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TITLE OF TIM INVENTION 

Antibacterial 3’,S-disubstituxed 2,4’-dIhhoxybipbenyl Compounds, Dark- ntives and Related 

Methods 

CROSS REFERENCE TO RELATED APPLICATION 

100011 This application claims priciarLy to United States provisional Patent 

Application No. 60/662,991, ms March 18,2005, the contents of which are incorporated 

herein by refbrenec. 

BAcICOROUIW OF TilE INVENTION 

10002J A number of disease conditions are associated with the action ofbacteria 

in the oral cavity. Dental plaque is a soft deposit that forms on the surface of the teeth as a 

by-product of bacterial growth. Gingivitis, an inflammation or infection of the gums and 

alveolaibones, is generally believed to be caused by plaque causing bacteria and the toxins 

foimed as by-products from the bacteria. In addition, plaque provides a locus fir calculus or 

tartar fozmation. Periodontitis is generally believed to occur where umeinoved plaque 

hardens into calculus (tartar), which ects the periodontal ligaments. As plaque and Ia*ztw 

continue to build up, the gums begin to recede, which can lead to continued infection and 

potentially the loss of teeth. 

[0003) To prevent or treat these diseased conditions, antibacterial agents are 

incorporated into oral care compositions such as toothpaste and mouthwashes or rinses. 

Application of antibacterial compositions in the oral cavity tends to retard plaque fonnation 

and related oral infections. 

� [0004) The antiplaque efficacy of antibacterial compounds in a dentiftice 

composition depends on a number of factots, including the presence of other ingredients that 

may interre with its action. For example, certain cationic antibacterial compounds and 

certain nonionic antibacterial compounds lose their effectiveness when formulated with 

certain anionic surfactants or other anionic active ingredients, such as tartar control 

phosphates. In many instances, it is preferred to use antibacterial compounds that do not 

show the adverse interactions with such anionic components. 

100051 Extracts from Magnolia 4cbzaU9 (hereinafter °niignolia"), and 

especially ftom the bark, contain biphenol antibacterial compounds that include IIOnOIdOI and 

tetnh1mhonokioL The extracts have been found to have antibacterial effectiveness when 

fonnulated into, for example, toothpaste f’onnulations. 
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(OOO6 Enacts prepared from natnalcouscas such as magnolia are yasiabic in 

conçoton ma contain iny compounds other than the pardct actives fur which the 

U*Gt is The mode of activity of the extract compounds is not well characterized, 

so did it is uDFedict*ble how altaulioiis in structure of any of the extract compounds would 

act its atftsctaial ttivaiesa. In addition, thtcomposition of the afrfl can vary 

fran season to sessous and between differit geographical regions. As a reiult, the 

- _l a yoftheewactsinvivois tier from optimal. 

DEScR1FFION OF THE INVENTION 

JH17J A class of 3t,5-disubstituted 2,4’-dibydzoxy- and -dlalkoxy-1 ,1 ’-bipb.i$ 

compounds exbibits btbituty action against a variety of bacteria commotily ibund in the 

oral cavity. The compounds are used as antiplaque andlor antibacterial componaits of 

£.ar.cas and eta oral compositbis. The invton provides various used compositions 

coubdoing to compounds and an orally acceptable carrier. In various embodiments, 

aallbaotctial and antiplaque oral compositions are provided in the form oft toothpaste or gel, 

a tooth powder, a mouthwash or mouth rinse, a lozaige chewing gum, an edible strip, and 

die t The antibacterial compounds are convaileatly synthesized using conventional 

ccuplisg, alkylation, reduction, and demethylation steps, although any meazw of syntbeS 

known, àt  developed in the art can be used. 

(J The invention JEOWS djsijbihifd 2,4’4iphails and derivatives 

represented by the structure: 

(1) 

and ciclulvo of honokol and tCtSIydLSOUO&IOL It’ and It2 am im1qtt1y H or a lower 

C14 sty! env and It3 and It4 are independently an alkatyt or alkyl group baying from I to 

20 cabim atoms, with the proviso that It3 and It4 are not both 2-propasyl or n-prop)’! when 

It’ and 1(2 &e both H. Preferably, K contains 1 to 8 caibon atoms. 

JINPI Antipbque oral compositions ate provided that ta.aL.n an orally 

accqitsble carder and an antlbactial ttive amount of at least one compound of structure 

110 -VIIIIIIIIIfth 
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(1). In various embodiments, the compositions contain from about 0.001% to about 100% by 

weight of (1). Without limitation, the orally acceptable carrier may be a liquid carrier a 

powder cather or a carrier that dissolves upon contact with saliva and other components of 

an oral environment In other embodiments, the carrier can comprise a gum base. The oral 

compositions are provided variously in the form of a toothpaste or gel, a tooth powder, a 

month rinse, a lozenge, chewing gum, and an edible strip. Other thuns of the composition 

include without limitation a liquid suitable for painting a dental surface1 a wafer, a wipe or 

toweletts, an implant a dental floss, and forms that are edible or chewable by smaller 

mamma such as dogs or cats. 

100101 In other embodiments, the invention provides toothpaste or gel 

compositions that contain at least one humectant at least one abrasive material, and an 

antibacterial effective amount of at least one compound of structure (1). In various 
Li e<ta the toothpaste or gel compositions further comprise an WItICaICUIUS agent such 

as a phosphate compound, alternatively combined with synthetic anionic polycarboiylates. 

In an exemplary embodiment the toothpaste or gel composition comprises 

0.001-5% by weight of compound (I); 

1-700/a by weight humectant 

1-70% by weight abrasive compounds; 

03-230/o 

by weight tetrasodium pyrophosphate (OP?); and 

1-10% by weight sodium tripolyphosphate (SIP?). 

[OOI1J In other embodiments, the invention provides a method for inhibiting 

bacterial growth in the oral cavity of a subject animal, human or non-human, comprising 

applying to the oral surfaces of the subject animal an antibacterial composition comprising at 

L least one compound of structure (1). In various embodiments, the method involves brushing 

the teeth and rinsing with compositions containing compound (1). As above, the method can 

be practiced by applying the antibacterial composition in a wide variety of fonns such as 

toothpastes, tooth gels, tooth powder, mouth rinse, paint on gels, dissolvable or edible strips, 

chewing gum, lozenges, and the like. In various embodiments, treatment of oral surfaces 

with antibacterial compositions containing compound (1) loads to reduction or elimination of 

plaquo to prevention or treatment of gingivitis, to amelioration of oral malodor, and 

prevention of periodontal disease. 

100121 In various embodiments, the antibacterial compounds are selected from a 
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elsa of 3,5-disubstituted-2,4’-ditsydxoxy6l ,1 
’- ipsiyis, npreewitedby sthicthrc 

what it3 and it’ independmdly rqnesait an alkai4 or alkyl group of 1 to 20 ca*bon atoms, 

with the proviso that It3 and It4 are not simultaneously 2-propatyl or n-pwpyl. Stnicture (II) 

creçoals to structure (1) where It’ and & am both hydrogen. 

11013) In some embodimtits of structures (1) and (Ii), both it3 and It’ an alkyl 

groups. In now embodiments, both It3 and it4 are alkmiyl groups. In yet other 

embodiments, one of the groups j3 and it4 is an alkyl group and the t is an alkaiyl 

group. In various embodiments, the groups It3 and It4 are the seine. In various 

anbodins am’ cowpceitiooa v.aJ..nhig compounds (1) and/or (10 ahibit anfibflsl 

acsy comparable to compositions containing thclosan. 

[0014] The sire and nature of the aikyl or alkenyl group. & and It’ are selected 

to achieve a dSrtd combination of solubility and bicavailability in the compounds of 

stzucMa (1) and (U). The compounds of athacture (1) and (Ii) tend to be lipid soluble; 

&albtdion of the compounds between a lipid and water phase is reflected in a value of log P 

well known to those of sidil in the art In various embodiments, a log P value of 3 to 5 is 

j.wd. In genail, the lea w the groups It3 and it’ (it., the higher the numba of carbon 

atoms in the alkyl or alkcnyl groups), the bigher the solubiluty in lipid and the lower the 

sohbllity in wala. The sire of the wuIqs B.3 and It4 also aS the molecular weight and 

thus the "Jn amoimt of compounds fi or (II) delivered by a unit dow hr a 

aubodimnit, the groups it3 and P.4 are selected such that the solubility of the compound (1)n 

water ml ppm or gzcia ntI7 5 plan or greater, and maze ,nc&ably 10 wIn or 

(0015) The compounds described bwtn may be synthesized via any 

known or to be developed in the art An aemplaty synthesis of compounds fi and (11) for 

the anboditnait what it’ and it2 are either Hot methyl is illustrated in the following scheme 
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Li A dibromo intermediate (Ill) is alkylated to a dimethyl intermediate (IV), with is 

demethylated to arrive at compounds (V). Compounds (IV) and (V) of the reaction scheme 

conespond to embodiments of structure (1) and (U), respectively, of the invention. The 

dibromo intermediate can be alkylated, for example, under conventional On guard reaction 

conditions as shown. R-X represents an alkyl or alkenyl halide with R as defined above for 

it3 and it4 and X representing a halogen, preferably bromine. When a single halide is used in 

the Gægnard reaction, an embodiment of compounds (I) and (II) is synthesized wherein it3 

and it4 are the same. if desixed, a mixture of bait can be used to prepare embodiments of 

compounds (1) and (U) wherein it3 and It4 are different In various embodiments complete or 

- dSkylation (shown as complete deniethylation) of the resulting structure (IV) 

proceeds according to known procedures, Illustrated in the scheme by stirring with boron 

tnbromidaindinwflrylenechlorkleat-IOOC Starting materials (111) can be readily 

synthesized. In a non-limiting example, p-iodoanisole is coupled to 2-inethoxyphenylboronic 

acid to give an intermediate that is brominated to form 
(m). 

In an exemplary embodiment 

the coupling reaction is carried out in the presence of palladium tetraphenyl phosphate. 

potassium carbonate and a phase transfer catalyst such as tetrabutyl ammonium bromide. 

Bromination of the coupling reaction product proceeds readily, for example at 0°C in Br2 and 

ethylene dichloride. 

[0016] Other non-limiting synthetic mutes to alkyl and alkenyl compounds of 

structures (1) and (ii) are given in Figure 1. In one alternative synthetic pathway, a dibromo 
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intermediate 10 is reacted with an ailcenyl bromide (llustrated in the alternative embodiments 

of 2-biomopropene 20a and crotyl taunilde 20b) to n,nkte alkenyl compounds 30a and 30b 

where K’ and 1(2 are methyL As shown, the alkenyl compounds 30a and 30b can be reduced 

to form corresponding alkyl compounds 40a and 40b, with optional subsequent deallcylation 

(illustrated as a demethylation) to a diol 50. In another pathway, the dibronjo intermediate 

10 is converted to a dialdehyde intermediate 60, followed by Claissen-type condensation 

with a ketone (exemplified by acetone) to form another intermediate 70 with a 4 carbon 

chain. Other ketones can be used to provided chains longer than 4. The double bond and the 

oxo group of the h xtedate side chain are then reduced to form compound 80 with a 

saturated alkyl chain for g3 and W. The alkyl groups (Illustrated as methyl groups) can be 

removed to foun the 2, 4’-dlhdroxy compounds 40b. 

100171 The antibacterial compound of the invention is formulated together with 

an orally acceptable carrier to provide oral compositions having a variety of forms such as 

referred to above. Depending on the from of the composition, the oiully, acceptable carrier 

can be a liquid canier, a powder carrier, a dissolvable solid carrier, a gum base, a film 

Lbnuiug polymer or polymers, and so on. 

[0018] Various compositions of the invention contain an orally acceptable carder 

and an antibacterial effective amount of compound (1). The effective amount is in the form 

of either a single compound or a mixture of compounds represented by structure (1). A 

mixture of compounds can result for example from intentional addition of separately 

synthesized compounds or from addition of a reaction product containing a mixture of 
/ 

substitution patterns of the groups R’, B2, 1(3, and K4. 

100191 As used herein, the "carrier" refers to components of the individual oral 

compositions in which the antibacterial compound or compounds of structure (I) are 

fbnnulated as an active ingredient. In various embodiments, the carrier embraces all of the 

components of the oral composition except for the antibacterial compound (1). In other 

aspects the term rears to components such as inactive ingredients, carriers, vehicles, and the 

like, that are commonly understood to persons of skill in the at to function as a carder. filler 

or other itlatively inert ingredient In other words, the term carder is used in different ways 

depending on context Depending on the context, the oral compositions comprise other 

components in addition to the active compound (1) and the carder. However, in all contexts, 

the components of the oral compositions of the invention can be divided into carder 
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components and the antibacterial compounds (I). 

[00201 To illustrate in a non-limiting example for the case of toothpastes, the 

carrier can be said to be the watethiumeclant system that provides a large fraction by weight 

of the composition. Alternatively, the cattier component of a toothpaste composition maybe 

considered as the water, humectant, and other finctronalI components other than the 

antibacterial system. Whatever the context, the person of skill in the art recognizes that the 

toothpaste composition contains both antibacterial compounds (1) and an orally acceptable 

canter for the compound. 

[0021] To illustrate further, in a mouth rinse the cater is generally considered to 

be the water/alcohol liquid component in which the antibacterial compounds (1) are dissolved 

or dispersed. in a dissolvable lozenge, the carrier is generally understood to comprise the 

solid ..n.hx material that dissolves slowly in the mouth to the etal suthces in the mouth. In 
(N 

chewing gums, the carrier comprises a gum base, while in an edible strip, the carrier 

comprise one or more film forming polymers. 

(0022J In all of the above ozmnples, the oral composition, in whatever form, 

includes antibacterial compounds (I), a suitable carrier in an appropriate form, and other 

actives or æmcttonal materials needed to provide the oral compositions with desired 

properties. Additional active materials and functional materials are described below. 

100231 In addition to a biologically acceptable carder, oral compositions oldie 

invention contain an antibacterial efiŁctive amount of compound (1). In various 

embodiments, an antibacterial effective amount is from about 0.001% to about 100/% based 

on the total weight of the oral composition, for example from 0.01% to about 5% or about 

O;l% to about 2%. The effective amount will vary depending on the form of the oral 

composition. For example, in toothpastes, tooth gels, and tooth powders, an effective amount 

is usually at least about 0.01% and more preferably at least about 0.05%. In some preferred 

embodiments, compound (1) is present in a toothpaste, gel, or powder at a level of 0.1% or 

more, to achieve a desired level of antibacterial activity. Normally, compound (I) is 

fommiated at 5% or Ins, preferably about 2% or less, and more preferably about 1% or less. 

Concentrations in the upper end of these limits can be used, but are sometimes less preferred 

for economic reasons. in various embodiments, optimum effectiveness Is achieved at front 

about 0.1% to about 1%, especially from about 0.1% to about 0.5% or about 0.1% to about 

03%, wherein all percentages are based on the total weight of the oral composition. 
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Amounts used In tooth gels, tooth powders, gums, edible strips, and the $Ice axe comparable 

to those used in toothpastes. I 
100241 In mouth washes and rinses, an antibacterial eftctive amount of (I) is 

normally on the lower side of the above ranges. Typically, compound (1) Is used at a level of 

about 0.001% (or 10ppm)upto about I%orless. Preferably, compound fiisat about Q.5% 
or law or about o.2%orless. Preferably itia about o.0l%(lOOppm)orgreater. In various 

embodiments, compound (I) is pm,ent at from 0.03 to 0.12% by weight 

100251 The statements herein for structure (I) also apply to structure (II), which 

illustrates at embodiment or species of structure (I) where K’ and K2 are both a hydrogen 

atom. In addition to the antibacterial compound (I), a number of active ingredients and 

fimctional materials we included In various compositions of the invention. Such materials 

include, without limitation, abrasives, humeclants, surthctanta, anlicalculus agents, 

’yjy modifiers, anticaries agents, flavorants, colorants, additional 

antibacterial agents, Irmiciaridants, anti-inflammation components, and so on. They are added 

to the pastes, gels, rinses, gums, lozenges, strips, and other tbnns of the oral compositions of 

the invention according to known methods. 

100261 In various embodiments of the present invention, where the carrier of the 

oral care composition is solid or a past; the oral composition preferably comprises a dentally 

acceptable abrasive material, which saves to either polish the tooth enamel or provide a 

whitening effect Non limiting examples include silica abrasives such as silica gels and 

precipitated silica Commercial embodiments include ZEODEN’9 115, marketed by I. M. 

Hither and SYLODENTfi XWA, SYLODENTfi 783 or SYLODENTfi 650 XWA of the 

Davison Chemical Division of W. R. Grace & Co. Other useflil dentifrice abrasives include, 

without limitation, sodium metaphosphat; potassium nietaphosphate, fricalcium phosphate, 

dihydrated dicalcium phosphate, aluminum silicate, calcined alumina, bentonite or other 

siliceous materials, or combinations thereot 

[0027] The abrasive is present in an effective amount In embodiments when the 

oral composition is in a solid or - ftmni, the abrasive material is generally present at about 

10% to about 99% of the oral composition. In certain embodiments, the polishing material is 

present in amounts ranging from about 100/9 to about 75% (for example about 10% to about 

40% or about 1501a to about 30%) in toothpaste, and from about 70% to about 99% in 

tooffipowder. 
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[0028] 11 a still further embodiment a composition of the invit ’on compiisfl 

least one humectant useful for example to prevent hardening of a toothpaste upon exposure 

to air. Any orally acceptable humectant can be used, including without limitation polyhydric 
alcohols such as glycerin, sorbitol, xylitol and low molecult weight PEGs. Most hmneiilaubi 

also function as sweetenets. One or more humectanis are optionally present in a total amount 
of about 1% to about 700%, for example about 1% to about 5001a, about 2% to about 25%, or 

about 5% to about 15% by weight of the composition. 

100291 in a still further embodiment a composition of the invention comprises at 

least one surfrctant, useful for example to compatibilize other components of the 

composition and thereby provide enhanced stability, to help in cleaning the dental surface 

through detergency, and to provide foam upon agitation, e.g., during brushing with a 

dentifrice composition of the invention. Any orally acceptable surfuctant most of which are 

anionic, nonlonic or amphoteric, can be used. Suitable anionic surfuctants include without 

Ibnitation water-soluble salts of C alkyl sulfates, sulfonated monoglycerides of C3 thtty 

acids, sarcosinatts, taurates and the like Illustrative examples of these and other classes 

include sodium lamyl sulfate, sodium coconut monoglyceride sulthnate1 sodium lauryl 

sarcosina sodium lauryl isethios sodium laureth cafooxylate and sodium dodecyl 

benzenesulfonate. Suitable nonionic suthclants include without limitation poloxamcrs 

polyoxyethyl cue sorbitan esters, fatty alcohol ethoxylates, alkylphenol ethoxylates, tertiary 
Hill;. a Oxides, tertiary phosphoric oxides, dialkyl sulfbxides, and the like. Suitable amphoteric 

surfuctants include without limitation derivatives of C3 aliphatic secondary and tertiary 

amines having an anionic group such as carboxylate sulfate, sulfonat; phosphate or 

phosphonate. A suitable example is cocoamidopzupyl betaine. One or more surfactanis are 

L
 

optionally present in a total amount of about 0.01% to about 105/6, for example about 0.05016 

to about 5% or about 0.1% to about 2% by weight of the composition. 

100301 In another embodiment the composition comprises an orally acceptable 

anticalculus agent. One or more such agents can be present Suitable auticalculus agents 

include without limitation phosphates and polyphosphates (for example pyxopbosphates), 
poly#..i.unesnlffmic acid (AMPS), zinc citrate trlhydrate, polypeptides such as 

polyaspartic and polyglota...c acids, polyolefin sulfonates, polyolefin phosphates, 

diphosphonates such as azacycloalkane-2,2-diphosphonates (e.g., ancycloheptane-2,2-

diphosphonic aci4 N-methyl azacyclopentane-2,3-diphosphothc acid, cthane-1-hydroxy-


