BORI NI C COMPCSI TI ONS [ 0001] This application claims the benefit of United
States Provisional Application 61/183,788, filed June 3, 2009 and United

St at es Prwwoi2sioonado4 Appl i cation 61/ 183,792, also filed Jeoe3201808223t he
contents of which are incorporated herein by reference. BACKGROUND OF THE

| NVENTI ON [ 0002] The present invention relates to antini crobial

conposi tions containing a borinic acid derivative, e.g. a borinic ester. In
particul ar enbodi ments, the BORENIC COMPOSETIONSopi cal anti n crobi al

conposi tions, for exanple topical conpositions for treating fungal or

bact eri ghod Nfrastdppnanef clhis tskienefirrof DaittdSta@nbrovisahal dmppedioti ons, for

exanpl e dentifrice, for reducing hacterja .i.n e _mut h f inhibitin
and redtﬁi?ﬁéa7§§’afd‘if%{““§?r@!{)g?? Qg‘éﬁﬁgg_t?iﬁsrér%m?,%& ?831.1 Cat{%@éf‘g%% hag{?gh some )
borini c gs RS 3850®9ahE Bsidnieo fahicnid ashenicaheraigeytraferehdecor por ati ng bori nic
esters into oral care conpositions presents difficulties, as borinic esters

have proven to be unstabl e when added to a onposi tions. For exanple
borinic esters may hydrolW%@UH&%ﬁgM%g\éﬁf) irr:poral care e
y

conposi tions. Additionally, borinic esters may be insoluble in agueous
conposi t [060R] ThE@resent arvghiéon relies SUINGBIqroRigl cOMPEIHRIY FILYBY PE?W&G ¥
car bony! g Rles. { 3 ih QIO IBARMANGBAIR B0 GbRidRb R fopican! y | OCppm
and its sol'ubiTity in various oils may be |less than 0.5% There remains a
gee_d to sheivsdropalcompos fierisofes examplatepipd ¢empesitions Sir Fertedunsst srieeend d
erivatiyves.sta o or r kb OBSe xam MBI, ok ENTI ON

[0004] TH, ecﬂ?rgsogh%é Sll(lr?\?grr% 1|isi)%%| ogalgl&gg(gs?ﬁeogﬂs’t 0 thﬁrg sur p?éinsi’ rﬁ(alf%ugﬂggvery t hat
certain hotrinicthesioathse grier mhiabing ané pubineplaguedgingivisis andsdeniahfaEiedbi al
actlv!tyv\@ﬁnincror ted. into an i cal -3l ption, e.qg.
a topical® d?lﬂjé’t‘éh%“bea onggEaES; fiecg{;?&%?e ag aﬁtg%tc ﬁg%%iaééﬁ%%cg % ﬁ\ﬁ\é/ash. [OOOg] ’
I n OBe epdil (¥RAY intotdi€l chefcbmpasitimis dreskets difftculies apborinireesigrsdBEnprorevent i on
are porinic . d. .

to be u?lsstgbeler: \Svhenead%ed %faq]:lgoruglc’lcl)nafpo%itior%. }Bc>r %)xa%gple, borinic esters may

hydrolyze and decompose, e.g., in oral care compositions. Additionally, borinic esters may

be insoluble in aqueous compositions. For example, the solubility of 3-hydroxypyridine-2-

carbonyloxy-bis (3-chloro-4-methylphenyl)-borane in water is only 100ppm, and its

solubility in various oils may be less than 0.5%. There remains a need to develop

compositions and methods to incorporate borinic acid derivatives stably in oral care

compositions.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to the surprising discovery that certain borinic esters
are stable, soluble, and retain antimicrobial activity when incorporated into an topical or oral
care composition, e.g., a topical pharmaceutical composition or a dentifrice or mouthwash.
[0005] In one embodiment, the borinic acid derivatives of the present invention are borinic
esters, e.g. of formula A:

Ry

AN

B——O—R;
RQ/
Formula A
wherein R, and R, are the same or different (e.g. the same), and are selected from arylalkyl,

aryl, cycloalkyl, or heterocycle (e.g. substituted or unsubstituted aryl or heteroaryl, for
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R2 Formula A wherein R and R? are the sanme or different (e.g. the sane),
and are selected fromarylal kyl, aryl, cycloal kyl, or heterocycle (e.g.
substi t utwo 201ro/Mn@ubstituted aryl or heteroaryl, forexawrpirasphenyi2s

chl orophenyl, nethyl phenyl, or methyl chl orophenyl); and R3 is heteroaryl,
het eroaryl al kyl , heteroaryl carbonyl, or heteroaryl al kyl carbonyl (e.g.,
substituted or unsubstituted heteroaryl, for exanple quinolinyl or

hydr oxy psaingiephbGa rdﬂﬁi?dﬂh):nyl i rﬂetﬁ)ﬂﬂ%nsblt orphanytanaupheml) | apd &G dseiptendnirg, sal t
form in conbination with a pharnaceuti (i accept abbée C%I‘I‘I er. For
exanpl e, hqt?ﬁo%ﬂélkéhbﬁﬁpﬁ‘é"rﬁ“bﬁ’yla‘ﬁ&‘eﬁroéfyéa }%?Qﬁle(eﬁnﬁ PSS h aryl, e.g.,

phenyl, &Qh&h&@éﬁi&)&omﬁﬁﬁohwa%%n?ﬁhnohﬁyl orelybik ghyrangRasoNY1), il R8NE]

Heteroaryl is for exanple an a roup containing 1, 2 or 3 nlﬁrogen
atons, f Barmescantsely wﬁwtéhlﬁwt fomnl% mmmwwn A SredRERE T et acceprable

hydr OXYQ%&{{'& Y | RCre the@hkd hnd 241Bsth bitelons are for
exanpl e ge&éxgmgiekmonégrp{é&%}l%@%}r{ ;;2 reoxy I:)r Cl-4 lg/:‘lkyglo [ 0007] The
f

bori ni ¢ penegr shlerspifenyl, mnthwlpéerm@semhﬂcm@ Bh thus include, for exanple,
(i) bor O(jbp%] térQ 3 for&xén gh@%x?s%rg%{ &% aﬂhx?go hnag ?xﬁmgtax%toﬁ§afglpl e

3- hydr oxypyri |ne carbon oxy oro -net hyl phenyl)- borane or
3- hydr oxwmplazhyném?l- qmn@lmyy Ihgsrpxypysdidyihret Wrﬂwqulnﬂmlr opkery for exmane, as

| &ne;-,8-
\tl1v3e/dr oiiqé %‘qﬂ éibétltt‘ B nlch %@5 %Flogoﬁeixgﬂgg)loﬁeqﬁggeﬁ%k%n nic esters are
corrpoundslkﬁs described in WO 2006/ 102604, incorporated herein by reference,
F
gugst i tut 0865}% ?Pﬁé‘ﬁ%ﬁtfrtsﬁfe Ipﬁeﬁf’m 1%V35t§(fnqgust“el %‘r Foﬁ ﬁ’égrbnq w%{%hyar yl,

f] ubstit Ufn.@@iuﬁfes s uias;ﬂ btnbzbh @d:oﬁl)&‘éspﬁf kmmplm-hwmpmmn@ﬂcmbomubst i tut ed
eterocycle; z is wi.th the Vi SO, en Ais CR10
or N, anbis@ ‘ihg’r?\’l"'d‘ﬁeﬂéﬁﬂ‘fnyl) &?WW’E%%‘%%”PW?‘H%? Cﬁrlrb%l)’%%’%’slf ?J%tmet Y4"is 0 then

Dis O &l%pﬁ\éﬂﬁ%orane, as well as (ii) diaryl borinic esters, for example diphenylborane-8-
hydroxyquinolinate (PBHQ).
[0008] In one embodiment, the borinic esters are compounds as described in WO

2006/102604, incorporated herein by reference, e.g., of Formula (I)

Formula 1 D
wherein
R* and R** are independently substituted or unsubstituted aralkyl, substituted or
unsubstituted aryl, substituted or unsubstituted cycloalkyl, or substituted or unsubstituted

heterocycle;

z is 0 or 1, with the proviso, that if z is 1, then A is CR"orN, and Dis Nor CRIZ, and with

the further proviso that if z is 0 then D is O, S or NR'%;

E is hydrogen, hydroxy, alkoxy, (cycloalkyl)oxy, (cycloheteroalkyl)oxy, carboxy, or
2



E i s hydrogen, hydroxy, al koxy, (cycloal kyl)oxy, (cycl oheteroal kyl) oxy,
car boxy, oral kyl oxycarbonyl; mis 0 or 1; R12 is hydrogen, hydro xyal kyl,
am noal kywo 2aiokph@ni noal kyl , di al kyl am noal kyl , car boxy pcalusgdionyras bonyl ,
am do, hydroxy, al koxy, aryloxy, thio, alkylthio, arylthio, alkylsulfonyl,
di al kyl am nosul fonyl , al kyl am nosul fonyl, am no sul fonyl, sulfo, cyano,
hal o, nitro, am no, dial kylam no, al kylam no, arylam no, diarylam no,

ar al kyl asrkpiexycabordi;ar al kyl ami no; R 2a is hydrogen, substituted or
unsubstituted al kyl, substituted or unsubstituted heteroal kyl, substituted
or unsubstiéutﬁd aral kyl, substituted or unsubstituted aryl, substituted or
unsubst i Pdied tycl oal kyl, or substituted or unsubstituted heterocycle; and
RO and R10 are independently hydrogen, alkyl, cycloalkyl, hydro xyal kyl,
am noal kgl ;s aldkogm ydoay i, andncslis abylantadakyl. dialelaminealiybcAthexy,

hydr oxyi mj no, carboxy...alkyl L9, sy,

aryl thi okl PiepRh Lk a’fn%%%|h¥%fﬁﬁ%ﬁﬁ?%%@h@d&?“?‘%‘@y‘f?“@ﬁ%‘35| e an no.
al koxy, @iklkylaminosulichel, albylatmydsdiopyl, aminpsunys subfagyere daloi WP 4NIBB cept abl e

salt form [0009] “Aralkyl" and %alkaryl" i .torefer to
aryIaIky?mﬁkﬁmﬁpk§FQ?VFmr%¥%3%¥?9%?%@“ 8“?5%& &gﬁ}gggﬁqggﬁg%on of any

noi ety recited for R, RL, or Ris optionally substituted, for_ exanple
Wit h hydRrOXis hylragagerbstitored G unsabstijuted alkyloohoiuta) grynsybstitied heteraplkyl, Q -

al kyl . | oal kyl is ferably v el Kyl A i ef erably
phenyl . c?‘%@ﬁmTFXT ng%sﬁé‘%éirﬁg%%'lhsél%tg‘ftz%gﬁ ucsilslg)%{rlrt\@r/ref)lél P’ﬁs%ﬂ)sggltﬁ eedtr‘j(grf rom hydr ogen,
hydr oxy, ussibdieyed gophkyDat sapbtjnmed orsunsitbststed-hawraohdd;iandet hoxy. [0012] In

ot her enbodi nents, R12 is (CH2)kOH (where k = 1, 2 or 3), CH2NHZ,

CH2NHal kyb 2N( al kyl H I - aryl oxy, SH
S-al kyl ,*s?%{%ﬂ ?‘("é‘éﬁé?’{??ﬁ%,iy }%ﬁf’%%ﬁ)‘:@’al@%ﬁ Kﬁd’,l’ aé’l’dg@N‘ﬁ " SOBH, SCF3,
CN, | Iha| oElgplam%agymmym%a&yanggmarm@mmesmrb@Kﬁcmm. [Pgll?,] In

St ot r. e | . ar in rogen, al Kyl ,

cycl oal k?‘f‘yl%w&fﬁ@]’%ﬂ‘h‘:"’ Uy UgyL d 2&%&@%&&%‘%@“%0& N(al kyl )~ 2.

hal ogen, afii@nirekiriNakl, aminosulfonyl, amino, alkoxy, nitro , sulfo, or hydroxy;
in free or pharmaceutically acceptable salt form.

[0009] “Aralkyl” and “alkaryl” are sometimes used to refer to arylalkyl and alkylaryl
respectively. The alkyl or aryl portion of any moiety recited for R’,R'", or R" is optionally
substituted, for example with hydroxy, halogen, or Ci4alkyl. .

[0010] Alkyl is preferably C,.4 alkyl. Cycloalkyl is preferably C 3.7 cycloalkyl. Arylis
preferably phenyl.

[0011] In some embodiments, E is a member selected from hydrogen, hydroxy, or
(cycloheteroalkyl)oxy such as 2-morpholinoethoxy.

[0012] In other embodiments, R'? is (CH2)OH (where k = 1, 2 or 3), CHoNH,, CH,NH-
alkyl, CH,N(alkyl),, CO,H, CO,alkyl, CONH,, OH, alkoxy, aryloxy, SH, S-alkyl, S-aryl,
SO-alkyl, SO,N(alkyl),, SO,NHalkyl, SO,NH;, SOsH, SCF3, CN, halogen, CF3;, NO,, NH»,
2°-amino, 3°-amino, NH,SO, or CONH..

[0013] In still other embodiments, R’ and R'? are independently hydrogen, alkyl, cycloalkyl,
(CH,),OH (n =1 to 3), CH,NH,, CH,NHalkyl, CH;N(alkyl),, halogen, CHO, CH=NOH,
CO,H, COs-alkyl, S-alkyl, SO,.alkyl, S-aryl, SO;N(alkyl),, SO,NHalkyl, SO;NH,, NH,,
alkoxy, CF3, SCF3, NO,, SO;H or OH;



C2H, C2-al kyl, S-alkyl, S02_alkyl, S-aryl, SO2N(al kyl) 2, SO2NHal kyl ,
SO2NH2, NH2, al koxy, CF3, SCF3, NO2, SO3H or OH;[0014] Conpounds of Fornmul a
1 may exiwo2om/iodoaneric form and the illustrated dati yerhspaopareow) nmay
or may not be present, i.e., the present invention includes those conpounds
in which coordination between the boron atomand the nitrogen or hydroxy of
the picolinate is present and those conpounds where such coordination is

i ssi ng.[od11g CONPEETHs of Fyeila 0Napé:sSw ir mmlrnﬁdeiortnhmgfeth@dlnﬁmm‘ﬂdbtlmb@dr mula 1
in whlchadatlve bond sforrred etween. th om of the
nol ecul PR BRIt eh%rgﬁgmof €. s‘g? Presqh invprgion l?C?u%eg&gseaC%g%gﬁl{d(S:% and

medi ci nahigh&Skdtdtin b¥vwkedn BPPEOE hidineant ftetnitdpen balngleoxgiof fherpambeate i$ atonic
radi us between carbon and boron can allow for. t.he _Format vent

coor di narrFsSht 488 Hiosesasrponpds iHicatsugh eqordaiion igPistis o hespﬁesﬁnténven s o’ can be

i nser t ed, NE5NRER. LG RRIQT FAEAM ARdvAiBes Bitive OgRNs airmi btweaehpbaoh | nat e
ring. The present invention includes such adducts of the comF::nounds of

For mul a and ap@barsjon of thevmoleatle dn additione thopgf skil\ia feidine EnoGRIe Y, is 1, the

conmpound r c%&éﬂ&ﬁtt HE BrRGEdeHcBth dtomichaliisdetvassh ogbbor nul a:
V\/nereln Qélggés%eﬁ&(l‘:t ed“? N and : # [ 00 1r6£®Irn anot her enbodi ment of the

i nvent i oamd boronwhi alfpvy for §160"0mtah@n @Eﬁ‘?b’@%ﬁrf@oﬂfna SATRICXES Wahich 30158t ur e
accor di Mgl ne H?'vJaPW Aol élfgh%ew)é@ﬁ][t@b&ol?aioﬁl ﬁldﬂﬁ‘é’fhﬁ%ﬁtﬁ%{o@r%ﬁﬂe fromQ,

S and N Qla culg, 66 ‘one e I ment of the invention and R** are the
sane. | nplaolmmremnggﬁm drésentémtvotmipeludes Rachadducr-ofthegompepsis of Ferudp br

subst t ul i tetieatn@ePLye brBRUR i BRER 1 SRR AR it are

unsubstl§tmb@ek@b@ﬂmgtmmsfdllwmgfbumﬂmre and fixrther wherein each of R4-R8
is a nenber independently selected from hydrogen, al kyl, cycloal kyl, aryl,
substituted aryb, aral kyl, substituted aral kyl, hydroxyal kyl, am noal kyl
al kyl am noal kyl ji di al kyl am noal kyl, carboxy, al kyl carbonyl, am nocarbonyl,
al kyl am nocardsonyicHadi al kyl am nocar bonyl , hydroxy, al koxy, aryl oxy, thio,
al kyl thi oR**qgl t hijo, al kyl sul fonyl, diam nosul fonyl, alkylam nosul fonyl,
am nosul f onyk > ano, halo, nitro, amno, 2-am no, 3-am no,
am nosul f oyl , am noal kyl oxy, (al kyl am no) al kyl oxy, (di al kyl am no) al kyl oxy,
and cycl ohet er kay,c Each al kyl or aryl

R

wherein D is selected from N and CR'.

[0016] In another embodiment of the invention, in which z is 0, the compound of Formula 1

has a structure according to the following formula:

wherein D is a member selected from O, S and NR'%,

[0017] In one embodiment of the invention, R* and R** are the same. In a more specific
embodiment, R* and R* * are substituted or unsubstituted aryl. In a still more specific
embodiment, R* and R** are substituted or unsubstituted phenyl, wherein said substituted or

unsubstituted phenyl has the structure:



portion of each noiety recited for R4-R8 is optionally substituted. [0018]
In nore specific enbodinents of the invention in which R* and R** are both
opt i onal lwoutstsidout ed phenyl as just described, each ofcRUsBi0®3IR23EENDEr
i ndependently selected fromthe group consisting of: hydrogen, alkyl,
cycloal kyl, aryl, substituted aryl, aralkyl, substituted aral kyl, (CH2)kCH
(where k =1, 2 or 3), CH2NH2, CH2NH- al kyl, CH2N(al kyl)2, CO2H, CQ2al kyl,
CONH2, CCNHakaI _CON(al kyl') 2, OH, alkoxy, aryl oxy, SH, S-alkyl, S-aryl,
R yI) 2, SO2NHal kyl, SO2NH2, SO3H, SCF3, CN, hal ogen, CF3,
NC2, NH2 2- api=q, 3-am no, NH2SO2, OCH2CH2NH25 OCH2CH2NHal kyl ,

OCH2CH2N(s oxgzolidin-2-yl, and al kyl substituted oxazolidin-2-y|.

[ 0019] I nSone podi nent of the invention in which R* and R** are both
optionally sup: uted phenyl as described, ROis H zis 1l, Ais CH Dis
CH Eis OHRrand ®is O In a nore specific enbodi nent of the foregoing, R*
and R** are both 3-chl oro-4-nethyl phenyl. I n another specific enbodi nent,
R* and R** are both 2-nethyl-4-chlorophenyl. [0020] Particularly useful
conpounds i ncl ude 3-hydroxypyri di ne-2-car bonyl oxy- bi s( 3-

chl or o- 4- met hyl phenyl ) - borane and

3- hydroxypyri di ne- 2- car bonyl oxy- bi s(2- net hyl -4- chl or ophenyl ) -borane, in
free or pharmaceutically acceptable salt form[0021] It has surprisingly

been di scovered t hat ations, . may exi st
T ot amBRIGTRP A set AL Tha t BERDT N Bt el B K8 [ Ra S, 1Y o on
may be |¢y@16@ﬂlylbyrya sﬁl@ﬁmchdraa;tl&rﬂmadubmtutbd)mdlkyhlhYeraMhdl)lmO@lkvlhe ni trogen

in the heteroary e rota i h bo ol ar or associ at ed
with t healkyRipiggalk 36r‘8£]}5ylérﬁlnf’ﬁgylp‘\fl‘\g%q ’rf’glfytel Oné %n§§a|5§loe gm nantly or

excl usi Vaﬂwmﬂ{n@&%&lya&am@&hﬁn@ﬁbomlHyerokbaealkmy,earjdomnhw atlyithio, wherein the
boron i s associated with the n|tr0 an t %§ICO|I{}%§€ or

ot
het er ocy@ykhipraderis o chamiposytpnyl.@ ﬁm‘fﬁ?ﬂ‘ i MR R Sulli? ?ow pH It has

al so beeﬁhl@'nﬁfoo&ﬁ n%d2°t2ﬁ'ﬁho RRMARN A3 foAYIpaTRInoOKkyle:gt amer wherein the boron
is assocl ated wt h }2 is nore stable in foraﬂu)flaéqcﬁ Wthqut i nt endi ng
1

to be bo(ﬁﬂ@labynq)ﬂbﬂp?yy (fil{il ylamigalalkdaxy, andgyclphpier Ve n density

t hat O.CCngﬁo&'&%Qcﬂrﬁaeﬁéz%a@H'f&m“Qig i$ fiRioHatyl substiaaedl Wi th nitrogen nmakes the
pol ar isoner nore susceptible to hydrolysis at the ester

[0018] In more specific embodiments of the invention in which R* and R** are both
optionally substituted phenyl as just described, each of R*-R® is a member independently
selected from the group consisting of: hydrogen, alkyl, cycloalkyl, aryl, substituted aryl,
aralkyl, substituted aralkyl, (CH2).OH (where k=1, 2 or 3), CH,NH,, CH,NH-alkyl,
CH,N(alkyl),, CO,H, CO,alkyl, CONH,, CONHalkyl, CON(alkyl),, OH, alkoxy, aryloxy,
SH, S-alkyl, S-aryl, SOsalkyl, SO;N(alkyl),, SO,NHalkyl, SO,NH,, SOzH, SCF3;, CN,
halogen, CF3, NO,, NH,, 2°-amino, 3°-amino, NH,S0,, OCH,CH,NH,s OCH,CH,NHalkyl,
OCH,CH,N(alkyl),, oxazolidin-2-yl, and alkyl substituted oxazolidin-2-yl.

[0019] In one embodiment of the invention in which R* and R** are both optionally
substituted phenyl as described, R’isH,zis1,AisCH,DisCH,EisOH,and mis O.Ina
more specific embodiment of the foregoing, R* and R** are both 3-chloro-4-methylphenyl.
In another specific embodiment, R* and R** are both 2-methyl-4-chlorophenyl.

[0020] Particularly useful compounds include 3-hydroxypyridine-2-carbonyloxy-bis(3-
chloro-4-methylphenyl)- borane and 3-hydroxypyridine-2-carbonyloxy-bis(2-methyl-4-

chlorophenyl)-borane, in free or pharmaceutically acceptable salt form.



bond. [0022] To favor the nore stable rotanmer, we have discovered that it
i s advantageous that the pH of the fornul ati on be mai ntai ned above 7, e.g.,
by usi ng wolkwfimieoto prevent a drop in pH which woul d r eswlus2em/082e3mat | ON
of the nore polar rotaner, and/or that the pH be maintained even at a

hi gher level, e.g., 8-9.5, it having been surprisingly shown that the
conmpounds are stable at higher pH and not (as m ght be suspected) highly
vul ner abl ®2ﬁpnql§§ysrué}dﬁmg%emd1§!dvkr@m&}at b SnudlitDEQ R B rifkc legWscoppaRaat i on of
stabl e aqueous fornul ations of the conpounds. W\ note that this discovery
i s somewHY ekt i setpner o wheesintha fymes laagelypth dersndent gudithabpion T Der | be
topi cal gy %rk%ord‘ma%eh:o@g&t l%’ﬂd @h&ve%%h@rto kR nﬁtﬂ%eﬁ)lnl thPRAGSaryL I’Th%| S€
conposi tions ﬁéV|ng relatively |ow pH 23] Thus, the

i nvent i omotpmenwlgesn tnghpt@s il rnoanolar Q@ assacww@télthq }D’ﬂmxé ggmp oatftedm%lmte

conposi ti C tion,
compr si fiaen g pAplY & RSP ekt e BV ERARKperd A1RA

deri vat i wgrea the borod isfassomated w&gh theomitregea wp lthe mcochmtpoucptuerdﬁteﬁmyml a (1),
havi ng a pH of at e. 5 - 11, for exanple about 9, orbuffered
to at Iege?mnﬁagfmacﬁuﬂﬁﬁlgﬁﬁ T§§?urther conpr|5|ng one or nore

ant i oxi dant surfactants and solubilizing a [ 0024] The present

i nvention inc Conposition 2.0, a dentifri ’/ onpri sing Conposition

1.0 and a dentifrijfce vehi ¢te, having a pH of Ie st 8, e.g 85 - 11, for
exanpl e ahodt\Q, or ?y red to at | east ﬁﬁrfﬁ\a pUPona?ly further
conpri sing one or e anti oxi dants, Swr factants andBor spl ubili zing
agents. [9025 Qt her ct, it has e eg¢£ at_®erinic acid
derivatives, ye. gQYafH mhlch are oft n d| ficl't t@ solubilize,
are highly sd@luble in pol conpri sing p hyI

pol yoxyeth and pol yoxypropyl ene. Thus | her I ment the

present invention conprises Conposition 3.0, a toplcal conpo , for
exanpl e &8O car-prarnacsutTCAr o7 o Al AT € T OF WUl T o, %@“W’ ccording

L0, 70Y O STRORLLI RS L OVL8, 2 Qs OTREL L9, Ber i, e dor vt ves,

age nt, e aGociatt@Wak hedoty @ Eﬁoﬁa@itafdlr@rn&omum@hy wahetidilanS: @A bound by

pol yoxye@(h@%ll‘y,ep(?s/ bpe(l)lle\yed t art) {h%%?{lft in electron density that occurs upon the formation of the
dative bond with nitrogen makes the polar isomer more susceptible to hydrolysis at the ester
bond.
[0022] To favor the more stable rotamer, we have discovered that it is advantageous that the
pH of the formulation be maintained above 7, e.g., by using a buffer to prevent a drop in pH
which would result in formation of the more polar rotamer, and/or that the pH be maintained
even at a higher level, e.g., 8-9.5, it having been surprisingly shown that the compounds are
stable at higher pH, and not (as might be suspected) highly vulnerable to degradation by OH
ions. This discovery allows preparation of stable aqueous formulations of the compounds.
We note that this discovery is somewhat in contrast to the examples of WO 2006/102604

which describe topical emulsions, with the borinic ester in the oil phase, or else compositions

having relatively low pH, e.g., 5.5.

[0023] Thus, the invention provides Composition 1.0, a composition, e.g., a topical
composition, e.g., an oral care or topical pharmaceutical composition, comprising an
antibacterially effective amount of a borinic acid derivative, e.g., of Formula A, for example

a compound of Formula (I), having a pH of at least 8, e.g. 8.5 — 11, for example about 9, or
6



[0026] It has also been found that buffering the fornmulation to a pH of at

| east 7 enhances stability. The invention thus provide provides Conposition
4.0, a topDoealo/amyposition, for exanple a topical pharmeceantsc@aloses or al
care formul ation, conprising an antibacterially effective anount of a
borinic acid derivative, e.g., of Fornula A for exanple a conmpound of
Formula (1), for exanple any of Conpositions 1.0 et seq. - 3.0 et seq. nore

fully deggfided atqu{sp%ﬂ 7] zﬂld%?ﬁzﬂiaﬂﬁmrﬁ@r Wniphisig S Srakde aRithidn, for exanple a
phosphat e buffer he present invention also includes Corrp03| tion

5.0, a t@@fa@amtswr?ab@lltZMﬂgqlﬁ%r exanpl e a topical antimcrobial product or
an antl i 4.0 and a

phar mace @b#}@fre??rﬁﬁwgﬁ%gg cg%(%'rsre&ftal gg W&? ggglgnt'gﬁ;g? g%g?ll c% e, having a pH
of at | eésmp@;}tio@ 1. ang aKlentiffide vehiste, éa«arrgﬁleHafwmastgi eqr 8. Euflﬂeﬁ)é@kamlqat | east
7, and o tlgl aolrlbl}/ff &lt%hplteasggﬁgoéﬁl]oggﬁgaﬂg fthe Jn?pr@ﬂl ogé(bxdrﬂ surfactants

and/or I|Z|ng agen resen I'nvertion a so i ncl udes
Met hod Gaﬁpxﬂaﬂmtsimﬁaitaharan@’bewmmmglgagbmml cal conposition conpri SI ng m xi ng
Conposi t] .0 .0 or 4.0 with a phar eutica cceptab icle and
adj ust i ng)gg?]]lﬂﬁfl%g%iameﬁtgﬂg’ﬁsebeﬁﬁggfovgre?é@gﬁorb?c &t ﬁlleas Ver.© rlé E My at
| east 8, Aewhich a18oﬁcrﬂ.dlﬂicu[t@@aﬁl}bllﬁ&ear@h%ﬁsfn;bluble\lﬁmlym&sablﬁprlsmig:| udes Met hod
7.0, a rret hod El reduc or treat to m cr.obi %Jﬁrgfeictlons

(or enamBtEroghy Rt PO astramae b v onyn Tl et o g,

acne, sumgbhfds&it alveiohRoinpfiRs CoRPssitidh I fa 16pitas corﬂ;&tish@g,efﬂr eahpriazati o n and
i nflammat oryskin condi tions, conprising a a Copposition o

|
| nvent i offPtcd Rbagnageytisglias ral gare fagmulatien, & goggcélyé’éﬁ)'joé‘&’ 0 OWH‘OP%E{) é‘bf
[0030] The, RhpsisHE bérnﬂ@éi&d @Rivalizs, d Dot FelamaVeBosaBpR.a @mptkwst f or

preparing a topical, g., oral care conposition conprisi m xi ng any of
Conposi t Foawlall, sda s&lu@llwnlgwg% cof-aielegted fromaglvanery §f ng’ }%quné aykhi cl e’ and

adj ust i ng 104« BRLBLAINATbB8eddH at a level of at |east 7 preferably at
| east 8, 909Xy % é%(m 9}[) g}ql The present invention also includes Method

9.0, a nﬁloh@dt has atsg @G@Efoulﬂlthiltﬁluffemtgrtm fomplagerato aptcefgbleatt 7icpkaseesi ons, for
exanpl e Et?mﬁt?d lfﬁcem%ntfoﬂ Ifﬂulg :pI'og éﬁﬁ%deg @o&%?g(ﬁ;(?ﬂafd) GESitE %omﬁ&ltfoﬁeﬁll reduce

or i nhi bi ngivitrs, evel s bacteria, to inhibit
m cr obi aéxabiptn‘a ﬂomdl@haratap@ncal ot pakcapy fmmigatidn gomprisingead an@apﬂea@}lm

accurnul a(’-;:flfecHVe B q{np &t acgo?l%p: aE%%eB@a%w eagn q)f (P}Ex%ula A, for example a compound of
Formula (I), for example any of Compositions 1.0 et seq. — 3.0 et seq. more fully described

below, in combination with a suitable buffer, for example a phosphate buffer.

[0027] The present invention also includes Composition 5.0, a topical composition (for
example a topical antimicrobial product or an antimicrobial soap), comprising Composition
1.0, 3.0 or 4.0 and a pharmaceutically (including cosmetically) acceptable vehicle, having a
pH of at least 8, e.g. 8.5 — 11, for example about 9, or buffered to at least 7, and optionally
further comprising one or more antioxidants, surfactants and/or solubilizing agents.

[0028] The present invention also includes Method 6.0, a method for preparing a topical
composition comprising mixing Composition 1.0, 3.0 or 4.0 with a pharmaceutically
acceptable vehicle and adjusting or maintaining the pH at a level of at least 7, preferably at
least 8, e.g., 8.5-11.

[0029] The present invention also includes Method 7.0, a method to reduce, inhibit, or treat
topical microbial infections, for example to treat, reduce or inhibit topical skin infections,

e.g., acne, superficial skin infections, minor cuts, pathogen colonization, and inflammatory
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cavity, conprising applying a Conposition of the Invention to the oral
cavity of a subject in need thereof. DESCRI PTION OF DRAW NGS [ 0032] Figure
1 depi ct swpennentcsaf COVPOUND 1 recovery after two weekgcatusé@o@as a
function of fornula pHin the (a) Gseries base and (b) the |ow water base
as further described in the exanples. [0033] Figure 2 shows the percent age’
of COVPOUND 1 recovery in a 50/50 acetonitrile/water solution as a function

of pH afsmrcogdlgmg @mpfRin@ ppl Asig f Tompevitichasfetie Inechtibmtot theafésctdpkiosr DETAI LED
DESCRI PTI ON [ 0034] As used throughout, ranges are used as a shorthand for
descri binags bigetdn B¢eethETeP4l ue that is within the range. Any value within

the ran b | B6L AN ARo (R R1dENBIBYS.00f mbiied foapgParign tapidilid.on, al |
refereng ﬁ@l tegrelgle%rel n a?e ﬁereby i ncor por at ed p@f@e egncepil n tgh)el r
ent i r et i sl caferromhesiteaneRMPEFnGMERHT 31 Of CPH‘P%S‘%‘FHE?YT‘{ @W“};‘ A PRLY 8F esent

di scl osUnGe e LddRbiclenBieGhd EffudiBL Bf ARGRini @s€Rtcldi sakasHre cont rol
[ 0035] P'ese C%eﬁerv?ﬁ Se sepeC|(1gu tlg al plenrlcé;g?gges an?:l am)untTél expres;gdS

her ei n qnefembbfaww_esté ¢g1,8ﬁélspe0| f| catl on shoul d be understood to refer to
percent ??1'] bﬁ(,f; 8,6,% mfzﬁ o8 a?s?‘?cmﬁs UeMB8 0 £mlASEE Ruck NBhiBE tdr atei ght  of

t he mat e oral compositions of the present i nventi on may
i ncl ude @aldsidiobfat infefiomspfor bxaniphste redtienewinhibit fymatienetitdantalsarics © Edhtal film

Iozenge r con CtIOI'] nt i t
oSG RITR  PESSET PR iy g

phar Wﬁceféhhﬁﬁlhlnytha@@epdvab terambdplmquelaacsmMIdniand/nr slaarttbe teh@taﬂ@lp@l saf e for
use in an oral care duct .such. as ntlfrl t.
concent r @It FEMBRYE ‘g’é’g'"bgya GYPRRgte ﬂé’gtheﬁ & tg uog%l Q‘?ﬁggm rrpounds of

For mul a {de) tiebdogh may be useful in the pr esent | nvention include: 3-
hydr oxypyri di ne- 2- car bonyl oxy-bi s (3- chl oro-4-nmethyl phenyl)-borane (or
bi s(3-chl oro-4- nethyl phenyl)borinic acid 3- hydroxypicolinate ester), e.g.
of Formula (I )' [ 0039] ThLBES@K[PlDKﬁ\Im?pECAMNG‘She present invention,
Conposition 1, (I:1 a conposition, 19 ,

[0032] Fi igure deplcts percent of COMPOUND' 1 recovery after two weeks at 60 °C as a

function of formula pH in the (a) G-series base and (b) the low water base, as further

described in the examples.

[0033] Figure 2 shows the percentage of COMPOUND 1 recovery in a 50/50

acetonitrile/water solution as a function of pH after 1 day at 70 °C, as further described in the

examples.

DETAILED DESCRIPTION

[0034] As used throughout, ranges are used as a shorthand for describing each and every
value 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 reference 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.

[0035] Unless otherwise specified, all percentages and amounts expressed herein and
elsewhere in the specification should be understood to refer to percentages by weight. The
amounts given are based on the active weight of the material.

[0036] The oral compositions of the present invention may include a dentifrice, mouth rinse,
dental floss, dental paint, dental film, lozenge, or confectionary. Dentifrice compositions

may include a toothpaste, gel, or powder.



an oral care conposition or topical pharmaceutical fornulation, conprising
an anti bacterially effective anount of a borinic acid derivative, e.g., of
For mul a Ayoforo/axaapl e a conpound of Fornula (1), havi ngca/yskbiofsmbs | east
7, preferably at least 8, e.g. 8.5 11, for exanple about 9, and optionally
further conprising one or nore antioxidants, surfactants and sol ubilizing
agents, includes, for exanple, any of the follow ng conpositions: 1.1
Conposi trh@yy) LCrANRckptddE Rtk fHabmstitally accaptﬁmamortbawadﬂltrpn@@ltﬁpr ising a
borinic ester of 'Fornula 1. 1.3 CDnBos iti ﬂi L 1nEO”Br'S'ng a diaryl
boron  pithalarerfafedor use in R GaTePrfcisugh asp dgmfificg ing ol TARSRTS

3- hydr%}éﬁé/e'h{r%kdﬁ? r%vfa@wmﬁhfawseféfﬁl@%mdaal or o- 4- et hyl phenyl) bor ane or
3- hydr oxypyr E car bonyl oxy- bi s(2-meth

fyu chl orop nng lr%ugorfme . 1.5
Conposi t[0638] ﬂompemdpuofmrngla:{l)wla?lbwpvwsa hi ﬂze HEFBORYT é U835
S 1 h%TB{}eﬁé’JrBongB&g'BFs G nrCATRAR) A BoapE bsisaglao di ary|

borinic wherein the dlary borinic ester is

di phenylIbahﬁplmn&-)bdnyldxamdthqlrokmléateF%‘f-“@)egio g8t conposi tions 1.0
1.7, wherein the compound of fornmula (A) is present in an amount of 0.05%
to 20% by weight, e.g., 0.1%to 10% 1.9 Any of conpositions 1- 1.8

conprising byuffering agents to raise and maintain the pH at the desired
| evel . 1.10 Apos{tion 1.9 wherein the buffering agent includes a basic
amno acid iy freejfor phar eutically acceptable salt form1.11

Conposi t ¢ \{‘ her e
| ysi ne, citrul PNere,
di am noproprionic a
accept abfk ot
arginine in
intending to
A,

e basic amno acid is selected from arginine,
oyni t hi\ne, creatine, histidine, diam nobutanoic acid,
=xtNires thereof, in free or pharmaceutically

Iy accéptable salt form [0040] Wt hout
nd by th it is believed that conpounds of Formula
uy

[0039] Thus, in one aspect of the present invention, Composition 1, e.g., a composition, €.g.,

an oral care composition or topical pharmaceutical formulation, comprising an antibacterially

effective amount of a borinic acid derivative, e.g., of Formula A, for example a compound of

Formula (I), having a pH of at least 7, preferably at least 8, e.g. 8.5 — 11, for example about 9,

and optionally further comprising one or more antioxidants, surfactants and solubilizing

agents, includes, for example, any of the following compositions:

1.1 Composition 1 comprising a borinic ester.

1.2 Composition 1.1 comprising a borinic ester of Formula 1.

1.3 Composition 1.1 or 1.2 comprising a diaryl boron picolinate.

1.4 Composition 1.1, 1.2 or 1.3 comprising 3-hydroxypyridine-2-carbonyloxy-bis(3-
chloro-4-methylphenyl)- borane or 3-hydroxypyridine-2-carbonyloxy-bis(2-methyl-4-
chlorophenyl)-borane.

1.5  Composition 1.4 comprising 3-hydroxypyridine-2-carbonyloxy-bis (3- chloro-4-
methylphenyl)-borane.

1.6  Composition 1 comprising a diaryl borinic ester.

1.7  Composition 1.6 wherein the diaryl borinic ester is diphenylborane-8-

hydroxyquinolinate (PBHQ).



e.g., the borinic esters of Formula (1) may be oxidized by oxygen,

peroxi des, or by peroxides that can be forned in oral and topical

conposi t iwo10e4g694 from et hers such as pol yet hyl ene gl ycolusc@@osing W t h
oxygen. Such oxygen and/or peroxides may react with the borinic ester at

the carbon-boron bond, |eading to cleavage and formation of boronic acid

derivatives and phenol derivatives, which are ineffective antibacteri al

ggre (r;';( Isdellsg aln Zmpﬁk b&y&glt&)ﬂgﬁ othe, @ﬁ&bfhltﬁd%o(ﬂfpo&ﬂiﬁ dfcinadentss i @eleoeis ahhe
ot her oxidizing agents that may be present or formin the
or al corrp05| rmowy of POHS1P zﬂ%g’gweﬁ%‘t Grée U a‘s@@c%%f the present invention,

Conposi t{ @ b&&ipd nﬁhyﬂes sf @ ﬁ&ﬁg&iﬂ% n@BYen@fto ke ahd hlatidinghe pH
CONposi t| ons n% tl1r ) of Conposi tpl ons n-g gIenf u?t her cor?prlls?lr?é) an

ant i oxi dant. aﬂ_thidesalgdrmsh tion 1.9 wher el n the antioxidant is selected from
ascorbi ¢, gei %on}pggh&m g%gxreﬁ%’lhe Bﬂ%ﬂg@ééﬁt inBIBN aSid alWdrQiMih Bletiene ( BHT) ,

al pha tocopher a mxture thereof. 1.15 Any of
Conposi ti ons pharﬁracaxtlizﬂlyvdqeqpable S@héor@ntl oxidant is present in an anount

sufficie I n%‘l 1? LakiQ l?afsmtaﬁgnobég BEGeRG tthnd SfinyiRt iyvige, 1. 16 Any of
s L0 % A

conposi t erein e antl oxl I's present in an effective
amount to pr ev(ﬁmen@bmlthhe,tnrctatmeg|hmbadmgrd1m1nvbv€an@@r¢p@u¢1@mt§lpplpb‘ﬂ<?ﬂﬂ ¢ ).

[0042] In one enbodi ment he present onpounds of formula
( ) are sol ulﬂ“&?é’éf“’ieﬁ Y08 i ar(r)nr?geunfﬁped@éé ?dg!seeséllteﬁrﬁvgﬁtl on with a

sol ubi l'i ging (&Qxﬁﬁkmoﬁ\lﬁlllfz ki/hef&yl thebdsiccenificoacideix amuhee ipdtey et pharmagrsutiflallg ol |

gl ycerin, co- poI ners pol yet hyl ene gl ycol andpol ypropyl ene gl ycol (e g.
Pluraflo !_43736561’ °61nock Copol ymer Surfactant F127. The amounts of
sol ubi li zi ng agent reqw red will be dependent upon the anmount of the

conmpounds of Fornula (1) in the co t h

sol ubi | i POAY Wikew méedaigite be b"Pﬁﬁg’y H@ﬁ%' ’ﬁ:‘sq?gﬁ‘feg%gﬁ? (‘)lﬂ(tisl cgf?lo%lc’iu 2% he
fol | owi ng, CRIRESAIL ERAS of HorthtlaAN)nalbe GRINRAS by boyisn, Jmfbxrdei ot By perotifier
COITpI‘ISInéaSO|UbI|IZIn ent. 1.18 Conpositio n, t he

sol ubi | i ﬁlﬂt@négéimeﬁlélcﬁalr@éﬁ agifebcompesitiensang- Tqmf e@c? asglpf)[ycghylf 94 wherein
the solu ?lé/!;dl%‘%aggn%a\gﬁ?éxﬁmdcﬁ BRyRh aﬁ’d/&)ﬂercﬁ‘id%@fn,ay taact vﬁﬁﬂtﬂ@b@‘nﬂc ester

Potyal kyat tlrllee cgarg/o(r:l(-)boron b%ild el)e(zglig)gl tg clgg\!aéee g.n flogrrllaetloxgl Io g(?tl)mc acid %gnvap é’els
phenol derivatives, which are ineffective antibacterial agents. It is believed that the addition
of antioxidants reduces the peroxides and other oxidizing agents that may be present or form
in the oral compositions.

[0041] Thus, in one aspect of the present invention, Composition 1.0 thus includes for

example, any of the following compositions:

1.13  Any of Compositions 1.0 — 1.8 further comprising an antioxidant.

1.14 Composition 1.9 wherein the antioxidant is selected from ascorbic acid, sodium
ascorbyl phosphate, butylated hydroxytoluene (BHT), alpha tocopherol, citric acid,
and a mixture thereof.

1.15 Any of Compositions 1.9 1.10 wherein the antioxidant is present in an amount
sufficient to inhibit oxidation of the borinic acid derivative;

1.16  Any of compositions 1.9 — 1.11 wherein the antioxidant is present in an effective
amount to prevent or inhibit oxidation of the compound of formula (I).

[0042] In one embodiment of the present invention, the compounds of formula (I) are

solublized in the compositions of the present invention with a solubilizing agent, which may

include for example polyethylene glycol, glycerin, co-polymers of polyethylene glycol and
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glycol, or co-polyners or mxtures of any of these. 1.20 Any of
conposi tions 1.13 -1.15 wherein the conpound of Fornula A is solubilized in
the sol ubwbizsiongi@gent prior to mxture with the other eomu3301D08T223
ingredients. 1.21 Any of conpositions 1.13-1.16 wherein the sol ubilizing
agent is present in an amount of from 1-30% by weight, for exanple 5-10% by
wei ght. [0043] The conpositions of the invention also may optionally
i ncl ude ﬁgr}gmg&lei@g@co@ el atriiago 8gEMY,Sr Bribiobk dolpidrSutfactay ip?exteal ci um
found in the cell walls of the bac;er'a, which, it is belieyved waakens the
bact er i amoget pf sl lIZnEReaRI GHAHES ™D EA&P?"&F“H‘W%‘?@? PR SF B8 § ag%nts may
f“.r t her T ROMaS4 in't%n{pgﬂﬁorﬁghﬂ ﬁe?ﬁlﬂﬂh@%olﬁbﬂiﬁin@ﬁ@eﬂﬂ@eﬁéa&kﬂ Thwetht he bori nic
acid derivatives. Agents suitable for use as chelating agents are known to
tho?]e ofprﬁ;ntllmvenmrtlh@lu(wsttbe fallQving 69ORAEIVANS or tetra-acids and their salts
such as t ol - blizRAG| ’
S | UL & RXEARNPE PRAb 8SthP RIS RIS IublizRg lagent. and

pol yam nocar %(51)\@ |.O(; Ig%llgs. %he pyroﬁhpsplﬁg)tnlt_ag salut S{Zuggg@ixn t he present
C(r)rbnpgsl ti.ms C@an:pob&orah% wherein gheabolohilizingBeat SAABIRESPHA R sal ts. In certain
enbodi ments, sal ts.inclpde. L | abmpyophospkake fordi al kal i net al
di aci d p&lf%pl?(?)’_%’ﬂ%?%‘l, F‘Mlga_rélgweasr?eltbg? %%gci%ﬁgsyr oph%))gphat’e0 and ni xtures
'L he][ ef)f., Wge':e?rﬁ}é @ﬁolﬁ.ﬂlll(;}dknegh’e@lafos exonwlspadiethylese glyselaRAYRIARYSSe salts are
seful in bo eir rated _and forns. An effective anmount of
pyr ophosphatéya?ﬁll’ Pr PP %rlf’ﬁglreﬁtﬁggﬁgq%%gfposi tion is generally enough to
provi de pbo | easgtorab@psitibns.13 %l fy vophoshhedepdupdsf FapblatA B selulizédy, t o about
6 wt. % about 3.5 W. . %t0 aboogt O, it o BHCOnp Qidom i it Chel ati ng
agents include hegply e i b?f?d NBGIHE M T T apot gsm umrlr%yrophosphat e,
g; :UC/) :oﬁ 3 gl .%1 ?%ﬂ}%f%&hﬁ@ﬁﬁ)@ﬁ l.;we(l lr}d whetein/the seulglizinpigetiss prsepie i a0 aerel, sodi um

phate, sodiumtripo osphat e, .pqt assi,.um tri pol yphosphate, sodi
hexaret aphos SH&PE!, 1_'%9‘@"15?"’?’51"%%58?‘ &%5(118%’ gt ht{' in apf u?/!toherpenboai men!t tjm
the i nV?@bhﬂnﬂi@rCQPﬂ S8 ond o 2Re A¥ntRh 266 ARG Dbliémng intlude endlorhyoré cireldtiog
conprising a chelator. 1.23 Conposition 31@22%1\/\&1 rein th{e .ch I.Lahtgr. IS
sel ect edageniomhichtaraziri AT PIFE éﬂﬁﬁ@ﬁﬁ“a"tdé’,‘ tF SBﬁsacgfléli’%b Cﬁ??’o@ﬁoépﬁsat e,
et hyl ene, gi.am PEILRIEARERRbGE welil 2 fighRene bgliatolysis eChalattptagentamhyl, sodi um
pyrophosphate, sodi um tripol yphosphate, pot ’ﬁSl mtr,i.gol. %hos hat e, sodi um
hexanet afiitbepshatester ianwithetj copldeompley with and destabi erivatives.

Agents suitable for use as chelating agents are known to those of skill in the art, and include

1ze the borinic aci

di- or tetra-acids and their salts, such as the soluble pyrophosphates, polycarboxylic acids,
and polyaminocarboxylic acids. The pyrophosphate salts used in the present compositions
can be any of the alkali metal pyrophosphate salts. In certain embodiments, salts include
tetra alkali metal pyrophosphate, dialkali metal diacid pyrophosphate, trialkali metal
monoacid pyrophosphate and mixtures thereof, wherein the alkali metals are sodium or
potassium. The salts are useful in both their hydrated and unhydrated forms. An effective
amount of pyrophosphate salt useful in the present composition is generally enough to
provide at least about 1 wt. % pyrophosphate ions, about 1.5 wt. % to about 6 wt. %, about
3.5 wt. % to about 6 wt. % of such ions. Useful chelating agents include tetrasodium
pyrophosphate, tetrapotassium pyrophosphate, ethylene diamine tetraaceticacid, ethylene
glycol tetraacetic acid, sodium pyrophosphate, sodium tripolyphosphate, potassium
tripolyphosphate, sodium hexametaphosphate, and citric acid. Accordingly, in a further

embodiment, the invention provides
1.22  Any of compositions 1.0 — 1.17 further comprising a chelator.

1.23  Composition 1.22 wherein the chelator is selected from tetrasodium pyrophosphate,
11



1.24 Any of conpositions 1.22 or 1.23 wherein the chel ator provi [ [
an amount by weight of 1-6%[0044] In one enbodi ment, Corrpogi '?i Bﬁe; :)O(r)]fI "
the presewo 2pmvmddon is an oral care product, conprisi rgTAS2@0feTR3 Ve
anount of Conposition 1.0 and an orally acceptable carrier. Acceptable
carriers suitable for use in an oral care product are known by those of
skill in the art, and nmay take the formof a paste, gel or nouthwash which

i ncl udes wat %rtragdws/sﬁh FrdpubRhhae bihylal

ylé dimmyind takencttivecif athpleant glycplowder
dental floss or dental deV| ce. The co gnents of, the. acc R ?(e) carrlg: ﬁay
i ncl ude Conpésiasdedimacid, @odlmmawpgat%;% R‘Hb%ROIWOS%C%CépOtg in the art

and include &%o%ﬁo#ﬁétyQXQE&%CQAMB@h&@%d@BH@&CY(EGI’I ne, sor b| tol,

xylitol, alk glycol such as pol yet hyl ene glycol or propyl ene egcoI as

wel | as Ioﬁi]e%ng%kﬁcghﬁ)sﬁ’iﬂgs XU BSwidreih R SBelbirprotided isn infdnemaual by
conposi tions e present invention may conprise from about 5% to about

tﬁoe/o E)e/ll wei ghtwe@‘h;]@ﬁ'ﬂ@%urrect ant, with water and ot her conponents maki ng up
?@84?4(%(? 1ol eef\nb%ﬁ{rﬁén?'bon%ogxtlmgﬂh& bRBen? inlvBntioR s 4n0drih cafe prodpast e, gel

or liqu resin onpositions 1 - 1.24 in conbl
nation or
associ atdoﬂmnwmglanvﬁiceve famfoﬂntwf Gorhpasision AQtand pn oralpacsERIARIE GHNY- 1 wherei n t he

anount o ccﬁEltﬁ’}ng £arfiers su1§abfe%sg!%/ (%al%axg%méﬂ drd I;Jb(\)xfgl tRése df kiMiehei n t he

anount 'S greater than 50% ositions 2 2.3
wher ei n ztrh@nchmajeakatmb fors felpege,adl drmwmslywwhwhﬁpwg%@ (®%¢2g. gl ycerine

sorbitol, xylito I
ol yool st Guhey ks R IUCHa rdBrysd ERlal R SRR g“&"'“@roé’.r?.pzki”i

éofrp \(/)Vhl f&bmp%géléﬂ&nﬁd {fcuptzmle &nﬁer mymmdte |Gwmp2s160wmﬂcﬁumgct@tq 1)
sition or
Co e o kS e TSP R B iost (o

embodi Mepditolt 1y1éMa\b@yRbi ok a gtyogli T alopglenogladol eawell
Conposi t?%’nos %Y \oBy @Sﬁ%\l’:*eﬁﬁf&n gy@ﬂ aopglenoglatol eawell ascrthsssi ti on,

, .accor
DSt i S B SRS ot g Gy comr i
Formul a }n’ay @(Qgprﬁ'ste foBaBbutdNL 0 about 80% by weight of the humectant, with water and other

components making up the balance of the carrier.

2.1  Composition 2 in the form of a paste, gel or liquid comprising any of compositions 1

_ 1.24 in combination or association with water and/or a humectant.
2.2 Composition 2.1 wherein the amount of water is less than 10%.
23 Composition 2.1 or 2.2 wherein the amount of humectant is greater than 50%.

2.4  Any of Compositions 2 — 2.3 wherein the humectant is selected from polyhydric
alcohols (e.g. glycerine, sorbitol, xylitol) and alkylene glycol (polyethylene glycol or

propylene glycol as well as other polyols and mixtures.

2.5.  Any of Compositions 2 — 2.4 which is a dentifrice.

2.6  Composition 2.5 which is a toothpaste.

2.7 Composition 2.5 or 2.6 which further comprises an abrasive.

2.8  Composition 2.7 which further comprises a fluoride ion source.

[0045] In another embodiment, the invention provides a topical or oral care composition,
Composition 3.0, e.g., according to Composition 1.0 through 2.8, comprising borinic acid
derivatives, e.g. of Formula A, for example a compound of Formula I, and at least one

solubilizing agent selected from polymers of polyoxyethylene and/or polyoxypropylene, e.g.
12
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H(OCHR-CH)x -(O CH(CH3)CH2)y- (O CH2-CH2)z -OH. 3.3 Conposition 3.2
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pol yet hy?@ﬁ%‘“ﬁ%ﬁ‘ (§PC7 e ‘BE(%/B’?%SV %%?éng ygaélwelggto(ff(%h r?gorxg%e%]g:s yet hyl ene

glt ygo: st a@?&f 11H2r1]t2$1tylta)lQQS KDh &reedmpld twhéraid xaind @ abeach l-sov.enbelt iDhtnd he

of “buf f elSASeerAigu Sy SEHIE FATER BSALHATS S ABGEPET B Sne | mvent o
provi despju;bnﬁe@pflph%mq;ml ment Conposition 4, a topical or oral care
formul ation, e.g., according to an%/ of the recedl ng, %ggomtl ons 1.0

t hrough 334, %ﬁﬁﬂsit@Pﬁ@ Vﬁ}?f“afhthf:l%‘é& ilFipgpgept ‘é’F‘fpé‘é‘iis9 REYEH SEbori ni ¢

aci d der ¥EwerBeOmoleQflarkRs JRb A1 0B to | OF0 BKEKEPfR enpNTR@URE®odRar mul a (|
and a bu%@gla hgﬁ/l%\g gepHarof égtigout 7oto aboﬁrtngplle for egarrpl e a pH of a§ .

e.g., atPEe#89. 8, for exanple having a phosphate buffer providing a pH of
at | east ;3. 2. cdRRIRbn SR REa oo thi-t%ﬁblﬁ%y@g?ehuo%ﬂﬁs&fantagﬁn@a@&&mom pocent i on

may also contaln one Oor nore uori de Ton sources, e. fluoride salts
whi ch mayolt]neers ofmbi’@hylﬁietmfcplc@dmlypsmm@fréVWl’tHQb‘XW%Térﬁoh’éthb’?n%é‘\)’% ently
bound to a(p el /oM and/ or sequestered fromcalciumare preferred. A w de

Xtures. t
variety 0 PYUoride 1 on- yielding materials can be enpl oyed as sources of
sol ubl e Tt has also been discovered that the stability of the borinic acid derivatives is significantly

enhanced by use of buffering agents, even to a large extent at neutral pH. The invention
provides in a further embodiment Composition 4, a topical or oral care formulation, e.g.,
according to any of the preceding Compositions 1.0 through 3.4, comprising an
antibacterially effective amount of a borinic acid derivative, e.g., of Formula A, for example
a compound of Formula (I), and a buffer, having a pH of about 7 to about 11, for example a

pH of at e.g., at least 8, for example having a phosphate buffer providing a pH of at least 7.2.

[0046] The oral care compositions of the present invention may also contain one or more
fluoride ion sources, e.g., fluoride salts which may be soluble. Fluoride salts wherein the
fluoride is covalently bound to another atom and/or sequestered from calcium are preferred.
A wide variety of fluoride ion-yielding materials can be employed as sources of soluble
fluoride in the present compositions. Representative fluoride ion sources include, but are not
limited to, stannous fluoride, sodium fluoride, potassium fluoride, sodium
monofluorophosphate, sodium fluorosilicate, ammonium fluorosilicate, amine fluoride,

ammonium fluoride, and combinations thereof. In certain embodiments the fluoride ion
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phenolic antiseptics, hexetidine,. lgo i.done i odi ne dﬁl nmopi nol , salifi ubr
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esensitizing agen% RARRE }éx?o%NWthl)s@%k UA8 i PfhE Gt Rinll fcBMe 8 ipblassasn kudtyi ng a
capsaicin, eugenol, a strontium salt, a zinc salt, a chloride salt, or combinations thereof
[0051] The oral compositions of the present invention may comprise abrasives and/or
polishing agents, such as calcium and silica abrasives, which are known by those of skill in
the art. Preferred calcium abrasives may include a calcium phosphate abrasive, e.g.,
tricalcium phosphate (Ca3(POq)2), hydroxyapatite (Ca;o(PO4)s(OH)), or dicalcium phosphate
dihydrate (CaHPOy » 2H,0). Useful silica abrasives may include precipitated silicas having a
mean particle size of up to about 20 microns, such as Zeodent 115%, marketed by J. M.
Huber. Other useful abrasives also include sodium metaphosphate, potassium
metaphosphate, aluminum silicate, calcined alumina, bentonite or other siliceous materials, or
 combinations thereof.
[0052] The silica abrasive polishing materials useful herein, as well as the other abrasives,
generally have an average particle size of about 0.1 and about 30 microns, about 5 and about
15 microns. The silica abrasives can be from precipitated silica or silica gels, such as the
silica xerogels, which may be are marketed under the trade name Syloid® by the W. R. Grace

& Co., Davison Chemical Division. The precipitated silica materials include those marketed
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Formula (I) change color, from white to yellow, which is undesirable. Such a color change is
observable even if the composition contains antioxidants (previously discussed). The present
invention is also based on the surprising discovery that the addition of a chelating agent to the
oral composition can inhibit such color change, indeed, reverse such color change. Chelating
agents useful to prevent such color change have been previously discussed.

[0056] Low oil absorption silica abrasives particularly useful in the practice of the invention
are marketed under the trade designation Sylodent XWA® by Davison Chemical Division of
W.R. Grace & Co., Baltimore, Md. 21203. Sylodent 650 XWA®, asilica hydrogel composed
of particles of colloidal silica having a water content of about 29% by weight averaging about
7 to about 10 microns in diameter, and an oil absorption of less than about 70 cc/100 g of
silica is an example of a low oil absorption silica abrasive useful in the practice of the present
invention. The abrasive is present in 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
45% by weight, and in another embodiment about 30 to about 50% by weight.

[0057] The oral care compositions of the invention also may include an agent to increase the

amount of foam that is produced when the oral cavity is brushed, and such agents are known
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nonionic or zwitterionic surfactants, including mixtures thereof.

[0060] Anionic surfactants useful herein include the water-soluble salts of alkyl sulfates
having about 10 to about 18 carbon atoms in the alkyl radical and the water-soluble salts of
sulfonated monoglycerides of fatty acids having about 10 to about 18 carbon atoms, ¢.g.,
sodium lauryl sulfate, sodium lauroyl sarcosinate and sodium coconut monoglyceride
sulfonates. Mixtures of anionic surfactants may also be utilized.

[0061] Cationic surfactants useful herein may include derivatives of aliphatic quaternary
ammonium compounds having one long alkyl chain containing about 8 to about 18 carbon
atoms, e.g., lauryl trimethylammonium chloride, cetyl pyridinium chloride, cetyl
trimethylammonium bromide, di—isobutylphenoxyethyldimethylbenzylammonium chloride,
coconut alkyltrimethylammonium nitrite, and cetyl pyridinium fluoride.

[0062] Nonionic surfactants that can be used in the compositions of the invention can be
defined as compounds produced by the condensation of alkylene oxide groups (hydrophilic in
nature) with an organic hydrophobic compound which may be aliphatic or alkylaromatic in

nature. Examples of noniononic surfactants useful in the present invention include the
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the numerical designation, multiplied by 300, indicates the approximate molecular weight of

the hydrophobe; and the last digit x 10 gives the percentage polyoxyethylene content (e.g.,

L61 = Pluronic with a polyoxypropylene molecular mass of 1,800 g/mol and a 10%

polyoxyethylene content). In the example given, poloxamer 181 (P181) = Pluronic L61.

[0064] Zwitterionic synthetic surfactants useful in the present invention can be broadly

described as derivatives of aliphatic quaternary ammonium, phosphomium, and sulfonium

compounds, in which the aliphatic radicals can be straight chain or branched, and wherein

one of the aliphatic substituents contains about 8 to about 18 carbon atoms and one contains

an anionic water-solubilizing group, e.g., carboxy, sulfonate, sulfate, phosphate or

phosphonate. Illustrative examples of the surfactants suited for inclusion into the composition

include, but are not limited to, sodium alkyl sulfate, sodium lauroyl sarcosinate,

cocoamidopropyl betaine and polysorbate 20, and combinations thereof.

[0065] The surfactant or mixtures of compatible surfactants can be present in the

compositions of the present invention in about 0.1% to about 5.0%, in another embodiment
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carrageenan gum). Acidic polymers, for example polyacrylate 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. Certain embodiments include about 1:4 to about
4:1 copolymers of maleic anhydride or acid with another polymerizable ethylenically
unsaturated monomer, for example, methyl vinyl ether (methoxyethylene) having a molecular
weight (M.W.) of about 30,000 to about 1,000,000. These copolymers are available for
example as Gantrez AN 139(M.W. 500,000), AN 119 (M.W. 250,000) and S-97
Pharmaceutical Grade (M.W. 70,000), of GAF Chemicals Corporation. Such copolymers
may improve the antibacterial activity of the compounds of Formula (1) (IR8387).

[0069] Other operative polymers include those such as the 1:1 copolymers of maleic
anhydride with ethyl acrylate, hydroxyethyl methacrylate, N-vinyl-2-pyrollidone, or ethylene,
the latter being available for example as Monsanto EMA No. 1103, M.W. 10,000 and EMA
Grade 61, and 1:1 copolymers of acrylic acid with methyl or hydroxyethyl methacrylate,
methyl or ethyl acrylate, isobutyl vinyl ether or N-vinyl-2-pyrrolidone.

[0070] A further class of polymeric agents includes a composition containing homopolymers

of substituted acrylamides and/or homopolymers of unsaturated sulfonic acids and salts
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[0073] The oral care compositions of the invention may also optionally include one or more
enzymes known by those of skill in the art. Useful enzymes include proteases,
glucanohydrolases, endoglycosidases, amylases, mutanases, lipases and mucinases or
compatible mixtures thereof. In certain embodiments, the enzyme is a protease, dextranase,
endoglycosidase and mutanase. In another embodiment, the enzyme is papain,
endoglycosidase or a mixture of dextranase and mutanase. An enzyme of a mixture of several
compatible enzymes in the current invention constitutes about 0.002% to about 2% in one
embodiment or about 0.05% to about 1.5% in another embodiment or in yet another
embodiment about 0.1% to about 0.5%.

[0074] In addition to the above described components, the embodiments of this invention can
contain a variety of optional dentifrice ingredients some of which are described below.
Optional ingredients include, for example, but are not limited to, adhesives, sudsing agents,

flavoring agents, sweetening agents, additional antiplaque agents, abrasives, and coloring

agents, which are known by those of skill in the art.
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physical properties the solubility of the solute in the solvent will be the greatest. This gives

rise to the traditional understanding that "like dissolves like." Solvents can be characterized in

one extreme as non-polar, lipophilic oils, while in the other extreme as polar hydrophilic

solvents. Oily solvents dissolve other non-polar substances by Van der Wal interactions

while water and other hydrophilic solvents dissolve polar substances by ionic, dipole, or

hydrogen bonding interactions. All solvents can be listed along a continuum from the least

polar, i.e. hydrocarbons such as decane, to the most polar solvent being water. A solute will

have its greatest solubility in solvents having equivalent polarity. Thus, for drugs having

minimal solubility in water, less polar solvents will provide improved solubility with the

solvent having polarity nearly equivalent to the solute providing maximum solubility. Most

drugs have intermediate polarity, and thus experience maximum solubility in solvents such as

propylene glycol or ethanol, which are significantly less polar than water. If the drug has

greater solubility in propylene glycol (for example 8% (w/w)) than in water (for example

0.1% (w/w))s then addition of water to propylene glycol should decrease the maximum

amount of drug solubility for the solvent mixture compared with pure propylene glycol.
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[0079] Liquid forms may include a suitable aqueous or nonaqueous vehicle with buffers,
suspending and dispensing agents, thickeners, and the like. Solid forms such as creams or
pastes or the like may include, for example, any of the following ingredients, water, oil,
alcohol or grease as a substrate with surfactant, polymers such as polyethylene glycol,
thickeners, solids and the like. Liquid or solid formulations may include enhanced delivery
technologies such as liposomes, microsomes, microsponges and the like. Additionally, the
compounds can be delivered using a sustained-release system, such as semipermeable
matrices of solid hydrophobic polymers containing the therapeutic agent. Various sustained-
release materials have been established and are well known by those skilled in the art.
[0080] The invention comprises topical pharmaceutical compositions comprising an effective
amount of a compound of formula A. By "effective” amount of a drug, formulation, or
permeant is meant a sufficient amount of an active agent to provide the desired local or
systemic effect. "Topically effective," "cosmetically effective," "pharmaceutically effective,"
or "therapeutically effective" amount refers to the amount of drug needed to effect the desired

therapeutic result. "Topically effective” refers to a material that, when applied to the skin,

21



hydr ogen bonding interactions. Al solvents can be |isted al [
fromthe least polar, i.e. hydrocarbons such as decane, toat ﬁggngsfogg: glrjum
sol vent beongivat@s. A solute will have its greatest solpalniusediyosm2s0l vents
havi ng equi val ent polarity. Thus, for drugs having mninmal solubility in
water, less polar solvents will provide inproved solubility with the

sol vent havi ng polarity nearly equivalent to the solute providing nmaxi mum

solubilit Q’qu 54 c{e?ged"f)ggmﬂ g%l:aﬁ tr&ﬁﬁ@ﬂeﬂo%alﬁﬂ({t &tel flate oRAPlitdnes oeXperi ence

X
maxi num i'n so ts such as propylene glycaol or ethanol, whi
are si grsyéterﬁﬁ:ﬂm@salrmﬁ op phraeriabprsyae ek an ac V@tlﬁge@gﬂér‘ ﬂ‘ﬁé“ Lt er sol ub: flh ty

in pr opyI e tga%& e8 er fgrsmln? eﬁdfotﬂéf\/vme}l a{%ﬁli%ﬁ t fhe‘éﬁh%roc(uf:@sra &sapl e 0. 1%

(W/vv))5 water to propyl ene
gl shoul d decr
maxi mim o@éfﬁétﬂttresﬁhft lﬁi:l’allg atstbé pilsiel of la}yplfcmontdrf @n g&ive éﬁedmnk t“LIPf‘emétﬁ’F‘ﬁﬁg?ZS \t/\nhte h

pure pro ene 0 ddi ti,on
W1 Gedpuudormethisr R o i T By a T Y e R R e "
nexi ”U m el '?Q&Aﬂa&éﬁnbdllytalaeep&bree;b]ltse méfexs ot plemnacefitBitBiceyieic sadEpbunds are

i ncor ted t |
| mar o0t TP HEIch SR Ao W) B8 T B e oy e RaCa SRR R ¢

active inQLaGH BR%GrtlaRd ABRCHAS enths Rl sledt ex@aﬂutmrowaerdrbyerormﬂouse b%b@pm lic

drugs typically display very | ow sol ubjl.i t harrra c.acc
ept abl e
sol vent spra‘ilm}sd}f thegpyentpns Sueppa ’é%’%ﬁ‘l‘i detl?‘?’e %yocfr}ﬁgaqlﬁﬂ?o %}(shcc)o?fiélo ori ni E acid

(t:)orrpl exe o',s r}%ﬁrobﬁ‘)rﬂl@%ﬁlﬁhﬁa%lﬂn@Q@x%ﬁ«%t&%éﬂ&ﬁulfoﬁhemsthhncbﬂfantcy of the sane
orinic | exes can be | ess than apout 20& FRON- t.h pr opyl ene
g' YE(ﬁI I ohydr@@pﬁbwﬁulfwm Rifrigs Renzeip, GRS IASEIPHES BIF“%% r?)l?egekrll lci nventi on,
i ethylen
die Conp%,u%g ?Angim{}afés%nceﬁb% (@f%\ﬂiiorl W CHgaﬁ?%@ggm \Aggthellggggn hd}ilt:]hntssgl ve
‘g

present plarmadeatidaby cammatiblelshlescen be Hrigd, with mapy %Pﬂﬁsl' iof P lggg%t 10%

w/w to abo
Lt R ) DD g O v

sol vent papaimint, yalaifimDEMEono pandiedtikeviBiose skiledon et WHReg8p12¢ 3 Wi DaVE/ wat er
cosol vent s sttem can be ﬁe&&&&p? b {Jﬁﬂeﬁ&kﬁh&h e desired concentration of

~t
from a_bou?ne_ {6 aBo Bctive i ngredl ent. Pref erabl y the active
i ngr edi e[UOSE]SHWtemerphaxirraoentladdmucce@w@le%ﬁwr'éﬁb Sphargesentigally accspablfor e

i kel hostigs” FEae el bradtimadshTel JELERTEL Ry CEPRL Mol e ERr) 02
an effective amount of a active agent as deﬁned herein, does not interfere with the
effectiveness of the biological activity of the active agent, and that is sufficiently non-toxic to
the host or patient. Representative carriers include water, oils, both vegetable and mineral,
cream bases, lotion bases, ointment bases and the like. These bases include suspending
agents, thickeners, penetration enhancers, and the like. Their formulation is well known to
those in the art of cosmetics and topical pharmaceuticals. Additional information concerning
carriers can be found in Part 8 of Remington's Pharmaceutical Sciences, 17.sup.th edition,
1985, Mack Publishing Company, Easton, Pa., which is incorporated herein by reference.
[0083] "Pharmaceutically acceptable topical carrier" and equivalent terms refer to
pharmaceutically acceptable carriers, as described herein above, suitable for topical
application; An inactive liquid or cream vehicle capable of suspending or dissolving the
active agent(s), and having the properties of being nontoxic and non-inflammatory when
applied to the skin is an example of a pharmaceutically-acceptable topical carrier. This term

is specifically intended to encompass carrier materials approved for use in topical cosmetics

as well. The term "pharmaceutically acceptable additive" refers to preservatives,
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n fonnuefating drug compositions effective for the desired use. The term "topical
administration" refers to the application of a pharmaceutical agent to the external surface of
the skin, such that the agent is locally active and/or crosses the external surface of the skin
and enters the underlying tissues. Topical administration includes application of the
composition to intact skin, to broken, raw or open wound of skin. Topical administration of a
pharmaceutical agent can result in a limited distribution of the agent to the skin and
surrounding tissues or, when the agent is removed from the treatment area by the
bloodstream, can result in systemic distribution of the agent. The term "transdermal delivery"”
refers to the diffusion of an agent across the barrier of the skin resulting from topical
administration or other application of a composition. The
stratum corneum acts as a barrier and few pharmaceutical agents are able to penetrate intact
skin. In contrast, the epidermis and dermis are permeable to many solutes and absorption of

drugs therefore occurs more readily through skin that is abraded or otherwise stripped of the

stratum corneum to expose the epidermis. Transdermal delivery includes injection or other
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to non-toxi c pharmaceutical base addition salts including salts of bases
such as sodium potassium calcium amonium and the |ike. Those skilled
in the arwowniodi4ue@aogni ze a wi de variety of non~toxic plrarmse@otosas |y
acceptabl e addition salts. [0082] The term "pharnmaceutically acceptabl e
carrier"” or "pharmaceutically acceptable vehicle" refers to any fornul ation
or carrier mediumthat provides the appropriate delivery of an effective
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AT R T L
conventional manner using one or more physmloglcally acceptable carriers comprising
excipients and auxiliaries that facilitate processing of the active compounds into preparations
that can be used pharmaceutically. Proper formulation is dependent upon the desired product
chosen.

[0086] The compositions of the present invention comprises fluid or semi-solid vehicles that
may include but are not limited to polymers, thickeners, buffers, neutralizers, chelating
agents, preservatives, surfactants or emulsifiers, antioxidants, waxes or oils, emollients,
sunscreens, and a solvent or mixed solvent system. The solvent or mixed solvent system is
important to the formation because it is primarily responsible for dissolving the drug. The
best solvent or mixed solvent systems are also capable of maintaining clinically relevant
levels of the drug in solution despite the addition of a poor solvent to the formulation. The
topical compositions useful in the subject invention can be made into a wide variety of
product types. These include, but are not limited to, lotions, creams, gels, sticks, sprays,
ointments, pastes, foams, mousses, and cleansers. These product types can comprise several

types of carrier systems including, but not limited to particles, nano-particles, and liposomes.
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buffering agents, other perneation enhancers, and other conventional
conponents of topical or transdermal delivery formulations as are known in
the art. wbeotoennm®4" enhancenent, " "penetrati on enhancemeair/usesio/opeeseat i on
enhancenment” relate to an increase in the perneability of the skin to a
drug, so as to increase the rate at which the drug perneates through the
skin. The enhanced perneation effected through the use of such enhancers
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[0089] Gel formulations can also be used in connection with the present invention. As will be
appreciated by those working in the field of topical drug formulation, gels are semisolid.
Single-phase gels contain organic macromolecules distributed substantially uniformly
throughout the carrier liquid, which is typically aqueous, but also may be a solvent or solvent
blend.

[0090] Ointments, which are semisolid preparations, are typically based on petrolatum or
other petroleum derivatives. As will be appreciated by the ordinarily skilled artisan, the
specific ointment base to be used is one that provides for optimum delivery for the active
agent chosen for a given formulation, and, preferably, provides for other desired
characteristics as well, e.g., emolliency or the like. As with other carriers or vehicles, an
ointment base should be inert, stable, nonirritating and non-sensitizing. As explained in
Remington: The Science and Practice of Pharmacy, 19th Ed. (Easton, Pa.: Mack Publishing
Co., 1995), at pages 1399-1404, ointment bases may be grouped in four classes: oleaginous
bases; emulsifiable bases; emulsion bases; and water-soluble bases. Oleaginous ointment

bases include, for example, vegetable oils, fats obtained from animals, and semisolid
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active agent in an appropriate pharmaceutically acce i
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calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and polymers such
as polyethylene glycols.
[0093] ] The topical pharmaceutical compositions may also comprise a suitable emulsifier
which refers to an agent that enhances or facilitates mixing and suspending oil-in-water or
water-in-oil. The emulsifying agent used herein may consist of a single emulsifying agent or
may be a nonionic, anionic, cationic or amphoteric surfactant or blend of two or more such
surfactants; preferred for use herein are nonionic or anionic emulsifiers. Such surface-active
agents are described in "McCutcheon's Detergent and Emulsifiers," North American Edition,
1980 Annual published by the McCutcheon Division, MC Publishing Company, 175 Rock
Road, Glen Rock, NJ. 07452, USA. Preferred for use herein are high molecular weight
alcohols such as cetearyl alcohol, cetyl alcohol, stearyl alcohol, emulsifying wax, glyceryl
monostearate. Other examples are ethylene glycol distearate, sorbitan tristearate, propylene
glycol monostearate, sorbitan monooleate, sorbitan monostearate (SPAN 60), diethylene
glycol monolaurate, sorbitan monopalmitate, sucrose dioleate, sucrose stearate (CRODESTA
F-160), polyoxyethylene lauryl ether (BRIJ 30), polyoxyethylene (2) stearyl ether (BR1J 72),
polyoxyethylene (21) stearyl ether (BRIJ 721), polyoxyethylene monostearate (Myrj 45), ‘
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based on petrolatumo
each emulsifying agent is present in amount from about 0.5 to about 2.5 wt%, preferably 0.5

to 2.0%, more preferably 1.0% or 1.8%. Preferably the emulsifying agent comprises a
mixture of steareth 21 (at about 1.8 %) and steareth 2 (at about 1.0%).

[0094] The topical pharmaceutical compositions may also comprise suitable emollients.
Emollients are materials used for the prevention or relief of dryness, as well as for the
protection of the skin. Useful emollients include, but are not limited to, cetyl alcohol,
isopropyl myristate, stearyl alcohol, and the like. A wide variety of suitable emollients are
known and can be used herein. See e.g., Sagarin, Cosmetics, Science and Technology, 2nd
Edition, Vol. 1, pp. 32-43 (1972), and U.S. Pat. No. 4,919,934, to Deckner et al., issued Apr.
24, 1990, both of which are incorporated herein by reference in their entirety. These materials
are available from Ruger Chemical Co, (Irvington, NJ). When the topical formulations of the
present invention contain at least one emollient, each emollient is present in an amount from
about 0.1 to 15%, preferably 0.1 to about 3.0, more preferably 0.5, 1.0, or 2.5 wt%.
Preferably the emollient is a mixture of cetyl alcohol, isopropyl myristate and stearyl alcohol

in a 1/5/2 ratio. The emollient may also be a mixture of cetyl alcohol and stearyl alcohol in a

1/2 ratio.
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al so conprise suitable so r.ge
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Bglo ; ﬁQ?L ﬁ)stllrjiéﬁbbl@ltb%elﬁugﬁhbﬁg prﬁiea\raﬁh‘fssknowe il the ors es ok offeeiineed agreptablen,  and
in parenteral formulations are benzalkonium chloride, benzethonium, chlorohexidine, phenol,
m-cresol, benzyl alcohol, methylparaben, propylparaben, chlorobutanol, o-cresol, p-cresol,
chlorocresol, phenylmercuric nitrate, thimerosal, benzoic acid, and various mixtures thereof.
See, e.g., Wallhausser, K.-H., Develop. Biol. Standard, 24:9-28 (1974) (S. Krager, Basel).
Preferably, the preservative is selected from methylparaben, propylparaben and mixtures
thereof. These materials are available from Inolex Chemical Co (Philadelphia, PA) or
Spectrum Chemicals. When the topical formulations of the present invention contain at least
one preservative, the total amount of preservative present is from about 0.01 to about 0.5
wt%, preferably from about 0.1 to 0.5%, more preferably from about 0.03 to about 0.15.
Preferably the preservative is a mixture of methylparaben and proplybarben in a 5/1 ratio.
When alcohol is used as a preservative, the amount is usually 15 to 20%.

[0097] The topical pharmaceutical compositions may also comprise suitable chelating agents
to form complexes with metal cations that do not cross a lipid bilayer. Examples of suitable
chelating agents include ethylene diamine tetraacetic acid (EDTA), ethylene glycol-bis(beta-
aminoethyl ether)-N,N,N', N' -tetraacetic acid (EGTA) and 8-Amino-2-[(2-amino-5-
methylphenoxy)methyl]—6-methoxyquinoline—NgN,N',N'-tetraacetic acid, tetrapotassium salt

28



ﬁ;ypg:ggtgghgpssglgcgtfiaLPOQS] } Tpe topi cal pharmaceuti cal conpositions
se ble enul sifier which refers to an agent that
$22agﬁﬁf$??;PﬁgM:ggﬁtes nhxkng and suspendi ng oiI-in-mawemnmgammwamsin-oi
use erein may consist of a single | sifyi -
or may be a nonionic, anionic, cationi Tes Serant or ol oot
, , c or anphoteric surfactant or
of two or nore such surfactants preferred for use herein are nonion?ceg?

o o0 (SIS bRy, R HAHERAGE AEEDTR AeRionat Shesourbbar 1
fiers,"
Annual  prabhbls hec Spycttuhecmls;ﬁ‘él@nﬂa t9§1§41<§?fm i?&o |r“:" gﬁ%? b ténggthylgsls%

Rock Road, d en Rock
mol ecul atn%?fdtﬁst %ﬂec?BﬂS g a§ﬁ’§h&%§t&§§tﬂg§?ﬁ @(gella‘glglgﬁﬁ tm&nhﬂ o eohol - ot ob

2It (r:]olhol 00@;@4&@13 Y bygvehgh, prefembleipm ghonds 5@@?"&’@@“‘@?@2’ %%ﬁ%el?eégﬁl Ar est cary!
y enelpcgltt ccg/l di stgarate sorbitan tristearate, propyl ene gl ycol
nonost eé 3By BFAh nonool eat e, sorbitan nonostearate PAN 60

di et hyl engsg ﬂ{&@ bic wtﬁbﬂ,commshlmamamh@p@mﬁsﬁa‘tlé‘bleé’aﬁf YIELLED eat e,

sucrose stearate STA F- 16
pol yoxysoiiuiemetop S L S b et o)

et her té?tzé %ému&%bxmmﬂiweﬁﬂtﬂvdﬁnmomnm attlensi(duig bpsifysig oT PUEIBED/ 037223

pol yoxye ene sorbitan m)nostear Ql HPx8 i
nonool eagent (tWEENaIs@)nt Of)ftﬂe?‘tﬁfﬁ/sé’tttt@ g’%‘}é\ﬁgl ‘t’tg’%)[drr%b%o{ aur at teI;Mie{%18 NS(Z)B;JI ;ﬁg

sodi um cbl eate
to I SHRO hndafste GRedrany evont 1. den Py dhe vest inagnesdlly
|n(r; ext erna fy" useg1 emul si ons and Erom)te w o e n&JI Si o EZI;)em gl Iﬁi;é/1 ger)![ S%Fg
ni oni Qne/rhtaldesarfaylpwg isugavired tapiang e Lempition Ry 5pltrtedl SN pophi | e bal ances

(HLB) of @9%@%{3 Pl fhafricc e mbﬁftmn@hy&lgo@oﬁagnteamm@wwsmem as

det er m descri bed Paul
Emul si Or’increzﬁﬂigtagehtsbff hb@emn@pwemsg‘?&hff“lkﬂggqm@é‘t‘; leﬁ}a flmcre gﬁg\l}v@\/gpi a&d Y.,

1974, pages .18
e i e oponsiobmre oo
CS

Exanpl espddfm&UCRRBORDQATICTRIII Ginfy @@eﬁiﬁ%méF@Slﬁht‘mé?Séngna&an mted tb "BRI J

72", the trade name
of 4.9; maiid w3 vsiab oy SRR NG L IR o ool bner (21) st ear vl ol her

havi ng ag ki ot the ﬁreseerv]entaa@"contah@t tepsi@Be Haapalty BFrefiot tthﬁycﬁene | auryl

et her having an
amount of viscosity increasing agent present is from about 0.25% to about 5.0% by weight,

preferably from about 0.25% to about 1.0 wt%, and more preferably from about 0.4% to
about 0.6% by weight.
[00100] The topical pharmaceutical compositions may also comprise one or more
suitable solvents. The ability of any solid substance (solute) to dissolve in any liquid
substance (solvent) is dependent upon the physical properties of the solute and the solvent.
When solutes and solvents have similar physical properties the solubility of the solute in the
solvent will be the greatest. This gives rise to the traditional understanding that "like
dissolves like." Solvents can be characterized in one extreme as non-polar, lipophilic oils,
while in the other extreme as polar hydrophilic solvents. Oily solvents dissolve other non-
polar substances by Van der Wal interactions while water and other hydrophilic solvents
dissolve polar substances by ionic, dipole, or hydrogen bonding interactions. All solvents can
be listed along a continuum from the least polar, i.e. hydrocarbons such as decane, to the
most polar solvent being water. A solute will have its greatest solubility in solvents having
equivalent polarity. Thus, for drugs having minimal solubility in water, less polar solvents

will provide improved solubility with the solvent having polarity nearly equivalent to the
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a DGME water cosolvent system is used to dissolve the compounds of Formula L. The solvent
capacity of DGME drops when water is added; however, the DGME/water cosolvent system
can be designed to maintain the desired concentration of from about 0.1 % to about 5% wt/wt
active ingredient. Preferably the active ingredient is present from about 0.5 % to about 3%
wt/wt, and more preferably at about 1% wt/wt, in the as-applied topical formulations.
Because DGME is less volatile than water, as the topical formulation evaporates upon
application, the active agent becomes more soluble in the cream formulation. This increased
solubility reduces the likelihood of reduced bioavailability caused by the drug precipitating
on the surface of the skin.

[00102] Liquid forms, such as lotions suitable for topical administration or suitable for
cosmetic application, may include a suitable aqueous or nonaqueous vehicle with buffers,
suspending and dispensing agents, thickeners, penetration enhancers, and the like. Solid
forms such as creams or pastes or the like may include, for example, any of the following
ingredients, water, oil, alcohol or grease as a substrate with surfactant, polymers such as

polyethylene glycol, thickeners, solids and the like. Liquid or solid formulations may include
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niacinamide, retinol and retinoid derivatives, AHA, Ascorbic acid, lipoic acid, coenzyme
QIO, beta hydroxy acids, salicylic acid, copper binding peptides, dimethylaminoethyl
(DAEA), and the like. Sunscreens and or sunburn relief agents include, but are not limited to,
PABA, jojoba, aloe, padimate-O, methoxycinnamates, proxamine HCI, lidocaine and the like.
Sunless tanning agents include, but are not limited to, dihydroxyacetone (DHA). Anti-
microbial agents include, but are not limited to, clotrimazole, miconazole nitrate, terbinafme
HCL, triclosan, and the like. Psoriasis-treating agents and/or acne-treating agents include, but
are not limited to, salicylic acid, benzoyl peroxide, coal tar, selenium sulfide, zinc oxide,
pyrithione (zinc and/or sodium), tazarotene, calcipotriene, tretinoin, adapalene and the like.
Agents that are effective to control or modify keratinization, including without limitation:
tretinoin, tazarotene, and adapalene.

[00106] The compositions comprising an active agent of Formula I, and optionally at
least one of these additional agents, are to be administered topically. In a primary application,
this leads to the boronic acid and any other active agent working upon and treating the skin.

Alternatively, any one of the topically applied active agents may also be delivered
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glycerin

Dental type Silica — Zeodent 12 10
105 — high cleaning silica

Dental type silica abrasive 8.5
(Zeodent 115)

Dental type silica — Zeodent 8 12

114-synth. amorphous ppt

silica

Dental type silica — Zeodent 9 2.5
165-synth. amorphous ppt

silica

Tetrasodium pyrophosphate - | 0.5 0.5 0.5
fine

Sodium saccharin 0.3 0.3
COP Sodium saccharin 0.3
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Butylated hydroxytoluene 0.03 0.03

Vitamin E 0.5

[00109] Incorporating Compound 1 into low-water dentifrice enhances the stability of

the active ingredient in comparison to dentifrice formulas with higher water content. These

low water formula options exhibit antibacterial and anti-inflammatory efficacy in-vitro

equivalent to a positive control, Colgate Total® with triclosan as antibacterial agent.

[00110)

The difference in water levels among these formulations is significant. The G

series has a water activity level (expressed as vapor pressure of water in sample over vapor

pressure of free water at the same temperature) of 0.75, compared to 0.25 for the 6% water

formulation, and 0.09 for the formulation with no added water. The stability of Compound 1

over time in the different formulations is shown in the following table:

Table 2
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as creans or| P4t es or ¢ hEoy for exanpl e, _any of tHe

f ol | owng T NoFrgdi €t s, FTTOT | _
sur f actlant ﬁgqj ¥ V\@Me Foi |, | @b coh®l or @Féa>§ as aCIshbfrate with

( 'r s_such-as no! vet-hvl-ene—alv i

Ehehl i K% Li o7 orl18b| &7} orr}ﬁﬁa_ oh rﬁﬁ ; q}Zdeen%anclebéé%el ?@Aellrss and
Agg_ nol %g?‘fi%s @d%’z %gml | P@IAVIE HpmM CHIEHMREm i (@9%3;)@pges @) t peml i ke.

itignallyj t onpouinds gan be| del i vered using|a sustained-rel ease
(s:gflz :im ;visaferh as sem perreabl e matrjces aof soljd hydrophobpic pol yners

13 IIC u a{ ou -

been estoa(gll ﬁéé @H%r ab'\Z/ZeI qq?\%w %50 Eé?ejss%?%llezc}ni@dne?@el mrﬂmw"[ goiogiave
Topi cal | dddent oet) rpgi Me(RS%aceomdi 1@?1{‘6 tPRE pr €EYY o #PBY &?%’? R98nt | on
conpri se ag)rpl ying the conposition directly to the skin at the |application
site, fr one to several tines daily. [100104] Formul ations ofi-the-present
i nvent i 6. cahohe used4t ootmedtlo2ameDicor atle76r | preveridOcondPti ¢Sl or

synptonms associated with g%@ teri al [inbgctions e5€ . ppbdf | RITOBLI

> : , til and th

!’;gge{ [ 0TLE5] G FRA ond g/"c)atrpé’néxzik%lés IJ(5)8{1t N 9@(3/@ %ninc and P@?lrrn‘euti §a|
nts trhat—¢an be added to the topi caI har miceut

present invention. | The figll ow ng QE p [cal formul gt i ons|of the

avai | abl B0tUAer ciThe Fguctinpn te pRfes mfg?tle,ﬂg? dglg;tgfﬁfesappearf gm%dé’ﬁaghﬁcfabfgf o eadi |y

lim ted g act%n%ﬂ@&%b@lh FKP@B;HQA@BH%t}fé&&&@wona&mmmmdntbmgmg 2Eone and t he
i ke. "HN NS i ne but arenotllm E

Vi t ani n élqntr\)’ilttdanvm tqDapezatere EpEA0°C i dhererig 15 ‘f’&%nﬁhﬂ‘g"rw%ﬂy\}g Com

tazarotene, ng [2lels Hh&NEatert
anid Bl ater f&%{dle{%fah@tha@ﬁl@@@xh&momduéﬂaeGLsem Antl -agin
agent s i Aiciudg, (E)ut are not limted to, niacinamde, retinol and retlglnmgd

derivati femuladtd, Ascorbic acid, |ipoic acid, coenzyme
[00112] The stability of these formulations is also challenged by the addition of a 1:1

molar ratio of hydrogen peroxide to Compound 1. Formulations which are susceptible to
degradation by hydrogen peroxide are less stable upon aging. For example, the G-series
formula had a 59% Compound 1 recovery after three months at 40°C and 35% recovery of
Compound 1 after peroxide challenge while a more stable formula, used as a positive control
in this experiment, exhibited 87% recovery after three months 40°C and 85% recovery after
challenge with peroxide.(Note: The positive control for this experiment was chemically stable
but ineffective in in-vitro test). There is only a 1 % drop in Compound 1 recovery in the 0%
added water

[00113] formulation and a 10% drop in % recovery in the 6% added water formulation.
Both formulations demonstrate significantly less degradation than the 44% drop in Compound
1 recovery observed in the G-series formula.

[00114] Based on the peroxide challenge experiment and the two months aging results,
it can be concluded that reducing the level of water in the dentifrice enhances the stability of
the active. The 0% amd 6% added water formulations are tested in an assay measuring
inhibition of growth of A. viscosus and shown to retain their antibacterial efficacy. The 0%

added water formulation is also tested in an anti-inflammatory assay measuring induction of
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Q O beta hydroxy acids, salicylic acid, copper binding peptides,

di met hyl am noet hyl (DAEA), and the |ike. Sunscreens and or sunburn relief
agents i r@budsy/14ldss are not limted to, PABA, |ojoba, alroe/usp@diosabe- O,

met hoxyci nnamat es, proxam ne HC , |idocaine and the |like. Sunless tanning
agents include, but are not limted to, dihydroxyacetone (DHA). Anti

m cr obi al agents i ncl ude but are not limted to, clotrimazol e, mconazole
nitrate

and/ or g@ﬁg ap sglg{vgﬁo beaas eeIf] éstlvlg l%g ﬁ@gomﬁ‘m&t}?& thken toB&@ﬁdt@S/ltB trictat,i ng agents

but are not |jmt I|cyI|c
aci d, bwg@yzhluQSf@OO@g/mldmz wsan 200pgind iprmacsbi fangel. a‘ﬂ% ‘@P@Eﬁ pyrit hi one
(zinc and/ or SOdI , tazarotene, calcipotriene, tretinoin, adapal ene and
the li kéorﬂ)ﬁg% \L‘J‘H%‘i are effective to control or nodify kerati ni zat i on,
including without Iimtation: tretinoin, tazarotene, and adapal ene. [00
106] The conpositions co si ng an actl ve agent of Fornmula I, and
opt i onaERA LE 2a§ighghbt {aﬂ‘é@e additional agents, are to be adm ni stered
t opi cal kyyy lgn a pfﬂerg&lbmt@@ﬂlideﬁaﬁicemrmhhnm¢oaaadsngﬁ)et1¢t@em‘2§il*ﬁné 3acid and any

ot her atlveaent wor ki ng upon a t ly. an
one of ﬁlb@OKerélap—QSpag)@By P’@ﬁ&a&’tu B 10 ‘gﬁihgi}%ﬁ ymelf&ﬂegcoﬂﬁ(ﬁﬁﬁ@ ey y

del i ver e%ﬁ%%?s@‘ls‘:@aiu){te@)ﬁ chffék@ﬁd@idméversoutle&und maSthchaluthpém tions an

addi ti onal cosnetically or pharmaceutic such as an
ant i - i nfaQVRaUdIDY! mgi@nmﬁ'wwtdapﬁnﬂem qather ?g‘?fﬁ‘@e% g%eﬁﬁg%%en

anti-mcro taiea ki @gﬁmenufrme 1sanan43b®ﬁom§ usually a
m nor cc?f‘?b’q{r%rrllttl&?%gé% {Sﬁgé(gﬁeo%to abegg?t 2 %bg/ eoreferabl y
from abaub, Mﬁ%&g@tlwbmmctm%%%t%tw 91 4firiptianpm t?ré’r?g%ﬁ@'er Bei ng vari ous
vehi cl es, or carrl ers and processing aids helpful for formng the desired
dosi ng figrmla '[060107] The invention is further described in f% foI | owi ng
exanpl egooffilsg exaﬂmdﬁstfamrmlarms@lsyefﬁreldlﬁ%@sr%ﬁtﬁ}\?@wéﬁ’éfi b6 SR TFISTEHY ey 1 mit

t he scope of thelnv ntion a 0 & s Af ¢ abi ity in
Low Wat dhe B@'n‘ﬁt‘?r;f‘?rg‘é‘ w&w%%%fsf{ % E&% s Asog heaaeter FoXmNR y

of a 1delnt Ie;ervlgléx? %jﬁr rvrvué?at ion
et e s b LT
at di f f eFlerff-ssuge fg%z}é? 2! g&%ﬁ “(aggﬁv/ﬁ 1 ?‘Oo nvgatg?%&él? faglglﬁgws Tabl e 1[ 00109]
| ncor por @iyl Rem@mRe thatkvdl df IOV IPOUNREied.7 BeritheipH ip waried B iesting Baralie ahi | i t y
of of sodium hydroxide to glycerin in the formulations of the previous example to obtain

dentifrices at pH 7, 8.5 and 9.

[00117] The results of COMPOUND 1 stability upon accelerated aging at 40°Cis

shown in Table 2. For the G-series, the percentage of COMPOUND 1 recovery after three

months of accelerated aging is nearly 30% greater in the pH 8.5 and pH 9 formulas when

compared to the formula at pH 7. The same trend is also observed in the low water formula.

These results demonstrate a marked improvement in COMPOUND 1 stability as a result of

increasing the dentifrice pH. Although the pH is the major driver, the reduction in the water

level also appears to have a positive impact on the stability of COMPOUND 1 in the formula.

[00118] After two months aging at controlled room temperature and 40 OC. there is

less drop in the % recovery of COMPOUND 1 in the 0% and 6% added water formulas than

in the G-series formula:

Table 3: % COMPOUND 1 recovery after accelerated aging at 40 °C
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the active ingredient in conparison to dentifrice fornmulas w th higher

wat er content. These |ow water fornula options exhibit antibacterial and
ant i - i nf I\woratooryesef fi cacy in-vitro equival ent to a posiPCIrs2@o08T203 ,

Col gate Total (r) with triclosan as antibacterial agent. [001 10] The
difference in water |evels anong these formulations is significant. The G
series has a water activity level (expressed as vapor pressure of water in

sanpl e over vapor presxrs{llﬂlrag of free walgh at the,srpd tenper3dtmMes) of 0.75,
conpared to 0.25 for the 6% water fornulation, ar(l)d 0.09 for ﬁ' e formul ation
with no adgleguwater. Thesstability 8% Conpound B%ver tinme i%”the different

formulations is shown in the follow table: Table 223 [00Xko¥l] The
reducti on G nPHEe wat er 1&e}ﬁ‘/el in th\gog(g)nti frice appears to have a positive

i npact on ¢&heyst abi | it yowt Conpound7% in the foPfal ation. A& two nonths
aging at controlled rogm tenperatur 0/and 400C, there is lessadfop in the %
recovery ofWCompdund 199% the 0% and %% added water fornul ations than in

t he nore cmmeﬂi{ggnal Goperies formoosti on. [0096%2] The staldf¥ity of these
formulations i's also chall enged by the additi ongg(; a 1:1 nolgk, ratio of
hydr ogen peWoxiHi® to C8APound 1. Fofmul ati ons WhTCh are susceptible to
degradation by hydrogen peroxide are | ess stable upon aging. For exanple,

the G- series formula had a 59% Conpound 1 r fter.three. t hs at
400Cand [B&Pid} ecov@oﬁlrﬁrﬁri@mﬁ%ﬁ@eff%f’%ﬁﬁ’é%@%@@%ﬂ&l%@%ﬁ%as iTe a nore

stable fornula, u i L0 Ve GGRIk OF tb 0 Th mstexge ngatent) *@foni bi t ed
87% recd??étﬁ/argmeg%r%?h%@%g%%% r%r%%and 850t/o recov%?qy afte\rxlgg ak]nl gnge with

per oxi deswoNadeles in Thier popiidkdyweyaluaiatiends 1p drmplaseabligyasd Hadien chencal |y

stable but ineffective ipn-j { t- &SV dred Jddedatesias tHe pHYdeareds¥l from pith
Corrpounagferr‘eéc%%‘?‘r?enia egﬁgbg[% a{'gﬁdlgé wat er [oof 53] formul ati on.and a 10%

drop in §4Qa0V.ebyt intretshefr@¥pHdde gHART din thedpyruas Pe3s, theBeTRetage il at i ons
denonstrate siqgnificantly.less i th&ih,; 444 noRididpCanpound 1
recover yCONESWREY ! (Ygg_creases %%gﬁ@@fq o 5'[7'C)Q‘Vhlrehﬁ\e (aaRidicy

TV HE" G°SéFes for nul'a. "[001 14] Based on the peroxide
chal | engg eREh idEwb fehld fagest pib O monlthio teagreriest pasednfage COMPOUND 1

recovery in both formulas. In addition, it was observed that the ratio of COMPOUND 1
isomers strongly depends on pH. At pH 9, COMPOUND 1 exists only in its nonpolar form
and the amount of the polar rotamer increases as pH of the dentifrice decreases. A similar
trend is observed in the liquid dentifrice.
[00120] Figure 1 shows the pércentage of COMPOUND 1 recovery after two weeks at
60 °C as a function of formula pH in the (a) G-series base and (b) the low water base.
[00121] | As dentifrice contains many components, it is important to understand whether
the observed relation between COMPOUND 1 stability and pH is dependent on a dentifrice
ingredient or is simply the response of COMPOUND 1 to pH itself. Therefore, a study of the
effect of pH on COMPOUND 1 is conducted in a simple solution of 50/50 acetonitrile/water.
The result is shown in Figure 2. In this study, a series of samples having pH from 9 to 6 were
prepared and aged at 70 °C for one day. The solution at pH 9 had the highest percentage of
COMPOUND 1 recovery. It was also observed that only the nonpolar isomer is present at
pH 9 and the ratio of the nonpolar to polar rotamer decreases as the pH decreases, the same
trend observed in dentifrice. These results indicate that the nonpolar rotamer of
COMPOUND 1 is fundamentally less susceptible to degradation and the ratio of nonpolar to
polar isomer is directly affected by pH. These results help to explain the observed increase in

%,COMPOUND 1 recovery in formulas at pH 9 and 8.5 compared to pH 7. Differences
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it can be concluded that reducing the |l evel of water in the dentifrice
enhances the stability of the active. The 0% and 6% added wat er

fornul at iwo0arai1dsest ed i n an assay neasuring i nhibiti orcofusgrioms22of A

vi scosus and shown to retain their antibacterial efficacy. The 0% added
water fornmulation is also tested in an anti-inflammtory assay neasuring

i nducti on of T/ US2010/ 037223 PGE2 and shown to be as effective as the
positive control, Total t hpast i i aseMikdly gefiéal ue of <200
pg/ m Pwe%sth%%ﬁ@?ﬂpw&ﬁ% ack E’é’“eg‘%ﬁ“?@ﬁ&%ﬁgﬁg%gut 400 pg/m for the G
f or mul ap Qi FefAMRNER Rgfelights phpartbillyutabilizothe pplORtaB- The stability of a

dentifrice formul ati on containing the | [ [ va 59750

hydr oxy 322 ne- Figue b ehSIERYBIC ta?%(-’f@ﬁ@gpgjﬂg?}%e?ﬁ\ﬁleﬁgﬁeanyl ) - bor ane

( COVPOUND, M iritedafatd sSiutibg & HRfQiohsf palieralt &gt aa70 Wi.fferent water levels. It
! .

is found that the stability of COVPOUN ' tifri j gheprdent on the
PH of t @128 nmul dThespientiamnaiory etfeete Sﬁ}vqué&lﬁ?:ﬁ bl Bfeleto SERTRMH ty is
observed wh e§ N i RH.0f i b HeNSHLf Bbth hd G-séries bedlsedvdterdominlaset B 7wi t hout
negat i vé"Pip ct “on e anti bacterial or apti-infl angaltyngd@é efficacy of the

f or mul atah® perfdBizd ¥61l inTthe sypprestion frthe A-BEABMPETY BIEY el t 0 as the G series
and the second referr NG L Mabe brofwet ItiibionebHnesponds ng to the
G seri e@g??ﬁ{gg%eggcec)é%\jﬂ\)/ah?%br@?or frul at i ons g? t he precedi ggas xampl e. The

maj or  dichhpareble & thatoftemH hipastems Wedepepragerial RpbaBPPO8PSHyded water. The

G seri e?[961@21 ﬁb?g%ﬁlﬁ)zﬁolﬁg%%gm? D%{oﬂh%ﬁé%M(ﬁAﬁ)@rsﬁw a has 6% added

wat er . ons evel of CUND 1 is 0, Zjﬁﬁ]lmq{ pH is
vari ed hygarhns! infigasthidy tatiicneasd ingbHli Athonghithe xaleee ¢ig-GMyP PP he

fornul ations of the previo HR1 ELpfetnti id-p 8 @Fordtulaghis 7, 8.5 and
9. [0011%0W89V%%qu@tﬂo@ﬁ@ﬁgﬁil 1;se?e:;?ggiglbi%llltd?ypupon aci():el erated aging at 40
0Cis S%‘Mraﬂeﬁ. Table 2. For the Gseries, the percentage of COVPOUND 1
recovery after three nonths of accelerated aging is nearly 30% greater in
the pH 8.5 and pH 9 fornmulas when conpared to the formula at pH 7. The sane
trend i spRhR@reRSer MRy dT ddMPOUNDVEInEhibiongrrkkbachiese resul ts denonstrate

a marke [OIO E%S ove ngrgé mlinr}mum 1nh%J1lt\(l)[r)y %onscgr?frtz)iltilorll %o¥ c‘"&‘ﬁwﬁoﬁﬁﬁ‘&' Jgaﬁgt common

oral bacteria is found to be as follows. Ethanol is used as vehicle.

Table 4
Bacterial Species ppm
Gram Negative A. actinomycetemcomitans >15.6
F. nucleatum 1-2
P, gingivalis <0.12
P, intermedia 39-78
T forsythia
T. denticola
V. parvula 7.8
Gram Positive A. naeslundii 1-2
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increasing the dentifrice pH Although the pHis the nmgjor

reduction in the water | evel also appears to have a positiv
stabilitywofR2000MROWND 1 in the fornul a.
controlled roomtenperature and 40 OC. there is less drop i
of COMWPOUND 1 in the 0% and 6% added water formulas than in
formula: Table 3. % COMPOUND 1 recovery after accelerated a
0CT/ US2010/ 037223 Initial 1 Month 2 Month 3 Month G pH z 90
pH 8.5 108% 104% 96% 89%GViS¢A%9 100% 97% 97% 90% LW pH 7 9
LW pH 8.5 103% 100% 96% 100% LW pHO 97% 97% 92% 97% [ 001 1

i nvestigate the effect off pedayr® COPOUND 1 stabillity, a ser
are prepared having pH values ranging from5.7 to 9. The ga
60 OC for two weeks in ordesseto quickly eval uaté trends {:

stability as a function of pH In the G series,
frompH 7 to pH5.7. In the | ow water base, the
recovered decreases fromphufinto pH 5.7. Wiile t
is different in the two fornula bases, pH 9 rest
percent age COVPOUND 1 recpweny in both fornul as.
observed that the ratio of COVWOUND 1 isoners st
9, COWMPOUND 1 exists onlys ighghdsgs nonpol ar form g
rotamer increases as pH of the dentifrice decred
observed in the liquid deqatiffi.ee. [00120] Figur
COMPOUND 1 recovery after two weeks at 60 OC as
the (a) G series base and (b) the | ow water base.
cont ai ns n it. ]S i

! EXWRI\%L%%@SOO &?ﬁzit’ionl otf dorsnp!)u
a. Solubilization in copolymers of ethylene glycol and propylene glycol

[00126]

per cent age

Ilts in the
| n add2t D3
rongly depe
INnd t h@2and 6
jses. A sim

t he percentage
1 recovered decreases as & bedpt¥ decreases from pH 9 $&!1HHO235 bu

he st@&bi19.py at

e 1 sthoms the pe
a function of fo
[00121] As dentifrice
rgaolrtant t o under st and whet her

driver, the
e inpact on the

[00 118] After wram/usemblo372ag)i ng at

n the %recovery
the G series
ging at 40

% 88% 68% 61% G
9% 93% 87% 63%
9] Tqg farther

i es
stes |lare aged at
for

COVPOUND
of

gr eat
h, it
nds o
nt of
lar t

pH At pH
t he pol ar
end is
cent age of
mula pHin

The poor solubility of Compound A presents some formulation challenges. Its

solubility in water is less than 100 ppm, and its solubility in flavor oils (often used to

solubilize actives) is less than 0.5%. We have discovered that co-polymers of polyethylene

glycol and polypropylene glycol are able to solubilize Compound 1. Fluraflo 14370 (BASF)

is able to solubilize 1 % Compound 1 (% wlw). It is necessary to stir the solution over low

heat to fully solubilize the active. The resulting solution is cloudy, reflecting the nature of the

Fluraflo L4370 itself. The solution of 1% Compound 1 in Fluraflo L4370 is diluted 1 :1 with

1.5% SLS in water to produce a clear solution, composed of 0.5% ANO0128, 0.75% SLS,

50% Fluraflo L4370 in water Similar results are achieved using Fluracare L1220.

[00127] The solution of 0.5% AN0128.0.75% SLS. 50% Fluraflo L4370 in

water is

then tested in a biofilm disruption assay. The percent reduction achieved versus the negative

control is 65%, indicating that Compound 1 retains its antibacterial activity when solubilized

in Fluraflo 1L4370.

b. Solubilization using Tri-block Co-polymer

[00128]

We also discovered that Tri-block Co-polymer Surfactant F127 is able to

further enhance solubilization of Compound 1. In experimental liquid dentifrice formulas

(Table 3), Compound 1 is not completely soluble over time, as evidenced by precipitation and

crystallization over time. After the addition of 5% F127, experimental liquid dent
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t he observed rel ati on between COMPOUND 1 stability and pH is dependent on a
dentifrice ingredient or is sinply the response of COWPOUND 1 to pHitself.
Ther ef or ewoaoswudtsp40f the effect of pH on COVPOUND 1 i sPcorusecivsszeh a
sinmple solution of 50/50 acetonitrile/water. The result is shown in Figure
2. In this study, a series of sanples having pHfrom9 to 6 were prepared
and aged at 70 OC for one day. The solution at pH 9 had the highest

per cent agempehs GMRW N des OMﬁfe)f@re I'tri-pRsk @b-polyplsSurietnt Fay icalytot he
nonpol ar i sonmer i s present at é@ 9 t he ratl? of the nonpolar to polar
rotaner HedpreqlibdizgSompang I-‘lat‘}éésrsé‘& for pyrain Y AIPBNd observed in
dentifrice. These results indicate that t he nonpol ar rotaner of COVPOUND 1
is fundanmentally | ess susceptible to degradatlon and the ratio of nonpol ar
to pol ar TidoheFxpesimgnibiormylatis sdthaet BPIqskicoPHe®E resul ts hel p to explain
the obse OFOUND 1™ Tecovery Imakornulas at pH 9 and 8.5
conpared to pH 7. Differencesbetween the stability of COVPQUND 1 at | ower
pH i n t h€ompeurfldr mul a bases|Pibkely reflect the abBiflity of fornmula

ingredi:“*" to—partiat-y—stabitizethepotat |Ut§gerf*fﬁﬁiﬁﬁT—thUTP 2
shows t1g §§$gentage of CCNIE%ND 1 recovery in a 50/50 acetonitrile/jwater
solutio1pﬁ@y@n5gﬁﬁﬂlon of pHiafter 1 day at 70 0@ [00123] The

anti-in matory—effect—of L COMPOIND-1-does—not ﬁ“pear to—have—been-

inpactejFEVm§ﬂAﬁ%%rease in déhtifrice pH. Both thé G series and | ow|wat er
forml asGfceff? 7 and 9 perfornmed welT in the supppession of the
anti-infldammatory marker PGE2. The antibacterial effect of COVPOUNDI1, as
measur edSby growt h i nhibitiohSof A viscosus, is|donparable to that of the
pH 7 past €0.aS wett—as commerggal—hirgh quatity togghpaste. [00124] The
upt ake © OQUND 1 onto the hydroxyapatite (HAP) disk is significantly

increased by the increase in pH Although the rel ease of COVPOUND 1 jat pH 9

H o OO Ia 1
is onl y —29% t+he quautl ty of VPEUND—1—t-eteased GpH7and—GpH19

fornulasTP@ equi val ent. EXAMPLE 3 - Efficacy of QUND 1 in inhibijting
oral bacteria [00125] The nininuntinhibitory concentration for COVPOUND 1
aga! nst (1:“0 nEO re?ilmentaﬂ‘ ?nrl{llg'tlcgnss VS./rlt?lu nq)locg co- 0 S f ol fows. Ethanol is used as
vehi cl e. Ta%ipP o EAP p
AS Ab

Compound 1 0.6 0.6

PEG-300 11.4 11.4

Propylene glycol 10 10

Fluroflo 14370 10 10

Glycerin 10

SLS 1.5 1.5

HO 34 34

Pluronic F127 5 5

Total 72.5 72.5

¢. Solubilization using PEG

[00129] We further discovered that low molecular weight polyethylene glycol 300

(PEG 300) (Dow Chemical Company) solubilizes 10% Compound 1 (% w/w). It is nccessary
to stir the
solution over low heat to fully solubilize the active. The resulting solution is clear with a

slight yellow tint due to the color of Compound 1. We also discovered that PEG 600 can
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Bacterial Species ppm G am Negative A actinomycetencomtans >15.6 F.
nucleatuml - 2 P gingivalis < 0.12 Pintermedia 3.9 - 7.8 T forsythia T.
denti col awW.20pavesha 7.8 G am Positive A naeslundii 1 PCRAS200881238S E.
nodatumL. casei 2 - 3.9 S. gordonii < 0.12 - 0.25 S. mutans 0.25 - 0.5 S,
oralis < 0.12 - 0.25 S. sanguinis 0.25 - 0.5 S. sobrinus <0.12 - 0.5
EXAMPLE 4 - Sol ubilization of Conmpound 1 a. Solubilization in copolyners of

eO'E) hyloeggsggjbylgzgl(joﬁ@durﬂr Dmﬁ%@ﬂee gleytedlude ARkt 2@} enthenpoing digbmbisland/yr of _
o051 nap DS Bt shcEce LTS IR P Ry A om0 ChT LR o o
sol ubi | Iﬁ)ﬁmﬁi ttl(gnves) Is less than 0.5% W have di scovered that co- poI ymers
CompoundiCb13GH ur oA Bias PO LERSRPRL] OIS 405 S Bt 11 9t A 0SB SaHE 1

6 1 (%
ww. It ﬁ?@egﬁmwﬁ c‘;ﬁﬁééea %fiol%fe:o%fyouﬁd 2N Q¥es, 0P EE3b0 ndvdtet which

sol ubi I'i active e resul t|n% solution is cloud ref|lecting the
nat ure ofs thdneedFddun ablogilrh 43nptipn sedyf. Therpriceybreduqtion a‘%ﬁ‘e"fg/"@é‘ﬁﬁ Bind 17in

Fl urafl O L4 ntsr%\ 1S ?é‘s}éﬂg(ak%a'&xﬁéi%&%&o&@l$&§n§ RS Xi@ﬁ)@(,rteria@ad?{vﬁ?%@n a clear

sol ution, g(a:‘ eco 75% SLS, 50% Fluraflo L4370 in water
Simlar E(ﬂﬂullieé iaPEG40hi eved using Fluracare L1220.

[00131] The properties of Compound 1 in conjunction with other excipients are further
evaluated by diluting a solution of Compound 1 in PEG 300 into other solvents such

as propylene glycol and glycerin at varying ratios. A solution containing 1 %

Compound 1 in 19% PEG 300 and 80% propylene glycol is clear. This solution is then
diluted 1:1 with 1% SLS in water to produce a solution composed of 0.5% Compound 1,
0.5% SLS, 9.5% PEG 300 and 40% propylene glycol in water which is then tested in the
biofilm disruption assay. The percent reduction achieved versus the negative control is 80%.
These results indicate that Compound 1 retains its antibacterial activity in the mixed solvent

solution. Similar results are achieved with PEG and glycerin.

EXAMPLE 5 - Buffered formulations

[00132] Two pH 7.2 formulations of Compound 1 are prepared, one with phosphate
buffer, one without, and the decomposition of Compound 1 is measured over 14 days. While
measurable decomposition is seen in both formulations, the slope of the rate of
decomposition Compound 1 in the buffered formulation is decreased by 3.3 fold compared to

that of the unbuffered formulation.

EXAMPLE 6 — Effect of Gantrez
[00133] Addition of Gantrez into liquid formulations of Compound 1 is shown to

improve the activity of the compound in a biofilm assay. Compositions are prepared as

follows:

Table 7

Liquid dentifrice ID | G5 G7
Compound 1 0.5 0.5
BHT - 0.05
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[00127] The solution of 0.5% AN0128. 0. 75% SLS. 50% Flurafl o L4370 in water
is then tested in a biof I mdisruption assay. The percent reduction

achi eved wonsusi4idse negative control is 65% i ndicatingPChats2@onpuend 1
retains its antibacterial activity when solubilized in Fluraflo L4370. b.
Sol ubi l'i zation using Tri-block Co-polyner [00 128] We al so di scovered that
Tri-bl ock Co-polyner Surfactant F127 is able to further enhance

sol ubi | i gaflepn of Conpound 1. Tn experfpnmental Tiquidjdentifrice fornulas
(Tabl e 3, Conmpound 1 is not conpletelly soluble over |tinme, as evidenced by
preci pi t 8E66R0and cryst 4l i zati on over 4%ne. After tHe addition of 5% F127,

experi mWWa_,zéTabi e 4) 1emin clear. Therefore,
Tri-bl oc -polynmer Surtfactant F127 iis able to further solubilize Conpound
1 and isflsuirt able for wude in fornulatiidns. Table 5 - |Experi nent al

f or mul at gs w-t-hott—t il-sbl ock—co-pol YR -Set-ubi+zati on usi ng PEG
[ 00129] % further disc¢overed that |ow §D| ecul ar wei ght pol yet hyl ene gl ycol
300 (PEGN3PO) (Dow Chembeal Conpany) soladbilizes 10%|Conpound 1 (%ww). It
IS neces ar\ﬁ' to—stir—the solutionoverlow heattofully solubilize the
active. | THSMES I t i ng $8Pution is cleaP3with a slight yellow tint due to
the col 0l 0B, fRMPIPHDd 14¥€ al so di scoygged that PEG 600 cansol ubilize
Conpound_1. Therefore, |we conclude that saolvents containing oligoners

and/ or péphers of ethyled€ glycol are7€apable of sollubilizing Conmpound

| and ar e—surtabte fortornmutation {00130 —A sotution of 2% Conpound 1 in
PEG 300 is diluted 1:1 with 2% SLS in water to produce a solution conposed
of 1% Coffipd3id 1, WeneBhuS; thbQeGVREGT 806 dentifnmeseagainkti bodfilindomieeinn bedt ed in a
biofil mdisruption _assay. The per t reductiao hi.eved versus the

negat i ve. ot 1o R BER ek RS B et B 5 SR P uBamid Dpgered

ant i bact ermaly ostet bietitny-fortnég motetibdi G Aexd/etyngdBEERAE), ifh®inglthe HibRlnpimoperti es
of Conpoynd 1 in_.conjunction with other excjpients are further evaluated by
G 1 0t 1 o a5t G b kB o R b PGSRBS Ruch as

pr opy! enenlgkiyghal bawd tgh yieaekhtiol AThiethy hditionalf KastrezAnedlyLiih@drtieprarini ng 1%
acid copolymer or PVM/MA copolymer) significantly increases the activity of Compound A

against biofilm formation by 4. viscosus.

EXAMPLE 7 — Optimization of dentifrice
Table 8 shows three silica-based toothpaste formulations comprising Compound 1,

component amounts given as % w/w, water adjusted to compensate for difference in glycerin

level:

G H I
Compound 1 0.75 0.75 0.75
Sodium fluoride 0.243 0.243 0.243
99.0 - 101.0% 30.84 20.84 40.84
vegetable glycerin
Demineralized water | gs gs qgs
Gantrez S-97 15 15 : 15
Dental type Silica— | 10 10 10
Zeodent 105 — high
cleaning silica
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Conpound 1 in 19% PEG 300 and 80% propyl ene gl ycol

is

clear. This so

| uti on

is then diluted 1:1 with 1% SLS in water to produce a solution conposed of
0. 5% Conpuorediol141@®45% SLS, 9. 5% PEG 300 and 40% pr opyl ereTgiSge10l031203 wat er

which is then tested in the biofilmdisruption assay. The percent
These results indicate that

achi eved versus the negative control i

Compound_1 retains its antibacterial

s 80%

activity in the m xed sol vent

reducti on

sol ut i on DeBiahtypasilicaesul| 8 are achi eved 8 t h PEG and dlgyserin. EXAMPLE 5
Buf f er ed gorqy&ft%ons [00132] Two pH 7.2 fornul ati ong of Conpound 1 jare
pr epar ed 2"BHE ¥ hhosphat e buffer, dne without, and the deconpositli on of
Conmpound 115)i s nmeasur ed jover 14 days. \Wile measurabl e deconposition|is seen
in bothtformilations,the slope of the rate of deconpgosition Conpound 1 in
t he bufng@EmV%?%ﬂY%ﬂloﬁ7?s decreased |§y723. 3 fol d comaled to that df the
unbuf feraggdyformul ati on, EXAMPLE 6 - Efifect of Gantrez [00133] Additijon of
Gantrez dinto liquid formil ations of npound 1 is sh Lnprove the
act|V|t3fbﬂmlﬁmﬁ%bmmouné5in a biofil mid@say. Conpositji2ons are preparjed as
fol | ows: &?qu%[ 9h134] We neasure the activity of these dentifrices
agai nst 'o rmatiion by A viscosiis an organismthat we have fljound to
be relatamemymmewtshamt to Conpound 1 |conpared to many ot her
bi of i | mr&ornit cterira—GFhas—veryrgaod—effteacy—r-Rhi-bi-t+nrg—the-bi of i I m
in this §§&a t%my he Sd%g extent as co? rcial Total(#) t oot hpaste with
trlclosaﬁmﬁwhaﬂa&s G iis only slightly better than the control. Thug the
addi t i onzet—Gantrez—{(rethyl—vi-nyl—et-her-mal-ei-c—aci-d—gopol-yner—orPVNM VA
copolyniﬁ?&gﬁgﬁ??F@ﬁntIQ'increases thelé%t|V|ty of Corfpound A agai nst
bi of i | m foxRELii@N by Al viscosus. EXAMPLE 7 - Optimzation of dentifirice
Tabl e 8-shows-three silica-based toot hpa:f e_formil atilons ("(')m‘)l’l Si ng
CormpoundSadumEMerdént afdunts given as!ldhww, water adﬂhsted to conrensate
for dif{enela&ildsogl YCEfign Tevel 7[00 13% These formylgtionsare measur ed
for inhibition of grown of A. viscosus over 24

Titanium dioxide 0.75 0.75 0.75

Tetrasodium 0.5 0.5 0.5

pyrophosphate - fine

Xanthan gum 0.5 0.5 0.5

Sodium saccharin 0.3 0.3 0.3

Sodium ascorbyl 0.2 0.2 0.2

phosphate or dl-o-

tocopherol

Sucralose 0.15 0.15 0.15

Butylated 0.03 0.03 0.03

hydroxytoluene

[00135] These formulations are measured for inhibition of grown of 4. viscosus over 24

hours, growth being measured as optical density at 610 nm. The value after 24 hrs for water or
formulation G without Compound 1 was > 1.4, compared to <0.2 for formulation G with
Compound 1. This shows very good efficacy against this organism, as good or better than the
positive control, commercial Total® toothpaste with triclosan. Similarly, in a multispecies

biofilm assay, the CFU mean for formulation G and for Total ® was <2 (SD 0) compared to 1.1
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hours, grow h being neasured as optical density at 610 nm The value after
24 hrs for water or fornulation G w thout Conpound lwas > 1.4, conpared to
<0.2 for wormuatésen G w th Conpound 1. This shows verypguamehfsrasy
against this organism as good or better than the positive control,
commercial Total (r) toothpaste with triclosan. Simlarly, in a mltispecies
bi ofi | m assay, the CFU nean for forrmulation G and for Total (r) was <2 (SD

0) conpargd to 1. 109 .(SP 1. o ' hmassi i ni
Compound 9 (0 kA4 Shr g B st Sl S Bl 1 b S e of
chel at i ngpfg@inafi@) 136] It is observed that a silica-based dentifrice

qui ckly changes color fromwhite to yellow upon addition of 0.25 1% of
Compound 1 in the final step of the fornulation. This color change is

ﬁ?;regvefbiﬂmbm?é\g%ghpa{elagﬂige@e;ﬁtce of an anti oxi dant, such as butyl ated
xyt ol uene I, vitamn E or vitamn C. Th ddi tii

amount - dPOBOhet al Itasbperysdrilpt 3 Fﬁbas‘ﬁioﬂiﬁg ?W%J%&‘%‘gge? h(gel!)rggor?? ?’Pﬁ%ga ![l) its
or i gi naly i, SorakiBbn of @18 -2t 467G CO@PAUn 184 fre Ghilsep hOme tdninslathur Abse incl ude
0. 5% Tetrasodi um pyrophosphate (TSPP), as wel|. as t tr% of ?%si um

pyr ophosjoharkansers Riesisd wifh aiv ot @Fsreﬁcié’gf“i" gt SB?Ei‘rf?I gtﬁ’él gl ycol

tetraacql it aGiudhe (BAE), WIRHFORRASRAXL. eThe 3@didnBflakmpio bi@hosfhastd, pot assi um
tri pol yphosphate, sodium hexamephosphate, and citric id. EXAMPLE 9 Use of
ant i oxi céwlagng QENLUBWevBriurs dheglsniepee e #noBEnbXPYT PeY- g@elmgég‘iﬂtsar oxygen or
per oxi deggt hvaetforﬁﬁ‘igpt?xﬁoge%c;?g Ofsffpf@uﬁgoﬁ%ﬁpﬁéiﬁbspjﬁﬁe PESBPR Vs WBigasact i on of

oxygen inthe air. ese ghly oxidative species can attack the .
32 : bon- bm@gtagmgﬂpmamsmgtex adhybdne disase tetracetip ptithethline BV ¢0d firaasp it g
oni c aci erivatives,. . ! -V, i on produ
then i nasc?ﬁ’l“{}‘e‘?ym h%slpkx?t%ﬁg%@ﬂ%@g@ﬁ&gkggg%ﬁﬁn t??\%ll?,%? gpélﬁ%éi sg;a(l?lggntg suc(r:It Zsar ©
Vi t ani nshékathgmoghiaeandcitrt)acidvi t anin E (a-tocopherol) or
2,6-di-ter?-butyl -4-nethyl -phenol (butylated hydroxytol uene or BHT)
elimnates the oxygen and reduces the peroxides already present in the
f or mul at ERAMPLIE® aUedsitanadxidants oxi dant does not need to exceed the anount

OO RS2 B AN Ry A PRl i

I
6%pared,
formed from ethers such as PEG by the action of oxygen in the air. These highly oxidative

species can attack the carbon-boron bond leading to cleavage and formation of corresponding
boronic acid derivatives and phenol dcrivatives. The oxidation products are then inactive.
Addition of oxygen scavengers and/or antioxidants such as vitamins C (ascorbic acid),
vitamin E (a-tocopherol) or 2,6-di-tert-butyl-4-methyl-phenol (butylated hydroxytoluene or
BHT) eliminates the oxygen and reduces the peroxides already present in the formulation.
The amount of antioxidant does not need to exceed the amount of borinic ester used in a
given formulation.

[00138] The stability of three formulations of Compound 1 are compared, the
formulations being identical except that one is without any antioxidants, one contains o.-
tocopherol, and the third contains sodium ascorbylphosphate. Decomposition of formula I is
significantly reduced the formulation containing sodium ascorbylphosphate, and is even less

in the formulation containing o-tocopherol. This demonstrates that the use of an antioxidant

enhances the stability of Compound 1 in formulation.
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formul ati ons being identical except that one is w thout any antioxidants,
one contains a- tocopherol, and the third contains sodi um

ascor byl pNogptuatsecd4 Deconposi tion of forrmula | is signifipcaniskgronatazed t he
formul ati on cont ai ni ng sodi um ascor byl phosphate, and is even less in the
formul ati on containing a-tocopherol. This denonstrates that the use of an
antioxi dant enhances the stability of Conpound 1 in formulation WHAT IS
CLAI NEDWﬁAT%SC%AIME[?ﬁS' conposition having a pH of at least 8, or buffered
to provide a pH of at least 7, conprising a conpound of formula A Formul a
A wherein R and R2 are the sanme or different, and are selected from

aral kyl, afyly 08%%1 cgf'?lk)gsxém &Emg%ﬁr AGVRLER. @MeliR3d iSprbates gﬁl'oYht,least
heteroarylalky ete oary carBonyl, or heteroarylal kyl carbonyl, in free or
pharnaceutlcalMymasmgpmampeﬂéaﬁﬁnmﬁhnﬁ in conbination or association with
an orally or topically acceptable carrier. 2. A conposition according to
claim1l mhefein the conmpound of Formula A is a conpound of Formula (1)
Formula 1 . BahePernRR* and R** are independently substituted or

unsubsti u(éd aral kyl, substituted or unsubstituted aryl, substituted or
unsubsti tuted cycl oal kyl, or substituted or unsubstituted heterocycle; z is
0 or 1, mddabiatdre proviso, that if z is 1, then Ais CRlO or NN and Dis N
or CR12, and with the further ovi so that t.he [ or
NR12a; EvheseinRdpihRiare iy grmsor & & éf RYx3pd a(%%?bﬁc%g%ﬁ?m *)r%kX} &1, BGsh, oP

(cyclohe&g&&gk%y&mq&xgh&aﬁ£9muma@&yambyma%yﬁ@mhﬂmyw,mnls Oor 1, RI2 is
hydr ogen, roxyal kyl , am noal kyl | k Ian1n§§£§% di.al k noalkyl

car boxy, h%ﬁrmlel)sy@@rbwhyv freg,pr RIBIMAGERi1cAkY accept formy i 1%2? 0"
al kylthi g ?z{t%élx%gn o@alll@él' @P cfil@}né(:lceptéﬂl@éakf{éram nosul fonyl,

al kyl am nosul fonyl, am hosul fonyl, 'sulfo, cyano, halo, nitro, am no,
di al kyl am no, al kyl am no, arylam no, diarylam no, aral kylam no,

2. A composition according to claim 1 wherein the compound of Formula A is a

compound of Formula (I)

Formula 1 M

wherein

R* and R** are independently substituted or unsubstituted aralkyl, substituted or
unsubstituted aryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocycle;

z is 0 or 1, with the proviso, that if z is 1, then A 1s CR"or N, and D is N or CR",

and with the further proviso that if zis 0 then D is O, S or NR'%,

E is hydrogen, hydroxy, alkoxy, (cycloalkyl)oxy, (cycloheteroalkyl)oxy, carboxy, or
alkyloxycarbonyl;
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or diaral kylamno; R a is hydrogen, substituted or unsubstituted al kyl,
substituted or unsubstituted heteroal kyl, substituted or unsubstituted

aral kyl , woksto/t4ud9ed or unsubstituted aryl, substitutedPor/useeiostes ut ed
cycl oal kyl, or substituted or unsubstituted heterocycle; and RO and R10 are
i ndependent |y hydrogen, al kyl, cycloal kyl, hydroxyal kyl, am noal kyl ,

al kyl am noal kyl , di al kyl am noal kyl, hal o, carbonyl, hydroxyi m no, carboxy,
al kyl oxycar bapyd g ol kyl thi o, al kyl sul fonyl, arylthio, dialkylam nosulfonyl,
al kyl am nosul fonyl, am nosul fonyl, am no, al koxy, nitro , sulfo, or

hydroxy; in free or, pharnmaceutical | cceptable salt.form. 3 he

conposi ti on ot 65|}gﬂfﬂgin’égﬁ%ﬁ?‘xailfyﬁ@mﬁ’{%@‘dﬁ6&%%%’?%%1@-‘1?&)@&?%%”?’oxy- bis (3-
chi or o- 4- met hykihe RWyoxDelBINF!, athido RRIFGGTRIRGY, hi9Rx9fthie] dikylihlo, hiytthider
conprising a buffer. 5. The conposition of claim 11 further (1:orrpri si ng
arginine in f@@ésuéfﬁnﬁirfhiﬂhﬂ@éﬁ’?F‘E@Pﬂyf‘%}_ﬂ%‘éﬁf)%‘)@yls%‘ﬁ‘oSf“&)fPPﬁ( » gylfosgyano,
conposi tion ofy g lrxﬁ:!o[rbxﬁling,Llfiéﬂﬁﬁﬁmﬁlg,rﬁ?ﬁ)!léﬁiﬂg, aBfarRfb| Rk BaMo, arfikyihRno,

conposition of q’:l aim1 further conprising a solubilizing agent. 8. The
conposi tion ofr ddradkylaminpyrt her conprising a chelator. 9. A conposition
according to claim1 having a pH of at |east 8 conprising an

anti bact eri al gy gf,{&ichVQbaFRENLr RutRiCRARAYN dutinkrdiuhaibétted an
antioxidant in an anount effective to inhibi't the oxidation of the conpound

of Fornul a (Ayterealiotisubitinited ergnapetivted amtkyh sphtiftdas yesubittyd sk ept abl e
carrier. 10. s-mﬁingtgmﬁfsﬁﬂfsgtgteﬁfcg&bﬁ)m of sWRER&ldbr LRELGREROHACQfcid or mul a (A)

is present in an anount o 05%to 20% by weight.11. The conposition of
claim1l whereind the antioxidant is selected fromascorbic acid, sodium
ascor byl phosphate, butylated hydroxytol uene (BHT), al pha tocopherol,

citric acid, @R ¥t Haepdnl&HSAydroddr, alkPSc LRMMIE b arBRy Myl GhkdNid), wher ei n
the solubilizing agent 1's a nonionic surtactant. o

alkylaminoalkyl, dialkylaminoalkyl, halo, carbonyl, hydroxyimino, carboxy,

alkyloxycarbonyl, alkylthio, alkylsulfonyl, arylthio, dialkylaminosulfonyl,

alkylaminosulfonyl, aminosulfonyl, amino, alkoxy, nitro , sulfo, or hydroxy;
in free or pharmaceutically acceptable salt form.

3. The composition of claim 1 comprising 3-hydroxypyridine-2- carbonyloxy-bis (3-
chloro-4-methylphenyl)-borane.

4. The composition of claim 1 further comprising a buffer.

W

The composition of claim 11 further comprising arginine in free or pharmaceutically
acceptable salt form.

The composition of claim 1 further comprising an antioxidant.

The composition of claim 1 further comprising a solubilizing agent.

The composition of claim 1 further comprising a chelator.

© % N o

A composition according to claim 1 having a pH of at least § comprising an
antibacterially effective amount of a compound of Formula (A); an antioxidant in an
amount effective to inhibit the oxidation of the compound of Formula (A); a
solubilizing agent; and a pharmaceutically acceptable carrier.

10. The composition of claim 1 wherein the compound of formula (A) is present in an

amount of 0.05% to 20% by weight.
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13. The conposition of claim1l having a pH of 8.5 - 10. 14. The conposition
of claiml1l in the formof a dentifrice, conprising an orally acceptable
carrier, wbheosi/nai¢ohe oral ly acceptabl e carrier conpri se®CRAISRI10A8T2H
humectant. 15. The conposition of claim1 wherein the conmpound of Formula A
is in aqueous solution. 16. The conposition of claim4 wherein the buffer
is a phosphate buffer. 17. The conposition of claim 14, further conprising

a fluoridej omeSoMp&RiAM cRin 2NHARINMEe arkBxidbniTeidetdfRm AtaprRtiag a topi cal
conposition according to claim1 conprising m Xi ng )a conpound of Fornmula A

with an oral Ispdism asesshyd ahesphaje defyiass ydeogyiojuspe adphdPsaRBETBE SRS nt ai ni ng
the pH at a lLeyel, ohixdle a8t 7- 19. A nethod to reduce, inhibit, or treat
oral nicrobial iRfections conpri sing applying the conposition of claim1l to
the oral ca¥iThe compesitpatdfelim il wharsisthe brdvtalifing gnt ipa peripiie syriciedlduce or
inhibit for ian : . cahi atiyn reduce or inhibit gingivitis,
to reduce Ilg’?éescorggését?o%l%tfggggzg%‘g,ﬁg%gﬁiotrf]?u?bilg’ m crobial biofilm ?orgati on
in the orall4cEheicompoditnreFdlace 1 ph the diemad euientifatd, opmpasml asrordlyean t he teeth

and oral cavit risi appl yi ' oclaiml to
the teeth anaacéétﬂ‘?g’%o TEost feélg?‘el ﬁarﬁgé‘%g&t%ﬁlgr%%%fg. &%%ﬁ%%agéﬁ:}g%% conposi tion
accordi ng to mhet@ntl, suitable for application to the skin or nails, having

RIS, NN NG RERME A A s
anti oxi dant iglu@iBnamount effective to inhibit the oxidation of the conpound
o PO I 8 S out B B, b B0 BB ARRRE L L oot sble
(A) is pregenthel Bmpssi@iyilaif 14 fulRdashpiio dfuorde @itsourddandkne conposi tion
of claim2 1 wherein the antioxidant is selected from ascorbic acid,
abrasive.
18. A method for preparing a topical composition according to claim 1 comprising mixing
a compound of Formula A with an orally or topically acceptable carrier and adjusting
or maintaining the pH at a level of at least 7.
19. A method to reduce, inhibit, or treat oral microbial infections comprising applying the
composition of claim 1 to the oral cavity of a patient in need thereof.
20. A method to reduce or inhibit formation of dental caries, to treat, reduce or inhibit
gingivitis, to reduce levels of oral bacteria, to inhibit microbial biofilm formation in
the oral cavity, to reduce plaque accumulation, and/or clean the teeth and oral cavity,
comprising applying a composition according to claim 1 to the teeth and gums of a
subject in need thereof.
21. A topical composition according to claim 1, suitable for application to the skin or
nails, having a pH of at least 8, or buffered to at least pH 7, comprising an
antibacterially effective amount of a compound of Formula (A); an antioxidant in an
amount effective to inhibit the oxidation of the compound of Formula (A); a
solubilizing agent; and a pharmaceutically acceptable carrier.
22. The composition of claim 21 wherein the compound of formula (A) is present in an
amount of 0.05% to 20% by weight.
23. The composition of claim 21 wherein the antioxidant is selected from ascorbic acid,
sodium ascorbyl phosphate, butylated hydroxytoluene (BHT), alpha tocopherol, citric

acid, or a mixture thereof.
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sodi um ascor byl phosphate, butyl ated hydroxytol uene (BHT), al pha
tocopherol, citric acid, or a mxture thereof.24. The conposition of claim
wher ei n twe 20/Ibd94i zi ng agent is a nonionic surfactant PCZAIS20i0m37223
conposition of claim2 1 having a pH of 8.5 - 10. 26. The conposition of
claim2 1 in the formof a topical cream gel, spray or ointnent. 27. The
conmposition of claim2 1 in the formof an antim crobial soap, shanpoo, or

hand wash. 228Thevoibiiash §aifl ®R@Eih AE s8lubDRing Abernt BHIRBIchicQRfarg! i M 2 1
conprising mxing a conpound of Formula A with a pharmaceutically

acceptable:@aFPq%Wﬁﬁﬁﬂmaﬁf&§P@ﬁ@369gﬁﬁﬁﬁfﬁﬁnﬂﬂg the pH at a level of at

least 7. 29, ﬁ]é@hﬁgﬁtlé@oﬂc@ﬂxﬁ(z%n iR dta tOicdl el%% %e@r;bfa lor Fhpkbi al
i nfections conprising t he conposition o a|n1 1 to the skin of

a patient i%- “ﬁmntpﬁw@mf ¢ @@%lvh@erﬁ@mﬁdn@ntlmﬂcmbw Sap, shyepes, Ar hdnd
condition to peytreated is selected fromacne, superficial skin infections,

m nor cuts, pathogen colonization, and inflamuatory skin conditions.
28. A method for preparing a toplcal composition of claim 21 comprising mixing a

compound of Formula A with a pharmaceutically acceptable carrier and adjusting or
maintaining the pH at a level of at least 7.

29. A method to reduce, inhibit, or treat topical microbial infections comprising applying
the composition of claim 21 to the skin of a patient in need thereof.

30. The method of claim 29, wherein the condition to be treated 1s selected from acne,
superficial skin infections, minor cuts, pathogen colonization, and inflammatory skin

conditions.
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