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SUBSTITUTED POLYCATIONIC disrupting the barrier function of bacterial membranes , 
MULTI - QUATERNARY AMMONIUM SALTS which leads to death of the microbe ( Wimley , 2010 , ACS 

AS ANTIMICROBIAL AGENTS Chem Biol 905 - 917 ) . QACs are initially attracted to the 
predominantly anionic bacterial surface due to coulombic 

CROSS - REFERENCE TO RELATED 5 interactions . Structurally , there is significant similarity 
APPLICATIONS amongst these compounds , although direct activity compari 

sons of the antimicrobials against panels of bacteria ( and 
The present application is the U . S . National Stage Appli - MRSA in particular ) are not readily available . Common 

cation filed under 35 U . S . C . $ 371 of International Patent QACs generally have a single cation , and a long - chained 
Application No . PCT / US2016 / 028781 , filed Apr . 22 , 2016 , 10 alkyl group , which provides a non - polar " arm " with which 
which is entitled to priority under 35 U . S . C . $ 119 ( e ) from the bacterial membrane is disrupted ( Hugo , 1967 , J . Appl . 
U . S . Provisional Application Ser . Nos . 62 / 151 , 806 , filed on Bacteriol . 30 : 17 ) . While these QAC structures are regarded 
Apr . 23 , 2015 , 62 / 151 , 811 , filed on Apr . 23 , 2015 , 62 / 302 , as reasonably non - toxic , as many can be directly applied to 
520 , filed on Mar . 2 , 2016 , and 62 / 302 , 530 , filed on Mar . 2 , human skin or even used in oral therapies , it is now 
2016 , all of which applications are incorporated by reference 15 recognized that all of these structures are likely to be 
herein in their entireties . susceptible to bacterial resistance , and little antibiofilm 

activity is reported for these compounds . 
BACKGROUND OF THE INVENTION An alarming trend that has garnered surprisingly little 

public attention is the diminishing effectiveness of mono 
Bacterial infections cause a tremendous burden to human 20 and bis - cationic QACs over time due to bacterial resistance 

health . One would be hard - pressed to avoid news about ( Bragg et al . , 2014 , Infect Dis . Nanomed . 1 - 13 ) . Multiple 
disease outbreaks , multi - drug resistant ( MDR ) bacteria , and genes that code for QAC resistance ( such as qacA , qacB , and 
the lack of new drugs in development pipelines . While some qacC , as well as the norA promoter ) have been identified 
consider there to be a modest resurgence in antibiotic over the past decade ( Bragg et al . , 2014 , Infect Dis . Nano 
development , transmission of pathogenic bacteria is still a 25 med . 1 - 13 ) ; these genes encode efflux pumps that can expel 
cause for great concern . The CDC estimates that one in QACs . Such qac genes are found on easily transferrable 
every 20 hospitalizations will result in an acquired infection plasmids that typically contain several other putative gene 
( Bragg et al . , 2014 , Infect . Dis . Nanomed . , 808 : 1 - 13 ) . products , including teichoic acid translocation permease and 

Bacterial biofilms cause perhaps even greater risks to various surface proteins designed to aid the bacterial cell in 
health . Biofilms are established communities of bacteria that 30 evading QACs ( Jensen et al . , 2010 , Plasmid 64 : 135 - 42 ) . 
form a protective matrix composed of extracellular materials Over the past thirty years the identification of bacterial 
to defend the population against environmental threats isolates with QAC resistance genes has risen dramatically 
( Fletcher et al . , 2014 , Tetrahedron 70 : 6373 - 6383 ) . Due in ( Jennings et al . , 2015 , ACS Inf . Dis . 1 : 288 - 303 ) and , as a 
part to inhibition of diffusion through this physical barrier result , there have been efforts to better understand the 
( Bridier et al . , 2011 , Biofouling 27 : 1017 - 1032 ) , antibiotic 35 mechanisms by which antiseptics can lose efficacy ( Schu 
and antiseptic treatments can be 100 - 1000 times less effec - macher et al . , 2001 , Science 294 : 2158 - 2163 ; Jennings et al . , 
tive against established biofilms . This directly affects set 2015 , ACS Inf . Dis . 1 : 304 - 309 ) . Resistance to traditional 
tings that rely on routine treatments with disinfectants to disinfectants such as benzalkonium chloride ( BAC ) and 
prevent the spread of bacteria ( i . e . , hospitals , food manu - didecyldimethylammonium chloride ( DDAC ) has been 
facturing plants , residential settings ) . Biofilms are associ - 40 identified in both Gram - positive and Gram - negative bacteria 
ated with over 80 % of microbial infections ( NIH Program Costa eta . , 2013 , pen Mr . 7 : 59 - 71 ; Poe , 2004 , 
Announcement for Research on Microbial Biofilms : http : / / Clin . Microbiol . Infect . 10 : 12 - 26 ) and has presumably arisen 
grants . nih . gov / grants / guide / pa - files / PA - 03 - 047 . html ) , through overuse and prolonged sub - lethal exposure . These 
including periodontitis , endocarditis , and chronic lung infec compounds can in fact activate numerous resistance mecha 
tions such as those in cystic fibrosis ( Goswami et al . , 2014 , 45 nisms , including physiological changes to bacterial cell 
ACS Applied Materials & Interfaces 6 : 16384 - 16394 ) . Fur membranes , as well as the production of transporter pro 
thermore , biofilms are often associated with indwelling teins , which efflux antibacterial agents ( Poole , 2005 , J . 
medical devices such as catheters and joint replacements . Antimicrob . Chemo . 56 : 20 - 51 ) . More specifically , the 
This results in tremendous health ramifications ; hospital - qacAB / R system is one of the primary methods by which 
acquired infections are estimated to affect up to 2M patients 50 Gram - positive bacteria , specifically S . aureus , minimizes 
per year and ultimately cause up to 100 , 000 deaths per year exposure to QAC compounds . Although QACs are lytic to 
in the United States alone ( Bragg et al . , 2014 , Infect Dis . cell membranes , they are capable of entering the cell at 
Nanomed . 1 - 13 ) . sub - MIC concentrations by passive diffusion . The com 
One of the most routine methods to combat bacteria is the pounds can then either be exported by the basal level of 

use of quaternary ammonium compounds ( QAC ) in anti - 55 QacA ( a transmembrane efflux pump ) that is present , or bind 
septics ( Goswami et al . , 2014 , ACS Applied Materials & with QacR , a negative transcriptional regulator of qacA . 
Interfaces 6 : 16384 - 16394 ) . QACs , including those in Lysol Following the binding of QAC compounds to the recogni 
and Microban® formulations , are ubiquitous and have been tion site , QacR disassociates , allowing for the transcription 
employed for decades , being used for pre - operative hand of the gene , qacA . This leads to the increased production of 
cleaning as early as 1935 ( Domagk , 1935 , Dtsch . Med . Wiss . 60 QacA and the rapid efflux of the antimicrobial compounds 
61 : 829 - 832 , Noguchi et al . , 2005 , J . Med . Microbiol . 557 from the cell . Other efflux proteins in Gram - positive bacteria 
565 ) ; today , approximately 500 , 000 tons of QACs are used include NorA ( Jennings et al . , 2015 , ACS Inf . Dis . 1 : 288 
annually ( Tezel and Pavlostathis , 2011 , Role of Quaternary 303 ; Marchi et al . , 2015 , Microbiol . Res . 170 : 184 - 194 ) ; an 
Ammonium Compounds On Antimicrobial Resistance in analogous system has also been observed in Gram - negative 
The Environment . In Antimicrobial Resistance in the Envi - 65 bacteria through the efflux pumps AcrAB - To1C in E . coli 
ronment , First Edition . John Wiley & Sons , Inc , p 349 ) . ( EC ) and MexAB - OprM in P . aeruginosa ( PA ) ( Costa et al . , 
Quaternary ammonium compounds work by targeting and 2013 , Open Micro . J . 7 : 59 - 71 ; Poole , 2004 , Clin . Microbiol . 
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Infect . 10 : 12 - 26 ; Holdsworth and Law , 2013 , J . Antimicrob . QACs bearing long alkyl chains are classical examples of 
Chemother . 68 : 831 - 839 ; Li et al . , 1995 , Antimicrob . Agents amphiphiles , displaying a variety of interesting physical 
Chemother . 39 : 1948 - 1953 ) . properties , such as the capacity for micelle formation and 

It has been posited that efflux pumps are in fact multidrug gelation ( Steichen , 2002 , in Handbook of Applied Surface 
transporters with alternate primary functions , having 5 and Colloid Chemistry , ed . Holmberg , K . 310 - 347 John 
evolved to recognize and export a wide range of antibacte Wiley & Sons , Ltd . , New York ) . QACs also enjoy extensive 
rial and biocidal scaffolds ( Schumacher et al . , 2001 , Science precedent and applications in bacterial cell membrane dis 
294 : 2158 - 2163 ; Poole , 2005 , J . Antimicrob . Chemo . 56 : 20 ruption , leading to their widespread use as antiseptics 
51 ) . The evolutionary origins of some of these resistance ( Walker and Paulson , 2002 , Quaternary Ammonium Com 
mechanisms have been attributed to the recognition of " pounds , Marcel Dekker , New York ) . Both synthetic QACs 
natural product QACs such as berberine , sanguinarine , and and peptide - based amphiphiles ( notably , antimicrobial pep 
chelerythrine produced by plants ( Schumacher et al . , 2001 , tides or AMPs ( Guani - Guerra et al . , 2010 , Clin . Immun . 
Science 294 : 2158 - 2163 ; Jennings et al . , 2015 , ACS Inf . Dis . 135 : 1 - 11 ) are prevalent . However , aside from modified 
1 : 304 - 309 ) . This is evidenced by the crystal structure of 16 peptides , there are relatively few QACs in scaffolds of 
berberine bound to QacR , which highlights the key electro - natural products . 
static ( acidic amino acid residues ) and J - u ( aromatic resi Amongst the examples of natural products with perma 
dues ) interactions . Brennan et al . demonstrated that com nent cationic charges based at nitrogen are a series of 
mercially available dyes - crystal violet and malachite tetrahydroisoquinolinium structures isolated from the Chi 
green - fit neatly into the binding site for berberine ; they 20 nese vine Gnetum montanum , including magnocurarine , 
noted , however , that this recognition motif was limited to cyclized derivatives thereof , and the latifolians ( Rochfort et 
mono - and biscationic QACs ( Schumacher et al . , 2001 , al . , 2005 , J . Nat . Prod . 68 : 1080 - 1082 ) . Latifolian A demon 
Science 294 : 2158 - 2163 ) . strated modest antimicrobial activity , with a MIC of 35 um 

Furthermore , QAC - resistance genes are often transferred against Pseudomonas aeruginosa ( Martin et al . , 2011 , J . 
with multidrug - resistance genes , further promoting the 25 Nat . Prod . 74 : 2425 - 2430 ) . However , it only demonstrated 
spread of these debilitating strains ( Bragg et al . , 2014 , Infect 55 % inhibition of methicillin - resistant Staphylococcus 
Dis . Nanomed . 1 - 13 ; Noguchi et al . , 2005 , J . Med . Micro - aureus ( MRSA ) at 350 um while magnocuraine and its 
biol . 557 - 565 ; Buffet - Bataillon et al . , 2012 , Int J Antimicrob tetracyclic derivatives showed no effectiveness at this con 
Agents 39 : 381 - 389 ; Zhang et al . , 2011 , J . Hosp . Infection centration , which perhaps correlates to the lack of an alkyl 
78 : 113 - 117 ; Muller et al . , 2013 , PLOS ONE 8 : e76835 ; 30 chain . 
Raggi et al . , 2013 , Clinical Isolates . Clin Microbial Related isoquinolinium structures bearing additional aro 
2 : 1000121 ) . This can also be attributed to a plasmid con - matic rings include chelerythrine , sanguinarine and berber 
taining multiple sets of resistance genes , shown to readily ine . Berberine , also identified from a Chinese herb , has 
transfer in biofilms ( Taitt et al . , 2014 , Antimicrob Agents shown micromolar activity against P . aeruginosa 
Chemother . 58 : 767 - 781 ) . And this association has been 35 ( ?er?áková , M . and Koštálová , 2002 , Folia Microbiol . 
rising — the proportion of methicillin - resistant S . aureus 47 : 375 - 378 ) . Other quinolinium natural products with a 
( MRSA ) strains bearing QAC resistance genes has increased quaternary ammonium center include tabouensinium chlo 
sharply in a short period of time ( Buffet - Bataillon et al . , ride ( Wabo et al . , 2005 , Nat . Prod . Res . 19 : 591 - 595 ) and the 
2012 , Int J Antimicrob Agents 39 : 381 - 389 ; Sidhu et al . , quinocitrines ( Kozlovsky et al . , 2005 , Appl . Biochem . 
2002 , Antimicrob . Agents Chemother . 46 : 2797 ) . A review 40 Microbiol . 41 : 499 - 502 ) . Finally , ageloxime D ( Hertiani et 
from the Sep . 12 , 2014 issue of Science starkly announced : al . , 2010 , Bioorg . Med . Chem . 18 : 1297 - 1311 ) and dehydro 
“ The widespread use of biocides [ which include quaternary evodiamine ( Park et al . , 1996 , Planta Med . 62 : 405 - 409 ) 
ammonium compounds ] coselects for antibiotic resistance diversify this structural class and present a positive charge 
genes and could promote the spread of multidrug resistance delocalized over two nitrogens . 
plasmids ” ( Laxminarayan , 2014 , Science 345 : 1299 - 1301 ) . 45 While the preparation and testing of QAC - derived poly 
Amphiphilempus with both parand a rmer has been pursued with increasing intensity over the 

sections — represent one of the longest - serving and most past three decades ( Panarin et al . , 1971 , Khim . - Farm . Zh . 
effective classes of antimicrobial agents . Anionic amphiphi - 5 : 24 - 28 ; Jaeger et al . , 2010 , Progress Polym . Sci . 35 : 511 
les have been protecting human health since the advent of 577 ; Tahiro , 2001 , Macromol . Mater . Eng . 286 : 63 - 87 ; Tew 
soaps ; exciting recent developments are represented by 50 et al . , 2010 , Acc . Chem . Res . 43 : 30 - 39 ; Kenawy et al . , 2007 , 
polyanionic dendritic structures ( Meyers et al . , 2008 , J . Am . Biomacromolecules 8 : 1359 - 1384 ; Mintzer et al . , 2012 , Mol . 
Chem . Soc . 130 : 14444 - 14445 ; Williams et al . , 2007 , J . Pharmaceuticals 9 : 342 - 354 ; Munoz - Bonilla and Fernandez 
Antimicrob . Chemother . 59 : 451 - 458 ; Macri et al . , 2009 , Garcia , 2012 , Prog . Polym . Sci . 37 : 281 - 339 ; Munoz - Bonilla 
Bioorg . Med . Chem . 17 : 3162 - 3168 ; Maisuria et al . , 2011 , et al . , 2014 , Polymeric Materials with Antimicrobial Activ 
Bioorg . Med . Chem . 19 : 2918 - 2926 ; Lu et al . , 2013 , Biomac - 55 ity : From Synthesis to Applications , RSC Publishing ; Liu et 
romolecules 14 : 3589 - 3598 ) . Cationic amphiphiles are like al . , 2015 , J . Am . Chem . Soc . 137 : 2183 - 2186 ) the incorpo 
wise of great importance ( Walker and Paulson , 2002 , Qua ration of multicationic QACs and corresponding antimicro 
ternary Ammonium Compounds , Marcel Dekker , New bial testing of these polymers has received scarce attention ; 
York ) ; while nearly every class of living organism employs literature reports of multicationic QAC polymers often pres 
cationic antimicrobial peptides in a host of defensive appli - 60 ent little to no bioactivity or characterization data ( Kenawy 
cations ( Guani - Guerra et al . , 2010 , Clin . Immunol . 135 : 1 - et al . , 2002 , J . Polym . Sci . Part Polym . Chem . 40 : 2348 
11 ) , laboratory - derived quaternary ammonium compounds 2393 ; Dizman et al . , 2004 , J . Appl . Polym . Sci . 94 : 635 - 642 : 
( QACs ) have been used to defend human health for about a Ayfer et al . , Des . Monomers Polym . 8 : 437 - 451 ; Gong et al . , 
century ( Jacobs , 1916 , J . Exp . Med . 23 : 563 - 568 ; Jacobs , 2001 , Sens . Actuators B 73 : 185 - 191 ) . Results suggest that 
1916 , J . Exp . Med . 23 : 569 - 576 ; Jacobs , 1916 , J . Exp . Med . 65 mono - and bis - QAC - derived polymers not only possess 
23 : 577 - 599 ; Domagk , 1935 , Dtsch . Med . Wiss . 61 : 829 - superior antimicrobial properties in comparison to their 
832 ) . small molecular counterparts , but may also possess lower 
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- continued 
formula VIII 

toxicity ( Tahiro , 2001 , Macromol . Mater . Eng . 286 : 63 - 87 ; 
Ganewatta et al . , 2014 , Chem . Sci . 5 : 2011 - 2016 ) . 

There is a continuing need in the art for novel antimicro 
bial agents with low toxicity profiles that also demonstrate 
activity against resistant bacterial strains . The present inven 
tion addresses this unmet need in the art . 

R2 
RI R5 

Po 

BRIEF SUMMARY OF THE INVENTION ( Rº ) n ( Rº ) m 
10 . 32 , 

The present invention includes a compound selected from 
the group consisting of formula I - XII , XXVI , and XXVII : ( R ) n 

15 R7 — N — R8 
formula I 

RIR4R6R8 
X 

1 R2 - N Zo N — R10 47 , formula VIIIa 

R ? 20 R ? 
formula II 

Po 3 R8 

N - R11 •5Z , R ? _ ex Vox R ( R ' ) m 25 
P3 •27 

formula III 

RIO R12 
x R2 _ 10 _ x 10 x 10 x RS N - R13 62 - , 30 formula IX 

R3 R3 R R R11 R 14 
formula IV •22 ; 

R4R6 22 
lo X2 h RI 

R2 – olevat N - RS •37 , 
> R3 RS p 

formula X 

formula V 40 
RI 

R2 - N NO R4 RlOlim 
•AZ " 45 . 22 , Za 

50 

formula VI formula XI 
R2 

Oz 55 42 
•37 , 

o w R R Po 
formula XII 

RI R4 60 

R2 - N N - R6 47 " , 
formula VII 

> R3 x R7 
R ! @ 

x - N - R4 •3Z , RS - N RY 
65 

RIO 



US 10 , 301 , 254 B2 

- continued Dis selected from the group consisting of C . - C . alkyl and 
formula XXVI 

R ? , and 

10 

R3 

- 

Ro 

•3Z 

each occurrence of Z is independently a counterion ; 
R " is H or C1 - C6 alkyl , wherein the alkyl group may be 

optionally substituted and may combine with any of R " , R ' , 
and Rº to form a ring ; 

15 m is an integer from 0 to 4 ; 
formula XXVII n is an integer from 0 to 4 ; 

p is an integer from 0 to 4 ; 
q is an integer from 0 to 5 ; and 

r is an integer from 1 to 6 . 
20 . The present invention also includes a composition com 

prising a compound of the invention . In one embodiment , 
the composition is an antimicrobial composition . X ! R R X The present invention also includes a method for prevent 

•6Z ; ing or reducing the growth or proliferation of microorgan 
isms or biofilm - embedded microorganisms on at least one 
surface . The method includes the steps of providing at least 
one surface , providing a composition comprising at least one 
compound of the invention , and contacting the at least one 
surface with the composition in an amount sufficient to 

30 prevent or reduce the growth or proliferation of microor 
ganisms or biofilm - embedded microorganisms on the at 
least one surface . 

wherein in formula I - XII , XXVI , and XXVII : The present invention also a method for removing at least 
R1 , R2 , R3 , R4 , R5 . R6 , R7 , R8 , R9 , R10 R11 R12 , R13 , and a portion of or reducing the number of microorganisms or 

R14 are each independently selected from the group consist - 35 b insist . 35 biofilm - embedded microorganisms attached to at least one 
surface . The method includes the steps of providing at least ing of null , H or C - C25 alkyl , wherein the alkyl group may one surface , wherein the microorganisms or biofilm - embed be optionally substituted with - OR ' , - NR2 , - NRC ded microorganisms are attached to the at least one surface , ( O ) R ' , - C ( O ) NR ' 2 , - NR - C ( O ) CR = CR ' , SR ' , - O providing a composition comprising at least one compound C ( O ) R ' , C ( O ) OR ' , C ( O ) R ' , CF3 , OCF3 , halogen , of the invention , and contacting the composition with the at benzyl , o - vinylbenzyl , m - vinylbenzyl , p - vinylbenzyl , phe - 4 least one surface in an amount sufficient to remove at least nyl , allyl , and substituted allyl ; a portion of or reduce the number of microorganisms or 

each occurrence of R " , R ' , and R is independently biofilm - embedded microorganisms attached to the at least 
selected from the group consisting of H , C . - C . alkyl , OR , one surface . 
- CN , NO2 , NR ' , — N — C ( O ) R ' , - C ( O ) NR 2 , CONR 2 45 The present invention also includes a polymer comprised 
_ N _ C ( O ) CRYCR ' , — SR ' , - O - C ( O ) R ' , - C ( O ) OR ' , " of at least one monomer of formula XVIII : 
- C ( O ) R ' , CF3 , - OCF3 , and halogen ; 
each occurrence of R ' is independently selected from the 

group consisting of H and C1 - 4 alkyl ; formula XVIII X ! , X2 , X ’ , x4 , and X5 are each independently selected 
from the group consisting of C , - Co alkyl , C . - C6 alkyl - OC 
( 0 ) 0 CZ - C6 alkyl , C . - C . alkyl - 0 C7 - C alkyl - 0 C , - C6 
alkyl , C , - C6 alkyl - S S - C - C6 alkyl , C , - C , alkyl - NC ( O ) 
O C - C . alkyl , C , - C alkyl - S - C - C , alkyl , C . - C . alkyl 
NC ( S ) N — C , - C . alkyl , and C . - C . alkyl - NC ( O ) N — C , - C . 
alkyl , wherein the alkyl group may be optionally substituted ; . 55 wherein in formula XVIII : 

Y is N or CR " ; PM is a polymerizable moiety attached to a polycationic 
A is selected from the group consisting of C , - C25 alkyl amphiphile ( PA ) via a linker L . 

The present invention also includes a method for prevent 
ing or reducing the growth or proliferation of microorgan 

60 isms or biofilm - embedded microorganisms on at least one 
surface . The method includes the steps of providing at least 
one surface , providing a composition comprising at least one 

I le 2 ; polymer of the invention , and contacting the at least one 
surface with the composition in an amount sufficient to 

65 prevent or reduce the growth or proliferation of microor 
ganisms or biofilm - embedded microorganisms on the at 
least one surface . 

PM 

PA ; 

and 
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The present invention also includes a method for remov FIG . 13 is a synthetic scheme of a synthesis of bis - and 
ing at least a portion of or reducing the number of micro - tris - QACs of the present invention appended to a styrenic 
organisms or biofilm - embedded microorganisms attached to monomer scaffold . 
at least one surface . The method includes the steps of FIG . 14 is a synthetic scheme of a synthesis of bis - and 
providing at least one surface , wherein the microorganisms 5 tris - QACs of the present invention appended to a methacroyl 
or biofilm - embedded microorganisms are attached to the at monomer scaffold . 
least one surface , providing a composition comprising a FIG . 15 is a synthetic scheme of a post - polymerization 
polymer of the invention , and contacting the composition modification with bis - and tris - QACs of the present inven 
with the at least one surface in an amount sufficient to tion . 
remove at least a portion of or reduce the number of 10 FIG . 16 is a scheme of syntheses of mono - and tris 
microorganisms or biofilm - embedded microorganisms quaternary ammonium compounds of the present invention 
attached to the at least one surface . by alkylation of dye - based scaffolds . 

FIG . 17 is a scheme of syntheses of mono - and bis 
BRIEF DESCRIPTION OF THE DRAWINGS 16 quaternary ammonium compounds of the present invention 

by alkylation of dye - based scaffolds . 
The following detailed description of preferred embodi - FIG . 18 , comprising FIGS . 18A - 18B , depicts QAC resis 

ments of the invention will be better understood when read tance mechanism and the overlay of QAC structures bound 
in conjunction with the appended drawings . For the purpose to QacR . FIG . 18A is an image of a QAC resistance 
of illustrating the invention , there are shown in the drawings 20 mechanism : OACs ( red circles ) penetrate the membrane and 
embodiments which are presently preferred . It should be associate with QacR ( dark blue ) , causing dissociation from 
understood , however , that the invention is not limited to the DNA and allowing transcription of qacA . The resulting 
precise arrangements and instrumentalities of the embodi - QacA proteins in the membrane ( light blue ) facilitate efflux 
ments shown in the drawings . of QACs . FIG . 18B is an image of the overlay of QAC 

FIG . 1 is an illustration of common amphiphilic antiseptic 25 structures ( bottom ) bound to QacR : berberine ( light gray ) , 
compounds . R = alkyl chain . crystal violet ( medium gray ) , malachite green ( dark gray ) . 

FIG . 2 is an illustration comparing traditional quaternary Residues with proposed importance are structurally high 
ammonium compounds ( QACs ) to compounds of the pres - lighted in beige ( E57 , E58 , W61 , E90 , Y93 , Y103 , E170 , 
ent invention . F162 ) . 

FIG . 3 is an illustration of the generic structures of QAC 30 FIG . 19 , comprising FIGS . 19A - 19B , depicts natural 
compounds ( ~ 105 compounds ) and their associated MIC products and their derivatives . FIG . 19A depicts the struc 
values . Bromide counterions are omitted for clarity . tures of examples of quaternary ammonium natural prod 

FIG . 4 is an illustration of the generic structures of QAC ucts . FIG . 19B depicts the structures of quinine and nicotine , 
compounds ( ~ 35 compounds ) and their associated MIC and alkylation thereof . 
values . Compound 12 ( 3 ) 12 ( 3 ) 12 exhibited an MIC = 0 . 5 - 2 35 FIG . 20 , comprising FIGS . 20A - 20B , depicts the synthe 
uM and N4 , R2 = C12H25 and Rz = allyl exhibited an MIC = 1 - 2 sis of quinine - ( FIG . 20A ) and nicotine - derived ( FIG . 20B ) 
uM . Numbers in parentheses reflect linker lengths ; addi - quaternary ammonium compounds . 
tional numbers denote alkyl substituents . “ N4 ” is the tet FIG . 21 , comprising FIGS . 21A - 21B , depicts amphiphiles 
raamine core shown . of the present invention . FIG . 21A depicts polyamine start 

FIG . 5 is an illustration of core structures for amphiphile 40 ing “ core ” structures , based on previous core 7 : the P - series 
constructions , with associated costs of each core . ( 8 , Piperazine ) , the C - series ( 9 , Cyclononyl ) , and the T - se 

FIG . 6 is an illustration of the relationship between ries ( 10 , T - shaped tetramine ) . FIG . 21B depicts chimera 
architectures of polycationic amphiphiles , surface attach - produced models of sample amphiphile structures , where 
ment , homopolymers , and copolymers , and genetic analyses blue = non - polar , and red = polar . 
and bioactivity assays . 45 FIG . 22 depicts synthetic schemes for the synthesis of 

FIG . 7 is a synthetic scheme of a method for the prepa - amphiphiles of the present invention including the P - series 
ration of chimeric QACs of the present invention . ( top ) , C - series ( middle ) , and T - series ( bottom ) . 

FIG . 8 is a synthetic scheme of a method for the prepa FIG . 23 depicts a table of experimental data of the full 
ration of tetra - and hexacationic QACs of the present biological results including MIC , MBEC , and Lysis20 ( in 
invention . 50 ?M ) for each QAC against a panel of Gram - positive and 

FIG . 9 is a synthetic scheme of a method for the prepa - Gram - negative bacteria . MBEC is defined by regrowth 
ration of self - destruct " compounds of the present invention assays that result in OD values under 0 . 1 ( denoted in bold ) . 

FIG . 10 is an illustration of a serial passage resistance MBEC values in italics denote significant eradication 
assay . Bacteria are grown in rich media containing a sub ( OD < 0 . 5 ) . Lysis20 indicates the concentration of compound 
lethal dose of compound . Daily , aliquots of bacterial culture 55 ( in uM ) at which less than 20 % of red blood cells are lysed . 
from the highest concentration allowing bacterial growth are insol . = insoluble compound . 
transferred to fresh media containing higher doses of com - FIG . 24 depicts experimental data of OD of regrown 
pound . Yellow = nonresistant bacteria , gray / black = resistant QAC - treated MSSA biofilms versus concentration of QAC 
bacteria with which biofilm was treated . MBEC , or complete eradi 

FIG . 11 is an illustration of a gradient plate resistance 60 cation , is defined by regrowth assays that result in OD values 
assay . Resistant bacteria taken from the serial passage liquid under 0 . 1 , significant eradication corresponds to OD values 
cultures are transferred to agar plates containing a gradient under 0 . 5 . Error bars represent the standard deviation among 
of compound , allowing for the isolation of individual resis - four replicates . 
tant mutants . Yellow = nonresistant bacteria , gray and FIG . 25 depicts experimental data of OD of regrown 
black = resistant bacteria . 65 QAC - treated MRSA biofilms versus concentration of QAC 

FIG . 12 is an illustration of biscationic QAC homopoly with which biofilm was treated . MBEC , or complete eradi 
mers . cation , is defined by regrowth assays that result in OD values 

. . . otos 
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under 0 . 1 , significant eradication corresponds to OD values FIG . 48 , comprising FIGS . 48A - 48B , depicts the ' H 
under 0 . 5 . Error bars represent the standard deviation among NMR ( FIG . 48A ) and 13C NMR ( FIG . 48A ) spectra of 
four replicates . compound C - 20 , 1 , 1 . 

FIG . 26 , comprising FIGS . 26A - 26B , depicts the ' H FIG . 49 , comprising FIGS . 49 A - 49B , depicts the ' H 
NMR ( FIG . 26A ) and 13C NMR ( FIG . 26A ) spectra of 5 NMR ( FIG . 49A ) and 13C NMR ( FIG . 49A ) spectra of 
compound P - 10 , 0 , 10 . compound T - 8 , 8 , 8 . 

FIG . 27 , comprising FIGS . 27A - 27B , depicts the ' H FIG . 50 , comprising FIGS . 50A - 50B , depicts the ' H 
NMR ( FIG . 27A ) and 13C NMR ( FIG . 27A ) spectra of NMR ( FIG . 50A ) and 13C NMR ( FIG . 50A ) spectra of 
compound P - 11 , 0 , 11 . compound T - 10 , 10 , 10 . 

FIG . 28 , comprising FIGS . 28A - 28B , depicts the ' H 10 FIG . 51 , comprising FIGS . 51A - 51B , depicts the ' H 
NMR ( FIG . 28A ) and 13C NMR ( FIG . 28A ) spectra of NMR ( FIG . 51A ) and 13C NMR ( FIG . 51A ) spectra of 
compound P - 12 , 0 , 12 . compound T - 11 , 11 , 11 . 

FIG . 29 , comprising FIGS . 29A - 29B , depicts the ' H FIG . 52 , comprising FIGS . 52A - 52B , depicts the ' H 
NMR ( FIG . 29A ) and 13C NMR ( FIG . 29A ) spectra of NMR ( FIG . 52A ) and 13C NMR ( FIG . 52A ) spectra of 
compound P - 13 , 0 , 13 . 15 compound T - 12 , 12 , 12 . 

FIG . 30 , comprising FIGS . 30A - 30B , depicts the ' H FIG . 53 , comprising FIGS . 53A - 53B , depicts the ' H 
NMR ( FIG . 30A ) and 13C NMR ( FIG . 30A ) spectra of NMR ( FIG . 53A ) and 13C NMR ( FIG . 53A ) spectra of 
compound P - 14 , 0 , 14 . compound T - 14 , 14 , 14 . 

FIG . 31 depicts the ' H NMR spectrum of compound FIG . 54 depicts the ' H NMR spectrum of compound 
P - 16 , 0 , 16 . 20 T - 16 , 16 , 16 . 

FIG . 32 depicts the ' H NMR spectrum of compound FIG . 55 depicts the ' H NMR spectrum of compound 
P - 18 , 0 , 18 . T - 18 , 18 , 18 . 

FIG . 33 , comprising FIGS . 33A - 33B , depicts the ' H FIG . 56 , comprising FIGS . 56A - 56B , depicts the struc 
NMR ( FIG . 33A ) and 13C NMR ( FIG . 33A ) spectra of tures of T - shaped tetramines of the present invention . FIG . 
compound C - 10 , 0 , 0 . 25 56A depicts the structure of tris ( 2 - dimethylaminoethyl ) 

FIG . 34 , comprising FIGS . 34A - 34B , depicts the ' H amine . FIG . 56B depicts the structure of N , N - bis [ 3 - ( dim 
NMR ( FIG . 34A ) and 13C NMR ( FIG . 34A ) spectra of ethylamine ) propyl ] - N , N ' - dimethylpropane - 1 , 3 - diamine 
compound C - 11 , 0 , 0 . ( Super T ) . 

FIG . 35 , comprising FIGS . 35A - 35B , depicts the ' H FIG . 57 depicts schemes of a synthesis of compounds of 
NMR ( FIG . 35A ) and 13C NMR ( FIG . 35A ) spectra of 30 the invention based on the N , N - bis ( 3 - ( dimethylamine ) pro 
compound C - 12 , 0 , 0 . pyl ] - N , N - dimethylpropane - 1 , 3 - diamine scaffold . 

FIG . 36 , comprising FIGS . 35A - 35B , depicts the ' H FIG . 58 , comprising FIGS . 58A - 58B , depicts strategies 
NMR ( FIG . 36A ) and 13C NMR ( FIG . 36A ) spectra of for cleavage of “ self - destructing " multiQACs of the present 
compound C - 13 , 0 , 0 . invention . FIG . 58A depicts a scheme for both “ Edge 

FIG . 37 , comprising FIGS . 37A - 37B , depicts the ' H 35 destruct ” multiQACs and " Center - destruct ” multiQACs of 
NMR ( FIG . 37A ) and 13C NMR ( FIG . 37A ) spectra of the present invention . FIG . 58B depicts a scheme for chemi 
compound C - 14 , 0 , 0 . cal moieties allowing for the indicated cleavage strategies 

FIG . 38 , comprising FIGS . 38A - 38B , depicts the ' H for “ self - destruct ” multiQACs of the present invention . 
NMR ( FIG . 38A ) and 13C NMR ( FIG . 38A ) spectra of FIG . 59 is a scheme depicting a preparation of " self 
compound C - 16 , 0 , 0 . 40 destruct " compounds of the present invention , and commer 

FIG . 39 , comprising FIGS . 39A - 39B , depicts the ' H cially available precursors ( $ ) . 
NMR ( FIG . 39A ) and 13C NMR ( FIG . 39A ) spectra of FIG . 60 , comprising FIGS . 60A - 60B , depicts strategies 
compound C - 18 , 0 , 0 . for “ Center - destruct ” multiQACs of the present invention . 

FIG . 40 , comprising FIGS . 40A - 40B , depicts the ' H FIG . 60A depicts a scheme of preparations of Center 
NMR ( FIG . 40A ) and 13C NMR ( FIG . 40A ) spectra of 45 destruct multiQAC structures of the present invention . FIG . 
compound C - 20 , 0 , 0 . 60B depicts a scheme of commercially available precursors . 

FIG . 41 , comprising FIGS . 41A - 41B , depicts the ' H FIG . 61 , comprising FIGS . 61A - 61B , depicts schemes of 
NMR ( FIG . 41A ) and 13C NMR ( FIG . 41A ) spectra of the preparation of multiQAC structures of the present inven 
compound C - 10 , 1 , 1 . tion . FIG . 61A depicts a scheme of a synthesis of acid - labile 

FIG . 42 , comprising FIGS . 42A - 42B , depicts the ' H 50 multiQAC structures of the present invention . FIG . 61B 
NMR ( FIG . 42A ) and 13C NMR ( FIG . 42A ) spectra of depicts a scheme of a synthesis of reduction - labile multi 
compound C - 11 , 1 , 1 . QAC structures of the present invention . 

FIG . 43 , comprising FIGS . 43A - 43B , depicts the ' H FIG . 62 , comprising FIGS . 62A - 62B , depicts schemes of 
NMR ( FIG . 43A ) and 13C NMR ( FIG . 43A ) spectra of a preparation of multiQAC structures of the present inven 
compound C - 12 , 1 , 1 . 55 tion . FIG . 62 depicts a scheme of a synthesis of photo 

FIG . 44 , comprising FIGS . 44A - 44B , depicts the ' H labile multiQAC structures of the present invention . FIG . 
NMR ( FIG . 44A ) and 13C NMR ( FIG . 44A ) spectra of 62B depicts a scheme of a synthesis of thermally - labile 
compound C - 13 , 1 , 1 . multiQAC structures of the present invention . 

FIG . 45 , comprising FIGS . 45A - 45B , depicts the ' H FIG . 63 is a scheme depicting the use of multiQAC - MA 
NMR ( FIG . 45A ) and 13C NMR ( FIG . 45A ) spectra of 60 and MMA comonomers to form methacrylate - derived copo 
compound C - 14 , 1 , 1 . lymers of the present invention . 

FIG . 46 , comprising FIGS . 46A - 46B , depicts the ' H FIG . 64 is a scheme depicting a synthesis of compounds 
NMR ( FIG . 46A ) and 13C NMR ( FIG . 46A ) spectra of of the present invention . 
compound C - 16 , 1 , 1 . FIG . 65 is a scheme depicting a synthesis of compounds 

FIG . 47 , comprising FIGS . 47A - 47B , depicts the ' H 65 of the present invention . 
NMR ( FIG . 47A ) and 13C NMR ( FIG . 47A ) spectra of FIG . 66 is a table depicting the Minimum Inhibitory 
compound C - 18 , 1 , 1 . Concentrations ( MIC ) in M of QAC dye analogs . N . T . = not 
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tested , due to solubility . MonoQACs ( gray ) are grouped with As used herein , the term “ halo ” or “ halogen ” alone or as 
their corresponding multiQACs . part of another substituent means , unless otherwise stated , a 

FIG . 67 is a table depicting yields for the synthesis of fluorine , chlorine , bromine , or iodine atom . 
quinine - and nicotine - derived quaternary ammonium com As used herein , the term “ cycloalkyl ” refers to a mono 
pounds , with antimicrobial activity . Results from two 5 cyclic or polycyclic non - aromatic radical , wherein each of 
MRSA strains are shaded . the atoms forming the ring ( i . e . skeletal atoms ) is a carbon 

FIG . 68 is a table depicting the MIC in uM of multiQAC atom . In one embodiment , the cycloalkyl group is saturated , 
analogs . or partially unsaturated . In another embodiment , the 

cycloalkyl group is fused with an aromatic ring . Cycloalkyl 
DETAILED DESCRIPTION groups include groups having from 3 to 10 ring atoms . 

Illustrative examples of cycloalkyl groups include , but are 
The present invention includes novel polycationic amphi not limited to , the following moieties : 

philic compounds that are useful as antimicrobial agents . In 
one embodiment , the compounds are quaternary ammonium 
compounds ( QACs ) . The present invention also includes 
novel polymers of polycationic amphiphilic compounds that 
are useful as antimicrobial agents . In one embodiment , the 
polycationic amphiphilic compounds are quaternary ammo 
nium compounds ( QACs ) . The present invention also 20 
includes methods of using the compounds and / or polymers 
of the invention for preventing or reducing the growth or 
proliferation of microorganisms or biofilm - embedded 
microorganisms on at least one surface . The present inven 
tion also includes a method for removing at least a portion 25 
of or reducing the number of microorganisms or biofilm 
embedded microorganisms attached to at least one surface 
using the compounds and / or polymers of the invention . 

5 

DADO 00000 
00006 Definitions 30 

Unless defined otherwise , all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs . Although any methods , materials and 35 
components similar or equivalent to those described herein Monocyclic cycloalkyls include , but are not limited to , 
can be used in the practice or testing of the present invention , cyclopropyl , cyclobutyl , cyclopentyl , cyclohexyl , cyclohep 
the preferred methods and materials are described . tyl , and cyclooctyl . Dicyclic cycloalkyls include , but are not 
As used herein , each of the following terms has the limited to tetrahydronaphthyl , indanyl , and tetrahydropen 

meaning associated with it in this section . 40 talene . Polycyclic cycloalkyls include adamantine and nor 
The articles " a " and " an " are used herein to refer to one bornane . The term cycloalkyl includes " unsaturated nonaro 

or to more than one ( i . e . , to at least one of the grammatical matic carbocyclyl ” or “ nonaromatic unsaturated 
object of the article . By way of example , " an element ” carbocyclyl ” groups both of which refer to a nonaromatic 
means one element or more than one element . carbocycle as defined herein , which contains at least one 

“ About ” as used herein when referring to a measurable 45 carbon carbon double bond or one carbon carbon triple 
value such as an amount , a temporal duration , and the like , bond . 
is meant to encompass variations of + 20 % , + 10 % , 15 % , As used herein , the term " heterocycloalkyl ” or “ hetero 
+ 1 % , or + 0 . 1 % from the specified value , as such variations cyclyl ” refers to a heteroalicyclic group containing one to 
are appropriate . four ring heteroatoms each selected from 0 , S and N . In one 
As used herein , the term “ alkyl , ” by itself or as part of 50 embodiment , each heterocycloalkyl group has from 4 to 10 

another substituent means , unless otherwise stated , a straight atoms in its ring system , with the proviso that the ring of said 
or branched chain hydrocarbon having the number of carbon group does not contain two adjacent Oor S atoms . In another 
atoms designated ( i . e . Ce means one to six carbon atoms ) embodiment , the heterocycloalkyl group is fused with an 
and including straight , branched chain , or cyclic substituent aromatic ring . In one embodiment , the nitrogen and sulfur 
groups . Examples include methyl , ethyl , propyl , isopropyl , 55 heteroatoms may be optionally oxidized , and the nitrogen 
butyl , isobutyl , tert - butyl , pentyl , neopentyl , hexyl , and atom may be optionally quaternized . The heterocyclic sys 
cyclopropylmethyl . Most preferred is ( C1 - C . ) alkyl , particu tem may be attached , unless otherwise stated , at any het 
larly ethyl , methyl , isopropyl , isobutyl , n - pentyl , n - hexyl eroatom or carbon atom that affords a stable structure . A 
and cyclopropylmethyl . heterocycle may be aromatic or non - aromatic in nature . In 
As used herein , the term “ alkoxy ” employed alone or in 60 one embodiment , the heterocycle is a heteroaryl . 

combination with other terms means , unless otherwise As used herein , the term “ aromatic ” refers to a carbocycle 
stated , an alkyl group having the designated number of or heterocycle with one or more polyunsaturated rings and 
carbon atoms , as defined above , connected to the rest of the having aromatic character , i . e . having ( 4n + 2 ) delocalized a 
molecule via an oxygen atom , such as , for example , ( pi ) electrons , where n is an integer . 
methoxyethoxy , propoxy , 2 - propoxypropy ) and 65The term ryrary used interchangeably 
the higher homologs and isomers . Preferred are ( C1 - C3 ) herein , and when employed alone or in combination with 
alkoxy , particularly ethoxy and methoxy . other terms , mean , unless otherwise stated , a carbocyclic 
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aromatic system containing one or more rings ( typically one , OCH2CH3 , OCH ( CH3 ) 2 , OCF3 , OCH CF3 , 
two or three rings ) , wherein such rings may be attached S ( 0 ) 2CH3 , CEO ) NH2 , C ( O ) - NHCH3 , 
together in a pendent manner , such as a biphenyl , or may be NHCO ) NHCH3 , - C ( O ) CH3 , and — CEO ) OH . In 
fused , such as naphthalene . Examples of aryl groups include yet one embodiment , the substituents are independently 
phenyl , anthracyl , and naphthyl . Preferred examples are 5 selected from the group consisting of C , alkyl , OH , C , 
phenyl and naphthyl , most preferred is phenyl . alkoxy , halo , amino , acetamido , oxo and nitro . In yet another As used herein , the term “ aryl - ( C , - CZ ) alkyl ” means a embodiment , the substituents are independently selected functional group wherein a one - to three - carbon alkylene from the group consisting of C1 - 6 alkyl , C1 - 6 alkoxy , halo , chain is attached to an aryl group , e . g . , CH2CH2 - phenyl . acetamido , and nitro . As used herein , where a substituent is Preferred is one of aryl - CH2 - , aryl - CH ( CH3 ) , and aryl - 10 an alkyl or alkoxy group , the carbon chain may be branched , CHz . The term “ substituted aryl - ( C7 - C3 ) alkyl ” means an straight or cyclic , with straight being preferred . aryl - ( C , - CZ ) alkyl functional group in which the aryl group As used herein , the term “ antimicrobial ” refers to an is substituted . Preferred is substituted aryl ( CH2 ) . Simi 
larly , the term " heteroaryl - ( C , - CZ ) alkyl ” means a functional ability to kill or inhibit the growth of microorganisms , 
group wherein a one to three carbon alkylene chain is 15 incuding but not de carbon alkylene chain is 15 including but not limited to bacteria , viruses , yeast , fungi , 
attached to a heteroaryl group , e . g . , CH2CH2 - pyridyl . and protozoa , or to attenuate the severity of a microbial 
Preferred is heteroarul _ ICH The term " substituted het infection . The antimicrobial compounds or compositions of 
eroaryl - ( C , - CZ ) alkyl ” means a heteroaryl - ( C , - C Jalkyl the present invention are compounds or compositions that 
functional group in which the heteroaryl group is substi may be used for cleaning or sterilization , or may be used in 
tuted . Preferred is substituted heteroaryl - ( CH , . 20 the treatment of disease and infection . The applications may 

As used herein , the term “ benzylic hydrogen ” refers to a include both in vitro and in vivo antimicrobial uses . “ Apply 
hydrogen atom bound to a carbon atom that is directly bound ing " an antimicrobial composition may include administrat 
to an aromatic ring . In one embodiment , the polymer of the ing a composition into a human or animal subject . 
present invention comprises at least one of the arylene group As used herein , a “ microorganism ” refers to any micro 
having a benzylic hydrogen . Benzylic methyl , benzylic 25 organism that may colonize or proliferate on the surface 
methylene , and benzylic methine all contain at least one including , but not limited to , gram - positive bacteria ( such as benzylic hydrogen . Staphylococcus epidermidis ) , gram - negative bacteria ( such 

As used herein , the term “ substituted ” means that an atom as Pseudomonas aeruginosa ) , mycobacteria ( such as Myco or group of atoms has replaced hydrogen as the substituent bacterium tuberculosis ) , fungi ( such as Candida albicans ) , attached to another group . The term “ substituted ” further 30 or 
refers to any level of substitution , namely mono - , di - , tri - , As used herein , the term “ biofilm ” refers to a film formed tetra - , or penta - substitution , where such substitution is per by a group of microorganisms adhered together . The term mitted . The substituents are independently selected , and 
substitution may be at any chemically accessible position . In “ antibiofilm ” as used herein refers to an ability to kill , 
one embodiment , the substituents vary in number between 35 dis een zs disperse and / or eradicate a pre - established biofilm . 
one and four . In another embodiment , the substituents vary As used herein , the term “ contacting ” includes , but is not 
in number between one and three . In yet another embodi limited to , impregnating , compounding , mixing , integrating , 
ment , the substituents vary in number between one and two coating , rubbing , painting , spraying , immersing , rolling , 

As used herein , the term “ optionally substituted ” means smearing and dipping . 
that the referenced group may be substituted or unsubsti - 40 As used herein , the term “ treatment ” or “ treating , ” is 
tuted . In one embodiment , the referenced group is optionally defined as the application or administration of a therapeutic 
substituted with zero substituents , i . e . , the referenced group agent , i . e . , a compound useful within the invention ( alone or 
is unsubstituted . In another embodiment , the referenced in combination with another pharmaceutical agent ) , to a 
group is optionally substituted with one or more additional patient , or application or administration of a therapeutic 
group ( s ) individually and independently selected from 45 agent to an isolated tissue or cell line from a patient ( e . g . , for 
groups described herein . diagnosis or ex vivo applications ) , who has a condition 

In one embodiment , the substituents are independently contemplated herein , a symptom of a condition contem 
selected from the group consisting of oxo , halogen , CN , plated herein or the potential to develop a condition con 
— NH , , OH , — NH ( CHZ ) , — N ( CH2 ) . , alkyl ( including templated herein , with the purpose to cure , heal , alleviate , 
straight chain , branched and / or unsaturated alkyl ) , substi - 50 relieve , alter , remedy , ameliorate , improve or affect a con 
tuted or unsubstituted cycloalkyl , substituted or unsubsti - dition contemplated herein , the symptoms of a condition 
tuted heterocycloalkyl , fluoro alkyl , substituted or unsubsti contemplated herein or the potential to develop a condition 
tuted heteroalkyl , substituted or unsubstituted alkoxy , contemplated herein . Such treatments may be specifically 
fluoroalkoxy , — S - alkyl , S ( = O ) , alkyl , CFO ) NH [ sub - tailored or modified , based on knowledge obtained from the 
stituted or unsubstituted alkyl , or substituted or unsubsti - 55 field of medicine or pharmacology . In one embodiment , the 
tuted phenyl ] , CEO ) N [ H or alkyl ] 2 , OCEO ) N [ sub condition is selected from the group consisting of a bacterial 
stituted or unsubstituted alkyl ] — NHC ( = O ) NH infection , fungal infection , mycobacterial infection , viral 
[ substituted or unsubstituted alkyl , or substituted or infection , and a combination thereof . 
unsubstituted phenyl ] , — NHC = O ) alkyl , — N [ substituted As used herein , the term " prevent " or " prevention ” means 
or unsubstituted alkyljC ( = O ) [ substituted or unsubstituted 60 no disorder or disease development if none had occurred , or 
alkyl ] , — NHCEO ) [ substituted or unsubstituted alkyl ] , no further disorder or disease development if there had 
- C ( OH ) substituted or unsubstituted alkyl ] , and already been development of the disorder or disease . Also 
- C ( NH2 ) [ substituted or unsubstituted alkyl ] 2 . In another considered is the ability of one to prevent some or all of the 
embodiment , by way of example , an optional substituent is symptoms associated with the disorder or disease . 
selected from oxo , fluorine , chlorine , bromine , iodine , 65 As used herein , the term " patient , " " individual " or " sub 
- CN , — NH , , — OH , — NH ( CH3 ) , — N ( CH3 ) 2 , — CHz , ject ” refers to a human or a non - human mammal . Non 
- CH2CH3 , - CH ( CH3 ) 2 , CF3 , CH2CF3 , OCH3 , human mammals include , for example , livestock and pets , 
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such as ovine , bovine , porcine , canine , feline and murine ethanesulfonic , pantothenic , benzenesulfonic ( besylate ) , 
mammals . Preferably , the patient , subject or individual is stearic , sulfanilic , alginic , galacturonic , and the like . Fur 
human . thermore , pharmaceutically acceptable salts include , by way 
As used herein , the term “ pharmaceutical composition ” of non - limiting example , alkaline earth metal salts ( e . g . , 

refers to a mixture of at least one compound useful within 5 calcium or magnesium ) , alkali metal salts ( e . g . , sodium 
the invention with a pharmaceutically acceptable carrier . dependent or potassium ) , and ammonium salts . 
The pharmaceutical composition facilitates administration As used herein , the term “ pharmaceutically acceptable 
of the compound to a patient or subject , or use of the carrier ” means a pharmaceutically acceptable material , com 
compound within the methods of the invention . Multiple position or carrier , such as a liquid or solid filler , stabilizer , 
techniques of administering a compound exist in the art 10 dispersing agent , suspending agent , diluent , excipient , thick 
including , but not limited to , intravenous , oral , aerosol , ening agent , solvent or encapsulating material , involved in 
parenteral , ophthalmic , pulmonary and topical administra carrying or transporting a compound useful within the 
tion . invention within or to the patient such that it may perform 
As used herein , the terms “ effective amount , " " pharma - its intended function . Typically , such constructs are carried 

ceutically tectivemutadtherapeuticalytective15rtransporterm r an , prifthebt 
amount ” refer to a non - toxic but sufficient amount of an another organ , or portion of the body . Each carrier must be 
agent to provide the desired biological result . That result " acceptable ” in the sense of being compatible with the other 
may be reduction and / or alleviation of the signs , symptoms , ingredients of the formulation , including the compound 
or causes of a disease , or any other desired alteration of a useful within the invention , and not injurious to the patient . 
biological system . An appropriate therapeutic amount in any 20 Some examples of materials that may serve as pharmaceu 
individual case may be determined by one of ordinary skill tically acceptable carriers include : sugars , such as lactose , 
in the art using routine experimentation . glucose and sucrose ; starches , such as corn starch and potato 

" Effective amount " also refers to a sufficient amount of starch ; cellulose , and its derivatives , such as sodium car 
the polycationic amphiphile to prevent or reduce the growth boxymethyl cellulose , ethyl cellulose and cellulose acetate ; 
or proliferation of microorganisms and / or biofilm - embedded 25 powdered tragacanth ; malt ; gelatin ; talc ; excipients , such as 
microorganisms on a surface , in the case of the composition cocoa butter and suppository waxes ; oils , such as peanut oil , 
being a coating . “ Effective amount " also refers to a sufficient cottonseed oil , safflower oil , sesame oil , olive oil , corn oil 
amount of the polycationic amphiphile to penetrate , or and soybean oil ; glycols , such as propylene glycol ; polyols , 
break - up , at least a portion of the biofilm on a surface , such as glycerin , sorbitol , mannitol and polyethylene glycol ; 
thereby facilitating access of polycationic amphiphile , anti - 30 esters , such as ethyl oleate and ethyl laurate ; agar ; buffering 
microbial agent , and / or antifungal agent to the microorgan - agents , such as magnesium hydroxide and aluminum 
isms embedded in the biofilm , thus removing at least a hydroxide ; surface active agents ; alginic acid ; pyrogen - free 
portion of or reducing the number of microorganisms water ; isotonic saline ; Ringer ' s solution ; ethyl alcohol ; 
attached to a surface . The amount may vary for each phosphate buffer solutions ; and other non - toxic compatible 
compound considered within the compositions of the inven - 35 substances employed in pharmaceutical formulations . As 
tion , and upon known factors such as the pharmaceutical used herein , “ pharmaceutically acceptable carrier ” also 
characteristics , type of surface , degree of biofilm - embedded includes any and all coatings , antibacterial and antifungal 
microorganism contamination , and the use and length of use . agents , and absorption delaying agents , and the like that are 
It is within the ability of a person of ordinary skill in the art compatible with the activity of the compound useful within 
to relatively easily determine an effective concentration for 40 the invention , and are physiologically acceptable to the 
each compound considered within the compositions of the patient . Supplementary active compounds may also be 
invention . incorporated into the compositions . The pharmaceutically 
As used herein , the term “ pharmaceutically acceptable ” acceptable carrier ” may further include a pharmaceutically 

refers to a material , such as a carrier or diluent , which does acceptable salt of the compound useful within the invention . 
not abrogate the biological activity or properties of the 45 Other additional ingredients that may be included in the 
compound , and is relatively non - toxic , i . e . , the material may pharmaceutical compositions used in the practice of the 
be administered to an individual without causing undesirable invention are known in the art and described , for example in 
biological effects or interacting in a deleterious manner with Remington ' s Pharmaceutical Sciences ( Genaro , Ed . , Mack 
any of the components of the composition in which it is Publishing Co . , 1985 , Easton , Pa . ) , which is incorporated 
contained . 50 herein by reference . 
As used herein , the language " pharmaceutically accept - As used herein , the term “ salt " embraces addition salts of 

able salt ” refers to a salt of the administered compounds free acids or free bases that are compounds useful within the 
prepared from pharmaceutically acceptable non - toxic acids , invention . Suitable acid addition salts may be prepared from 
including inorganic acids , organic acids , solvates , hydrates , an inorganic acid or from an organic acid . Examples of 
or clathrates thereof . Examples of such inorganic acids are 55 inorganic acids include hydrochloric , hydrobromic , hydri 
hydrochloric , hydrobromic , hydroiodic , nitric , sulfuric , odic , nitric , carbonic , sulfuric , phosphoric acids , perchloric 
phosphoric , acetic , hexafluorophosphoric , citric , gluconic , and tetrafluoroboronic acids . Appropriate organic acids may 
benzoic , propionic , butyric , sulfosalicylic , maleic , lauric , be selected from aliphatic , cycloaliphatic , aromatic , arali 
malic , fumaric , succinic , tartaric , amsonic , pamoic , phatic , heterocyclic , carboxylic and sulfonic classes of 
p - tolunenesulfonic , and mesylic . Appropriate organic acids 60 organic acids , examples of which include formic , acetic , 
may be selected , for example , from aliphatic , aromatic , propionic , succinic , glycolic , gluconic , lactic , malic , tartaric , 
carboxylic and sulfonic classes of organic acids , examples of citric , ascorbic , glucuronic , maleic , fumaric , pyruvic , aspar 
which are formic , acetic , propionic , succinic , camphorsul - tic , glutamic , benzoic , anthranilic , 4 - hydroxybenzoic , phe 
fonic , citric , fumaric , gluconic , isethionic , lactic , malic , nylacetic , mandelic , embonic ( pamoic ) , methanesulfonic , 
mucic , tartaric , para - toluenesulfonic , glycolic , glucuronic , 65 ethanesulfonic , benzenesulfonic , pantothenic , trifluo 
maleic , furoic , glutamic , benzoic , anthranilic , salicylic , phe - romethanesulfonic , 2 - hydroxyethanesulfonic , p - toluenesul 
nylacetic , mandelic , embonic ( pamoic ) , methanesulfonic , fonic , sulfanilic , cyclohexylaminosulfonic , stearic , alginic , 
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B - hydroxybutyric , salicylic , galactaric and galacturonic Therefore , in one specific embodiment , high ionic strength 
acid . Suitable base addition salts of compounds useful salts may also be used in the step of forming the biofilm 
within the invention include , for example , metallic salts penetrating composition . 
including alkali metal , alkaline earth metal and transition As used herein , the term “ base material ” refers to any 
metal salts such as , for example , lithium , calcium , magne - 5 material that effectively disperses the polycationic amphi 
sium , potassium , ammonium , sodium and zinc salts . Accept - phile at an effective concentration to contact the microor 
able base addition salts also include organic salts made from ganisms and / or penetrate or disrupt the biofilm . The base 
basic amines such as , for example , N , N - dibenzylethylene material thus facilitates access of the polycationic amphi 
diamine , chloroprocaine , choline , diethanolamine , ethylene phile , antimicrobial agent , and / or antifungal agent to the 
diamine , meglumine ( N - methyl - glucamine ) and procaine . procaine 10 microorganisms on the surface and / or embedded in the 
All of these salts may be prepared by conventional means biofilm , thus removing at least a portion of or reducing the 

number of microorganisms attached to the a surface . The from the corresponding free base compound by reacting , for term “ base material ” also includes any solution that effec example , the appropriate acid or base with the correspond tively disperses the polycationic amphiphile at an effective ing free base . concentration to form a composition coating for a surface , As used herein , a “ biofilm - embedded microorganism ” which prevents or reduces the growth or proliferation of refers to any microorganism that forms or nests within a microorganisms and / or biofilm - embedded microorganisms 
biofilm during colonization and proliferation on a surface , on a surface . In the case of the composition coating , the base 
including , but not limited to , gram - positive bacteria ( such as material may also facilitate the adhesion of the composition 
Staphylococcus epidermidis ) , gram - negative bacteria ( such 20 to a surface , thus preventing the composition coating from 
as Pseudomonas aeruginosa ) , mycobacteria ( such as Myco - being easily removed from the surface . 
bacterium tuberculosis ) , fungi ( such as Candida albicans ) , Throughout this disclosure , various aspects of the inven 
or virus . tion can be presented in a range format . It should be 
As used herein , the term " minimum inhibitory concen - understood that the description in range format is merely for 

tration ( MIC ) ” refers to the lowest concentration of an 25 convenience and brevity and should not be construed as an 
antimicrobial agent that will inhibit the visible growth of a inflexible limitation on the scope of the invention . Accord 
microorganism after overnight incubation . MIC values ingly , the description of a range should be considered to 
against bacteria , for example , the Gram - positive Staphylo have specifically disclosed all the possible subranges as well 
coccus aureus and Enterococcus faecalis and the Gram - as individual numerical values within that range . For 
negative Escherichia coli and Pseudomonas aeruginosas example , description of a range such as from 1 to 6 should 

be considered to have specifically disclosed subranges such were determined by standard methods . See also P . A . Wayne , 
Methods for Dilution Antimicrobial Tests for Bacteria that as from 1 to 3 , from 1 to 4 , from 1 to 5 , from 2 to 4 , from 
Grow Aerobically ; Approved Standard , Ninth Edition , 2012 , 2 to 6 , from 3 to 6 etc . , as well as individual numbers within 

that range , for example , 1 , 2 , 2 . 7 , 3 , 4 , 5 , 5 . 3 , 6 and any CLSI Document M07 - A9 , Vol . 32 No . 2 , which is incorpo - , 35 whole and partial increments therebetween . This definition rated by reference herein in its entirety . applies regardless of the breadth of the range . As used herein , the term “ the minimum biofilm eradica 
tion concentration ( MBEC ) ” of a compound refers to the DESCRIPTION 
lowest concentration of compound dosed against a previ 
ously established bacterial biofilm that leads to a clear well 40 The present invention is based in part on the discovery 
( optical density of less than 0 . 1 ) when the treated biofilm is that novel multi - quaternary ammonium compounds ( QACs ) 
regrown in fresh media , indicating > 95 % clearance of bac - do not show diminished activity against QAC - resistant 
teria . A regrowth assay was used to establish the MBEC of bacterial strains , and are in fact equipotent against both 
a compound to evaluate the antibiofilm activity . See also H . sensitive and resistant strains . These compounds are also 
Ceri , M . Olson , D . Morck , D . Storey , R . Read , A . Buret , B . 45 extremely efficient at eradicating biofilms , show toxicity 
Olson , Methods Enzymol . 2001 , 337 , 377 , which is incor - profiles advantageous to that of commercial QACs , and have 
porated by reference herein in its entirety . been designed for extension to polymeric materials . Thus , 
As used herein , the term " organic solvent ” refers to the present invention provides novel polycationic com 

solvents including , but not limited to , alcohols ( e . g . , metha - pounds that may be useful as antimicrobial agents and 
nol and ethanol ) , ketones ( e . g . , acetone and methylethylke - 50 methods of use thereof . In one embodiment , the QAC 
tone ) , ethers ( e . g . , tetrahydrofuran ) , aldehydes ( e . g . , form - contains two , three , or four cations . The present invention 
aldehyde ) , acetonitrile , carboxylic acids ( e . g . , formic acid also includes a composition comprising at least one com 
and acetic acid ) , methylene chloride , chloroform , alkyl pound of the invention . 
carbonates , and hydrocarbons ( e . g . , hexane and heptane , and Examples of common QACs , which generally have a 
xylene ) , esters ( e . g . , ethyl acetate , propyl acetate , butyl 55 single cation , are shown in FIG . 1 ; in each structure , R 
acetate , amyl acetate , and combination thereof ) or similar represents a long - chained alkyl group , which provides a 
solvents . non - polar " arm ” with which the bacterial membrane is 

As used herein , the term “ alkalinizing agent ” refers to an disrupted ( Hugo , 1967 , J . Appl . Bacteriol . 30 : 17 ) . Structur 
organic and inorganic base , including sodium hydroxide , ally , there is significant similarity amongst these com 
potassium hydroxide , alkyl hydroxides , ammonia in water 60 pounds , although direct activity comparisons of the antimi 
( 27 % ammonium hydroxide ) , diethylamine and triethylam - crobials against panels of bacteria ( and MRSA in particular ) 
ine . are not readily available . While these QAC structures are 
As used herein , the term “ high ionic strength salt ” refers regarded areasonably non - toxic , many can be directly 

to a salt exhibiting high ionic strength , such as sodium applied to human skin or even used in oral therapies , it is 
chloride , potassium chloride , or ammonium acetate . These 65 now recognized that all of these structures are likely to be 
salts may act both as an alkalinizing agent and as a pen - susceptible to bacterial resistance , and little antibiofilm 
etrating agent to enhance the reactivity of the surface . activity is reported for these compounds . 
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- continued 
formula III 
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formula IV 
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formula V 
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I •42 " , 
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formula VI peab 

The compounds of the invention are structurally distinct 
from commercialized QACs . While traditional QACs bear 
one or occasionally two cations , and thus are vulnerable to 
QAC resistance genes , the compounds of the invention may 
contain bis - , tris - , tetra - , and hexacationic structures ( FIG . 5 
2 ) . Despite numerous reports of the antimicrobial activity of 
biscationic amphiphiles , no investigations correlating anti 
microbial activity to amphiphiles with three or four quater 
nary ammonium groups were found . This stood in stark 
contrast to the wide variety of bioactive natural products 10 
( and derivatives thereof ) incorporating multiple primary , 
secondary , and tertiary amines . 

In another aspect , the present invention also includes 
QACs generated from natural products , such as quinine or 15 
nicotine . In contrast to natural products that are themselves 
quaternary ammonium compounds ( FIG . 20A ) , these natural 
products , which are not in their own right antibacterial 
agents , can be converted into QACs and thus exhibit anti 
microbial or antiseptic activity . 20 

Polymeric materials comprising such QACs possess supe 
rior antimicrobial properties to their small molecular coun 
terparts , and may also possess lower toxicity . Thus , in 
another aspect , the present invention provides novel poly 
mers comprising polycationic compounds that may be useful 25 
as antimicrobial agents and methods of use thereof . The 
compounds described herein exhibit several advantages in 
addition to low MIC values and simple synthetic pathways , 
such as excellent biofilm disruption capabilities , as well as 
negligible susceptibility to resistance . 

In one embodiment , the compounds and polymers of the 
invention demonstrate biofilm eradication against both 
Gram - positive and Gram - negative bacteria . In another 
embodiment , the compounds and polymers of the invention 2 
contain a wide array of architectures of polycationic struc 
tures , and can be prepared by straightforward synthetic 
routes . In another embodiment , the compounds and poly 
mers of the invention demonstrate " resistance to resistance ” 
in MRSA multi - generational tests . In another embodiment , 40 
the compounds and polymers of the invention demonstrate 
effectiveness against the ESKAPE bacteria , which are 
pathogens of highest clinical concern . 
Compounds 

The compounds of the present invention may be synthe - 45 
sized using techniques well - known in the art of organic 
synthesis . The starting materials and intermediates required 
for the synthesis may be obtained from commercial sources 
or synthesized according to methods known to those skilled 
in the art . 

In one aspect , the compound of the invention is at least 
one compound selected from the group consisting of for 
mula 1 - XII , XXVI , and XXVII : 

•37 , 
R3 / RS 

30 

formula VII 
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RE 

formula VIII 
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- continued - continued 
formula XXVII formula IX R3 

22 ; 
12 RI 

X RX R4 x 
- D - N N •62 ; •62 " ; 10 

formula X 
15 

R ' OM 

•2Z , 

formula XI 

with the 

wherein in formula I - XII , XXVI , and XXVII : 
20 R ' , R² , R3 , R4 , RS , R6 , R ’ , R8 , Rº , R10 , R ' , R12 , R13 , and 

R14 are each independently selected from the group consist 
ing of null , H or C - C25 alkyl , wherein the alkyl group may 
be optionally substituted with — OR ' , - NR ' 2 , - NRC 
( O ) R ' , - C ( O ) NR ' , - NR - C ( O ) CR = CR ' , SR ' , - O 25 cc - C ( O ) R ' , - C ( O ) OR ' , - C ( O ) R ' , CF3 , OCF3 , halogen , 
benzyl , o - vinylbenzyl , m - vinylbenzyl , p - vinylbenzyl , phe 
nyl , allyl , and substituted allyl ; 

each occurrence of R " , R ' , and Rº is independently 
30 selected from the group consisting of H , C , - C . alkyl , - OR ' , 

CN , NO2 , NR2 , - N - C ( O ) R ' , - C ( O ) NR 2 , 
— N — C ( O ) CR = CR ' , SR ' , O C ( O ) R ' , C ( O ) OR ' , 

C ( O ) R ' , CF3 , - OCF3 , and halogen ; 
each occurrence of R ' is independently selected from the 

35 group consisting of H and C - 4 alkyl ; 
X ? , X2 , X ” , X4 , and X > are each independently selected 

from the group consisting of C , - C alkyl , C , - C . alkyl - OC 
( 0 ) 0 C2 - C alkyl , C . - C . alkyl - 0 C1 - C6 alkyl - O C , - C . 
alkyl , C7 - C , alkyl - S _ S _ C - Co alkyl , C . - C . alkyl - NC ( O ) 

40 0 C1 - C6 alkyl , C1 - C6 alkyl - S _ C ; - C alkyl , C . - C . alkyl 
NC ( S ) N - C1 - C6 alkyl , and C - C6 alkyl - NC ( O ) N — C1 - C6 
alkyl , wherein the alkyl group may be optionally substituted ; 

Y is N or CR " ; 
A is selected from the group consisting of C - C25 alkyl 

•4Z , 

formula XII RS 
X lo 

N - RO 47 , PARA 
45 and X3 R7 

R - NR 
RIO 

50 minn •Z ; 50 

formula XXVI 
R ? , and Dis selected from the group consisting of C ; - Co alkyl and 

55 

•3Z 

each occurrence of Z is independently a counterion ; 
R " is H or C , - C alkyl , wherein the alkyl group may be 

optionally substituted and may combine with any of R " , R ' , 
65 and Rº to form a ring ; 

m is an integer from 0 to 4 ; 
n is an integer from 0 to 4 ; 
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p is an integer from 0 to 4 ; C . - C . alkyl , C , - C6 alkyl - S S C - C alkyl , C , - Co alkyl 
q is an integer from 0 to 5 ; and NC ( O ) 0 C . - C . alkyl , C , - Co alkyl - NC ( S ) N — C , - C . alkyl , 
r is an integer from 1 to 6 . and C - Co alkyl - NC ( O ) N _ C1 - C6 alkyl . 
In one embodiment , the compound is a compound of In one embodiment , X2 is selected from the group con 

formula 1 . In another embodiment , the compound is a sisting of C . alkyl - OCIO O C . alkyl . C . alkyl - 0 _ CH . — 
compound of formula II . In another embodiment , the com 0 C2 alkyl , and Cz alkyl - S _ S Cz alkyl . pound is a compound of formula III . In another embodiment , 
the compound is a compound of formula IV . In another In one embodiment , the compound is a compound of 

formula IV , and at least one of R ' , R² , and R3 and at least one embodiment , the compound is a compound of formula V . In 
another embodiment , the compound is a compound of 10 of R , R7 , and R8 is independently C7 - C25 alkyl substituted 
formula VI . In another embodiment , the compound is a with at least one substitutent selected from the group con 

sisting of OR , NR ' , — N — C ( O ) R ' , — N — C ( O ) compound of formula VII . In another embodiment , the CRYCR ' , - SR ' , 0 _ C ( O ) R ' , - C ( O ) OR ' , - C ( O ) R ' , compound is a compound of formula VIII . In another CF3 , - OCF3 , halogen , benzyl , o - vinylbenzyl , m - vinyl embodiment , the compound is a compound of formula 
VIIIa . In another embodiment , the compound is a compound 15 benzyl , p - vinylbenzyl , phenyl , allyl , and substituted allyl . 
of formula IX . In another embodiment , the compound is a In one embodiment , the compound of formula IV is a 
compound of formula X . In another embodiment , the com - compound of formulae XIV - XVa : 
pound is a compound of formula XI . In another embodi 
ment , the compound is a compound of formula XII . In 20 
another embodiment , the compound is a compound of 
formula XXVI . In another embodiment , the compound is a 
compound of formula XXVII . N — X — N — X2 - N — In one embodiment , at least one of R1 , R2 , R3 , R4 , RS , R " . 
R ? , R8 , R9 , R10 , R1 , R12 , R13 , and R14 is C , alkyl . In another 25 
embodiment , at least one of R1 , R² , R3 , R4 , RS , R " , R ? , RS , 
R® , R19 , R11 , R12 , R13 , and R14 is C2 alkyl . In another 
embodiment , at least one of R1 , R2 , R3 , R4 , RS , R , R7 , RS , 
R ” , RIO , R1 , R12 , R13 , and R 14 is C10 alkyl . In another formula XV 

embodiment , at least one of R1 , R2 , R3 , R4 , R " , R " , R ? , R8 , 30 
R ” , R19 , R1 , R12 , R13 , and R14 is benzyl . - N - X1 - N - X2 •3Z , 

In one embodiment , at least one of X ' , X² , X3 , X4 , and X5 
is C2 alkyl . In another embodiment , at least one of X1 , X² , 
X3 , X4 , and X is Cz alkyl . In another embodiment , at least 
one of X ? , X² , X ” , X4 , and X® is selected from the group 35 
consisting of C , - C6 alkyl - OC ( 0 ) 0 CZ - C6 alkyl , C1 - C6 R 16 o 
alkyl - NC ( O ) O C , - C6 alkyl , C , - C6 alkyl - S _ C . - C . alkyl , 
C . - C . alkyl - NC ( S ) N — C , - C6 alkyl , and C . - C . alkyl - NC ( O ) 
N - C , - Co alkyl , wherein the alkyl group may be optionally — X — N — X — substituted . In another embodiment , at least one of X ' , X ? , 40 — •3Z , 
X ” , X4 , and X® is C , alkyl - OC ( O ) O - C , alkyl . 

In one embodiment , Z is selected from the group consist 
ing of a halogen ion , a mesylate ion , a tosylate ion , triflate 
ion , an acetate ion , a propionate ion , and a stearate ion . In 
one embodiment , Z is a halogen ion . formula XVa 

In one embodiment , the compound is a compound of 
formula I , and at least one of X , XP , and X is selected from N — X — N — X2 — N — . •3Z ; 
the group consisting of C , - C alkyl - OC ( O ) O - C , - C alkyl , 
C . - C . alkyl - NC ( O ) O - C , - C6 alkyl , C . - C . alkyl - S _ C1 - C6 
alkyl , C , - Co alkyl - NC ( S ) N — C - Co alkyl , and C - C6 alkyl - 50 
NC ( O ) N - C1 - C6 alkyl , wherein the alkyl group may be 
optionally substituted . FRI R16 o 

In one embodiment , the compound of formula I is a 
compound of formula XIII : 

wherein in formula XIV - XVa : 
R4 and Z have the same meaning as in formula IV ; 
R15 and R16 are each independently C , - C25 alkyl , wherein 

the alkyl group may be optionally substituted ; 
- X2 NO X and X2 are each independently C , - Co alkyl ; 

R - N •47 , 60 r is an integer from 1 to 25 ; and 
s is an integer from 1 to 25 . 

wherein in formula XIII : In one embodiment , X and X2 are each Cz alkyl . In 
R1 , R² , and Z have the same meaning as in formula 1 ; 65 ano lat . 65 another embodiment , R * is ethyl . 
X2 is selected from the group consisting of C , - C . alkyl - In one embodiment , the compound of formula I is selected 

OC ( O ) O - C , - C , alkyl , C . - C . alkyl - 0 C , - C alkyl - 0 — from the group consisting of : 

RIS 
formula XIVa 

ON x 20 

NHR 15 NHR 16 

45 

HN IS NH 

55 

formula XIII 

femtes tenen 
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C14H2o - Na - O L25 4Br " , and Giallo moment o s effe , und 
costo omenjenicots was 

14 ( 2 ) 1 ( 5 ) 1 ( 2 ) 12 

12 05 4Br . 

10 12 ( 2 ) 1 ( 5 ) 1 ( 2 ) 12 

In one embodiment , the compound of formula III is a 
compound of formula XVI : 

formula XVI 

con pene som en promo C12H25 CH 5 67 

wherein X and Z have the same meaning as in formula 
III . 

In one embodiment , the compound of formula XI is 
25 

•4Br . worfenda C12H25 — NO 

C12H25 

35 
In one embodiment , the compound is a compound of 

formula VII . In another embodiment , R? is null . In another 
embodiment , X is C2 alkyl . In one embodiment , the com 
pound of formula VII is a compound of formula XVII : 

40 

formula XVII 

R ! N - R4 •22 
45 

R2 

wherein in formula XVII : 
R ' , R , R ’ , R4 , RS , and Z have the same meaning as in 

formula VII . 
In one embodiment , the compound of formula XVII is 

P - 12 , 0 , 12 : 

22 

mnon P - 12 , 0 , 12 

65 
In another embodiment , the compound of formula XVII is 
P - 12 , 0 , 12 , wherein each Z is Br : 
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2 Br 

P - 12 , 0 , 12 

formula XXIII 

20 

In one aspect , the compound of the invention is a com - the alkyl group may be optionally substituted with OR ' , 
pound of formula XXIII : - NR ' , - N - C ( O ) R ' , - N - C ( O ) CRECR ' , SR ' , 

O C ( O ) R ' , _ C ( O ) OR ' , C ( O ) R ' , CF3 , OCF3 , 
15 halogen , benzyl , o - vinylbenzyl , m - vinylbenzyl , p - vinylben 

zyl , phenyl , allyl , and substituted allyl ; 
each occurrence of R ' is independently selected from the 

group consisting of H and C1 - 30 alkyl ; and 
each occurrence of Z is independently a counterion . 

( R ' ) ? In one embodiment , the compound of the invention is 
selected from the group consisting of : 

wherein in formula XXIII : 
each occurrence of Rl is independently selected from the 

group consisting of H , CZ - C6 alkyl , OR , CN , NO2 , 25 
- NR ' 2 , — N — C ( O ) R ' , - N - C ( O ) CRECR ' , SR ' , 
- O C ( O ) R ' , COOR ' , COR ' , CF3 , OCF3 , 
C . - C . alkyl - OC ( O ) R ' , and halogen ; 

A is : 
30 N 

20 § •22 : 

- 35 RERS SE 

TET - 10 , 0 , 0 - R ' = C1 , H21 
TET - 11 , 0 , 0 - R ' = C H23 
TET - 12 , 000 - R ' = C12H25 
TET - 14 , 0 , 0 - R ' = C14H20 
TET - 16 , 0 , 0 - R ' = C16H33 
TET - 18 , 0 , 0 - R ' = C18H37 
TET - 20 , 0 , 0 - R ' = C20H41 

R2 , R3 , R4 , and RS are each independently selected from 
the group consisting of null , H or C , - C25 alkyl , wherein the 
alkyl group may be optionally substituted withO R ' , 40 
- NR2 , - N - C ( O ) R ' , - N - C ( O ) CRECR ' , SR ' , 
- O _ C ( O ) R ' , C ( O ) OR ' , - C ( O ) R ' , CF3 , OCF3 , 

halogen , benzyl , o - vinylbenzyl , m - vinylbenzyl , p - vinylben 
zyl , phenyl , allyl , and substituted allyl ; 

each occurrence of R ' is independently selected from the 45 
group consisting of H and C1 - 30 alkyl ; 

each occurrence of Z is independently a counterion ; 
n is an integer from 0 to 4 ; 
p is an integer from 0 to 4 ; and 
q is an integer from 0 to 4 . 
In one aspect , the compound of the invention is a com 

pound of formula XXIV : 

P 

50 
•3Z , 

formula XXIV 55 

Ž Z OT 
TET - 10 , 1 , 1 - R ' = C10H21 
TET - 11 , 1 , 1 - R ' = C1H23 
TET - 12 , 1 , 1 - R ' = C12H25 
TET - 14 , 1 , 1 - R ' = C14H29 
TET - 16 , 1 , 1 - R ' = C16H33 
TET - 18 , 1 , 1 - R ' = C18H37 
TET - 20 , 1 , 1 - R ' = C20H41 65 wherein in formula XXIV : 

R ' , R² , R3 , R4 , and Rs are each independently selected 
from the group consisting of null , H or C2 - C25 alkyl , wherein 
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- continued - continued 

RR 

•2Z , 

LMG - 10 , 1 - R ' = C1H21 
LMG - 11 , 1 - R ' = C11H23 
LMG - 12 , 1 - R ' = C12H25 
LMG - 14 , 1 - R ' = C14H29 
LMG - 16 , 1 - R ' = C16H33 
LMG - 18 , 1 - R ' = C18H37 

LCV - 10 , 0 , 0 - R ' = C10H21 
LCV - 11 , 0 , 0 - R ' = C H23 
LCV - 12 , 0 , 0 - R ' = C12H25 
LCV - 14 , 0 , 0 - R ' = C14H20 
LCV - 16 , 0 , 0 - R ' = C16H33 
LCV - 18 , 0 , 0 - R ' = C18H37 
LCV - 20 , 0 , 0 - R ' = C20H41 

No 

•2Z and 

•3Z , 

LMG - 10 , 10 - RP , R4 = C10H21 
LMG - 11 , 11 - R ' , R4 = C H23 
LMG - 12 , 12 - R1 , R4 = C1H35 
LMG - 14 , 14 - R1 , R4 = C14H20 
LMG - 16 , 16 - R " , R4 = C16H33 
LMG - 18 , 18 - R , R4 = C18H37 

LCV - 10 , 1 , 1 - R ' = C10H21 
LCV - 11 , 1 , 1 - R ' = C11H23 
LCV - 12 , 1 , 1 - R ' = C , H 5 
LCV - 14 , 1 , 1 - R ' = C14H29 
LCV - 16 , 1 , 1 - R ' = C16H33 
LCV - 18 , 1 , 1 - R ' = C18H37 
LCV - 20 , 1 , 1 - R ' = C2H41 

OO 

•Z , 

Z , 55 
LMGS - 10 , 0 - R1 , R4 = C10H21 
LMGS - 11 , 0 - R ! , R4 = C , H , 3 
LMGS - 12 , 0 - R ! , R4 = C12H25 
LMGS - 14 , 0 - R ' , R4 = C14H29 
LMGS - 16 , 0 - R ! , R4 = C16H33 
LMGS - 18 , 0 - R1 , R4 = C18H37 LMG - 10 , 0 - R ' = C10H21 

LMG - 11 , 0 - R ' = C11H23 
LMG - 12 , 0 - R ' = CH . 
LMG - 14 , 0 - R ' = C14H20 
LMG - 16 , 0 - R ' = C H23 
LMG - 18 , 0 - R ' = C18H37 

wherein each occurrence of Z is independently selected 
55 from the group consisting of I and Br . 

In one embodiment , the compound of the invention is 
selected from the group consisting of : 
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wherein each occurrence of Z is independently selected 
from the group consisting ofandr 

In one embodiment , the compound of the invention is 
selected from the group consisting of : 

HUN , 
R2 Z , 

R ! ? R4 27 , 
10 

N 
P - 10 , 0 , 10 - R1 , R4 = C , H , 
P - 11 , 0 , 11 - R1 , R4 = C H23 
P - 12 , 0 , 12 - R1 , R4 = C12H25 
P - 13 , 0 , 13 - R1 , R4 = C12H27 
P - 14 , 0 , 14 - R ' , R4 = C14H20 
P - 16 , 0 , 16 - R ! , R4 = C16H33 
P - 18 , 0 , 18 - R1 , R4 = CisH37 

Q - 10 , 0 - R2 = C10H21 
Q - 11 , 0 - R2 = C11H23 
Q - 12 , 0 - R2 = C12H25 
Q - 14 , 0 - R2 = C14H20 
Q - 16 , 0 - R2 = C16H33 
Q - 18 , 0 - R² = C13H37 

15 

Ri 
20 

Hlins 
R2 •22 , 25 

C - 10 , 0 , 0 - R1 = C1H21 
C - 11 , 0 , 0 - R ' = CuH23 
C - 12 , 0 , 0 - R ' = C12H25 
C - 13 , 0 , 0 - R ' = C13H27 
C - 14 , 0 , 0 - R ' = C14H29 
C - 16 , 0 , 0 - R ' = C16H33 
C - 18 , 0 , 0 - R ' = C18H37 
C - 20 , 0 , 0 - R ' = C20H41 Q - 10 , 1 - R2 = C10H21 

Q - 11 , 1 - R2 = C11H23 
Q - 12 , 1 - R² = C12H25 
Q - 14 , 1 - R2 = C14H29 
Q - 16 , 1 - R2 = C16H33 
Q - 18 , 1 - R² = C18H37 

Rj 

•3Z 

•Z , 

- 70 
C - 10 , 1 , 1 - R1 = C1H21 
C - 11 , 1 , 1 - R ' = C11H23 
C - 12 , 1 , 1 - R ' = C12H25 
C - 13 , 1 , 1 - R ' = C13H27 
C - 14 , 1 , 1 - R ' = C14H29 
C - 16 , 1 , 1 - R ' = C16H33 
C - 18 , 1 , 1 - R ' = C18H37 
C - 20 , 1 , 1 - R ' = C20H41 

N - 10 , 0 - R3 = C10H21 
N - 11 , 0 - R3 = C11H23 
N - 12 , 0 - R3 = C12H25 
N - 14 , 0 - R3 = C14H29 
N - 16 , 0 - R3 = C16H33 
N - 18 , 0 - R3 = C18H37 
N - 20 , 0 - R3 = C20H41 

???? ' ???? ????? ?? 
O O O O OOO 

37 , 

N . •27 , 
R8 — N — 

N - 10 , 1 - R3 = C10H21 
N - 11 , 1 - R3 = C11H23 
N - 12 , 1 - R3 = C12H25 
N - 14 , 1 - R3 = C14H29 
N - 16 , 1 - R3 = C16H33 
N - 18 , 1 - R * = C18H37 
N - 20 , 1 - R3 = C20H41 

T - 8 , 8 , 8 - R ! , RS , R8 = C3H17 
T - 10 , 10 , 10 - R ' , R " , RS = C10H21 
T - 11 , 11 , 11 - R , R " , RS = C1H23 
T - 12 , 12 , 12 - R ! , RS , R8 = C12H25 
T - 14 , 14 , 14 - RI , R " , RS = C14H20 
T - 16 , 16 , 16 - R ! , R " , R? = C16H33 
T - 18 , 18 , 18 - R ' , RS , R8 = C18H37 

65 
wherein each occurrence of Z is independently selected 

from the group consisting of I ' and Br - . 
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In one embodiment , the compound of the invention is 
selected from the group consisting of : 

- continued 

| 3Z PS 
2 2 mo 42 

10 

- 2 

N Z 

15 

ST - 11 , 11 , 11 , Bn - R1 , RS , R8 = C , H , z 
ST - 12 , 12 , 12 , Bn - R ! , RS , R8 = C12H25 

ST - 8 , 8 , 8 , 0 - R ! , R " , R8 = C3H17 
ST - 10 , 10 , 10 , 0 - R ! , R , R ' = C10H21 
ST - 11 , 11 , 11 , 0 - R ' , R , RS = C4H23 
ST - 12 , 12 , 12 , 0 - R " , RS , R8 = 
ST - 13 , 13 , 13 , 0 - R ! , R " , R ' = C13H27 
ST - 14 , 14 , 14 , 0 - RP , R " , R8 = C14H30 
ST - 16 , 16 , 16 , 0 - R1 , R " , R8 = C16H33 
ST - 18 , 18 , 18 , 0 - RP , RS , R8 = C19H37 20 wherein each occurrence of Z is independently selected 

from the group consisting of I ' and Br ” . 
In one embodiment , the compound of formula XXVI is a 

compound selected from the group consisting of formula 
XXVIa - XXVId : 

formula XXVIa 
N2 1 . 47 R ? , 

27 

ST - 8 , 8 , 8 , 1 - R ! , RS , R $ = C H , 7 
ST - 10 , 10 , 10 , 1 - R1 , R " , R8 = C10H , 
ST - 11 , 11 , 11 , 1 - R1 , R " , RS = C , H , 3 
ST - 12 , 12 , 12 , 1 - R , RS , R8 = C12H25 
ST - 13 , 13 , 13 , 1 - R1 , R " , R8 = C12H27 
ST - 14 , 14 , 14 , 1 - R " , R , R8 = C14H20 

formula XXVIb 
R2 , 

. 47 
- 2 

N 

•3Z 

| | ST - 8 , 8 , 8 , 3A - R , R " , R & = C3H17 
ST - 10 , 10 , 10 , 3A - R ! , R , RS = C10H21 
sT - 11 , 11 , 11 , 3A - R1 , RS , R $ = C1jH23 
ST - 12 , 12 , 12 , 3A - R1 , RP , RS = C2H25 
ST - 13 , 13 , 13 , 3A - R , R " , RS = C12H27 
ST - 14 , 14 , 14 , 3A - R ' , R " , RS = C14H29 
ST - 16 , 16 , 16 , 3A - R , Rº , RS = C16H33 
ST - 18 , 18 , 18 , 3A - R ' , R " , R = C18H37 
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- continued - continued 
formula XXVIID formula XXVIC 

R4 

N 

R2 and , 
. 3Z R , R3 R2 

formula XXVIIC 

formula XXVID 

•4Z 

R2 30 
Rand , 

formula XXVIID 

•4Z 

R : 

•6Z wherein R ' , R2 , R3 , R4 , and Z have the same meaning as 
in formula XXVI . See FIG . 64 for examples of the synthesis 
of compound of formula XXVI . 45 2 

In one embodiment , the compound of formula XXVII is 
a compound selected from the group consisting of formula R ; 
XXVII - XXVIId : 

50 wherein R1 , R2 , R ? , R4 , RS , R " , and Z have the same 
meaning as in formula XXVII . See FIG . 65 for examples of 

formula XXVIIa the synthesis of compound of formula XXVI . See also 
Tamamura et al . , 2006 , J . Med . Chem . 49 : 3412 - 3415 , which 
is incorporated by reference herein in its entirety . 

55 In one aspect , the compound of the invention is a poly 
cationic ( e . g . , biscationic , triscationic , tetracationic or the 
like ) amphiphile . As used herein , the terms " amphiphile ” 
and “ amphiphilic ” refer to a compound which has at least 
one hydrophilic moiety and at least one hydrophobic moiety . 

60 In one embodiment , the compound is monocationic . In one 
embodiment , the compound is a quaternary ammonium 
compound , or QAC , comprising at least one tetrasubstituted 
nitrogen atom . In some embodiments , the compound is 
comprised of two , three , four , five , six , seven , eight , nine , or 

R6 , 65 ten tetrasubstituted nitrogen atoms . In one embodiment , the 
compound is comprised of three tetrasubstituted nitrogen 
atoms ( triscationic ) . In another embodiment , the compound 

. 47 

R2 
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is comprised of four tetrasubstituted nitrogen atoms ( tetra benzyl group , an aryl group , a heteroaryl group , a cycloalkyl 
cationic ) . In another embodiment , the compound is com group , an amide group , an ester , an amide , a sulfonamide , a 
prised of five tetrasubstituted nitrogen atoms ( pentaca - carbamate , a carbonate , a sulfone , an ether , an oxime , a 
tionic ) . In another embodiment , the compound is comprised hydrazine , a urea , a thiourea , a phosphate , a poly ( alkyl 
of six tetrasubstituted nitrogen atoms ( hexacationic ) . In one 5 ether ) , or a heteroatom , wherein the group may be optionally 
embodiment , the compounds of the invention also comprise substituted . 
at least one amine , wherein the amine is a monosubstituted , Self - Destruct Polycationic Amphiphiles 
disubstituted , or trisubstituted amine . The amine may be In another aspect of the invention , chemical instability protonated or it may not be protonated . In a non - limiting may be installed into the compounds , aiding in diminishing example , the compound comprises two cations and an 10 the compounds ' longevity and thereby reducing the time of amine , wherein the amine is protonated or unprotonated . In 
another non - limiting example , the compound comprises two exposure of the compounds to bacteria in order to avoid 

increasing bacterial resistance . In some embodiments , cations and two amines , and the amines are independently 
protonated or unprotonated . decomposition - prone functional groups can be incorporated 

In some embodiments a substituent may be null As used 15 into the polycationic amphiphile , allowing the compound to 
herein , the term “ null ” refers to the group being absent . break down over time . In a non - limiting example , a tetra 
Accordingly , the number of substitutents on the nitrogen to cationic compound comprising such a functional group 
which the null group is attached and the number of corre - would decompose into biscationic compounds . Examples of 
sponding counterions Z would each be reduced by one . In a decomposition - prone functional groups include , but are not 
non - limiting example , a compound of formula XVII is a 20 limited to , esters , amides , disulfides , Diels - alder adducts , 
compound of formula VII where Róis null , and R is no carbonates , thioureas , epoxides , diazo compounds , azides , 
longer present in the compound and the nitrogen atom to and carbamates , as well as photocleavable groups such as 
which Rwas attached becomes a trisubstituted nitrogen that nitroaromatics , for example o - nitrobenzyl groups . Non - lim 
does not have a positive charge . Accordingly , the number of iting examples of self - destruct polycationic amphiphiles 
the counterion Z in formula XVII is reduced from 37 to 25 include compounds of formula XIII , XIV , and XV , wherein 

the compounds include a carbonate or other moieties ( for 
The counterion Z may be any ion which carries a charge mula XIII ) or ester moieties ( formula XIV and formula XV ) . 

( s ) opposite to the charge on the compound . Non - limiting Polymers 
examples of counterions include halogen ions , mesylate ion , In another aspect , the present invention provides a poly 
tosylate ion , triflate ion , carboxylate ions such as acetate , 30 met mer comprised of at least one monomer of formula XVIII : propionate , and stearate , and any ion that forms a pharma 
ceutically acceptable salt with the compound , such as phar 
maceutically acceptable non - toxic acids , including inorganic formula XVIII acids , organic acids , solvates , hydrates , or clathrates . In one 
embodiment , the counterion Z is selected from the group 35 
consisting of a halogen ion , a mesylate ion , a tosylate ion , 
triflate ion , an acetate ion , a propionate ion , and a stearate PA ; ion . In another embodiment , the counterion Z is a halogen 
ion . In another embodiment , the counterion Z is a bromide 
ion . 40 wherein in formula XVIII : 
Hybrid Polycationic Amphiphiles PM is a polymerizable moiety attached to a polycationic 

In another aspect of the invention , the polycationic amphiphile ( PA ) via a linker L . 
amphiphile is conjugated to or attached to a second com - As used herein , the term “ polymerizable moiety ” or “ PM ” 
pound or moiety . Any compound or moiety which may refers to any functional group that has already been polym 
improve the biological properties of the polycationic amphi - 45 erized or is capable of being polymerized . Any polymeriz 
phile is contemplated for use within the invention . Non - able moiety is contemplated for the invention , as would be 
limiting examples include QACs , antimicrobial peptides , understood by one of ordinary skill in the art . Non - limiting 
sugars , iron siderophores , polymerizable moieties , solid examples include carbonate , methacrylate , methyl ( meth ) 
surfaces such as glass , metal , paper or poly ( alkyl ethers ) acrylate , ethyl ( methacrylate , butyl ( meth ) - acrylate , 2 - eth 
such as polyethylene glycol ( PEG ) or polypropylene glycol 50 ylhexyl ( meth ) acrylate , phenyl ( meth ) acrylate and benzyl 
( PPG ) , and other nucleophilic residues . In a non - limiting ( meth ) acrylate , hydroxyalkyl esters such as 2 - hydroxyethyl 
example , a first QAC can be attached to a second dicationic ( meth ) acrylate and 2 - hydroxypropyl ( meth ) acrylate ; poly 
QAC to form a tetracationic QAC . The second dicationic valent esters such as ethylene glycol diacrylate , polyethyl 
QAC may be identical to the first dicationic QAC , resulting ene glycol di ( meth ) acrylate , neopentyl glycol di ( methacry 
in a symmetrical tetracationic QAC , or it may be different , 55 late , trimethylolpropane tri ( meth ) acrylate and 
providing " chimeric ” compounds with 4 cations , but dis pentaerythritol tetraacrylate ; ( meth ) acrylonitrile , ( meth ) 
similar substituents . In one embodiment , the polycationic acrylamide , N - substituted ( meth Jacrylamide ; vinyl esters 
amphiphile is attached to a surface . In one embodiment , the such as vinyl acrylate , vinyl acetate , vinyl propionate and 
surface is a solid surface . In one embodiment , the solid vinyl succinate ; as well as other vinyl compounds such as 
surface is a glass surface , a metal surface , a paper surface , 60 vinyl ethers , styrene , halogenated styrene , divinylbenzene , 
or a poly ( alkyl ether ) . In some embodiments , the polyca - vinylnaphthalene , N - vinylpyrrolidone , diallyl phthalate , 
tionic amphiphile is attached to the additional compound or diallyl malate , triallyl isocyanate triallyl phosphate . In one 
moiety via a bond . In other embodiment , the polycationic embodiment , the polymerizable moiety is styrene . In another 
amphiphile is attached to the additional compound or moiety embodiment , the polymerizable moiety is methacrylate . In 
via a linker . The linker may be any suitable linker , as would 65 another embodiment , the polymerizable moiety is methyl 
be understood by one of ordinary skill the art . Examples of methacrylate . In another embodiment , the polymerizable 
linkers include , but are not limited to , an alkyl group , a moiety is acrylamide . In another embodiment , the polym 
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5 

( CH2 ) y 

( CH2 ) 

erizable moiety is methacrylamide . In another embodiment , - continued 
the polymerizable moiety is a carbonate . formula XXa 

The polycationic amphiphile may be a compound of the 
invention , or may be any compound comprising at least one 
tetrasubstituted nitrogen atom ( a QAC ) . In one embodiment , ( CH2 ) 
the number of tetrasubstituted nitrogen atoms in the QAC 

R - N R2 ranges from 1 to 6 . In another embodiment , the number of 
tetrasubstituted nitrogen atoms in the QAC ranges from 2 to 
6 . In another embodiment , the number of tetrasubstituted 10 

R3 - NR4 nitrogen atoms in the QAC ranges from 3 to 6 . In one 
embodiment , the polycationic amphiphile is a QAC . In one 
embodiment , the QAC has at least two tetrasubstituted 
nitrogen atoms . In another embodiment , the QAC has at RS - N R7 
least three tetrasubstituted nitrogen atoms . In another 15 R6 
embodiment , the QAC has one tetrasubstituted nitrogen •3Z 
atom . For other examples of QACs useful in the invention , 
see LaDow et al . , 2011 , Eur . J . Med . Chem . 46 : 4219 ; Black 
et al . , 2014 , Bioorg . Med . Chem . Lett . 24 : 99 - 102 ; Ator et al . , wherein in formula XIX - XXa : 
2014 , Bioorg . Med . Chem . Lett . 24 : 3706 - 3709 ; and Grenier 20 R ' , R ’ , Rº , R * , Rº , Rº , and R ' are each independently 
et al . , 2012 , Bioorg . Med . Chem . Lett . 22 , 4055 - 4058 , selected from the group consisting of null , H or C , - C25 alkyl , 
Jennings et al . , 2014 , ChemBioChem : 2211 - 2215 , each of wherein the alkyl group may be optionally substituted with 
which is incorporated by reference in its entirety herein . OR ' , - NR2 , - N - C ( O ) R ' , - N - C ( O ) CRYCR ' , 

The counterion Z may be any ion which carries a 25 SR ' , 0 _ C ( O ) R ' , C ( O ) OR ' , C ( O ) R ' , CF3 , 
25 OCF3 , halogen , benzyl , o - vinylbenzyl , m - vinylbenzyl , charge ( s ) opposite to the charge on the compound . Non p - vinylbenzyl , phenyl , allyl , and substituted allyl , and limiting examples of counterions include halogen ions , wherein any adjacent R ' , R² , R3 , R4 , RS , Ró , and R7 are mesylate ion , tosylate ion , triflate ion , carboxylate ions such 

as acetate , propionate , and stearate , and any ion that forms optionally joined to form a ring ; 
each occurrence of R ' is independently selected from the a pharmaceutically acceptable salt with the compound , such 30 

as pharmaceutically acceptable non - toxic acids , including group consisting of H and C1 - 4 alkyl ; 
each occurrence of Z is independently a counterion ; inorganic acids , organic acids , solvates , hydrates , or clath Xl and X are each independently selected from the group rates . In one embodiment , the counterion Z is selected from consisting of C ; - C6 alkyl , C1 - C6 alkyl - OC ( 0 ) 0 C ; - C6 the group consisting of a halogen ion , a mesylate ion , a alkyl , C , - C alkyl - NC ( O ) O - C - C alkyl , C . - C . alkyl - S — alku 

tosylate ion , triflate ion , an acetate ion , a propionate ion , and 35 C . - C . alkyl . and C - ? C - C6 alkyl , and C1 - C6 alkyl - NC ( O ) N — C , - C6 alkyl , 
a stearate ion . In another embodiment , the counterion Z is a wherein the alkyl group may be optionally substituted ; and 
halogen ion . In another embodiment , the counterion Z is a p is an integer from 1 to 25 ; 
bromide ion . x is an integer from 1 to 6 ; 

nt , the polycationic amphiphile is a 10 y is an integer from 1 to 6 ; and 
compound selected from the group consisting of formula z is an integer from 1 to 6 . 
XIX - XXa : In one embodiment , the polycationic amphiphile is 

selected from the group consisting of : 

formula XIX 45 

C12H25 — NS 
. 22 , and 

50 . / 

centeret formula XIXa C12H25 — N 

55 
32 

C12H25 — N 

60 
formula XX 

§ vertrou RS 
lex lexz 1 R2 - N N - R7 •3Z " , 
R3 R4 RO 

wherein each occurrence of Z is independently a counterion . 
The linker L may be any suitable linker , as would be 

understood by one of ordinary skill the art . For example , the 
linker L can be a linking group that is bonded to the 

65 polymerizable moiety , the polycationic amphiphile , or both . 
Examples of linkers include , but are not limited to , an alkyl 
group , a benzyl group , an aryl group , a heteroaryl group , or 

N 
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wherein : 
each occurrence of Z is independently a counterion ; and 
x is an integer from 1 to 25 . 
In one embodiment , the polymer is selected from the 

group consisting of : 

a heteroatom , wherein the alkyl , benzyl , aryl , and heteroaryl 
groups may be optionally substituted . In one embodiment , 
the linker is a bond . For example , when the linker is a bond , 
the polymerizable moiety is bonded directly to the polyca 
tionic amphiphile . Examples of linkers include , but are not 5 
limited to , an alkyl group , a benzyl group , an aryl group , a 
heteroaryl group , a cycloalkyl group , an amide group , an 
ester , an amide , a sulfonamide , a carbamate , a carbonate , a 
sulfone , an ether , an oxime , a hydrazine , a urea , a thiourea , 
a phosphate , a poly ( alkyl ether ) , or a heteroatom , wherein 
the group may be optionally substituted . In one embodiment , 
the linker is a C , - C25 alkyl group , wherein the alkyl group 
is optionally substituted . In one embodiment , the linker L is 
a C , alkyl group . 15 

In one embodiment , at least one monomer is selected from 
the group consisting of : 

* 
( . 22 = 3Z 

( CH2 ) ( CH2 ) 

20 

y C12H25 

C12H25 N 

C12H25 
25 

o 

~ 

me •2Z " , and 

C12H25 
C2H25 

C12H25 

•2Z - , and 
C12H25 

TH , 
: 3Z 

C12H25 

•37 , C12H25 , 

C12H25 

12H25 

C12H25 

wherein : 
each occurrence of Z is independently a counterion ; and 
x is an integer from 1 to 25 . 
In one embodiment , the polymer is selected from the 

group consisting of : 
65 
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OR ' , - NR2 , - N - C ( O ) R ' , - N C ( O ) CR = CR ' , 
SR ' , 0 _ C ( O ) R ' , C ( O ) OR ' , - C ( O ) R ' , CF3 , 
OCF3 , halogen , benzyl , o - vinylbenzyl , m - vinylbenzyl , 

p - vinylbenzyl , phenyl , allyl , and substituted allyl ; 
5 each occurrence of R ' is independently selected from the 

group consisting of H and C1 - 4 alkyl ; 
each occurrence of Z is independently a counterion ; 
x is an integer from 1 to 6 ; 
y is an integer from 1 to 6 ; and 
z is an integer from 1 to 6 . 
In one embodiment , the polymer of formula XXV is 

selected from the group consisting of : 

and 
10 

C12H25 
•2Z THE 
Nitya 

and 

C12H25 

C12H25 
•3Z 

wherein each occurrence of Z is independently a counterion . 
In one embodiment , the polymer is a copolymer com 

prised of at least one methyl methacrylate monomer and at 
least one methyl methacrylate monomer comprising at least 40 
one QAC with two or more tetrasubstituted nitrogens . In one 
embodiment , the polymer is a polymer of formula XXV : 

CE 

formula XXV 45 

HHH 
N 

50 

( CH2 ) 
R - @ R2 

( CH2 ) 

R6 

55 wherein R4 , R² , Z , and x have the same meaning as in 
formula XXV . 

( CH2 ) In one aspect of the invention , the polymer of the inven 
tion is a multiQAC polymer based on the scaffold of a nylon 

R3 - NR polymer . 
60 In some embodiments , the polymer is a homopolymer . As 

used herein , the term “ homopolymer ” refers to a polymer 
comprised of only one monomer . In other embodiments , the 
polymer is a copolymer . As used herein , a " copolymer ” 

wherein in formula XXV : refers to a polymer comprised of at least two different 
R ? , R² , R3 , R4 , RP , RP , and R7 are each independently 65 monomers . In one embodiment , the copolymer is comprised 

selected from the group consisting of null , H or C , - C25 alkyl , of at least one styrene monomer . The copolymers may 
wherein the alkyl group may be optionally substituted with contain distinct structural units , such as alternating copoly 

•32 
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mers , periodic copolymers , block polymers , and statistical etc . ) . The catalyst can determine the equilibrium constant 
copolymers , or have monomers in a random order ( random between the active and dormant species during polymeriza 
copolymer ) . In one embodiment , the copolymer is selected tion , leading to control of the polymerization rate and the 
from the group consisting of statistical copolymers , random equilibrium constant . In one embodiment , the catalyst is a 
copolymers , alternating copolymers , and block copolymers . 5 metal having two accessible oxidation states that are sepa 
In one embodiment , the polymer may be a block polymer . As rated by one electron , and a reasonable affinity for halogens . 
used herein , the term “ block copolymer ” refers to a polymer One metal catalyst suitable for ATRP is a source of copper 
comprising two or more dissimilar polymer ( e . g . homopo - ( I ) . In one embodiment , the ligands can be linear amines or 
lymer , copolymer ) segments linked by covalent bonds . The pyridine - based amines . 
union of the dissimilar segments may optionally include an 10 In one embodiment , the polymer is formed by NMP . 
intermediate non - repeat subunit , commonly referred to as a Nitroxide - mediated polymerization ( NMP ) is another form 
junction block . The block copolymer used in the present of controlled living polymerization utilizing a nitroxide 

contain any numbers of the polymeric block radical , such as shown below : 
segments arranged in any manner ( e . g . di - block , tri - block , 
multi - blocks , branched block , graft , linear star polymers , 15 
comb block copolymers , gradient polymers , etc . ) . The block 
copolymer may have a linear or branched structure . Non N — 0 + limiting examples of applicable block copolymers are illus 
trated by the following formulae : Ri 

Nitroxide radical 

R2 

20 

1 - B1 - BAT 
A — B , A — B — A , A - B - A — B , A — B — A , where R1 and R2 are , independently , organic groups ( e . g . , 

aryl groups such as phenyl groups , benzyl groups , etc . , alkyl 
A — B — A — B , A — B — A — B , A - A - A 25 groups , etc . ) . 

The polymerization initiator , agent , or ligand used in the A B present invention is not especially limited . Non - limiting 
examples of RAFT agents include 4 - cyano - 4 - ( phenylcar 
bonothioylthio ) - pentanoic acid , dithiocarbamates , aliphatic 

The molecular weight of these resulting polymers can be 30 or aromatic dithioesters and the like . Non - limiting examples 
controlled as desired . In most embodiments , the molecular of ATRP agents include initiators such as ethyl 2 - bro 
weight of the resulting polymers can be about 2 , 000 g / mol moisobutyrate , metal halides such as copper ( I ) bromide , and 
to about 1 , 000 , 000 g / mole , such as about 10 , 000 g / mol to ligands such as 1 , 1 , 4 , 7 , 10 , 10 - hexamethyltriethylenete 
about 750 , 000 g / mole . However , in other embodiments , the 
molecular weight can be larger or smaller . The molecular 35 tramine . Non - limiting examples of free radical initiators 
weight of the polymer can be determined using any method include persulfates , such as ammonium or alkali metal 
known in the art . Non - limiting examples of methods of ( potassium , sodium or lithium ) persulfate , azo compounds 
determining molecular weight include end - group analysis such as without limitation , 2 , 2 ' - azo - bis ( isobutyronitrile ) , 
( ' H nuclear magnetic resonance , ' H NMR ) and gel - perme 2 , 2 ' - azo - bis ( 2 , 4 - dimethylvaleronitrile ) , and 1 - t - butyl - azo 
ation ( size exclusion ) chromatography ( GPC , or SEC ) . 40 cyanocyclohexane ) , hydroperoxides such as without limita 

The polymers of the invention can be prepared using any tion , t - butyl hydroperoxide and cumene hydroperoxide , per 
technique known in the art . Non - limiting examples of tech - oxides such as without limitation , benzoyl peroxide , 
niques used to prepare polymers includes reversible addi caprylyl peroxide , di - t - butyl peroxide , ethyl 3 , 3 ' - di?t - butylp tion - fragmentation chain transfer polymerization ( RAFT ) eroxy ) butyrate , ethyl 3 , 3 ' - di?t - amylperoxy ) butyrate , t - am atom transfer radical polymerization ( ATRP ) , nitroxide - 45 ylperoxy - 2 - ethyl hexanoate , and t - butylperoxy pivilate , per mediated polymerization ( NMP ) , free radical polymeriza 
tion , conventional ring - opening polymerization ( ROP ) esters such as without limitation , t - butyl peracetate , t - butyl 
methods such as ring - opening metathesis polymerization perphthalate , and t - butyl perbenzoate , percarbonates , such 
( ROMP ) , and other examples of step - growth polymerization as without limitation , di ( 1 - cyano - 1 - methylethyl ) peroxy 
and chain - growth polymerization . 50 dicarbonate , perphosphates , and the like , as well as combi 

In one embodiment , the polymer is formed by RAFT nations thereof . Non - limiting examples of initiators for 
polymerization . RAFT polymerization employs a chain NMP include N - tert - butyl - O - [ 1 - [ 4 - ( chloromethyl ) phenyl ] 
transfer agent that allows construction of the polymer with ethyl ] - N - ( 2 - methyl - 1 - phenylpropyl ) hydroxylamine , N - tert 
a well - defined molecular weight distribution and incorpo butyl - N - ( 2 - methyl - 1 - phenylpropyl ) - O - ( 1 - phenylethyl ) hy 
rates functional groups at the end of the linear polymer 55 dro droxylamine , 2 , 2 , 6 , 6 - tetramethylpiperidine 1 - oxyl chains . RAFT polymerization is compatible with a wide ( TEMPO ) , 4 - methacryloyloxy - 2 , 2 , 6 , 6 - tetramethylpiperi variety of vinyl monomers . 

In one embodiment , the polymer is formed by ATRP . dine - 1 - oxyl ( TEMPO methacrylate ) , and 2 , 2 , 5 - trimethyl - 4 
ATRP is an example of a living free radical polymerization . phenyl - 3 - azahexane - 3 - nitroxide . Non - limiting examples of 
The control is achieved through an activation - deactivation 60 catalysts for ROP include Lewis acids such as BFZ and 
process , in which most of the reaction species are in dormant BF30Et2 . 
format , thus significantly reducing chain termination reac - In one embodiment , the compositions of the present 
tion . The four major components of ATRP include the invention may further comprise crosslinking agents . Such 
monomer , initiator , ligand , and catalyst . ATRP is useful for crosslinking agents can include low molecular weight cross 
a vinyl functional group ( e . g . , a ( methacrylate group ) . 65 linking compounds comprising ketone functionality , or 
Organic halides are particularly suitable initiators for ATRP , another appropriate chromophore , that can absorb energy to 
such as alkyl halides ( e . g . , alkyl bromides , alkyl chlorides , facilitate the crosslinking of polymers of the present inven 
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tion . The crosslinking agent used in the present invention is 
not especially limited . In one embodiment , the crosslinking 
agent is a photoinitiator . In another embodiment , the cross 
linking agent is a thermal initiator . For non - limiting 
examples of thermal initiators and photoinitiators useful for 5 
crosslinking the polymers of the present invention , see The 
Polymer Handbook , 4th Ed . , Brandrup et al . , eds . , John 
Wiley & Sons , which is incorporated by reference herein in 
its entirety . 

The polymers of the invention may be characterized using 
any methods known in the art , as would be understood by 
one of ordinary skill in the art . Non - limiting examples of 
characterization include multinuclear NMR spectroscopy , 16 
gel - permeation ( size exclusion ) chromatography ( GPC , or 
SEC ) , infrared ( IR ) spectroscopy , elemental analysis , differ 
ential scanning calorimetry ( DSC ) , thermal gravimetric 
analysis ( TGA ) , and scanning electron microscopy ( SEM ) . 20 
In one embodiment , the polymer is formed by polymerizing 
at least one monomer comprising the polymerizable moiety 
and the polycationic amphiphile . In another embodiment , 
the polymer is formed by first polymerizing at least one 
monomer comprising the polymerizable moiety but without 
the polycationic amphiphile , and then incorporating the 
polycationic amphiphile after the polymerization step . This 
method is known as post - polymerization modification , and 
may be useful to prepare homopolymers and copolymers of 
the invention . In a non - limiting example , the monomers 
4 - vinylbenzyl chloride and styrene can be polymerized to 
form a random copolymer , and subsequently a polycationic , 
amphiphile can be incorporated into the polymer after the 
polymerization step . See FIG . 15 for a non - limiting example 
of post - polymerization modification with bis - and tris 
QACs . 

In one embodiment , the polymer is not 

PFQ : R = C - H15 
PFQ : R = C9H19 

25 

th 
30 

C6H13 

CjH13 

40 

45 In one embodiment , the polymer is not 

th 

HO 

( CH2 ) 10 , 

or 

C6H13 — NO 

N - C6H13 CA - DAP : R = - CH2 ( CH2 ) 2CH3 
CG - DAP : R = - CH2 ( CH2 ) 4CH3 
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- continued In one embodiment , the polycationic amphiphile and the 
at least one additional antimicrobial agent act synergistically THE in preventing , reducing or disrupting microbial growth or 

0 = formation of a biofilm on a surface . A synergistic effect may 
be calculated , for example , using suitable methods such as , 
for example , the Sigmoid - Emax equation ( Holford & Schei 
ner , 19981 , Clin . Pharmacokinet . 6 : 429 - 453 ) , the equation 
of Loewe additivity ( Loewe & Muischnek , 1926 , Arch . Exp . 
Pathol Pharmacol . 114 : 313 - 326 ) and the median - effect 

10 equation ( Chou & Talalay , 1984 , Adv . Enzyme Regul . 22 : 
27 - 55 ) . Each equation referred to above may be applied to 
experimental data to generate a corresponding graph to aid 
in assessing the effects of the drug combination . The corre 
sponding graphs associated with the equations referred to 
above are the concentration - effect curve , isobologram curve 
and combination index curve , respectively . 

The compositions useful within the invention may further 
include a microbial activity indicator , which is capable of 
indicating the presence of microorganisms on the at least one 

20 surface . 
C3H7 The composition useful within the invention may further 

comprise an acidic solution and glycerol . The acidic solution 
may comprise a short chain monocarboxylic acid ( e . g . , 

Antimicrobial Compositions formic acid , acetic acid or propionic acid ) . The acidic 
The compositions useful within the invention comprise at 25 solution may further comprise ortho - phosphoric acid . In one 

least one polycationic amphiphile . In one embodiment , the embodiment , the acidic solution further comprises a salt , 
polycationic amphiphile is incorporated into a polymer . In such as potassium chloride . 
one embodiment , the composition comprises at least one In one preferred embodiment , the polycationic amphi 
polymer of the invention . The compositions of the invention phile is present in the composition in an amount sufficient to 
may be used in aqueous emulsions such as latexes , water - 30 penetrate or disrupt a biofilm and allow access of the 
based paints and coatings , caulks and adhesives , tape joint polycationic amphiphile , and / or the at one additional anti 
compounds , mineral slurries , water - cooling systems , per - microbial agent to the biofilm - embedded microorganism , 
sonal care products , soaps and detergents , disinfectants , thereby facilitating the removal of at least a portion of the 
cleaners , and sanitizers , pesticide products , oilfield water biofilm - embedded microorganisms from the at least one 
and water - based fluids used in oilfield applications including 35 surface . In another preferred embodiment , the polycationic 
drilling muds , fracturing fluids , and hydrotest fluids , and the amphiphile is present in the composition in an amount 
like . In one embodiment , the composition is an antimicrobial sufficient to inhibit the growth or proliferation of microor 

composition . In one embodiment , the composition is an ganisms on the at least one surface , thereby facilitating the 
removal of at least a portion of the biofilm - embedded antiseptic . In another embodiment , the composition is used 40 microorganisms from such surface . The polycationic amphi for oil - pipeline cleaning . In another embodiment , the com phile may constitute about 0 . 01 % to about 100 % ( by weight ) position is used as an antifouling treatment for ships or other of the composition , about 0 . 1 % to about 60 % ( by weight ) of 

vessels used for transportation . In another embodiment , the the composition , or about 0 . 5 % to about 30 % ( by weight ) of composition is a solid - supported material . the composition . 
The compositions useful within the invention may further 45 The composition of the invention may further comprise a 

comprise at least one additional antimicrobial agent . Non - base material and a biofilm - penetrating agent . Non - limiting 
limiting examples of the at least one additional antimicrobial examples of suitable base materials include , but are not 
agent are levofloxacin , doxycycline , neomycin , clindamy - limited to , buffer solutions , phosphate buffered saline , 
cin , minocycline , gentamycin , rifampin , chlorhexidine , saline , water , polyvinyl , polyethylene , polyurethane , poly 
chloroxylenol , methylisothizolone , thymol , a - terpineol , 50 propylene , polysiloxane ( e . g . , silicone elastomers and sili 
cetylpyridinium chloride , hexachlorophene , triclosan , nitro cone adhesives ) , polycarboxylic acids , ( e . g . , polyacrylic 
furantoin , erythromycin , nafcillin , cefazolin , imipenem , acid , polymethacrylic acid , polymaleic acid , poly ( maleic 
astreonam , gentamicin , sulfamethoxazole , vancomycin , cip - acid monoester ) , polyaspartic acid , polyglutamic acid , 
rofloxacin , trimethoprim , rifampin , metronidazole , clin aginic acid or pectimic acid ) , polycarboxylic acid anhy 
damycin , teicoplanin , mupirocin , azithromycin , clarithro - 55 drides ( e . g . , polymaleic anhydride , polymethacrylic anhy 
mycin , ofoxacin , lomefloxacin , norfloxacin , nalidixic acid , dride or polyacrylic acid anhydride ) , polyamines , 
sparfloxacin , pefloxacin , amifloxacin , gatifloxacin , moxi polyamine ions ( e . g . , polyethylene imine , polyvinylarnine , 
floxacin , gemifloxacin , enoxacin , fleroxacin , minocycline , polylysine , poly - ( dialkylamineoethyl methacrylate ) , poly ( d 
linexolid , temafloxacin , tosufloxacin , clinafloxacin , sul - ialkylaminomethyl styrene ) or poly - ( vinylpyridine ) ) , poly 
bactam , clavulanic acid , amphotericin B , fluconazole , itra - 60 ammonium ions ( e . g . , poly - ( 2 - methacryloxyethyl trialkyl 
conazole , ketoconazole , nystatin , penicillins , cepha - ammonium ion ) , poly - ( vinylbenzyl trialkyl ammonium 
losporins , carbepenems , beta - lactams antibiotics , ions ) , poly - ( N - alkylypyridinium ion ) or poly ( dialkyloctam 
aminoglycosides , macrolides , lincosamides , glycopeptides , ethylene ammonium ion ) and polysulfonates ( e . g . poly 
tetracylines , chloramphenicol , quinolones , fucidines , sulfo - ( vinylsulfonate ) or poly - ( styrene sulfonate ) ) , collodion , 
namides , trimethoprims , rifamycins , oxalines , strepto - 65 nylon , rubber , plastic , polyesters , Gortex® ( polytetrafluoro 
gramins , lipopeptides , ketolides , polyenes , azoles , echi ethylene ) , Dacron® ( polyethylene tetraphthalate ) , Teflon® 
nocandines , and any combination thereof . polytetrafluoroethylene ) , latex and derivatives thereof , elas 



53 
US 10 , 301 , 254 B2 

54 
tomers and Dacron® sealed with gelatin , collagen or albu - placed at the insertion or implantation site such as the skin 
min , cyanoacrylates , methacrylates , papers with porous bar near the insertion or implantation site , and that include at 
rier films , adhesives ( e . g . , hot melt adhesives , solvent based least one surface which is susceptible to colonization by 
adhesives , and adhesive hydrogels ) , fabrics , and crosslinked microorganisms and / or biofilm - embedded microorganisms . 
and non - crosslinked hydrogels , and any other polymeric 5 Also contemplated within the invention is any other surface 
materials that facilitate dispersion of the biofilm - penetrating that may be desired or necessary to prevent microorganisms 
agent and adhesion of the biofilm - penetrating coating to the and / or biofilm - embedded microorganisms from growing or 
at least one surface . Linear copolymers , cross - linked copo - proliferating on at least one surface of the medical device , or 
lymers , graft polymers , and block polymers , containing to remove or clean microorganisms and / or biofilm - embed 
monomers as constituents of the above exemplified poly - 10 ded microorganisms from the at least one surface of the 
mers may also be used . medical device , such as the surfaces of equipment in oper 

In the case of internal or external use of the biofilm ating rooms , emergency rooms , hospital rooms , clinics , and 
penetrating composition on humans or animals , the polyca - bathrooms . In one specific embodiment , the composition is 
tionic amphiphile and the base material should be biocom - integrated into an adhesive , such as tape , thereby providing 
patible with the human beings or animals on which body 15 an adhesive that may prevent or reduce growth or prolifera 
surface the composition is applied . tion of microorganisms and / or biofilm embedded - microor 

The invention further includes a coated surface , which ganisms on at least one surface of the adhesive . 
includes a composition comprising at least one polycationic Implantable medical devices include orthopedic implants 
amphiphile applied to the surface . In one embodiment , the that may be inspected for contamination or infection by 
composition comprises at least one polymer of the inven - 20 microorganisms and / or biofilm - embedded microorganisms 
tion . In one embodiment , the surface is coated with a using endoscopy . Insertable medical devices include cath 
polymer of the invention . In one embodiment , the surface is eters and shunts that can be inspected without invasive 
selected from the group consisting of a glass surface , a metal techniques such as endoscopy . The medical devices may be 
surface , a paper surface , or a polymer surface . In one formed of any suitable metallic materials or non - metallic 
embodiment , a surface may be functionalized and coated 25 materials known to persons skilled in the art . Examples of 
with multicationic QACs . Such surfaces are useful in medi - metallic materials include , but are not limited to , tivanium , 
cal settings ( e . g . , antimicrobial surfaces ) and antiseptic titanium , and stainless steel , and derivatives or combinations 
coated indwelling devices ( e . g . , antimicrobial plastics , thereof . Examples of non - metallic materials include , but are 
stents , joint replacements , and the like ) . The invention not limited to , thermoplastic or polymeric materials such as 
further includes a film or coating comprising at least one 30 rubber , plastic , polyesters , polyethylene , polyurethane , sili 
polycationic amphiphile of the invention . The composition cone , Gortex® ( polytetrafluoroethylene ) , Dacron® ( poly 
may be applied to the desired surface in any suitable manner , ethylene tetraphthalate ) , Teflon® ( polytetrafluoroethylene ) , 
as described herein or as known to those skilled in the art . latex , elastomers and Dacron sealed with gelatin , collagen 
In one embodiment , a septum , or adhesive layer , is made of or albumin , and derivatives or combinations thereof . The 
a breathable material that has small enough porosity to allow 35 medical devices include at least one surface for applying the 
moisture to pass , but functions as a barrier to microorgan - biofilm - penetrating composition . In one embodiment , the 
isms thereby facilitating a lower incidence of microorganism biofilm - penetrating composition is applied to the entire 
colonization and resulting contamination or infection . The medical device . 
adhesive layer may also include a layer of gauze to facilitate Methods 
a lower incidence of microorganism colonization and result - 40 The invention includes a method of preventing or reduc 
ing contamination or infection . ing the growth or proliferation of microorganisms and / or 
Medical Devices biofilm - embedded microorganisms on at least one surface . 

The invention contemplates applying to or coating medi - The method includes the steps of : providing at least one 
cal devices with the compositions useful within the inven surface ; providing a composition comprising a polycationic 
tion . Non - limiting examples of medical devices include 45 amphiphile , and applying the composition to the at least one 
disposable or permanent catheters , ( e . g . , central venous surface in an amount sufficient to prevent or reduce the 
catheters , dialysis catheters , long - term tunneled central growth or proliferation of microorganisms or biofilm - em 
venous catheters , short - term central venous catheters , arte bedded microorganisms on the at least one surface . In one 
rial catheters , peripherally inserted central catheters , periph - embodiment , the polycationic amphiphile is incorporated 
eral venous catheters , pulmonary artery Swan - Ganz cath - 50 into a polymer . In one embodiment , the composition com 
eters , urinary catheters , and peritoneal catheters , drainage prises a polymer of the invention . In one embodiment , the 
catheters ) , long - term urinary devices , tissue bonding urinary surface is a subject ' s body . In another embodiment , the 
devices , vascular grafts , vascular catheter ports , wound surface is at least one surface of a medical device . In another 
drain tubes , ventricular catheters , hydrocephalus shunts embodiment , the surface is a solid surface . In another 
heart valves , heart assist devices ( e . g . , left ventricular assist 55 embodiment , the surface is selected from the group consist 
devices ) , pacemaker capsules , incontinence devices , penile ingofgass surface , metal surface , paper surface , a 
implants , small or temporary joint replacements , urinary polymer surface . 
dilator , cannulas , elastomers , hydrogels , surgical instru - In one embodiment , the composition further comprises a 
ments , dental instruments , tubings ( e . g . , intravenous tubes , base material . In another embodiment , preparation of the 
breathing tubes , dental water lines , dental drain tubes , and 60 composition comprises contacting the polycationic amphi 
feeding tubes ) , fabrics , paper , indicator strips ( e . g . , paper phile and the base material at room temperature and mixing 
indicator strips or plastic indicator strips ) , adhesives ( e . g . , the resulting mixture for a time sufficient to evenly disperse 
hydrogel adhesives , hot - melt adhesives , or solvent - based the polycationic amphiphile in the composition prior to 
adhesives ) , bandages , orthopedic implants , and any other contacting the surface with the composition . The concen 
device used in the medical field . 65 tration of polycationic amphiphile in the composition may 

Medical devices also include any device that may be be varied as desired or necessary to decrease the amount of 
inserted or implanted into a human being or other animal , or time the composition is in contact with the surface . These 
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55 
variations in concentration of polycationic amphiphile are rectal , vaginal , topical , transdermal , ophthalmic , intrathecal 
easily determined by persons skilled in the art . In another or another route of administration . The route ( s ) of admin 
embodiment , at least one surface is contacted with the istration will be readily apparent to the skilled artisan and 
composition under conditions wherein the composition cov will depend upon any number of factors including the type 
ers at least part of the surface . 5 and severity of the disease being treated , the type and age of 

In one embodiment , the composition further comprises an the veterinary or human patient being treated , and the like . 
organic solvent or an alkalinizing agent , either of which The formulations of the pharmaceutical compositions 
enhances the reactivity of the surface of the medical device described herein may be prepared by any method known or 
with the composition . In another embodiment , the organic hereafter developed in the art of pharmacology . In general , 
solvent and / or alkalinizing agent facilitates adhesion of the 10 such preparatory methods include bringing the active ingre 
composition to the at least one surface . dient into association with a carrier or one or more other 

The invention also includes a method of removing at least accessory ingredients , and then , if necessary or desirable , 
a portion of or reducing the number of microorganisms shaping or packaging the product into a desired single - or 
and / or biofilm embedded microorganisms attached to at multi - dose unit . 
least one surface . The method comprises the steps of : 15 As used herein , a “ unit dose ” is a discrete amount of the 
providing at least one surface , wherein the at least one pharmaceutical composition comprising a predetermined 
surface comprises microorganisms and / or biofilm - embed amount of the active ingredient . The amount of the active 
ded microorganisms attached thereto ; and contacting the ingredient is generally equal to the dosage of the active 
least one surface with a composition comprising at least one ingredient that would be administered to a subject or a 
polycationic amphiphile , whereby at least a portion of the 20 convenient fraction of such a dosage such as , for example , 
microorganisms and / or biofilm embedded microorganisms one - half or one - third of such a dosage . The unit dosage form 
are removed from the at least one surface or the number of may be for a single daily dose or one of multiple daily doses 
microorganisms and / or biofilm embedded microorganisms ( e . g . , about 1 to 4 or more times per day ) . When multiple 
attached to the at least one surface is reduced . The contact daily doses are used , the unit dosage form may be the same 
between the at least one surface and the composition should 25 or different for each dose . 
last for a period of time sufficient to remove at least a portion Although the descriptions of pharmaceutical composi 
of the microorganisms and / or biofilm - embedded microor - tions provided herein are principally directed to pharmaceu 
ganisms from at least one surface or reduce the number of tical compositions that are suitable for ethical administration 
microorganisms and / or biofilm embedded microorganisms to humans , it will be understood by the skilled artisan that 
attached to the at least one surface . In one embodiment , the 30 such compositions are generally suitable for administration 
polycationic amphiphile is incorporated into a polymer . In to animals of all sorts . Modification of pharmaceutical 
one embodiment , the composition comprises a polymer of compositions suitable for administration to humans in order 
the invention . In one embodiment , the surface is a subject ' s to render the compositions suitable for administration to 
body . In another embodiment , the surface is at least one various animals is well understood , and the ordinarily 
surface of a medical device . In another embodiment , the 35 skilled veterinary pharmacologist can design and perform 
surface is a solid surface . In another embodiment , the such modification with merely ordinary , if any , experimen 
surface is selected from the group consisting of a glass tation . Subjects to which administration of the pharmaceu 
surface , a metal surface , a paper surface , or a polymer tical compositions of the invention is contemplated include , 
surface . but are not limited to , humans and other primates , mammals 
Pharmaceutical Compositions and Formulations 40 including commercially relevant mammals such as cattle , 

The invention also encompasses the use of pharmaceuti - pigs , horses , sheep , cats , and dogs . 
cal compositions comprising a polycationic amphiphile , for In one embodiment , the compositions of the invention are 
inhibiting or disrupting microorganism growth or the for - formulated using one or more pharmaceutically acceptable 
mation of biofilms on a surface of a subject ’ s body . Such a excipients or carriers . In one embodiment , the pharmaceu 
pharmaceutical composition may consist of the polycationic 45 tical compositions of the invention comprise a therapeuti 
amphiphile in a form suitable for administration to a subject . cally effective amount of a compound of the invention and 
The polycationic amphiphile may be present in the pharma - a pharmaceutically acceptable carrier . Pharmaceutically 
ceutical composition in the form of a physiologically accept - acceptable carriers , which are useful , include , but are not 
able salt , such as in combination with a physiologically limited to , glycerol , water , saline , ethanol and other phar 
acceptable cation , as is well known in the art . 50 maceutically acceptable salt solutions such as phosphates 

In an embodiment , the pharmaceutical compositions use and salts of organic acids . Examples of these and other 
ful for practicing the method of the invention may be pharmaceutically acceptable carriers are described in Rem 
administered to deliver a dose of between 1 ng / kg / day and ington ' s Pharmaceutical Sciences ( 1991 , Mack Publication 
100 mg / kg / day . In another embodiment , the pharmaceutical Co . , New Jersey ) . 
compositions useful for practicing the invention may be 55 The carrier may be a solvent or dispersion medium 
administered to deliver a dose of between 1 ng / kg / day and containing , for example , water , ethanol , polyol ( for example , 
500 mg / kg / day . glycerol , propylene glycol , and liquid polyethylene glycol , 

The relative amounts of the active ingredient , the phar and the like ) , suitable mixtures thereof , and vegetable oils . 
maceutically acceptable carrier , and any additional ingredi - The proper fluidity may be maintained , for example , by the 
ents in a pharmaceutical composition of the invention will 60 use of a coating such as lecithin , by the maintenance of the 
vary , depending upon the identity , size , and condition of the required particle size in the case of dispersion and by the use 
subject treated and further depending upon the route by of surfactants . Prevention or reduction of the action of 
which the composition is to be administered . By way of microorganisms may be achieved by various antibacterial 
example , the composition may comprise between 0 . 1 % and and antifungal agents , for example , parabens , chlorobutanol , 
100 % ( w / w ) active ingredient . 65 phenol , ascorbic acid , thimerosal , and the like . In many 

Pharmaceutical compositions that are useful in the meth - cases , it will be preferable to include isotonic agents , for 
ods of the invention may be suitably developed for oral , example , sugars , sodium chloride , or polyalcohols such as 
































































