-3-O-gallate.

Theaflavins can be produced by enzymatic oxidation of
their parent flavonols, i.e., a catechol or di-hydroxylated B
ring unit and a pyrogallol or tri-hydroxylated B ring unit to
their quinones, and followed by their condensation. Theafla-
vin, for example, is a chemical compound that is the
oxidation and condensation product of (-)-epicatechin and
(-)-epigallocatechin. Listed in table 1 below are the parent
flavonols of some of the benzotropolone containing com-
pounds of the present invention.

TABLE 1

Parent flavonols of theaflavins and epitheaflavic acids

Theaflavins Parent flavonols

Theaflavin (-)-epicatechin (EC) and (-)-epigallocatechin
(EGC)

(-)-epicatechin and (-)-epigallocatechin
gallate (EGCG)

(-)-epicatechin gallate (ECG) and
(-)-epigallocatechin

(-)-epicatechin gallate and
(-)-epigallocatechin gallate

Theaflavin-3-gallate
Theaflavin-3'-gallate

Theaflavin-3,3"-digallate
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TABLE 1-continued

Parent flavonols of theaflavins and epitheaflavic acids

Theaflavins Parent flavonols

Epitheaflavic acid (-)-epicatechin and gallic acid (GA)
Epitheaflavic acid gallate (-)-epicatechin gallate and gallic acid

The benzotropolone containing compounds of the inven-
tion are those isolated from tea extracts and/or those syn-
thesized by chemical oxidation of specific precursor com-
pounds such as pyrogallol unit containing molecules and
catechol unit containing molecules.

The preferred benzotropolone containing compounds that
are useful and specifically contemplated in the present
invention are:

Group 1: Theaflavins (general structures of black tea
theaflavins): compounds # 1, 2,3, 4, 5, 6

1. Theaflavin
. Theaflavin 3-gallate
. Theaflavin 3'-gallate
. Theaflavin 3,3'-digallate
. Neotheaflavin
. Neotheaflavin 3-gallate

N b WN

OH

HO

HO

"y
OR,

OH

OH

(EC, EGC) Theaflavin: Ry =R, =H
(EC, EGCG) Theaflavin-3-gallate: Ry = galloyl; R, =H
(EGC, ECG) Theaflavin-3'-gallate: R; = H; R, = galloyl
(ECG, EGCG) Theaflavin-3,3'-digallate: R; = R, = galloyl

OH

OH

(C, EGC) NeoTheaflavin: R=H
(C, EGCG) NeoTheaflavin-3-gallate: R = galloy

Group 2: Theaflavate (benzotropolone structure contains an
ester group): Compounds # 7, 8, 9

7. Theaflavate A

8. Theaflavate B

9. Neotheaflavate B
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(EGC) Theaflavate A: R = gallate
(EC, ECG) Theaflavate B: R =H

HO 0 ‘@<i::j;——0H
\i;[j""ll/o
OH
0

OH
(C, ECG) NeoTheaflavate B

Group 3: Theaflavic acid (benzotropolone structure contains

a carboxylic group): Compounds # 10, 11, 12, 17
10. Theaflavic acid (CGA)
11. Epitheaflavic acid
12. Epitheaflavic acid 3-gallate
17. Purpurogallin carboxylic acid

OH
OR, on
HO O OH
(6]
HOOC OH

(EC, Gallic acid) Epitheaflavic acid; R=H
(ECG, Gallic acid) Epitheaflavic acid-3'-gallate; R = galloyl

20

25

40

45

50

55

60

-continued
OH
LOH OH
HO O OH
O
HOOC OH

(C, Gallic acid) Theaflavic acid

HOOC OH
O O

HO OH
(Gallic acid) Purpurogallin carboxylic acid

Group 4: Catechol derived benzotropolones: Compounds
#13, 14, 15, 16

13. EGCCa

14. EGCGCa

15. GACa

16. Purpurogallin

OH
OR
OH
HO (6]
(6]
OH

(Catechol, EGC) EGCCa: R=H
(Catechol, EGCG) EGCGCa: R = gallate

HOOC OH OH
(6] (6]
OH OH

OH HO OH
(Catechol, Gallic acid) GACa  (Pyrogallol) Purpurogallin

65 Group 5: Interaction products of pyrogallol and tea cat-

echins, catechol and caffeic acid: Compounds 18, 19, 20, 21,
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-continued
OH OH
5
OR on OR
OH
HO O OH HO O

O O
COOH o) OH
OH HO /
(EC, Pyrogallol) 18: R=H 15
(ECG, Pyrogallol) 19: R = galloyl o]
OH HO o)t

OH 20 (Chlorogenic acid, ECG) 25: R = H
oV : f
OH (Chlorogenic acid, EGCG) 26: R = galloyl
HO 0 OH
0
o OH
OH

HO o
C, Pyrogallol) 20 .
(C, Pyrogalioly 30 \Qij, R
0
oH
on on o
35 0
0 0
cooH ¢ o
HO /
oH / oH
HOOC 40 d ol
o)t
1o O

)
jus)

fo

OH-
(Catechol, Pyrogallol) 21 (Caffeic acid, Pyrogallol) 22

(Chlorogenic acid, ECG) 27: R=H
45 (Chlorogenic acid, EGCG) 28: R = OH

Group 6: Interaction products of chlorogenic acid or caffeic
acid and catechins: Compounds 23, 24, 25, 26, 27, 28, 29,
30, 31, 32,33

50
HO N OH
R OH }
"'//O R
55
O OH OH
O
COOH ¢ OH
HO / 0
60
[0} OH

/

HO OH OH

(Chlorogenic acid, Pyrogallol) 23: R =H 65 (Caffeic acid, ECG) 29: R=H
(Chlorogenic acid, Garlic acid) 24: R = COOH (Caffeic acid, EGCG) 30: R =OH

HOOC
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-continued

OH
OR s
OH
HO 0
o 10
Vst
HOOC
OH

(Caffeic acid, ECG) 31: R=H
(Caffeic acid, EGCG) 32: R = galloyl

HOOC OH
o 20
Vst
HOOC
oI 25
(Caffeic acid, Garlic acid) 33

Group 7: Derivatives of purpurogallin, purpurogallin car-
boxylic acid and GACa or other benzotropolone molecules
(H of OH group replaced with acetate, methyl, ethyl, propyl
or higher alkyl groups), such as: Compounds 34, 35 and 36

30

35
34
OH
(0]
40
O OAC
AcO OAc
35 45
H;CO0C OH
(0]
50
O OAC
OAc
36
H;CO0C OH 55
(0]
AcO OAc

Of the above listed compounds, some compounds are 65
already known to one skilled in the art as they have already
been reported in the literature and some are novel and not

10

known to one skilled in the art. For example, compound 9
(group 2) or compound 14 (group 4) or compounds listed
under group 5 through group 7 are novel.

In another aspect, the present invention is directed to a
unique, simple, easy control and reproducible manufactur-
ing process that can enable efficient production of substan-
tially pure benzotropolone containing compounds in high
yields. For example, the theaflavins yields at least matching
those obtained with prior art known methods have been
achieved in accordance with the method of the invention in
its simplest form. Specifically, for example, in the case of
theaflavin 3-gallate, when the starting materials (parent
flavonols) are one gram each (EC and EGCG, 1 g each),
theaflavin 3-gallate yields of at least 0.2 g are achievable by
the present method. The process involves a peroxidase
catalyzed coupling of pyrogallol unit containing molecule(s)
and/or catechol unit containing molecule(s) in the presence
of H,0,.

For example, to prepare compounds 1 through 17 under
groups 1-4 above in accordance with the methods of the
present invention, parent flavonols are dissolved in a suit-
able buffer containing a peroxidase enzyme. The enzyme
substrate, H,O, is added to the mixture and the reaction
mixture is extracted by a suitable solvent. The extract is
subjected to column separation and eluted with a suitable
solvent system to obtain benzotropolone containing com-
pounds in high yields. The specific details about the syn-
thesis of these compounds have been provided elsewhere in
the specification. Based on these examples one skilled in the
art would know how to choose the parent compounds (or
parent flavonols) and suitable reagents and conditions in
order to synthesize various benotropolone containing com-
pounds or benotropolone derivatives of the invention.

For example, to prepare compounds 18-23 listed above,
the following method can be used: First, the appropriate
parent flavonol(s) is dissolved in a mixture of acetone-pH
5.0 phosphate citrate buffer (1:10, v/v, 50 mL), containing
horseradish peroxidase and 1.0 ml of 3.13% H,O,. Then,
while being stirred, an ice-cooled solution of pyrogallol in
H,O is added in drops for about 45 minutes. The reaction
mixture is extracted by ethyl acetate (50 mlx3). After
concentration, the residue is subjected to Sephadex LH 20
column and eluted with acetone-water solvent system
(40%). The appropriate parent compound in each case is as
follows: EC (for compound 18), ECG (for compound 19),
cateching (for compound 20), catechol (for compound 21);
caffeic acid (for compound 22) and chlorogenic acid (for
compound 23)

Likewise, for example, to prepare compounds 24-33 listed
above, the following method can be used: First, appropriate
parent flavonols are dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL) containing horse-
radish peroxidase. Then, while being stirred, 2.0 ml of
3.13% H,0, is added four times during 45 minutes. The
reaction mixture is extracted by ethyl acetate (50 mlx3).
After concentration, the residue is subjected to Sephadex LH
20 column eluted with acetone-water solvent system (40%).

The appropriate parent compounds in each case are as
follows: Chlorogenic acid and Garlic acid (for compound
24), Chlorogenic acid and EGC (for compound 25), Chlo-
rogenic acid and EGCG (for compound 26), Chlorogenic
acid and ECG (for compound 27); Chlorogenic acid and
EGCG (for compound 28) and Caffeic acid and ECG (for
compound 29) Caffeic acid and EGCG (for compound 30),
Caffeic acid and EGC (for compound 31), Caffeic acid and
EGCG (for compound 32), Caffeic acid and Garlic acid (for
compound 33).
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To prepare compound 34 listed above, first, Purpurogallin
is reacted with acetic anhydrate in pyridine at room tem-
perature for overnight. Then, after evaporation of the solvent
in vacuo, the residue is applied to Sephadex LH 20 column
eluted with acetone-water solvent system (40%) to obtain
the compound.

To prepare compound 35 listed above, first, a solution of
GACa in methanol is acidified with concentrated hydrochlo-
ric acid. Then, the mixture is stirred and heated to reflux for
30 min and then extracted with ethyl acetate. After evapo-
ration, the residue is reacted with acetic anhydrate in pyri-
dine at room temperature for overnight. After evaporation of
the solvent in vacuo, the residue is applied to Sephadex LLH
20 column eluted with acetone-water solvent system (40%)
to obtain the compound.

To prepare compound 36 listed above, first, a solution of
Purpurogallin in methanol is acidified with concentrated
hydrochloric acid. Then, the mixture is stirred and heated to
reflux for 30 min and then extracted with ethyl acetate. After
evaporation, the residue is reacted with acetic anhydrate in
pyridine at room temperature for overnight. After evapora-
tion of the solvent in vacuo, the residue is applied to
Sephadex LH 20 column eluted with acetone-water solvent
system (40%) to obtain the compound.

In an aspect of the present invention, compositions having
a pharmaceutical or a nutraceutical agent useful for the
treatment or prevention of an ailment or a symptom thereof
(e.g., inflammation), are disclosed. The composition of the
present invention may also be used as antioxidants. The
pharmaceutical or a nutraceutical agent in the composition
includes at least one benozotropolone compound or deriva-
tive thereof as a biologically active agent. The composition
may be formulated into liquid, solid or powder forms and
administered to a mammal, including humans, in need
thereof.

A pharmaceutical, as used herein, is a synthetically pro-
duced bioactive compound, where no structurally identical
and naturally produced analog to the synthetically produced
bioactive compound exists. Alternatively, a pharmaceutical
is a biologically active compound derived from natural
sources (e.g., plants and plant products) but is not a food
item, or a food additive or a dietary supplement. Nutraceu-
tical as contemplated herein refers to a food item, or a food
additive or a dietary supplement that offers ameliorative
health or medical effects, including prevention and/or treat-
ment of disease. A dietary supplement is one which is used
to supplement one or more dietary (food) ingredients such as
minerals, vitamins, herbs, or herbal extract, carbohydrate, a
fat, a protein or combinations of these ingredients.

In addition to the benozotropolone compound or deriva-
tive thereof as a biologically active compound in the com-
position, a pharmaceutical or a nutraceutical agent used in
the composition of the present invention may further include
conventionally used compounds (e.g., ibuprofen, aspirin,
NSAIDS, vitamin E, and/or orange peel extract or other
herbal extracts; See, WO 01/21137 the contents of which are
incorporated herein by reference) for the treatment or pre-
vention of a given ailment. Further, the pharmaceutical and
nutraceutical used in the present invention include the
equivalent salts of the benzotropolone containing com-
pounds, which achieve substantially the same effect as the
pharmaceutical or the nutraceutical. In an embodiment of the
invention, use of a nutraceutical agent in the composition
may be optional to improve the efficacy of a pharmaceutical
agent in the composition for the treatment or prevention of
the given ailment. Likewise, use of a pharmaceutical agent
in the composition may be optional to improve the efficacy
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of a nutraceutical agent in the composition for the treatment
or prevention of the given ailment. Alternatively, the phar-
maceutical and nutraceutical may be combined and pro-
cessed into a suitable formulation.

As already noted, the composition of the present inven-
tion includes an effective amount of at least one ben-
zotropolone compound or derivative thereof as a biologi-
cally active agent. In an embodiment, more than one
benzotropolone compound or derivative thereof is used in
the composition. They may be present in amounts ranging
from none to all of the effective amount or to amounts less
than all of the effective proportion or amount, provided that
at least one benzotropolone compound or derivative thereof
is present in an amount effective to treat or prevent inflam-
matory condition. For example, a composition may have an
effective amount of EC, Pyrogallol (i.e., compound 18
disclosed above) as a benzotropolone containing compound
or derivative. In addition, for example, the composition may
have neotheaflavate B and/or EGCGCa as additional ben-
zotropolone containing compounds or derivatives. The addi-
tional benzotropolone containing compounds or derivatives
may be present from none to a fraction or all of an amount
effective as anti-inflammatory compounds or antioxidants.
While, the presence of additional benzotropolone containing
compounds do not affect the effectiveness of the composi-
tion, these may improve (or synergistic to) the efficacy of a
benzotropolone containing compounds or derivatives in the
composition.

In another aspect, the present invention also discloses
antioxidant activities of the compositions having ben-
zotropolone containing compounds disclosed herein. Oxy-
gen radical absorbence capacity (ORAC) assay, which is a
measure of free radical scavenging ability, is simple and
sensitive method to measure the oxygen-radical absorbing
capacity. It has been widely used for measuring the antioxi-
dant activity of food and nutraceutical components. ORAC
assay was developed by Cao et al., 1993, Free Radical Biol.
Med. 14:303-311. In the assay, -phycoerythrin (f-PE) was
used as fluorescent indicator protein and 2,2'-Azobis(2-
amidinopropane) dihydrochloride (AAPH) used as a peroxy
radical generator. 3-PE is a photosynthetic protein found in
red algae. B-PE has been used as fluorescent probe because
of its distinct excitation and emission wavelength (Ex. 540
nm, Em. 565 nm). The use of $-PE as a fluorescent probe,
however, has certain defects. When reactive oxygen species
attack the $-PE, it can easily lose the fluorescence. Further-
more, the ORAC value can be affected by possible interac-
tion between polyphenols and proteins. Recently, Ou et al.,
2001, J. Agric. Food Chem. 49:4619-4626 reported an
improved ORAC method using fluorescein, instead of -PE,
as a fluorescent probe. Accordingly, fluorescein is used as a
fluorescent probe in ORAC assays for testing the antioxidant
activities of the compounds of the present invention.

In yet another aspect of the invention, the present inven-
tion is directed to a method of preventing and/or treating
inflammation in an animal using compositions having ben-
zotropolone containing compounds disclosed herein. A num-
ber of studies revealed that green tea and black tea polyphe-
nols have anti-inflammatory activity along with
considerable amount of epidemiological evidence. The anti-
inflammatory activity (or anti-edema) of benzotropolone
containing compounds of the present invention can be tested
using 12-0O-tetradecanoylphorbol-13-acetate (TPA) TPA-in-
duced inflammatory skin edema assay. Application of TPA
on skin results in induction of omithine decarboxylase
activity that increases the polyamine level and epidermal
hyperplasia, and inflammation, and pro-inflammatory cytok-
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ine (e.g.,IL-1p) and prostaglandins (prostaglandin E,) pro-
duction at the site. The benzotropolone containing com-
pounds can be applied either prior to or subsequent to or
simultaneously with the topical application of TPA to skin
tissue (e.g. mice ear).

Indeed, the inhibitory effects of some black tea polyphe-
nols, including theaflavin, a mixture of theafavin-3-gallate
and theaflavin-3'-gallate, theaflavin-3,3'-digallate, and the
green tea polyphenol (-)-epigallocatechin-3-gallate (EGCG)
on 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced
edema and ornithine decarboxylase (ODC) activity was
recently studied (Liang et al. 2002, Nutrition and Cancer 42
(2): 217-223). Topical application of these polyphenols onto
experimental mice resulted in inhibition of TPA-induced ear
edema and skin epidermal ODC activity.

To explain the structure-activity relationship of three
theaflavins and anti-inflammatory activity, there are two
possibilities that are commonly accepted in the field.

(a) Since TF-3 molecule has 13 OH (phenolic) groups,
TF-2 has 10 OH groups and TF-1 has 7 OH groups, it is
therefore the more OH group the stronger the anti-inflam-
matory activity.

(b) Since TF-3 contains two gallate groups, TF-2 contains
one gallate group and TF-1 contain no gallate, it is therefore
the more gallate group the stronger anti-inflammatory activ-
ity.

The present inventors have, however, unexpectedly found
that this explanation is incorrect, and that it is the presence
of benzotropolone unit or moiety that is important, which
may even be for conferring the anti-inflammatory property.
For example, it has been found that there is no relationship
between the number of OH group and anti-inflammatory
activity. Many compounds that have no gallic group such as
EGCCa showed comparable activity to theaflavin monogal-
lates. See Example V below. Of the anti-inflammatory
agents of the present invention, benzotropolone derivatives
are preferred.

The compositions useful in the context of the present
inventive method can be administered to an animal, espe-
cially a mammal, and preferably a human, by any suitable
means or routes. Oral administration is preferred, but other
routes of administration such as parenteral and topical
administration can be used. The compounds of the present
invention can be administered alone or they can be mixed
with a pharmaceutically acceptable carrier or diluent
depending on the mode of administration. For oral admin-
istration, for example, the compounds of this invention can
be administered in its pure form as powders or administered
in the form of tablets, capsules, lozenges, syrups, elixirs,
solutions, suspensions and the like, in accordance with the
standard pharmaceutical practice.

The effectiveness of the compositions having compounds
and derivatives of the present invention, whether by oral or
topical delivery, has been shown herein by using an art
recognized animal model system (Sala et al., 2003, Euro-
pean Journal of Pharmacology 461 (1): 53-61; Ukiya et al.,
2001, Journal of Agricultural and Food Chemistry 49 (7):
3187-3197; Huang et al., 2003, Protective effect of diben-
zoylmethane on chemically- and UV light-induced skin,
inflammation, sunburn lesions, and skin carcinogenesis in
mice, In: Food Factors in Health Promotion and Disease
Prevention, F. Shahidi, C.-T. Ho, S. Watanabe and T. Osawa.
Washington, D.C, American Chemical Society: 196-207;
Huang et al., 1988, Cancer Research. 48: 5941-5946. See,
details relating to anti-inflammatory activity of ben-
zotropolone containing compounds disclosed under the
Examples section below. As can be seen from the working
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examples, the benzotropolone containing compounds of the
present invention are indeed effective in vivo.

The daily dose of benzotropolone compound(s) or deriva-
tive(s) can be appropriately determined and is not particu-
larly limited. In most instances, however, an effective dos-
age for a patient in need of the treatment will be between 0.1
mg/kg to 300 mg/kg body weight daily. In any case, the
active compounds of this invention are administered at a
therapeutically effective amount to achieve the desired
therapeutic effect without causing any serious adverse
effects in the patient treated. The therapeutically effective
amount for each active compound can vary with factors
including but not limited to the activity of the compound
used, the severity of the conditions to be alleviated, the total
weight of the patient treated, the route of administration, the
age and sensitivity of the patient to be treated, and the like,
as will be apparent to a skilled artisan. The amount of
administration is adjusted as the various factors change over
time.

EXAMPLE(S)

The following examples further illustrate the present
invention. The examples below are carried out using stan-
dard techniques, that are well known and routine to those of
skill in the art, except where otherwise described in detail.
The examples are illustrative and do not limit the invention.

1. Synthesis of Theafilavin Mixtures

A mixture of theaflavins were synthesized from their
parent flavonols using enzymatic oxidation methods.

Specifically, after filtration, the crude green tea polyphe-
nol (1.8 g, commercial sample containing 80% catechins)
was loaded directly onto a Sephadex LH-20 column eluted
first with 95% ethanol to remove non-catechin flavonoids,
then the column was eluted with acetone to obtain a mixture
of tea catechins (1.34 g). The tea catechins were dissolved
in pH-5 buffer (50 mL), which contained 4 mg horseradish
peroxidase. While being stirred, 3.0 mL of 3.13% H,O, was
added 5 times during 1 hr. The enzymatic reaction solution
containing catechins and crude peroxidase had turned into a
reddish solution during oxidation reaction. The reaction
mixture was extracted by ethyl acetate (50 mLx3). After
concentration, the residue (0.97 g) was subjected to Sepha-
dex LH 20 column eluted with acetone-water solvent system
(from 35% to 50%). 350 mg of a theaflavin mixture was
obtained.

II. Preparation of Tea Catechins

After filtration, the crude green tea polyphenol (10 g) was
loaded directly onto a Sephadex [LH-20 column eluted with
95% ethanol to give three catechins, namely epicatechin
gallate (ECG), epigallocatechin (EGC) and epigallocatecin
gallate (EGCG). Each catechin was further purified through
RP C-18 column eluted with Methanol-Water solvent sys-
tem.

III. Synthesis of Pure Benzotropolone Containing Com-
pounds

Various benzotropolone containing compounds were syn-
thesized by enzymatic oxidative coupling of a molecule
containing pyrogallol unit (such as epigallocatechin) and a
molecule containing catechol unit (such as epicatechin) by
using horseradish peroxidase (in the presence of H,0,) or
polyhenol oxidase.

The following analytical procedures were used: Thin-
layer chromatography was performed on Sigma-Aldrich
silica gel TLC plates (250 um thickness, 2-25 um particle
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size), and the spots were detected by UV illumination, and
spraying with 5% (v/v) H,SO, in an ethanol solution. 'H
NMR spectra were obtained on a Varian 600 instrument
(Varian Inc., Palo Alto, Calif.). The compound was analyzed
in CH;OH-d,, with TMS as internal standard. APCI-Mass
spectra were recorded on a Micromass Platform II system
(Micromass Co., Beverly, Mass.) equipped with a Digital
DECPC XL 560 computer for data analysis.

A. Synthesis of Benzotropolone Containing Compounds
Catalyzed by Peroxidase

The following seventeen benzotropone containing com-
pounds were synthesized by the reaction of a molecule
containing pyrogallol unit and a molecule containing cat-
echol unit catalyzed by horseradish peroxidase in the pres-
ence of H,0,.

1. Theaflavin

EC (1 g) and EGC (1 g) were dissolved in a mixture of
acetone-pH 5.0 phosphate citrate buffer (1:10, v/v, 50 mL)
which contained 4 mg horseradish peroxidase. While being
stirred, 2.0 ml of 3.13% H,O, was added four times during
45 minutes. The reaction mixture was extracted by ethyl
acetate (50 mlx3). After concentration, the residue was
subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (40%). 250 mg theaflavin was
obtained.

'H NMR (CD;0OD, 600 MHz): §,, 7.97 1H s, 7.85 1H s,
734 1Hs, 6.02 1Hd, J=2.4 Hz, 5.99 1H d, J=2.4 Hz, 5.97
1H d, J=2.4 Hz, 5.96 1H d, J=2.4 Hz, 5.64 1H brs, 491 1H
brs, 4.45 1H d, J=2.4 Hz, 432 1H brs, 2.98 1H dd, J=4.8,
16.8 Hz, 2.94 1H dd, J=4.8, 16.8, 2.84 1H brd, J=16.8 Hz,
2.82 1H brd, J=16.8 Hz; '*C NMR (CD,0D, 150 MHz): 3.
185.1, 158.1, 158.0, 157.6, 157.5, 157.3, 156.6, 1551,
150.9, 146.1, 134.4, 131.2, 129.0, 126.6, 123.7, 121.9,
118.3, 100.3, 99.8, 96.8, 96.1, 96.0, 81.2, 77.1, 66.7, 65.6,
30.0, 29.4 ppm.

2. Theaflavin 3-gallate

EC (1 g) and EGCG (1 g) were dissolved in a mixture of
acetone-pH 5.0 phosphate citrate buffer (1:10, v/v, 50 mL),
which contained 4 mg horseradish peroxidase. While being
stirred, 2.0 ml of 3.13% H,O, was added four times during
45 minutes. The reaction mixture was extracted by ethyl
acetate (50 mlx3). After concentration, the residue was
subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45%). 220 mg theaflavin 3-gallate
was obtained.

'H NMR (CD,0D, 600 MHz): 8., 7.91 1H s, 7.80 1H s,
738 1Hs,6.802H s, 6.02 1H d, J=1.8 Hz, 6.00 1H d, ]=2.4
Hz, 5.99 2H's, 5.78 1H brs, 5.55 1H brs, 5.11 1H's, 4.16 brd,
J=2.4Hz,3.07dd, J=4.8,16.8 Hz,2.99 dd, J=4.2, 16.8, 2.91
brd, J=16.8 Hz, 2.83 brd, I=16.8 Hz; '*C NMR (CD,0D,
150 MHz): 8. 185.6, 167.4, 158.0, 157.9, 157.8, 157.3,
156.4,156.3 155.4,151.2, 146.4,146.3,139.9, 133.5, 131.3,
128.7,125.7,123.8,121.9,121.0, 117.0, 110.1, 100.2, 99.3,
96.9,96.8,96.2,95.8,79.8,77.0, 69.0, 65.7,30.1,27.1 ppm.

3. Theaflavin 3'-gallate

ECG (1 g) and EGC (1 g) were dissolved in a mixture of
acetone-pH 5.0 phosphate citrate buffer (1:10, v/v, 50 mL),
which contained 4 mg horseradish peroxidase. While being
stirred, 2.0 ml of 3.13% H,O, was added four times during
45 minutes. The reaction mixture was extracted by ethyl
acetate (50 mlx3). After concentration, the residue was
subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45%). 110 mg theaflavin 3'-gallate
was obtained.

'H NMR (CD,0D, 600 MHz): 8, 7.88 1H s, 7.87 1H s,
7.371Hs, 6.84 2H s, 6.06 d, J=2.4 Hz, 6.00 1H d, J=2.4 Hz,
598 1Hd, ]=2.4Hz, 5.97d, J=2.4 Hz, 5.87 brs, 5.81 1H brd
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J=3.0 Hz, 4.94 1H brs, 4.33 1H brs, 3.09 1H dd, J=4.8,17.4
Hz, 2.96 1H dd, J=4.8, 16.8, 2.88 1H brd, J=17.4 Hz, 2.86
dd, J=2.4, 16.8 Hz; '>)C NMR (CD,0D, 150 MHz): 3.
185.6, 167.2, 158.0, 157.9, 157.8, 157.7, 157.0, 156.6,
156.0, 155.5, 151.1, 146.2, 139.7, 134.8, 130.3, 1288,
125.9, 123.0, 121.9, 120.9, 118.3, 99.8, 99.6, 96.8, 96.7,
95.8, 957, 81.2, 75.8, 68.3, 66.5, 29.3, 27.2 ppm.

4. Theaflavin 3,3'-digallate

ECG (1 g) and EGCG (1 g) were dissolved in a mixture
of acetone-pH 5.0 phosphate citrate buffer (1:10, v/v, 50
ml), which contained 4 mg horseradish peroxidase. While
being stirred, 2.0 ml of 3.13% H,O, was added four times
during 45 minutes. The reaction mixture was extracted by
ethyl acetate (50 mlx3). After concentration, the residue was
subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45%). 100 mg theaflavin 3,3'-digallate
was obtained.

'H NMR (CD,0D, 600 MHz): §,, 7.79 1H s, 7.76 1H s,
7.47 1H s, 6.88 2H s, 6.80 2H s, 6.07 1H d, J=2.4 Hz, 6.03
2H d, J=2.4 Hz, 6.00 1H d, J=2.4 Hz, 5.86 1H brs, 5.76 1H
m, 5.67 IHm, 5.21 1H s, 3.17 1H dd, J=4.8, 16.8Hz, 3.09
1H dd, J=4.8, 17.4, 2.91 2H m.

5. Neotheaflavin

C (catechin) (0.8 g) and EGC (0.8 g) were dissolved in a
mixture of acetone-pH 5.0 phosphate citrate buffer (1:10,
v/v, 50 mL), which contained 4 mg horseradish peroxidase.
While being stirred, 2.0 mL of 3.13% H,O, was added four
times during 45 minutes. The reaction mixture was extracted
by ethyl acetate (50 mL.x3). After concentration, the residue
was subjected to Sephadex LH 20 column eluted with
acetone-water solvent system (45%). 120 mg neotheaflavin
was obtained.

'H NMR ((CD,),CO, 600 MHz): §,, 8.26 1H s, 7.46 1H
s,7.63 1Hs, 6.06d, J=2.4 Hz, 6.03d, J=2.4 Hz, 5.96 d, J=2.4
Hz, 5.95 d, J=2.4 Hz, 5.62 d, J=7.8 Hz, 5.01 1H s, 439 1H
m, 4.15 1Hm, 2.97 dd, J=5.4,15.6 Hz, 2.91 dd, J=4.2, 16.8,
2.84 dd, I=1.2, 16.8 Hz, 2.66 dd, J=9.6, 15.6 Hz; ">*C NMR
((CD;),CO, 150 MHz): d. 184.8, 157.6, 157.5, 1574,
157.0, 156.7, 156.6, 154.4, 150.5, 146.2, 134.8, 132.2,
130.8, 128.6, 122.3, 121.6, 119.2, 100.7, 99.2, 96.4, 96.3,
95.6, 95.4, 81.5, 79.1, 69.5, 66.6, 30.0, 29.3 ppm.

6. Neotheaflavin 3-gallate

C (1 g) and EGCG (1 g) were dissolved in a mixture of
acetone-pH 5.0 phosphate citrate buffer (1:10, v/v, 50 mL),
which contained 4 mg horseradish peroxidase. While being
stirred, 2.0 ml of 3.13% H,0O, was added four times during
45 minutes. The reaction mixture was extracted by ethyl
acetate (50 mLx3). After concentration, the residue was
subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45%). 170 mg neotheaflavin 3-gallate
was obtained.

'H NMR (CD,0D, 600 MHz): &,, 8.04 1H s, 7.59 1H s,
749 1Hs,6.92 2H s, 6.01 2Hd, J=2.4 Hz, 598 1H d, =24
Hz,5.97 1Hd,J=2.4 Hz, 5.67 1H brs, 5.56 1H brd, J=6.6 Hz,
511 1Hs, 422 1H m, 3.03 1H dd, J=4.8, 17.4 Hz, 2.92 1H
brd, J=16.8 Hz, 2.83 1H dd, J=4.8, 16.8, 2.66 dd, J=8.4,
16.8; >°C NMR (CD,0D, 150 MHz): 8 185.8, 167.4, 158.0,
157.9, 157.8, 156.7, 156.5, 155.3, 151.6, 146.9, 146.2,
139.9, 134.0, 132.0, 130.4, 127.7, 1223, 121.0, 117.6,
110.2, 100.6, 99.2, 96.9, 96.7, 95.9, 95.6, 80.5, 77.1, 69.9,
68.8, 28.5, 27.0 ppm.

7. Theaflavate A

ECG (0.85 g) was dissolved in pH 5 buffer (1:10, v/v, 50
ml), which contained 2 mg horseradish peroxidase. While
being stirred, 1.5 mL of 3.13% H,O, was added three times
during 30 minutes. The reaction mixture was extracted by
ethyl acetate (50 mLx3). After concentration, the residue
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was subjected to Sephadex LH 20 column eluted with
acetone-water solvent system (45%). 60 mg theaflavate A
was obtained and 600 mg ECG was recovered.

'H NMR (CD,0D, 600 MHz): 8, 8.33 1H s, 7.81 1H s,
7.651H s, 6.87 1H dd, J=1.8, 7.8 Hz, 6.85 1H d, J=1.8 Hz,
6.80 2H, s, 6.53 1H d, J=7.8 Hz, 6.15 1H d, ]=2.4 Hz, 6.11
1Hd,J=2.4,6.09 1H d, J=2.4 Hz, 5.98 1H, d, J=2.4 Hz, 5.69
1H brs, 5.64 1H brs, 5.52 1H, brd, J=3.6 Hz, 5.11 1H s, 3.32
dd, J=4.8, 18.0 Hz, 3.10 dd, J=4.8, 18.0 Hz, 3.05 dd, J=1.8,
16.8 Hz, 2.91 d, I=16.8; '*C NMR (CD,0D, 150 MHz): 3.
186.8, 167.8, 167.3, 158.2, 158.1, 158.0, 157.9, 157.2,
157.1, 1553, 149.5, 146.4, 1463, 146.0, 140.0, 133.5,
131.2,126.6,124.8,122.9,122.6,121.0,119.0,116.4, 115.8,
114.2, 110.2, 100.0, 99.4, 97.3, 97.2, 96.5, 96.4, 78.0, 75.6,
72.1, 68.9, 27.3, 26.7 ppm.

8. Theaflavate B

EC (0.5 g) and ECG (0.5 g) were dissolved in a mixture
of acetone-pH 5.0 phosphate citrate buffer (1:10, v/v, 50
ml), which contained 2 mg horseradish peroxidase. While
being stirred, 2.0 mL of 3.13% H,O, was added four times
during 45 minutes. The reaction mixture was extracted by
ethyl acetate (50 mL.x3). After concentration, the residue
was subjected to Sephadex LH 20 column eluted with
acetone-water solvent system (45%). 200 mg theaflavate B
was obtained.

'H NMR (CD,0OD, 600 MHz): §,, 8.26 1H s, 7.88 1H s,
7.59 1H s, 6.87 1H dd, J=1.8, 7.8 Hz, 6.86 1H d, J=1.8 Hz,
6.551Hd, J=7.8 Hz, 6.16 1Hd, J=2.4 Hz, 6.08 1H d, J]=2.4,
6.051Hd, J=2.4 Hz, 5.98 1H, d, J=2.4 Hz, 5.66 1H brs, 5.46
1Hbrs, 5.08 1H s, 4.14 1H brs, 3.34 dd, ]=4.8, 16.8 Hz, 3.21
dd, J=4.8, 16.8 Hz, 3.17 dd, J=3.6, 16.2 Hz, 2.88 d, J=16.8;
13C NMR (CD,OD, 150 MHz): 3. 186.4, 167.8, 158.3,
158.0, 157.9, 157.7, 157.4, 157.1, 154.9, 151.8, 149.5,
146.3, 146.0, 134.8, 1323, 1313, 126.5, 1244, 1237,
122.4, 119.2, 116.3, 115.8, 114.4, 100.7, 99.5, 97.2, 97.1,
96.6, 96.5, 78.1, 77.0, 72.1, 66.7, 30.0, 26.7 ppm.

9. Neotheaflavate B

C (0.5 g) and ECG (0.5 g) were dissolved in a mixture of
acetone-pH 5.0 phosphate citrate buffer (1:10, v/v, 50 mL),
which contained 2 mg horseradish peroxidase. While being
stirred, 2.0 ml of 3.13% H,O, was added four times during
45 minutes. The reaction mixture was extracted by ethyl
acetate (50 mlx3). After concentration, the residue was
subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45%). 90 mg neotheaflavate B was
obtained.

'H NMR (CD,OD, 600 MHz): §,, 8.77 1H s, 7.64 1H s,
7.61 1H s, 6.88 1H d, J=1.8 Hz, 6.82 1H dd, J=1.8, 8.4 Hz,
6.64 1Hd, J=8.4 Hz, 6.03 1Hd, J=2.4 Hz, 598 1H d, J]=2.4,
5.96 2H brs, 5.58 1H brs, 5.38 1H brd, J=7.2 Hz, 5.04 1H
s,4.07 1Hm, 3.03 dd, J=4.8, 16.8 Hz, 2.95 brd, J=16.8, 2.91
dd, J=4.8, 16.8 Hz, 2.66 dd, J=3.6, 16.2 Hz; *C NMR
(CD,0D, 150 MHz): 67 .~ 186.6, 167.7,157.9, 157.7, 157 3,
157.0, 156.8, 154.7, 152.3, 149.8, 146.0, 14538, 1350,
134.3,131.2,128.8,124.0,122.5,119.0,116.2,115.8, 114 4,
101.2, 99.2, 97.0, 96.8, 96.1, 95.9, 79.7, 78.0, 72.0, 69.6,
29.6, 26.6 ppm.

10. Theaflavic Acid (CGA)

C (0.5 g) and gallic acid (0.5 g) were dissolved in a
mixture of acetone-pH 5.0 phosphate citrate buffer (1:10,
v/v, 50 mL), which contained 2 mg horseradish peroxidase.
While being stirred, 2.0 mL of 3.13% H,O, was added four
times during 45 minutes. The reaction mixture was extracted
by ethyl acetate (50 mL.x3). After concentration, the residue
was subjected to Sephadex LH 20 column eluted with
acetone-water solvent system (45%). 60 mg theaflavic acid
and 20 mg purpurogallin carboxylic acid were obtained.
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'"H NMR (CD,0D, 600 MHz): 8, 9.00 1H s, 7.82 1H s,
7.66 1H's, 598 1H d, J=2.4 Hz, 591 1H d, J=2.4, 5.43 1H
brd, J=7.2 Hz, 4.21 1H, m, 2.94 dd, J=4.8, 16.2 Hz, 2.64 dd,
J=4.8, 16.2Hz; >C NMR (CD,0D, 150 MHz): 3. 186.6,
170.3, 157.9, 157.6, 156.6, 154.7, 1522, 149.3, 139.5,
134.4, 132.2, 128.9, 125.0, 122.7, 116.5, 100.7, 96.8, 96.1,
80.0, 69.1, 29.3 ppm.

11. Epitheaflavic Acid

Epicatechin (EC) (0.5 g) and gallic acid (1 g) were
dissolved in a mixture of acetone-pH 5.0 phosphate citrate
buffer (1:10, v/v, 50 mL), which contained 2 mg horseradish
peroxidase. While being stirred, 2.0 mL of 3.13% H,O, was
added four times during 45 minutes. The reaction mixture
was extracted by ethyl acetate (50 mL.x3). After concentra-
tion, the residue was subjected to Sephadex LH 20 column
eluted with acetone-water solvent system (45%). 70 mg
epitheaflavic acid and 25 mg purpurogallin carboxylic acid
were obtained.

'H NMR (CD,0D, 600 MHz): &,, 8.60 1H s, 7.95 1H s,
7.801Hs,6.09 1Hs, 6.00 1H s, 5.88 1H s, 5.77 1H m, 3.17
1H dd, J=4.8, 17.4 Hz, 2.94 1H d, J=17.4 Hz; 1*C NMR
(CD,0D, 150 MHz): 6. 186.5, 170.1, 158.2, 157.7, 157 2,
155.0, 151.6, 149.2, 134.2, 132.2, 126.7, 1252, 1234,
122.6, 116.2, 99.2, 96.8, 96.1, 77.0, 66.4, 30.0 ppm.

12. Epitheaflavic Acid 3-gallate

ECG (0.5 g) and gallic acid (1 g) were dissolved in a
mixture of acetone-pH 5.0 phosphate citrate buffer (1:10,
v/v, 50 mL), which contained 2 mg horseradish peroxidase.
While being stirred, 2.0 mL of 3.13% H,O, was added four
times during 45 minutes. The reaction mixture was extracted
by ethyl acetate (50 mL.x3). After concentration, the residue
was subjected to Sephadex LH 20 column eluted with
acetone-water solvent system (45%). 20 mg epitheaflavic
acid 3-gallate, 40 theaflavate A and 10 mg purpurogallin
carboxylic acid were obtained.

'H NMR (CD,0D, 600 MHz): §,, 8.64 1H s, 7.84 1H s,
7.831Hs, 6.83 2H s, 6.02 1H d, J=2.4 Hz, 5.98 1Hd, J=2 4,
5.61 1H s, 437 1H, m, 3.03 1H dd, J=4.8, 16.8 Hz, 2.87 d,
J=16.8 Hz; '*C NMR (CD,0D, 150 MHz): 3. 186.5, 170.1,
167.1, 158.0, 156.9, 155.1, 151.7, 1489, 146.2, 139.8,
132.8,131.6, 126.8, 122.6, 122.5, 120.8, 116.3, 110.0, 99.3,
96.9, 96.0, 75.7, 68.6, 27.2 ppm.

13. EGCCa

EGC (1 g) and catechol (1.5 g) were dissolved in a
mixture of acetone-pH 5.0 phosphate citrate buffer (1:10,
v/v, 50 mL), which contained 2 mg horseradish peroxidase.
While being stirred, 2.0 ml of 3.13% H,O, was added four
times during 45 minutes. The reaction mixture was extracted
by ethyl acetate (50 mL.x3). After concentration, the residue
was subjected to Sephadex LH 20 column eluted with
acetone-water solvent system (45%). 226 mg EGCCa was
obtained.

'"H NMR (C5DsN, 600 MHz): §,, 8.15 1H's, 7.99 1H s,
7.66 1Hd, J=8.4 Hz, 7.41 1H d, J=8.4 Hz, 6.75 1H brs, 6.74
1H brs, 5.23 1H s, 4.76 1H, s, 3.67 d, J=16.2 Hz, 3.44 dd,
I=3.6, 16.2 Hz; *C NMR (C,D;N, 150 MHz): 5, 184.9,
158.8, 157.2, 151.8, 151.4, 147.8, 134.6, 134.5, 1320,
126.4, 123.3, 121.2, 119.9, 119.8, 99.9, 97.1, 96.0, 81.8,
66.6, 30.3 ppm.

14. EGCGCa

EGCG (1 g) and catechol (1.5 g) were dissolved in a
mixture of acetone-pH 5.0 phosphate citrate buffer (1:10,
v/v, 50 mL), which contained 2 mg horseradish peroxidase.
While being stirred, 2.0 mL of 3.13% H,O, was added four
times during 45 minutes. The reaction mixture was extracted
by ethyl acetate (50 mlx3). After concentration, the residue
was subjected to Sephadex LH 20 column eluted with
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acetone-water solvent system (45%). 230 mg EGCGCa
(Epigallocatechinocatechol gallate) was obtained.

'"H NMR (C5D;N, 600 MHz): 3, 8.01 1H s, 7.97 1H s,
7.541Hd, J=8.4 Hz, 7.29 1Hd, J=8.4 Hz, 6.74 I1Hd, ]=2.4
Hz, 6.70 1H d, J=2.4, 6.18 I1H s, 538 1H, 5, 3.71 d, J=17.4
Hz, 3.51 dd, J=3.0, 17.4 Hz; '*C NMR (C5D;sN, 150 MHz):
d. 185.0, 166.8, 159.0, 158.8, 156.9, 155.4, 151.9, 148.1,
147.7, 141.4, 134.5, 133.0, 131.6, 126.4, 123.2, 121.2,
120.8, 118.8, 110.4, 98.9, 97.5, 96.0, 80.1, 69.1, 27.5 ppm.

15. GACa

Gallic acid (2 g) and catechol (2 g) were dissolved in a
mixture of acetone-pH 5.0 phosphate citrate buffer (1:10,
v/v, 50 mL), which contained 4 mg horseradish peroxidase.
While being stirred, 2.0 ml of 3.13% H,O, was added four
times during 45 minutes. The reaction mixture was extracted
by ethyl acetate (50 mL.x3). After concentration, the residue
was subjected to Sephadex LH 20 column eluted with
acetone-water solvent system (45%). 400 mg GACa was
obtained.

'"HNMR (CsD;N, 600 MHz): 8,,8.08 1H brs, 7.68 1H dd,
J=1.2, 8.4 Hz, 7.56 1H d, J=8.4 Hz, 7.19 1H s; '*C NMR
(CsDsN, 150 MHz): 8. 186.0, 169.6, 154.8, 152.6, 150.5,
140.0, 130.2, 128.8, 125.6, 123.0, 121.6, 117.9 ppm.

16. Purpurogallin

Pyrogallol (1 g) and catechol (1.5 g) were dissolved in a
mixture of acetone-pH 5.0 phosphate citrate buffer (1:10,
v/v, 50 mL), which contained 2 mg horseradish peroxidase.
While being stirred, 2.0 mL of 3.13% H,O, was added four
times during 45 minutes. The reaction mixture was extracted
by ethyl acetate (50 mL.x3). After concentration, the residue
was subjected to Sephadex LH 20 column eluted with
acetone-water solvent system (45%). 300 mg Purpurogallin
was obtained.

'"H NMR (CsD;N, 600 MHz): 8, 7.35 1H d, J=11.4 Hz,
7.29 1Hs, 7.24 1H d, J=9.6 Hz, 6.66 1H dd, ]=9.6, 11.4 Hz;
13C NMR (CsD;sN, 150 MHz): 3. 183.4, 156.3, 154.0,
153.3, 137.1, 135.1, 134.4, 123.8, 116.8, 116.2, 112.0 ppm.

17. Purpurogallin Carboxylic Acid

'H NMR (CD,0D, 600 MHz): 8, 8.17 1H s, 7.66 1H s,
6.94 1H s; 1*C NMR (CD,0D, 150 MHz): §. 184.0, 170.0,
156.6, 154.4, 153.2, 152.2, 137.8, 134.2, 125.9, 123.0,
116.3, 114.5 ppm.

Of the seventeen compounds synthesized above,
Neotheaflavate B (compound 9) and EGCGCa (compound
14) are novel compounds not known in the art. The rest of
the compounds are known in the art, i.e., compounds 1-8,
10-12 have been identified from black tea, compounds 13,
15-17 have been reported through chemical oxidation
method, but the prior art known compounds were synthe-
sized by methods other than the peroxidase catalyzed oxi-
dative reactions.

Thus, seventeen different benzotropolone containing
compounds were synthesized by Peroxidase/H,O, system.

B. Synthesis of Benzotropolone Containing Compounds
Catalyzed by Polyphenol Oxidase (PPO)

Crude polyphenol oxidase (PPO)was isolated from
banana fruits purchased from a local market. Briefly, a fresh
banana (400 g) was homogenized with 800 mL of cold 100
mM phosphate buffer (pH 7.0, 4° C.). The homogeneous
solution was centrifuged at 4° C. for 20 min (10,000 g). The
clear supernatant was carefully collected into the flask which
is placed in the ice bath. Then, the same volume of cold
acetone, which is kept in the freezer for overnight, was
slowly added into the collected solution with stirring. The
resulting protein precipitates were collected by centrifuga-
tion at 4° C. (10,000 g, 20 min). After centrifugation,
supernatant was discarded, and the resulting pellet was
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carefully washed with the 0.1 M phosphate buffer (pH 7.0)
for three times. Then, the pellets were dissolved with the
same buffer and freeze-dried.

Enzyme activity was measured by colorimetric method.
The enzyme reaction solution consisted of 2 mL of 0.1 M
catechol solution and 1 mL of phosphate buffer (50 mM, pH
7.0) and 20 pL of the enzyme solution. The enzyme activity
was measured at 420 nm for 5 min (25° C.) with increasing
the absorbance. The PPO activity was defined as the amount
of'enzyme of increasing the absorbance of 0.001 per minute.

With the PPO catalyzed oxidative reaction, 9 compounds
were synthesized as described in the paragraphs below. The
compound numbers referred to in this section correspond to
the compound numbers under part III, A above under the
examples section.

1. Enzymatic Oxidation and Isolation of Theaflavins

EC (1 g, 3.5 mmol) and EGC (1 g, 3.3 mmol) were
dissolved into the 200 mL of phosphate-citrate buffer (50
mM, pH 5.0) along with 2 g of crude PPO enzyme. The
enzymatic oxidation was carried out at room temperature for
6 hour with stirring. The reaction solution was then sub-
jected to fractionation with the same volume of ethyl acetate
with three times. Then, the organic layer was concentrated
under reduced pressure. The resulting residues were sub-
jected to Sephadex [LH-20 column chromatography eluting
with gradient of ethanol to 20% of acetone in ethanol.
Among the collected 14 fractions (each c.a. 90 mL), 8~10
fractions were combined, and concentrated under reduced
pressure. The resulting residue was subjected to further
purification on a RP-18 silica gel column eluting with
gradient of 40%~50% of aqueous methanol. During elution,
38 fractions (each c.a. 13 mlL.) were received. Among them,
10~17 fractions were combined, and concentrated under
reduced pressure, and were subjected to freeze-drying. It
yielded deep-reddish color of compound 1 (280 mg). Along
with the same enzyme reaction and isolation procedure,
compound 2 was obtained from EC and EGCG reaction. The
enzymatic oxidation of EGC and ECG, ECG and EGCG
reaction yielded compound 3 and compound 4, respectively.

2. Enzymatic Reaction of Tea Catechins (EC and ECG)
and Gallic Acid

EC (1.160 g, 4.0 mmole) and gallic acid (0.520 g, 4.0
mmole) were dissolved in the 100 mL of phosphate-citrate
buffer (50 mM, pH 5.0), and 1.2 g of crude PPO enzyme was
added into the reaction solution with stirring. The enzymatic
oxidation was carried out at room temperature for 3.5 hour.
After the reaction, the solution extracted with the same
volume of ethyl acetate with three times. Then, the ethyl
acetate extracts was concentrated in vacuo. The resulting
residues were then subjected to Sephadex LH-20, eluting
with gradient of ethanol to 20% of acetone in ethanol.
Among the collected 168 (each c.a. 15 mL) fractions, 47~52
fractions were combined, and it was concentrated under
reduced pressure. The resulting residue was applied on a
RP-18 silica gel column eluting with gradient of 20%~50%
of aqueous methanol, and it was afforded compound 5.
Then, 72~85 fractions, isolated from Sephadex L.H-20, were
combined, and it was subjected to RP-18 column chroma-
tography eluting with gradient of 10%~50% of aqueous
methanol, and compound 6 was isolated.

ECG (0.66 g) and gallic acid (0.26 g) were dissolved in
the 50 mL of phosphate-citrate buffer (50 mM, pH 5.0), and
1.2 g of crude PPO enzyme was dissolved in the reaction
solution. The enzymatic oxidation was performed at room
temperature for 5 hour. The reaction solution was then
extracted with ethyl acetate with three times. Then, the
organic layer was concentrated under reduced pressure. The
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resulting residues were subjected to Sephadex [LH-20 col-
umn chromatography eluting with gradient of ethanol to
20% of acetone in ethanol. Among the collected 128 frac-
tions (each c.a. 15 mL), 18~20 fractions were combined, and
concentrated under reduced pressure. The resulting residue
was subjected for further purification on a RP-18 silica gel
column eluting with gradient of 20%~50% of aqueous
methanol, and afforded compound 7. The 37~48 fractions
were combined and subjected to RP-18 column chromatog-
raphy for further purification eluting with gradient of
10%~30% of aqueous methanol, and afforded compound 8.
The 90~108 {fractions were combined and subjected to
RP-18 column chromatography eluting with gradient of
40%~50% of aqueous methanol, and it was then afforded
compound 9.

IV. Oxygen-Radical Absorbance Capacity (ORAC) Assay

Oxygen radical absorbance capacity (ORAC) assay was
performed to examine antioxidant activity of individual
theaflavins and epitheaflavic acids. All reagents were pre-
pared in 75 mM phosphate buffer (pH 5.5). Reaction mixture
consists of 3 mL of Fluorescein solution (8.16x10™> mM),
500 ul. AAPH (153 mM), and 500 pl of sample solution or
blank. Once AAPH was added, fluorescence was measured
every 1 min using Hitachi Model F-3010 fluorescence
spectrophotometer with emission and excitation wavelength
of 515 and 493 nm, respectively. The ORAC value was
calculated based on the area under the fluorescence decay
curve of fluorescein in the presence of the test compound
comparing to the area generated by standard Trolox and
blank. The net area under the curve and ORAC values were
calculated by the formula presented by Cao et al (Cao et al.
1993).

The relative ORAC value (Trolox equivalents) was cal-
culated with following equation.

Relative ORAC value=[(AUC,,,,,,;c~ AUC452)
(AUC 454 10— AUC,,;,,,,) Ix (molarity of Trolox/
molarity of sample)

The area under curve (AUC) was calculated according to
following equation.

AUC=1+f\fot o forfslfotfalfo - - - +fuolfotfiaofo
f, is the initial fluorescence reading at O min, f; is the
fluorescence reading at time i.

Quenching curves representing the peroxyl radical
absorbing activity of Trolox in various concentration (0~4
uM) was used as a standard (data not shown). The net area
of quenching curve increased proportionally to an increment
of'the Trolox concentration. Quenching curves of theaflavins
and EGCG were examined (data not shown). At the same
concentration (0.5 uM) tested, the ORAC values (Table 1)
revealed that theaflavins had higher antioxidant activity than
EGCG. Quenching curves of epitheaflavic acids and EGCG
were also examined. (data not shown). The ORAC value
(Table 2) of epitheaflavic acids revealed that these com-
pounds had slightly higher antioxidant activity than those of
EGCG.

TABLE 1

Relative ORAC values of theaflavins, epitheaflavic acids and EGCG

Compounds Relative ORAC value
Theaflavin 11.60 £ 0.30
Theaflavin-3-gallate 13.17 £ 0.18
Theaflavin-3'-gallate 12.40 = 0.58
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TABLE 1-continued

Relative ORAC values of theaflavins, epitheaflavic acids and EGCG

Compounds Relative ORAC value
Theaflavin-3,3"-gallate 13.54 = 0.69
Epitheaflavic acid® 9.74 + 0.38
Purprogallin® 6.01 =042
EGCG 7.69 = 0.35

Data are expressed as the mean = SD, n = 4,
n=3

V. Anti-Inflammatory Activity of Benzotropolone Contain-
ing Compounds

The TPA (12-O-tetradecanoylphorbol-13-acetate)-in-
duced ear edema assay was carried out to examine anti-
inflammatory activity of benzotropolone-containing com-
pounds in skin inflammation model. The female CD-1 mice
(24-25 days old) were topically treated with 20 pl of acetone
and benzotropolone-containing compounds in 20 pl of
acetone at 20 minutes before topical application of 20 pl of
acetone or TPA (1 nmol) in 20 pl of acetone. Then, five hours
later, all mice were sacrificed by cervical dislocation. The
ear punches (6 mm in diameter) were taken and weighed.

The results are shown in Table 2 below. The various
benzotropolone containing compounds showed strong
inhibitory effect.

TABLE 2

Inhibitory Effect of Theaflavin Type Compounds on
TPA-induced Edema of Mouse Ear

Average weight

of Percent
ear punches (mg) inhibition

Treatment (Mean = SE) %
Acetone + Acetone 7.44 £ 0.08% —
Acetone + TPA (1 nmol) 11.7 £ 1.38 —
Theaflavin (0.5 pmol) + TPA (1 nmol) 7.90 £ 0.42% 89.2
Theaflavin 3-gallate (0.5 pmol) + TPA 7.86 = 0.24* 91.5
(1 nmol)

Theaflavin 3'-gallate (0.5 pmol) + TPA 7.44 £ 0.18* 100.0
(1 nmol)

Theaflavin 3,3'-gallate (0.5 umol) + TPA 7.03 £ 0.18* 100.0
(1 nmol)

EGCG (0.5 pmol) + TPA (1 nmol) 8.79 = 0.54* 68.3
Acetone + Acetone 7.44 £ 0.07* —
Acetone + TPA (1 nmol) 15.91 = 0.51 —
Theaflavate B (0.5 pmol) + TPA (1 nmol) 8.35 = 0.32%* 89.2
Theaflavate A (0.5 pmol) + TPA (1 nmol) 8.52 = 0.26* 87.2
Neotheaflavate A (0.5 umol) + TPA 8.65 = 0.64 85.7
(1 nmol)

Neotheaflavin (0.5 pmol) + TPA (1 nmol) 10.58 = 0.73 62.9
Neotheaflavin 3-gallate (0.5 pmol) + TPA 8.42 = 0.42* 88.4
(1 nmol)

Theaflavic acid (0.5 pmol) + TPA (1 nmol) 9.28 + 0.37* 78.3
Acetone + Acetone 7.17 £ 0.18% —
Acetone + TPA (1 nmol) 15.85 = 0.86 —
Theaflavic acid (0.5 pmol) + TPA (1 nmol) 8.95 = 0.43* 79.5
Epitheaflavic acid (0.5 umol) + TPA 9.39 + 0.43* 74.4
(1 nmol)

GACa (0.5 umol) + TPA (1 nmol) 8.61 = 0.54* 83.3
EGCCa (0.5 ymol) + TPA (1 nmol) 7.86 = 0.18* 92.1
EGCGCa (0.5 ymol) + TPA (1 nmol) 7.49 = 0.12* 96.3
Theaflavin (0.5 pmol) + TPA (1 nmol) 8.23 = 0.40%* 87.8

These results are unexpected given the recent report by
Liang et al., 2002, Nutrition and Cancer 42 (2): 217-223.
Liang compared the anti-inflammatory activity of three
major theaflavins in black tea. Three compounds they stud-
ies were TF-1 (i.e., theaflavin, compound 1 in the example



US 7,288,680 B2

23

above), TF-2 (i.e., a mixture of Theaflavin 3-gallate and
Theaflavin 3'-gallate, mixture of compounds 2 and 3 in the
example above) and TF-3 (i.e., Theaflavin 3,3'-digallate,
compound 4 in the example above). The anti-inflammatory
test method used in Liang was the same as we used in the
present invention. From the results of Liang et al. study
shown in Table 1, it is clear that the anti-inflammatory
activity of TF-3 should be stronger than TF-2, and TF-2
should be stronger than TF-1.

All publications, patents and patent applications men-
tioned in this specification are indicative of the level of those
skilled in the art to which this invention pertains. The
contents of all the publications, patents and patent applica-
tions are incorporated herein by reference to the same extent
as if each individual publication, patent or patent application
was specifically and individually indicated to be incorpo-
rated by reference.

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity of understanding, it will be obvious that certain
changes and modifications may be practiced within the
scope of the appended claims.

What is claimed is:
1. A compound according to formula (I) or (I):

@

Al OH
0
AZ O OH
OH
009
Al OH
0
O OAC
A® OAc

wherein

in formula (I), A' is selected from hydrogen, —COOH
and the group consisting of:

HO o \\\\\C;— OH
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-continued
OH
OH
HO O
OH
HO 0] &“<i:::j%———OH and
"//O OH
OH
(@)
OH
OR2
HO O

in formula (I), when A' is hydrogen, A is selected from
the group consisting of:

WOR?
/ HOOC
COOH

HO, OM

in formula (I), when A' is other than hydrogen, A* is
selected from the group consisting of:

and

COOH

in formula (II), A' is hydrogen or —COQOCHS,, and A® is
—OAc;
wherein each R? is independently galloyl,

or a salt of said compound.
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2. The compound according to claim 1 that is

OH
OH
O,
OH OH
0 OH
HO (6] OH

||! O
OH

3. The compound according to claim 1 that is

OH

O

H
(6]
OH
HOOC

b

4. The compound according to claim 1 that is

(6] OH

oH
0
cooH o OLL
HO. /
HO oH

5. The compound according to claim 1 that is

HOOC OH

COOH 0

HO
(6] OH
HO OH

o

OH
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6. The compound according to claim 1 that is

OH

oH
O oHn
HO 0
(o)
coon o oI
HO /
0 oH
HO oH

7. The compound according to claim 1 that is
OH

OH
O,
OH OH

HO

COOH

HO
(6] OH
HO OH

8. The compound according to claim 1 that is

oH
HO 0 \‘\\\C;— oH
\\{::;::[:;;:]W%@
oH oH
e
(o)
coon o oI
HO /
0 oH
HO oH

25

26

27
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9. The compound according to claim 1 that is

OH
" ’ \‘\\\QOH

\@jm”’/o oH

OH
(6]
(6]
COOH o
HO /

(6] O

HO OH

10. The compound according to claim 1 that is

OH
HO o) ‘\\\\Q— OH
OH

v, iy

HOOC /
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12. The compound according to claim 1 that is

OH

HO O

HOOC /

13. The compound according to claim 1 that is

OH
OH
O,
OH OH.
(6]
OH
HO O
(6]
HOOC /
OH

14. The compound according to claim 1 that is

HOOC OH
(6]
OH.
HOOC /
OH

31

32

33
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15. The compound according to claim 1 that is

34
OH
(@]
AcO OAc
16. The compound according to claim 1 that is
36
H;COOC OH
(@]
OAc.
AcO OAc

17. A pharmaceutical composition comprising the com-
pound of claim 1.

18. A nutraceutical composition comprising the com-
pound of claim 1.

19. A food additive comprising the compound of claim 1.

20. A dietary supplement comprising the compound of
claim 1.

21. The compound of claim 1 that is substantially pure.

22. A pharmaceutical composition comprising the com-
pound of claim 21.

23. A nutraceutical composition comprising the com-
pound of claim 21.

24. A food additive comprising the compound of claim 21.

25. A dietary supplement comprising the compound of
claim 21.

26. A method of treating or reducing the progression of an
inflammatory condition comprising administering to a sub-
ject in need thereof a composition comprising an amount of
the compound of claim 1 effective to treat the inflammatory
condition.

27. The method according to claim 26, wherein said
amount is between about 0.5 and about 1000 mg per
kilogram body weight per day.

28. The method according to claim 26, wherein said
amount is between about 1 and about 500 mg per kilogram
body weight per day.

29. The method according to claim 26, wherein said
composition is administered topically.

30. The method according to claim 26, wherein said
composition is administered orally.

31. The method according to claim 26, wherein said
composition is administered parenterally.

32. A method for neutralizing free radicals in a patient
comprising administering to a subject in need thereof a
composition comprising an amount of the compound of
claim 26 effective to neutralize free radicals.

33. The method according to claim 26, wherein said
amount is between about 0.1 and about 300 mg per kilogram
body weight per day.
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34. The method according to claim 32, wherein said
composition is administered topically.

35. The method according to claim 32, wherein said
composition is administered orally.

36. The method according to claim 32, wherein said
composition is administered parenterally.

37. A pharmaceutical composition comprising a com-
pound according to formula (I) or (LI):

Al OH
0
L
OH
Al OH
0
o
Al OAc
wherein

in formula (I), A® is selected from hydrogen, —COOH
and the group consisting of:

gee -

"y, o
OH

@

an

HO O

HO (0]
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38. A nutraceutical composition comprising a compound
-continued according to formula (I) or (I):
OH
OR? 5
@
Al OH
HO O
(6]
10
. 1. 2. A? OH
in formula (I), when A" is hydrogen, A® is selected from
hydrogen and the group consisting of:
OH
15 oy
o1 Al on
OH
(6]
OAc
OH
WOH Al OAc
' 25
. wherein
HO (¢) “ . 1.
in formula (I), A" is selected from hydrogen, —COOH
OH and the group consisting of:
30
WOR?
OH
y
HO O / HO 0 \\\\@OH
35
HOOC
OH
40 9]

o COOH

o)
/ OH
O OH
45
HO OH 0o o

in formula (I), when A' is other than hydrogen, A* is

OH
selected from the group consisting of: 50
HO O OH and
COOH 0
and OH
/ ¢ 0
HOOC
OH
HO OH

60
OR?
provided that when A is hydrogen, A' must be hydrogen;
in formula (IT), A' is hydrogen or —COOCH,, and A> is HO o
hydrogen or —QAc, provided that A’ and A® are not 45

simultaneously hydrogen; wherein each R” is indepen-
dently galloyl, or a salt of said compound.
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in formula (I), when A' is hydrogen, A is selected from
hydrogen and the group consisting of:

HO OH

in formula (I), when A' is other than hydrogen, A* is
selected from the group consisting of:

COOH o

HOOC

HO OH

provided that when A? is hydrogen, A' must be hydrogen;
in formula (II), A' is hydrogen or —COOQOCH,, and A> is
hydrogen or —OAc, provided that A’ and A® are not
simultaneously hydrogen; wherein each R? is indepen-
dently galloyl, or a salt of said compound.
39. A food additive comprising a compound according to
formula (1) or (II):
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Al OH
0
OH
Al OH
0
O OAC
A® OAc
wherein

in formula (I), A' is selected from hydrogen, —COOH
and the group consisting of:

mm .

%b
OH
HO O

HO e} &“<i:::z%———OH and
%b
OH 4¢L:7/'

oo

in formula (I), when A' is hydrogen, A® is selected from
hydrogen and the group consisting of:

@

an
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on
/CEj y
HO 0 /
on
/CE] \\\‘ORZ

ﬁaﬂd
HOOC //

o COOH

jeca

in formula (I), when A' is other than hydrogen, A® is
selected from the group consisting of:

COOH o

HOOC

HO OH

provided that when A? is hydrogen, A' must be hydrogen;
in formula (II), A' is hydrogen or —COOQOCH,, and A> is
hydrogen or —OAc, provided that A’ and A® are not
simultaneously hydrogen; wherein each R? is indepen-
dently galloyl, or a salt of said compound.
40. A dietary supplement comprising a compound accord-
ing to formula (I) or (II):
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Al OH
0
OH
Al OH
0
O OAC
A® OAc
wherein

in formula (I), A' is selected from hydrogen, —COOH
and the group consisting of:

o .

uy -
OH
OH
HO O

&“<i:::j%———OH and

&

in formula (I), when A' is hydrogen, A® is selected from
hydrogen and the group consisting of:

@

an

HO (0]
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“\\\OH

OH
OH
Ho/fjioj

4/_< .
HOOC /

o COOH

jeca

in formula (I), when A' is other than hydrogen, A® is
selected from the group consisting of:

COOH 0

and
/ 0
HOOC

HO OH

provided that when A? is hydrogen, A' must be hydrogen;

in formula (II), A' is hydrogen or —COOQOCH,, and A> is

hydrogen or —OAc, provided that A’ and A® are not
simultaneously hydrogen; wherein each R” is indepen-
dently galloyl, or a salt of said compound.

41. A method of treating or reducing the progression of an
inflammatory condition comprising administering to a sub-
ject in need thereof a composition comprising an amount of
a compound of formula (I) or (II) effective to treat the
inflammatory condition, wherein the compound is according
to formula (I) or (II):
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D
Al OH
O O
A2 O OH or
OH
(ID
Al OH
O O
O OAC
Al OAc
wherein

in formula (I), A' is selected from hydrogen, —COOH
and the group consisting of:

-
o

OH
HO O

HO e} \‘\\\Q OH and
"y, o
OH )Y

oo

in formula (I), when A' is hydrogen, A is selected from
hydrogen and the group consisting of:



US 7,288,680 B2

39

in formula (I), when A' is other than hydrogen, A® is
selected from the group consisting of:

COOH

provided that when A? is hydrogen, A' must be hydrogen;

in formula (II), A' is hydrogen or —COOCH,, and A> is
hydrogen or —OAc, provided that A’ and A® are not
simultaneously hydrogen; wherein each R? is indepen-
dently galloyl, or a salt of said compound.

42. The method according to claim 41, wherein said
amount is between about 0.5 and about 1000 mg per
kilogram body weight per day.

43. The method according to claim 41, wherein said
amount is between about 1 and about 500 mg per kilogram
body weight per day.

44. The method according to claim 41, wherein said
composition is administered topically.

45. The method according to claim 41, wherein said
composition is administered orally.

46. The method according to claim 41, wherein said
composition is administered parenterally.
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47. A method for neutralizing free radicals in a patient
comprising administering to a subject in need thereof a
composition comprising an amount of a compound of for-
mula (I) or (II) effective to neutralize free radicals, wherein
the compound is:

@

an

Al OH
O O
AZ O OH
OH
Al OH
O O
O OAC
A® OAc

wherein

in formula (I), A' is selected from hydrogen, —COOH
and the group consisting of:

OH
HO o ‘\\\\OOH
\Qijm,lllo
OH
0
OH
OH
HO 0
OH

HoO 0] \\\\\Q OH and
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-continued
OH

HO (6]

in formula (I), when A' is hydrogen, A? is selected from
hydrogen and the group consisting of:

HO 0 W:7//

HO 0 W;V/

and

HOOC /
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-continued

Ho COOH 0 >_/_<
% 2 O
HO OH

in formula (I), when A' is other than hydrogen, A* is
selected from the group consisting of:

COOH o
HO //
J—lm
// 0
HOOC
HO oH

provided that when A? is hydrogen, A" must be hydrogen;

in formula (II), A' is hydrogen or —COQOCHs,, and A° is

hydrogen or —QAc, provided that A’ and A® are not
simultaneously hydrogen; wherein each R” is indepen-
dently galloyl, or a salt of said compound.

48. The method according to claim 47, wherein said
amount is between about 0.1 and about 300 mg per kilogram
body weight per day.

49. The method according to claim 47, wherein said
composition is administered topically.

50. The method according to claim 48, wherein said
composition is administered orally.

51. The method according to claim 49, wherein said
composition is administered parenterally.
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