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COMPOSITIONS COMPRISING GALLATES AND GALLAMIDES

BACKGROUND

{00011 Polvphenols are a large family of natuwral compounds found m a wide variety of plants,
fruits and vegetables, In the recent vears, polyphenols have attracted a preat deal of attention in
the scientific commuanity and m the media due 1o therr potential health benefits. For example,
polyphenols are known 1o be strong antioxidants, and as a resylt are believed to have potential
anti-inflammatory and anti-cangcer properties. Oreen tea 1s relatrvely high w polyphenels,
mchuding epigaliocatechin gallate (EGUG), also known as epigallocatechin 3-galiate, which is
the ester of epigallocatechin and gallic acid. EGCG 15 known for its antioxidant properties and
also for its antibactenial properties. By suppressing oral bacteria, EGCG can suppress gingivitis,
and oral care products comprising EGCG are known.

{0002} Antumicrobial peptides (AMPzs) such as L1-37 are produced and released by mammalian
cells as a defense against bacterial infection. AMPs are drawn to bacteria by an electrostatic
attraction to the anionic bacterial membrane, They are amphiphillic, which allows AMPs o
traverse and disrupt membrane, creating pores and kitling the bacteria. The AMPs are specific to
bacteria, as human cells are stabilized by cholesterol and proteins. WO 2010/121213 (the
contents of which are incorporated herein by reference), posits that natural polyphenols such as
EGCG, having trihydroxvbenzoate moteties, in addition to their antioxidant properties, are
effective as antibacterial agents by stimulating the production of certain endogenous AMPs,
particularly LL-37 peptide, from epithelial cells, which can kill bacteria in the oral cavity, thus
promoting healthy periodontal condition.

{0003] EGUG has some disadvantages. however. First, due 1o its complicated structure, if cannot
be synthesized cheaply and efficiently, while extracts from satural sources way be ighly
variable as to quality, purity and concentration. Secondly, EGCG is unstable and degrades
relatively quickly forming brown products, probably related to oxidation processes, EGCG can
be stabitized using acids, e.g.. ascorbic acid, but this requures a pH <4, which 15 unacceptable for
a dentifrice. At pH=7, ascorbic acid 1s meffective i protecting EGCG. In dentiftice, the onset of
discoloration can be delayed by addition of stannous chloride and decreasing water content, but

this has a negative impact on efficacy.
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[0604] A great many syathetic compounds having gallate moteties have been disclosed, e g, in
Kazi, et al., Anticancer Res. (2004) 24: 943-954 as proteasonte inhibitors for potential anticancer
ase, 1 WO 2010/043631 as protein Kinase inhthitors potentially usetul for treating cancer,
Pown’s syndrome or sickle cell anemia, and in US 2010/0137194 as plasminogen activator
whibitor-1 (PAI-1) inhibitors potentially useful to modulate hpid metabolism. These references
do not however disclose or teach that the compounds described have potential antibacterial
activity or utility for topical application or in oral or personal care prodycts, or that they have any
advantages over EGUG for such use.

{0005] Accordingly, there is a need for compounds having antibacterial activity similar to or

better than EGCG, but which are cheaper to manufacture and are more stable in formulations.

[0086] The nvention provides compositions for topical use e.g., an oral care or personal care
composition, comprising an antibactenially effective concentration of a gallate or gallamide
compound wiich is a polysabstitated cycloalkyl or heterocycloalkyl, wherein the substituents are
sefected from hydroxy, hydroxymethyl, fluoro, chloro, aminoe, nitro, or @ modety of formula -X-
{COM3 4, 5-trihydroxyphenyl), wherein X is selected from O and NH, provided that the
substituents comprise at least two moteties of fornmla ~X-{CO{3 4, 5-trihydroxyphenyl)
attached 10 adjacent carbons (the compounds sometimes heremafter referred to for convenience
as cycloalky! gallates or CAGs). The vention further provides the use of a CAG as an
antimicrobial agents, e.g., for use in topical personal care or oral care formulations, for example
an antibacterial hand soap, or a toothpaste or mouthwash, and methods of treating and reducing
bacterial infections and nflammatory conditions, e.g., gingivitis, comprising topically
administering an effective amount of these gallate or gallamide compounds to a subject in need
thereof, for example methods of treating gingivitis comprising topically administering an oral
care composition comprising an effective amount of a CAG to the oral cavity a patient in need
thereof.

{0067] Further areas of applicability of the present invention will become apparent from the
detatled description provided heremafter. It should be understood that the detatled deseription
and specific examples, while indicating the preferred embodiment of the tnvention, are intended

tor purposes of tlustration only and are not intended to hmit the scope of the invention.
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DETAILED DESCRIPTION

0008} The following description of the preferred embodiment{(s) is merely exemplary in nature
and 1s in no way intended to himit the invention, its application, or uses,

{0009] The identification of EGCG analogs useful for oral care products such as dentifrice or
mouthwash involved first identifving the structural elements associated with activity then
screening selected compounds. The design based on structure-activity-relationship studies
avatlable i litevature, molecular modehing, conformational analysis, stability prediction and
considerations related to ease of synthesis. Information on synthetic analogs of EGCG s rather
rare and typically involves minimum alteration to EGCG structure. Similar natural prodocts
having only one 1.2 3-tnthydroxvbenzene ring {e g. epigallocatechin, catechin gallate) were
significantly less potent in LL-37 production than EGCG. Furthermore, three hydroxy groups on
the benzene ring and thewr 1,2 3 relative ortentation also appears essential for its activity. We
performed molecular modeling with Chem3D software using molecular mechanics.
Conformational analysis of EGCG generates two structures, which show that the two 1.2,3-
tribvdroxybenzene anits are either stacked to sach other (syn-conformer) or nearly 90 degrees in
relative orientation (anti-conformer). This suggests that functional EGCG analog nyast have 2
trihydroxybenzene units close to each other.

[0010] In order 1o increase stability of the material against oxidation, it is desirable to add
electron-withdrawing substituent on the avomatic ring. The carbonyl group lends itself as a
potential connecting group to attach the two 1.2 3-trihydroxybenzene units together via a
designed scaffold. Such a connection could be facilitated vsing ketone, amide or ester. The
scaffold is designed such that it forces the two 1.2 3-trthvdroxvbenzene units to be close to each
other providing the health benefits of natural EGCG without discoloration and stability issues.
Such a scaffold is preferably a cycloalkvi or cyveloheteroatkyl, with at least two hydroxy or
amine groups on adjacent carbons to form esters or amide with gallic acid, and optionally further
substituted with hydroxy, chlorine, fluorine, nitro, amino, andfor additional substituents bearing
1.2,3 ~tethydroxy benzene moieties. So for example the scaffold could be cyclopentane,
cyclohexane, trans~-1 2-dibydroxyevelohexane, cis~-1.2-dihydroxyeyclohexane, trans-1.2~
cvelohexanediannne, cis-1,2-cyclohexanediamine, cis-1 2-dihvdroxyevelopentane, cis-1,2-

oyclopentanedignine, hexahvdro-pyridazine or pyrazolidine, or could be based on g

Taed
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monosaccande ring, e.g., furanose or pyranose, which would have cost advantages for larger
scale production.

{0011} Based on these considerations and # silicn experiments, compounds are screened and
further characterized as described in the examples, particudarly with respect to thewr ability to
elicit LL-37 peptide from epithelial cells and their anti-oxidative capability.

[0012] The mvention therefore provides a composition for topical use (Composttion 1), e.g., an

pral care or personal care composition, comprising an antibacterially effective concentration of a
gatlate or gallamide compound which is a polysubstinited cycloalkyl or heterocvcloatkyl (e.g
cyclopentyl, cvclohexyl, tetrabvdroforan, or tetrahydropyran), wherein the substituents are
selected from hydroxy, hydroxymethvl, fluoro, chiloro, amino, nitro, or a moiety of formula -X-
{CO3 4, 5-trthydroxyphenyl), wherein X 1s selected from O and NH, provided that the
substituents comprise at least two moicties of formula —X-(CO(3.4.5-wrihydroxyphenyl)
attached to adjacent carhons; in free or 1o orally or topically acceptable salt form;

e.g., an oral care or personal care composition, comprising an antibacterially effective

concentration of g gallate or gallamide compound of Formula 1:

O

Formula 1
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wherein X is O or NH, A 15 evclopentyl, cyclohexyl, tetrahydrofuran, or tetrabvdropyran,
optionally substituted with one or more hydroxy, hydroxvmethyl, or moiety of formuda - X-{CO}-
{3.4.5-thydroxyphenyl): in free or in orally or topically acceptable salt form;
for examiple,

t.1.  Composition  wherein X 15 O]

1.2,

e

Composition 1 wheremn X 1s NH;

1.3, Any of the forepoing compositions wherein the two mowreties of formula ~X-
{COMG A S-trihydroxyphenyl) on adjacent carbons 1o the gallate or gallamide
compound are the cis-configuration relative to one another;

14, Anvof the foregoing compositions wherein the two moieties of formula ~X-
{COM(3.4,5-trihvdrox yphenyl) on adjacent carbons in the gallate or gallamide
compound arc in the rrans-configoration relative to one another;

1.5 Any of the foregoing compositions wherein the gallate or gallamide compound i3
of Formula | and A is cvclohexyl or eyclopentvl;

1.6, Any of the foregoing compositions wherein the gallate or gallamide compound is

selected from compounds of formulae 1a, formula 1b and mixtures thereoft
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L7, Any of the foregomg compositions wherein the compound of formula 1 15
selected from frans-1,2 cyclohexanediol digallate (THDG), ¢is-1,2-

¢vclohexanediol digallate (CHDG), cis-1,2-cyclopentanediol digallate {CPDG),
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frans-1,2-cyclohexane digallannde (THDGA), and cis-1,2-cyclohexrane

digallamide {CHDGA)
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and mixtures thereof.

Any of the foregoing compositions further comprising a surfactant, an
antioxidizing agent, andfor a buffer;

Any of the foregomyg compositions in the form of an antimicrobial soap, ointment,
cleanser or cream for topical application to the skin;

Any of the foregoing compositions wherein by “antibacterially effective
concentration” of a compound of fornwla 1 is meant a concentration effective to

induce release of the antibacterial peptide L.1-37 by human epithelial cells;

For example, the invention provides any of the foregoing Compositions which is
an oral care composition {Composition 2}, .g.,

Composition 2 further comprising an effective amount of fluoride, e.g., wherein
the fluoride 15 a salt selected from stannous fluoride, sodium fluoride, potassiom

fluonde, sodium monofivorophosphate, sodium fluoresilicate, ammonium
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2.6,

&
~

2.8

2.1,

Huorosthicate, amine Huoride (e.g, N-octadecyltrimethylendianine-N, N N'-

tris{ 2-ethanob)-dihvdrofluonde), ammonium fluoride, ttaniun fluonide,
hexaftuorosutfate, and combinations thereof:

Any of the foregoing composttions 2 et seq. comprising l-arginine in free or orally
acceptable salt form;

Any of the foregomg compositions 2 et seq. comprising buffering agents, e.g |
sodium phosphate buffer (e.g., sodiom phosphate moncohasic and disodiom
phosphate)

Any of the foregomng compositions 2 et seq. comprising a humectant, e.g.,
selected from  glycerin, sorbitol, propylene glycol, polyethylene glyeol, xylitol,
and mixtures thereof;

Any of the foregoing compositions 2 ¢t seq. further comprising an abrasive or
particulate;

The immediately preceding composition wherein the adhesive or particulate is
selected from sodinm bicarbonate, calcium phosphate (e g, dicalcinm phosphate
dihvdrate}, caleium sulfate, precipitated calcium carbonate, silica (e.g., hydrated
stlica), tron oxide, aluminum oxide, perlite, plastic particles, e.g., polyethviene,
and combinations thereof:

Any of the foregoing compositions 2 et seq. comprising an abrasive in an amount
of about 15 wt. % to about 70 wt. % of the total composition weight;

Any of the foregoing compaositions 2 ef seq. comprising one or more surfactants,
g2, selected from anonic, cationic, zwitterionic, and nomomic surfactants, and
mixtures thereof], e.g., comprising an anlonie surfactant, ¢.g., a surfactant selected
from soduan fawryl sulfate, sodium ether laveyl sulfate, and mixtures thereot, e
i an amount of from about 0.3% to about 4.53% by weight;

Any of the foregoing compositions 2 ot seq. forther comprising at least one
polvmer, e.g., selected from polyethylene glyeols, polyvinylmethy! ether maleic
acid copolymers, polysaccharides {e.g., cellulose dertvatives, for example

carbox ymethyl cellulose, or polysacchartde gums, for example xanthan gom or
carrageenan gumn), and combinations thereot;

Any of the foregoing comaposiions 2 of seg. comprising gum Steips or ffagments;

=]
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Any of the foregomg compositions 2 et seq. further comprising flavorng,
fragrance and/or coloring;

Any of the foregoing compositions 2 ot seq. further comprising water;

Anv of the foregoing compositions 2 el seq. comprising one or more antibacterial
agents in addition to the compound of formula 1, for example comprising an
anttbactenial agent selected from halogenated diphenyl ether (e.g. triclosany,
herbal extracts and essential oils (e g, rosemary exiract, fea extract, magnolia

geramol, carvacrol, citral, lnnokatol,

i

extract, thymol, menthol, eacalyptol
catechol, methyl salicylate, epigallocatechin gallate, epigaliocatechin, gallic acid,
miswak extract, sea-buckthom exiract), bisguanide antiseptics {e.g.,
chlothexidine, alexidine or octemidine), quaternary ammoniom compounds {e.g.,
cetylpyridinium chloride (CPC), benzatkonium chloride, tetradecylpyridinium
chionde (TPC), N-etradecyl-4-ethvipyridimam chlioride (TDEPC)), phenolic
antiseptics, hexetiding, octenidine, sanguinaring, povidone iodine, delmopinol,
salifluor, metal tons {e.g., zine salts, for example, zinc citrate, stannous salts,

copper salts, ivon salts}, sanguinanne, propolis and oxygenating agents {e.g.,

£

hvdrogen peroxide, baffered sodium peroxyborate or peroxycarbonate), phthahc
acid and its salts, monoperthalic acid and its salts and esters, ascorbyl stearate,
oleoyl sarcosine, alkyl sulfate, dioctyl sulfosuccinate, salicylanitide, domiphen
bromde, delmopinol, octapinol and other piperidme denvatives, niem
preparations, chlorite salts; and mixtures of any of the foregoing; e.g., comprising
triclosan or cetylpyridinium chloride;

Any of the foregotng compositions 2 et seq. further comprising an anti-
inflammatory comapound, e g, an inhibitor of at least one of host pro-
mflammatory factors selected from matrix metalloproteinases {MMP's),
cvclooxvgenases {COX), PGE2, interlenkin { (IL-1), IL-1P converting enzyme
(ICE), transforming growth factor §1 {TGF-§1), mducible nitric oxide synthase
(iNOS), hvaluronidase, cathepsins, nuclear factor kappa B (NF-«B}), and 1L-1
Receptor Assoctaled Kinase (IRAK), eg, selected from aspirin, ketorolac,
flurbiprofen, tbuproten, naproxen, indomethaciy, aspirin, ketoprofen, piroxiam,

meclofenamic acid, nordibydogaaiaretic aad, and mixtures thereof]
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215 Any of the foregomg compositions 2 et seq. further comprising an antioxidant,
e.g., selected from the group consisting of Co-enzyme 10, PQQ, Vitamin C,
Vitamin E, Vitammn A, anethole-dithiothione, and mixtares thercof]

2.16.  Anv of the foregomg compositions 2 et seq. further comprising a whitening agent,

g.g., a selected from the group consisting of peroxides, metal chlorites, perborates,
percarbonates, peroxyacids, hypochlorites, and combinations thereof;

217, Any of the foregoing compositions 2 et seq. further comprising hydrogen
peroxide or a hydrogen peroxide sowrce, e.g., wea peroxide or a peroxide salt or
complex (e.g., such as peroxyphosphate, peroxyearbonate, perborate,
peroxysilicate, or persulphate salts; for example calcium peroxyphosphate,
sodiom perborate, sodiwn carbonate peroxide, sodium peroxyphosphate, and

potasstum persulfate);

|2V

A80 Any of the foregoing compositions 2 et seq. further comprising an agent that

interferes with or prevents bacterial attachment, £.g., solbrol or chitosan;

3]
e

1.30.  Any of the preceding compositions further comprising a source of ealcium
and phosphate selected from (1) calcimm-glass complexes, e, caloinm sodivm
phosphosilicates, and (i1} calcivm-protein complexes, e.g., casein phosphopeptide-

amorphous caleium phosphate;

>
£
<

Any of the foregoing compositions 2 et seq, further comprising 8 soluble calcium
saft, e.g., selected from calonam sulfate, calenun chloride, calcniam nitrate, calcram

>

acetate, calcium lactate, and combinations thereof]

3o
b3

Any of the foregoing composiions 2 et seq. further comprising a physiologically
acceptable potassium salt, 2., potassinm nitrate or potassium chloride, i an

et

amount effective to reduce dentinal seasitivity;

b
P2
2

Any of the foregoing compositions 2 et seq. further comprising a breath freshener,

fragrance or flavoring;

>
i~
(%]

Any of the foregoing compostiions 2 et seq. effective upon application to the oral
cavity, e.g., with brushing, to (1) inhibit microbial biofilm formation in the oral
and promote remineralization of the teeth, (Iv} reduce hypersensitivity of the

teeth, (v} reduce or inlubit gingivitis, (vi} promote healing of sores or cuts in the

9
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mouth, (v} reduce levels of acid prodocing bacteria, {(vii) to increase relative
levels of non-cariogenic andfor non-plaque forming bacteria, {ix) reduce or
ihibit formation of dental caries, {x), reduce, repair o inhibit pre-carious lesions
of the enamel, e.g., as detected by quantitative light-induced fluorescence (QLF)
or electrical caries measurement (ECM), (x1} treat, relieve or reduce dry mouth,
{xi1} clean the teeth and oral cavity, {xiin) reduce erosion, (x1v) whiten teeth;
andfor (xv) promote systemic health, including cardiovascular health, e g, by
reducing potential for systemic infection via the oral tissues;

A composition obtained or obtainable by combining the ingredients as set forth in
any of the preceding compositions;

Any of the foregomg compositions 2 ef seq. in a form selected from mouthringe,
toothpaste, tooth gel, tooth powder, non-abrasive gel, mousse, foam, mouth spray,
lozenge, oral tablet, dental implement, and pet oral care product;

Anv of the foregoing compositions 2 et seq. further comprising effective amounts
of additional agenis selected from fluonde, -arginine in free or orally acceprable
salt form, antibacterial agents in addition to the compound of formula 1, anti-
mflammatory compounds, and whitening agents;

Any of the foregoing compositions 2 et seq. wherein the composition is a
toothpaste or mouthwash optionally further comprising one or more of one or
more of water, abrasives, surfactants, foaming agents, vitaming, polymers,
enzymes, humectants, thickeners, antimicrobial agents, preservatives, Havorings,
colorings and/or combinations thereof

Any of the foregoing compositions 2 et seq. wherein the composition is
toothpaste;

Any of the foregoing compositions 2 -2.28 wherein the composition is a

mouthwash.

{0013} In another embodiment, the ivention provides methods to {1} inhibit microbial biofilm

formation i the oral cavity, {11} to reduce plaque secwmulation, (i) reduce or inhibut

demineralization and promote remineralization of the teeth, {1v) reduce hypersensitivity of the

teeth, (v) reduce or inhibit gingivius, (vi) promete healing of sores or cuts in the mouth, {vii}

reduce levels of acid producing bacteria, {viii) o wncrease relative levels of aon-cariogenic

160
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and/or non-plague forming bactena, (ix) reduce or whibit formation of dental caries, {x), reduce,
repatr or inhibit pre-cantous lesions of the enamel, e.g., as detected by quantitative light-induced
Huorescence (QLE) or electrical caries measurement {ECM}, (k1) treat, relieve or redace dey
mouth, (xi1) clean the teeth and oral cavity, (xi13) reduce erosion, {xiv) whiten teeth; and/or (xv)
promate systemic health, including cardiovascular health, e g, by reducing potential for systemic
mfection via the oral tissues; comprising applving to the oral cavity an effective amount of a
composition comprising a compound of Formula 1, as hereinbefore deseribed, e g, an oral care
compositions, for example any of Composition 2, et seq.

[0014] The invention further provides a method 1o reduce, inhibit, or treat topical or superficial
microbial infections, for example to treat, reduce or inhibit topical skin mfections, e.g., acne,
superficial skin infections, minor cuts, pathogen colomzation, and miflanimatory skin conditions,
comprising applying a composition comprising an antibacterially effective amount of a
compound of Formula 1, e.g., Composition 1 et 3eq. to the affected skin or nails of a sabject in
need thereof.

{0015} The mvention further provides the use of a compound of Formula 1 in the manufacture of
a formulation for topical application, e.g., a Compeosition | et seq or 2 et seq, e.g., for use m any
of the methods as described in the preceding two paragraphs, as well as methods of
manufacturing an oral care composition, e.g., Composition 1, ef seq., comprising combining a
compound of formula 1 with an orally or topically acceptable carrier or vehicle.

[0016] Orally or topically acceptable: The compositions of the mvention are intended for

topical use on the skin or in the mouth, thus excipients for use in the present inveation should be
orally or topically acceptable, that i, safe for topical use m the mouth or on the skin, in the
amounts and conventrations provided. Orally and topically acceprable fornulation excpients are
known in the art and ave forther exemplified herein. When compounds of the mvention are

capable of forming salts, e.g., acid or base addition salts, the salts for use in the present invention

should be orally or topically acceptable, that 1s, safe for topical use in the mouth or skn, in the
amounts and concentrations provided. Suitable salts melude salts known in the art 1o be
pharmaceatically acceptable salts, which are generally considered to be orally and topically
acceptable for this purpose in the amounts and concentrations provided.

{0017} dorive Agents: The effective concentration of the active mgredients used herein will

depend on the particolar agent and the debivery system used. While the compounds of formuuda |

i
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do have intninsic antibactenial activity, without being bound by theory, we believe that most of
the antibacterial effect of the compounds of fornula 1 when administered is due to their
tnduction of the release of the antibacterial peptide LL-37 from epithelial cells. Thus, an
antibacterial concentration of the compound of fonmula 1 iy includes a concentration effective to
induce release of the antibacterial peptide LL-37 from human epithelial cells, eg. a
concentration in the presence of the cell on the order of about 0.05%. 1t 13 moreover understood
that a toothpaste or soap for example will typically be diluted with water npon use, while a
mouth rinse or topical pharmaceatical preparation typically will not be, and the concentration in
the composition should take any expected difution upon use into account. Thus, an effective
concentration of active in a toothpaste, for example, will ordinanly be 5-15x higher than required
for a mouth rinse.  Effective concentrations of a compound of formula 1 in a composition for use
in the mstant invention are thus, e.g., from 0.001 to 5%, e.g., about 0.01-0.1% for a mouth rinse
and about 8.1 to 1% for a toothpaste.

{0018} Other actives, when present in compositions of the invention, are provided in effective
amounts. Arginine, where present, may be present at levels from, e g, abonr 0.1 1o about 20 wi
Ya(expressed as weight of free base), e.g., about (.1 1o about 3 wit % for a mouthrinse, about 1 to
about 10 wi % for a consumer toothpaste or about 7 to about 20 wt % for a professional or
prescription treatment product. Fluoride where present may be present at levels of, e.g., about 25
to about 25,000 ppm, for example about 25 to about 250 ppm for a mouthriase, about 750 to
about 2,000 ppm for a consamer toothpaste, or aboat 2,000 to about 23 000 ppm for a
professional or prescription treatment product. Levels of antibacterial agents in addition to the
compoud of formula §owill vary similarly, with levels used in toothpaste being e g about 3 to
about 15 times greater than used in mouthrinse. For example, 3 triclosan mouthrinse nuay
contain, e.g.. about 8.03 wit % wiclosan while a triclosan toothpaste may contam abowt 0.3 wit %%

triciosan.

0019 fnoride Jon Source: The oral care compositions may further include one or more

fluoride ion sources, e.g., soluble fluoride salts. A wide variety of fluoride ion-yiglding matenals
can be employed as sources of soluble fluoride in the present compositions. Examples of
suttable fluonde ion-vielding matertals are found in U5, Pat. No. 3,5835.421, to Brner et al.;
LS. Pat. No. 4,885,155, 1o Parran, Jr. et all and 118, Pat. No. 3,678,154 o Widder et al,

mcorporated herein by reference. Representative fluoride ton sources include, bat are not himited
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to, stannous Huoride, sodinuy fuortde, potassim fluoride, sodtam monofluorophosphate, sodiam
fluorosilicate, ammonium fluorosilicate, amine fuoride, ammonium Fuoride, and combmations
thereof. In certain embodiments the fluoride ion source includes stannous fluoride, sodium
fluoride, sodium monoflaorophosphate as well as mixtures thereof. In certain embodiments, the
oral care composition of the invention may also contain a source of fluoride ious or fluorine-
providing ingredient in amounts sufficient to supply about 235 ppm to about 25 000 ppm of
Huoride ons, generally at least gbout 500 ppa, e.g., about 300 1o about 2000 ppm, e.g., about
1000 to about 1600 ppm, e.g., about 14530 ppm. The appropriate level of fluoride will depend on
the particnlar application. A mouthwash, for example, would typically have about 100 o about
250 ppm fluonide. A toothpaste for general consumer use would typically have about 1000 to
about 1300 ppm, with pediatric toothpaste having somewhat less. A dentifvice or coating for
professional application could have as much as about 5,000 or even about 25 000 ppm fluoride.
Fluoride ion sonrces may be added 1o the compositions of the invention at a level of about 8.01
wt. %6 1o about 10 wi. % in one embodiment or about 0.03 wt. % to about 5 wt. %4, and in another
embodiment about 0.1 wt. % to about | wi. % by weight of the composition in another
embodiment.  Weights of fluoride salts to provide the appropriate level of fluoride ion will
obviously vary based on the weight of the counter ion in the salt.

[0020] dbrasives: The compositions of the invention, e.g. Composition 2 et seq. may comprise a
calenan phosphate abrastve, e g, tricalcium phosphate {(Cas(POy);), hvdroxyapatite
{Can{POHLOH ), or dicalcium phosphate dihydrate (CalHPO; » 2H:20, alse sometimes referred
to herein as DiCal) or calcium pyrophosphate. The compositions may include one or more
additional abrasives, for example silica abrasives such as precipitated silicas having a mean
particle size of up to about 20 microns, such as Leodent 1158, marketed by 1. M. Huber, Other
useful abrasives also include sodium metaphosphate, potassinm metaphosphate, aluninum
sificate, calcined alumina, bentonite or other siliceous materials, or combinations thereof. The
sitica abrasive polishing materials useful herein, as well as the other abrasives, generally have an
average particle size ranging between about 0.1 and about 30 mucrons, about between I and
about 15 microns. The silica abrasives can be from precipitated sitica or silica gels, such as the
silica xerogels described 1w ULS. Pat. No. 3,538,230, to Pader et al. and U'S. Pat. No. 3,862.307,
o Digiulio, both incorporated herein by reference. Partivular sitica xevogels are marketed under

the trade name Sylowd® by the W, R, Grace & Co., Davison Chemical Division. The
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precipitated sihea materials include those marketed by the I M. Huber Corp. ynder the trade
nane Zeodem®, including the silica carrying the designation Zeodent 115 and 119, These silica
abrasives are described 1 U.S. Pat. No. 4,340,583, to Wason, incorporated herein by reference.
in certam embodiments, abrasive materials usefid in the practice of the oral care compositions m
accordance with the invention include sitica gels and precipitated amorphous silica having an ol
absorption value of less than abowt 100 ¢c/100 g sihica and in the range of about 45 ¢¢/100 g to
about 70 co/ 100 ¢ silica.  Oil absorption values are measured using the ASTA Rab-Out Method
P2RY. in certain embodiments, the sihicas are collowdal particles having an average paciicle stze
of about 3 microns to about 12 microns, and about 5 to about 10 microns. Low oil absorption
silica abrasives particularly useful in the practice of the invention are marketed under the trade
designation Svlodent XWA® by Davison Chemical Division of W R Grace & Co., Baltimore,
Md. 21203, Sviodent 630 XWA®R, g silica hydrogel composed of particles of colloidal silica
having a water content of 29% by weight averaging about 7 1o abowt 10 nuerons in diameter, and
an oil absorption of less than about 70 ¢¢/100 ¢ of silica is an example of a low oil absorption
silica abrasive usefud in the practice of the present invention. The abrasive is present m the oral
care composition of the present invention at a concentration of about 10 to about 60% by weight,
in other embodiment about 20 to about 43% by weight, and in another embodiment about 30 to
about 50% by weight.

{0021} The oral care compositions of the invention also may include an agent to increase the
amowunt of foam that 15 produced when the oral cavity is brushed. Hlustrative examples of agents
that increase the amount of foam include, but are not imited to polvoxvethyvlene and certain
polymers including, but not Himited to, alginate polvmers. The polyoxyethylene may mncrease the
amount of foam and the thickness of the foam generated by the oral care carrier component of
the present invention, Polyoxyethylene is also cormmonly known as polyethylene glyeol
{"PEG") or polyethylene oxide. The polvoxvethylenes saitable for this tnvention will have a
molecular weight of about 200,000 o about 7,000,000, 1o one embodiment the molecular weight
wiil be about 600,000 to about 2,000,000 and 1 apother embodiment about 808,000 to about
1,000,000, Polvox® is the trade name for the high molecular weight polyoxvethylene produced
by Union Carbide. The polvoxyethyvlene may be present in an amount of about 1% to about
90%, 1w one embodiment about 3% to about 530% and in ancther embodiment about 10% to abowt

20% by weight of the oral care carvier comaponent of the oral care compositions of the present
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mvention,  The dosage of foaming agent in the oral care composition (Le., a sigle dose) is
about 0.01 to about .9 % by weight, about 0.05 to about 0.5% by weight, and in another
embodiment aboaut 0.1 1o about 0.2 %6 by weight.

{0022} Sirfactants: The compositions useful 10 the invention may comtain antomc surfactants,
for example

i water-soluble salts of higher fatty acid monoglyeeride monosuliates, such as the

sodiwm salt of the monosulfated moenoglyeernide of hydrogenated coconut ol fatty acids

such as sodium Nemethyl N-cocovl taurate, sodiam cocomonoglyveende sulfate,

. higher alkyl sulfates, such as sodunn lanryl sulfate,
Hi. higher alkyl-ether sulfates, e.g, of formula CHAy{CH ) CHAOCHCH 1, 0803 X,

wherein mis 6-16, e.g., 10, nis 1-6, e.g, 2, 3or 4, and X 1s Na or K, for example sodiam

laureth-2 sulfate (CHCH ) oCHy{OCHCH ) 0S0:Na).

iv. higher alkyl aryl sulfonates such as sodium dodecyl benzene solfonate (sodium

tauryl benzene sulfonate)

V. higher alkyl sulfoacetates, such as sodium lauryl sultvacetate (dodecyl sodium

sulfoacetate), higher fattv acid esters of 1.2 dihydroxy propane sulfonate, sulfocolaurate

{N-2-ethyl laurate potassium sulfoacetanude) and sodium laaryl sarcosinate,
{0623] By “higher alkyl” is meant, e.g, Coxo alkyl In partioniar embodiments, the anionic
surtactant is selected from sodivm lauryl sultate and sodium ether lauryl sulfate. The anionic
surfactant may be present in an amount which is effective, e.g., > 0.01% by weight of the
formulation, but not at a concentration which would be trritating to the oral tissue, e.g., <10%,
and optimal concentrations depend on the particular formulation and the particular surfactant.
For example, concentrations used or 3 mouthwash are typically on the order of one teath that
used for a teothpaste. 1o one embodiment, the anionic surfactant 1s present in a toothpaste at
from about 0.3% to about 4.5% by weight, e.g., about 1.5%. The compositions of the invention
may optionally contain mixtures of surfactants, ¢.g., comprsing anionie sarfactants and other
surfactants that may be anionic, cationic, zwitterionic or nontonic. Generally, surfactants are
those which are reasonably stable throughout a wide pH range. Surfactants are described more
fully, for example, m U.S. Pat. No. 3,959 458, 1o Agricola et al; U.S. Pat. No. 3,937 807, to
Haefele; and ULS. Pat. No. 4,051,234, to Gieske et al., which are mcorporated herein by

reference. In certain embodiments, the antonie surfactants usetud heren include the water-
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soluble salts of alkyl sultiates having about 10 to about 18 carbon atoms in the alkyl radical and
the water-soluble salts of sulfonated monoglyeerides of fatty acids baving abont 10 to about 18
carbon atoms. Sodium lauryl sulfate, sodiunt lauroyl sarcosinate and sodium coconut
monoglhveeride sulfonates are examples of antonic surfactants of this type. In a particular
embodiment, the composition of the wveation, e.g., Composition 1, et seq., comprises sodium
lauryt suifate.

00241 In another embodiment, cationic surfactants useful in the present invention can be
broadly defined as derivatives of aliphatic guaternary ammonium compounds having one long
alkyl chain containing abowt 8 to about 18 carbon atoms such as lauryl trimethylammonium
chlonde, cetyl pyridinium chloride, cetyl trimethyvlammoniom bromide, di-
1sobutylphenoxyethyldimethyvibenzylammonmum chionde, coconut alkylirtmethylammonium
nifrite, cetyl pyridinium Huoride, and mixtures thereof. THustrative cationic surfactants are the
quaternary ammoniam fluonides desciibed in 118, Pat. No. 3,535,421, to Briner et al| herein
mcorporated by reference. Certain cationic surfactants can also act as germicides in the
COMpOsitions.

00251 Hlustrative nontonic surfactants that can be used in the compositions of the invention can
be broadly defined as compounds produced by the condensation of alkylene oxide groups
{bydrophilic in nature} with an orpanic hydrophobic compound which may be aliphatic or
alkylaromatic in nature. Examples of suitable nonionic surfactants include, but are not Hmited
to, the pluronics, polyethylene oxide condensates of alkyl phenols, products derived from the
condensation of ethylene oxide with the reaction product of propylene oxide and ethvlene
diamine, sthylene oxide condensates of aliphatic alecohols_ Iong chain tertiary amine oxides, long
chain tertiary phosphine oxides, long chain dialkyl sulfoxides and mixtures of such materials.
10026} In certain embodiments, gwitterionic synthetic surfactants uselol 1 the present mvention
can be broadly described as derivatives of aliphatic quaternary ammoniam, phosphomiam, and
sulfonium compounds, in which the aliphatic radicals can be straight chain or branched, and
wherein one of the aliphatic sabstitaents contains about 8 to about 18 carbon atoms and one
contains an anionic water-solybihizing group, e.g., carboxy, sulfonate, sulfate, phosphate or
phosphonate. Hlustrative examples of the surfactants suited for melusion mto the composition
include, but are not limited to, sodivay alkyl sulfate, sodium lauroyl sarcosinate,

cocoanudopropy! betaine and polvsorbate 20, and combinations thereof
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{00271 The surfactant or ruxtures of compatible surfactants can be present in the compositions
of the present invention in about (.1% o abowt 5.0%, in another embodiment about 0.3% to
ahout 3.0% and 13 snother embodiment about 0.5% to about 2.0% by weight of the total
COMPOSIION.

{0028} Flavoring dgents: The oral care compositions of the invention may alse include a

flavoring agent.  Flavoring agents which are used in the practice of the present mvention
tnctude, but are not Hmited to, essential ods as well gs vartous flavoring aldehvdes, esters,
alcohols, and stmilar materials, Examples of the essential oils molude oids of spearmung,
peppenmint, wintergreen, sassafras, clove, sage, encalvpius, marjoram, cinnamon, lemon, lime,
grapefruit, and orange. Also useful are such chemicals as menthol, carvone, and anethole.
Certain embodiments employ the oils of peppernunt and spearmint. The flavoning agent may be
incorporated in the oral composition at a concentration of about 0.1 to about 5% by weight and
about 0.5 10 abowut 1.5% by weight. The dosage of flavoring agent in the individual oral care
composition dosage (i.e., a single dose) is about 0.001 to 0.05% by weight and in another
embodiment about 0.005 to aboat 0.015 % by weight.

[0029] Pohumers: The oral care compositions of the invention also optionally include one or
more polymers, such as polvethylene glycols, polyvinvimethyl ether maleic acid copolvmers,
polysaccharides {e.g., cellulose derivatives, for example carboxymethyl cellulose, or
polysaccharide gums, for example xanthan gum or carrageenan gum). Aadic polymers, for
example polvacrylate gels, may be provided in the form of their free acids or partially or fully
neutralized water soluble alkali metal (e.g., potassium and sodium) or ammonium salts,

[0030] Efficacy of compownds of formula 1 and other noncationic antibacterial agents, e.g.,
triclosan, in a dentifrice may be enhanced by including from about 0.05 to about 5% of an agent
which enhances the delivery and retention of the agents to, and retention thereol on oral swfaces.
Such agents useful in the present invention are disclosed in U.S. Pat. Nos. 5,188,821 and
5,192,531, and include syathetic antonic polymeric polvcarboxylates, such as 1:4 to 4:1
copolymers of maleic anhydride or acid with another polyvmertzable ethvlenically unsaturated
monomer, preferably methyl vinyl ether/maleic anhydride having a molecular weight (MW ) of
about 30,000 to abowt 1,000,000, most preferably about 30,000 to about 806,000, These
copolymers are gvailable for example as Gantrez, e.g, AN 139 {M.W. 5300,0003, AN HO (MW,
250,000} and preferably 5-97 Pharmacentical Grade (MW, 700,000} available from ISP

L
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Technologies, Inc., Bound Broek, N.J. 08805, The enhancing agents when present are present in
amounts ranging from about 0.05 10 about 3% by weight. Other operative polymers include those
such as the 111 copolymers of maleic anhydride with ethyl acrylate, hydroxyethyl methacrviate,
N-vinyi-2-pyrotlidone, or ethviene, the latter being available for example as Monsanto EMA No.
O3, MW, 10,000 and EMA Grade 61, and 1:1 copolymers of acrvhic acid with methyl or
hvdroxyethyl methacrylate, methyl or ethyt acrvlate, 1sobutyl vinyl ether or Nevimyi-2~
pyrrolidone, Suitable gencrally, are polvmerized olefinically or ethvlenically unsaturated
carboxylic acids containing ap activated carbon-to~carbon olefinic double bond and at least one
carboxyl group, that 1s, an acid containing an olefinic double bond which readily functions in
polymenzation because of its presence in the monomer molecule either in the alpha-beta position
with respect to a carboxyl group or as part of a terminal methylene grouping. Hlustrative of sach
acids are acrylic, methacrylic, ethacrvhic, alpha-chlorcacrylic, crotonic, beta-acrvioxy propionic,
sorbic, alpha-chlorsorbic, cinnamic, beta-styryiacrylic, maconic, Haconic, CITACORIC, MESACOML,
glutaconic, aconitic, alpha-phenviacrylic, 2-benzyl acryvlic, 2-cyclobexviacrylic, angelic,
umbellic, fumanic, maleic acids and anhydrides. Other different olefinic monomers
copolyruerizable with such catboxylic monomers include vinylacetate, vinyl chloride, dimethyl
maleate and the hke. Copolymers contain sufficient carboxylic salt groups for water-solubility,
A further class of polyvmeric agents includes a composition containing homopolymers of
substituted acrvlamides and/or homopolymers of unsaturated solfonic acids and salts thereof, in
particular where polymers are based on unsaturated sulfonic acids setected from
acrviamidoalvkane sulfonic acids such as 2-acrylamide 2 methvlpropane sulfonic acid having a
molecudar weight of about 1,000 to about 2,000,000, described 1 TS, Pat. No. 4,842 847, Jun,
27, 1989 1o Zahid, incorporated herein by reference. Another usefud class of polvmeric agents
ncludes polyvamine acids comaining proportions of anionic surface-active amino acids such as
aspartic acid, glutamic acid and phosphoserine, e.g. as disclosed in 1S, Pat. No. 4,806,161 Sikes
et al., incorporated herein by reference. In preparing oral care compositions, i is sometimes
necessary 1o add some thickening material to provide a desirable consistency or to stabilize or
enhance the performance of the formoplation. In certain embodiments, the thickening agents are
carboxyvinyl polymers, carrageenan, hydroxyethyl cellulose and water soluble salts of cellulose
ethers such as sodivm carboxymethyl cellulose and sodin carboxymethyl hydroxvethyl

cellulose. Natwral gums such as karava, gum arabic, and gom tragacanth can also be
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mcorporated. Collotdal magnesinm aluminam sthicate or finely divided stlica can be used as
component of the thickening composition to further improve the composition's texture. In certain
embodiments, thickening agents 1n an amount of about 0.5% to about 5.0% by weight of the total
composition are used.

{0031} Limwmes: The oral care compositions of the invention may also optionally include one or
more enzymes.  Usefal enzymes melude any of the available proteases, glucanchydrolases,
endoglycosidases, amviases, mutanases, lipases and mucinases or compatible mixtures thereof.
In certain embodiments, the enzyme is a protease, dextranase, endoglyveosidase and mutanase. In
another embodiment, the enzyme Is papain, endoglveosidase or & mixture of dextranase and
mutanase. Additional enzymes suitable for use in the present invention are disclosed in US. Pat.
Neo. 5,000,939 {o Dring et al., U.S. Pat. No. 4,992 420; U S, Pat. No. 4,353,022, U.S. Pat. No.
4,154 815 U.S. Pat. No. 4,058,595 U.S. Pat. No. 3,991,177, and 10.S. Pat. No. 3,696,191 all
mncorporated herein by reference. An enzyme of a mixtare of several compatible enzymes in the
current invention constitutes about 0.002% to about 2.0% in one embodiment or about 0.05% 1o
about 1.5% 1 another embodiment or in yet another embodiment about 0.1% to about 0.5%.
[00321 Harer: Water may also be present in the oral compositions of the invention. Water,
emploved in the preparation of commercial oral compositions should be deionized and free of
crganic impurities. Water comimonly makes up the balance of the conpositions and includes
about 10% 10 about 90%, about 20% to about 60% or about 10% to about 30% by weight of the
oral compositions. This amount of water ncludes the free water which s added phus that amount
which is introduced with other materials such as with sorbitol or any components of the
mvention.

{0033] Humegiants: Within centamn embodiments of the oral compositions, 1t is also desirable to
mcorporate a humectant to prevent the composition from hardening upon exposure (o an.

Certain humectants cap also impart desirable sweetness or flavor to dentifrice compositions. The
humectant, on a pure humectant basis, generally includes about 15% to about 70% i one
embodiment or about 309 to about 65% m another embodiment by weight of the dentifrice
composition. Suitable humectants include edible polyhydric alcohols such as glycerine, sorhitol,

glveol as well as other polyols and nuxtures of these humectants. Mixtures of

foe

xyhitol, propylene
glycerne and sorbitol may be used in certam embodiments as the humectant component of the

toothpaste compositions herein.
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{0034] (her optional fngredients: 1o addition 1o the above-described components, the

embodiments of this invention can contain a variety of optional ingredients some of which are
described below. Optional ingredieats include, for example, but are not limited to sudsing

agents, Havorings or fragrances, additional antiplaque or anti-biofilm agents, and coloring

v~

agents. These and other optional components are, for example, further described w U.S. Pat. No.
5,004,597 1o Magets; ULS. Pat. No. 3,959 458 to Agricola et al. and US. Pat. No. 3,937 807 to0
Haefele, all being incorporated herein by reference.

{0635] Svathesis of compounds of foromla 1 is described 1, e, Kazi, et al, Anticancer Res.
{20043 24: 943-954 WO 2010043631, and US 2010/0137194, each of which are incorporated
herein by reference. For example, the compounds can be made by a conventional Schotten-
Baumann reaction, reacting the desived polyhvdroxy or polvamino scaffold, eg., 1,2-dihydroxy-
cyclohexane, 1 2~-dihvdroxy-cyclopentane, 1,2-diamino-cyclohexane, 1 2-diammo-cyclopentane,
furanose or pyranose, with gallic acid in O-protected acid chlorde form, recovering the O-
protected gallic acid ester or amide compound formed thereby, and deprotecting to obtain the
compounds of Formula 1.

[0836] As used throughout, ranges are used as shorthand for describing each and every valne
that is within the range. Any value within the range can be selected as the terminus of the range.
In addition, all references cited herein are hereby incorporated by referenced in their entireties.
In the event of a conflict in a definition in the present disclosure and that of a cited reference, the
present disclosure controls. Unless otherwise specified, all percentages and amounts expressed

herein and elsewhere in the specification should be understood to refer to percentages by weight.

EXAMPLES

Example 1

00371 Based on molecular modeling and preliminary screens, the following gallate or gallamide

et

compounds {esters and amides) are moved forward for further evaluation:
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{0038] dnrioxidan gssay: The compounnds are tested using a commercially available
antioxidant assay kit (Sigma, catalog no. CS079¢). The principle of the antioxidant assay is

formation of a ferrvl myoglobn radical from metmyvoglobin and hydrogen peroxide, which
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oxidizes the ABTS (2,27 —azino-bis (3-ethylbenzthiazohne-6-sulfonic acid) to produce a radical
cation ABTS" a soluble chromogen that is green in color and can be determined
spectrophotomeirically at 405 nm.

HX-FE M+ Hi0p — X (Fel'=0) + H0

ABTS + X~ (Fe" =Q) -+ ABTS" + HX-Fe™"
In this equation, HX-Fe'll is metmyoglobin and X -~ (FEW““Q} is ferryl myoglobm. Metmyoglobin
1§ oxidized by hydrogen peroxide to ferryl myoglobin, which in turn oxidizes the dye ABTS into
the radical cation ABTS". Antioxidants suppress the production of the radical cation in a
concentration dependent manner and the color intensity decreases proportionally, meaning that
less green in this assay in the presence ot a test compound corresponds with better antioxadant
activity by the test compound. Trolox® (6-hydroxy-2,5,7 8-tetramethylchroman-2-carboxylic
acid, a water-soluble derivative of vitamin E known to be a potent antioxidant) serves as a
contro} or standard antioxidant. Antioxidant activity 13 expressed in terms of equivalence to mM

Trolox®. All of the compounds tested except DG show activity equal to or exceeding EGCG.

Table 1
Name of Analog Concentration | Antioxidant
{mM) Equivalence
in mM
Trolox
CHDG 2.38 7.3
THDG 2.38 7.6
CPDG 2.46 6.9
CHDGA 2.39 6.7
THDGA 2.39 . 7
BG 4$.42 8.4
DG 0.64 0.8
HGA 396 6.5
EGCG 1.96 5.6

10039 Formudation sudtabifity: The compounds are assessed for stability in storage. None of the

test compounds exhibit the browning seen with EGUG. The compounds are white to yellow
powders, Fresh solutions in DMSO/dwater are coloriess. No discoloration 1s seen w 1M at room
temperature, apart from a slight yellowing for HGA. The test compounds are generally

lipophitic and less soluble i water than EGCG.

97
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10040] Antibacierial assay: A growth inhibition (GI) gssay is performed to determine the abality

of the EGCG analogs in inhibiting bacterial growth. An overnight culture of Actiomyveces
viseosus (ATCC # 43146) 15 diluted to an OD610 ~ 0.2 m sterile trypticase soy broth (TSB) Nine
mils of dituted Actinomyees viseosusy s added 1o trplicate 15 mis sterile culture tubes for each
sample or control tested. One mi of each analog was added to the corresponding culture tube and
briefly vortexed. Cultures are incabated at 37°C in a shaking water bath. Supernatants are
removed at 2, 4, 6, and 24h and the ODo10 read. Results from wiplicate samples were averaged
and growth is plotted as a function of time. Each of the above compounds has modest
antibacterial activity in bacterial culture at 100 ppm, the same as EGCG, with the exception of
DG, which has activity at 20 ppm.

100411 Induciion of Anti-Microbial Peptides (A3P): Human gingival epithelial cells are grown

and treated with test compounds at 0.1% and 0.05% solution (DG is tested at lower
concentrations because of s poor solubility) at 4 and 16 hours, supernatants are collected and

tested for AMP levels by ELISA for LL-37 and B-defensin.

Table 2
Test compound LL-37 (ng/ml) at LL-37 {(ng/mBy at | B-defensin (ng/ml)
.1 % {0.023% for 8.05% (0.01% DGY | at 0.1% {8.025%
DG) after 4 hrs after 16 hrs for DG) after 4 hrs
CHDG 5200 3700 ED
THDG 41G0 900 280
CPDG 120 160 3.5
CHDGA 160 126 0.7
THDGA 100 136 1.3
BG 156G 50 0
DG 116 10 0
HGA 180 0 0.4
EGCG {source TeaVigo) 160 20 4.3
EGCE {source Kenko) 160 15 -

bt
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At 0.05% concentration, test compounds having a cvclohexyl or cyclopropyl scaffold are more
potent than EGUG in inducing expression of LL-37, and have a sustained effect on LL-37
tnduction. Induction of defensin expression is weaker than induction of LL-37 expression for all
compoukds tested. Accordingly, these compounds would have significant antibactenial activity
1 the mouth, in excess of their intrinsic antibacterial activity, by virtue of their ability to induce
epithelial cells to release the antibactenial peptide L1L-37.
Example 2
Dical base - CDC formula
[0042] Selected compounds are added 1o conventional toothpastes 1o determine stability, as
follows:

0.2% THDG in silica base, comprising 1.8% SLS with fluoride (HSLS)

1.2% THDG in Dical base (CDQ)

0.2% CHDG 0 silica base, comprising 1.8% SLS with fluoride

0.2% CHDG in Dical base
[0643] Formulations are made by post-addition and mixing in a Speed Mixer. Samples are aged
at ambient conditions, no pH coatrol, no stabilizers added. Recovery of test compounnd 1s

measured after one and two weeks:

0.2% in CDC 0.2% in HSLS

Recovery of | 1 week RT | 2 weeks RT | | week RT | 2 weeks RT

THDG 90% 4% 7% R

CHDG n'a 87% 91% nia

[0044] The stability of THDG and CHDG s assessed as follows: (1) Stabihity of neat matenals:
white to off white powders, short tenm shelf stability acceptable; (1) stability of CHDG/THDG
solations in DMSQfwater: pH 6.1 — 6.5, no discoloration after 4M at RT vs. Teavigo EGCG
under the same conditions — discolored in < 1 week; (311) stability m saliva (24 h at 37°C): no
discoloration to deep green discoloration - subject specific, depending on saliva pH (6.5 — 8); {iv)

stability in dentifrice: slight discoloration 1n CDC base in 2 weeks vs. 2 days for Teavigo;

24
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moederate discolorvation i silica base w1 week vs. 2 davs for Teavigo, Thus, while some
optimization is required for a commercial praduct, the compounds nevertheless show significant
stability advantages over EGCG.
{0045} Using a commercial Vitro-Skin®: assay {0 measwre potential uptake i skin, we see
uptake from all the formulations, but have better uptake 1 the Dical fonmulation than in the
silica/SLS formulation (units in micrograms/em’):

0.2% THDG/CDC: 49

0.2% THDGAHSLES: 6.6

0.2% CHDG/ICDC: 44

0.2% CHDG/CDC: 0.8

{1.3% Triclosan {positive controly. 7.7
j0046] Thus, cven without formulation optimization, the compounds show reasenable stability

and delivery in formudation, and are significantly better m terms of stability than EGCG.

{00471 While the invention has been described with respect to specific examples including
presently preferred modes of carrying out the invention, those skilled mn the art will appreciate
that there are numerous variations and permutations of the above described systems and
techaigues. It is to be understood that other embodiments may be utilized and structural and
functional modifications may be made without departing from the scope of the present invention.

Thus, the scope of the mvention should be construed broadly as set forth 11 the appended claims.
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CLAIMS
i. A composition for topical use comprising an antibacternially effective concentration of a

galtate or gallamide compound which is a polvsubstituted eycloalkyl or heterocyeloatkvl
wherein the substituents are selected from hvdroxy, hvdroxymethyl, fluoro, chloro,
aming, nitro, or @ moiety of formala —X-(CO -3 4, 5-trihydroxyphenyl), wherein X is
selected from O and NH, provided that the substitnents comprise af least two maoteties of
formnla -X-(CO-(3 4.5-rihvdroxyphenyl) attached to adjscent carbons; in free or in

orally or topically acceptable salt form.

2

The composition of claim 1 wherein the gallate or gallamide compound is a compound of

Formula 1:

Formula 1

wherein X 1s (Y or NH, A5 eyclopentyl, cyclohexyl, tetrahydrofuran, or tetrahydropyran,
optionally substituted with one or more substituents selected from one or more of hydroxy,
hydroxymethyvl, and moiety of formula ~X~(CO-(3 4, S-trihydroxyphenyl}; in free or i orally or

topically acceptable salt form,

3. The composition according to claim 1 wherein Xas O,
4. The composition according to claim 1 wherein X is NH.
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The composition of claims 1 to 4, wherein A 1s eyclohexyl or cyclopenivl.

The composition of clatms 1 to 5, wherein the gallate or gallamide compound is selected
from frans-1,2 cvclohexanediol digallate (THDG), cis-1 2-cyclohexanediol digallate
{CHDG), oiv-1,2-cvclopentanediol digallate {CPDG), srans-1,2-cvclohexane digallamide
{THDGA), and cis-1,2-cvelohexane digallamide (CHDGA) and mixtores thereof.

The composition of claim 6, wherein the gallate or gallanude compound 1s selected from
frans-1,2 cyclohexanediol digallate (THDG), ¢is-1,2-cyclohexanediol digallate {CHDG)
and mixtares thereof

The composition of any foregoing claim further comprising a surfsctant, an antioxidizing
agent, and/or a baffer,

The composition of any foregoing claim, wherein the antibactenially effective
concentration of a compound of formula 1 is the concentration effective to induce release
of the antibacterial peptide LL-37 by human epithelial cells.

The composition of any foregoing claim, in the form of an antimicrobial soap, ointment,
cleanser or cream for topical application to the skin.

The composition of claims 1 to @, which 13 an oral care composition.

The composition of claim 11, wherein the composition is a toothpaste or mouthwash
further comprising one or more of water, an abrasive, a surfactant, a foaming agent, a
vitanmin, a polymer, an enzyme, 8 humectant, a thickener, an antimicrobial agent, a
preservative, a flavoring, a coloring andfor combinations thereof]

The composition according to claim 12, wherein the composition comprises an abrasive,
and said abrasive is present in an amount of about 13 wt. % to about 70 wt. 9% of the total
composition weight.

The coraposition of claims 11 to 13, which is an oral care composition turther comprising
an effective amount of an additional agent selected from a fluoride ion source, arginine in
free or orally acceptable salt form, an antibactenial agent 1 addition 1o a compound of

formula 1, an anti-inflammatory agent, a whitening agent, and a combination of two or

more thereof,

A method to (1) mhibit microbial biofilm formation in the oral cavity, (1) reduce plaque

accumulation, {1i1) reduce or mhnbit gimgvitis, (v) reduce or mbubat formation of dental

caries, (v}, reduce, repair or inhibit pre-carions lesions of the enamel, (v} clean the teeth
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and oral cavity, andfor {vit) promote whole body health; comprising applyving to the oral
cavity an effective amount of a composition according to any one of claims o 9 or 11
fo 14

A method to reduce, inhabit, or treat topical or superficial microtual mfections, for
example to treat, reduce or inhibit topical skin infections, e.g., acne, superficial skin
infections, minor cuts, pathogen colonization, and mflammatory skin conditions,
comprising applying @ composition sccording to any one of clamns { 10 10 to the affected
skin or natls of a subject in need thereof,

The use of an antibacterially effective concentration of a gallate or gallamide compound
which is a polysubstitmted cycloalkyl or heterocveloalkyl wherein the sobstituents are
selected from hydroxy, hydroxymethyl, fluoro, chloro, amime, mitro, or a motety of
formula ~X-{CO)-(3 4,5-trihydroxyphenyl), wherein X is selected from O and NH,
provided that the substituents comprise at least two moteties of formata - X<{COM3 4,5~
trihydroxyphenyl} attached to adjacent carbons in the manufacture of a formulation for
use in a method according to ¢laim 15,

The use according to claim 17 wherein the formulation for topical application is an oral
care formulation selected from a toothpaste and a mouthrinse.

The use of an antibacterially effective concentration of a gallate or gallamide compound
which is a polysubstituted cycloalkyl or heterocycloalkyl wherein the substituents are
selected from hydroxy, hvdroxymethyl, Huoro, chloro, ammo, nitre, or a motety of
formula ~X-{CO)-(3.4,5-trihydroxyphenyl), wherein X is selected from O and NH,
provided that the substituents comprise at least two moeties of formula ~-X-{COM3 4,5+
triiydroxyphenyl) attached to adjacent carbons 1n the manufacture of a formulation for

use in a method according to claim 16



