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- OH , OR ' , NH , NHR ' , - NR ' , , SH , SR ' , 
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C , 4 alkyl . X or Y is a halogen , m and n are integers in the 
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POLYCATIONIC AMPHIPHILES AS amphiphile such as a triscationic or tetracationic amphiphile , 
ANTIMICROBIAL AGENTS the method of making such an antimicrobial composition , 

and the method of using such a compound or composition 
PRIORITY CLAIM AND CROSS - REFERENCE for antimicrobial use . The compound or the composition 

5 provided in the disclosure has an ability to kill or inhibit the 
This present application is a U . S . national phase applica growth of microorganisms , including but not limited to 

tion filed under 35 U . S . C . $ 371 of International Application bacteria , viruses , yeast , fungi , and protozoa , to attenuate the 
No . PCT / US2014 / 064122 , which was filed Nov . 5 , 2014 , severity of a microbial infection , or to inhibit formation of 
and which claims the benefit of U . S . Provisional Application a biofilm or eradicate pre - established biofilms ( i . e . antibio 
No . 61 / 900 , 037 , filed Nov . 5 , 2013 ; U . S . Provisional Appli - 10 film use ) . 
cation No . 62 / 039 , 265 , filed Aug . 19 , 2014 ; and U . S . Pro Some embodiments of the present disclosure provide an 
visional Application No . 62 / 059 , 216 , filed Oct . 3 , 2014 , antimicrobial composition comprising a compound having 
which applications are expressly incorporated by reference the formula 
herein in their entireties . 15 

or 
CmH2m + 1 

( II ) 
25 

FIELD 
R RzRs | 

The disclosure relates to antimicrobial compositions and OR 1C H2n + 1 X 
related methods . More particularly , the disclosed subject 
matter relates to a composition comprising a polycationic 20 
amphiphile , the method of making and the method of using 
such an amphiphile for antimicrobial use . 

RzRg Rio BACKGROUND LR I R $ 1 , 9 
N - C , H2n + 1 X 

The preparation of chemical agents to counter the spread X CmH2m + í | 
of human pathogens has been a challenge long before the * Re Re ko u 
term medicinal chemistry was coined . From the fermenta 
tion of beverages to the preparation of bleach , the facile 
production of compounds to minimize the pathogenic effects 30 
of microbes has been a key concern . Development of wherein : 
bacterial resistance to even the most potent antibiotics has R1 , R2 , R3 , R4 , R5 , R . , R10 , or Rui is H or a C1 - 12 alkyl 
ensured that continued research into antimicrobial com unsubstituted or optionally substituted with a functional 
pounds will remain crucial . group selected from the group consisting of OH , OR ' , 

NH , NHR ' , _ NR ' , , _ N C ( O ) R ' , _ N C ( O ) 
BRIEF DESCRIPTION OF THE DRAWINGS CR = CR ' , — SH , — SR ' , 0 - C ( O ) R ' , - C ( O ) R ' , CF3 , 

- OCF3 , halogen , benzyl , o - vinylbenzyl , m - vinylbenzyl , 
Aspects of the present disclosure are best understood from p - vinylbenzyl , phenyl , allyl , and substituted allyl ; 

the following detailed description when read with the R7 , Rg or R , is a C1 - 12 alkyl unsubstituted or optionally 
accompanying figures . It is noted that , in accordance with 40 substituted with a functional group selected from the group 
the standard practice in the industry , various features are not consisting of OH , — OR ' , — NH , , - NHR ' , — NR ' , , 
drawn to scale . SH , SR ' , 0 - C ( O ) R ' , - C ( O ) R ' , CF3 , and 

FIG . 1 illustrates the life cycle of a biofilm and the OCFz ; 
inspirations for developing polycationic amphiphiles to R ' is H or a C1 - 4 alkyl ; 
inhibitor eradicate biofilms in accordance with some 45 X or Y is a halogen ( in the form of anion ) ; and 
embodiments . m and n are integers in the range from 1 to 25 ( e . g . , in the 

FIG . 2 illustrates the approach of mimicking antimicro - range from 10 to 16 ) . 
bial peptides using exemplary structures ( Chimera - rendered X or Y can be any halogen including but not limited to 
space filling models of lowest energy conformations ) show - fluorine , chlorine , bromine , iodine , and any combination 
ing the cationic regions ( light regions ) and hydrophobic 50 thereof . In some embodiments , R7 , Rg or R , as the linkers 
regions ( dark regions ) . between two nitrogen atoms can be a C2 - 5 alkyl unsubsti 

FIG . 3 shows images of crystal violet staining and con - tuted or optionally substituted . For example , linkers Ry , Re 
focal microscopy . Left : Submerged S . aureus biofilms 16 h or R , can be - CH2CH2 – CH2CH2CH2 - , 
post - treatment with the indicated final well concentration of CH , CH , CH , CH , — , or — CH , CH , CH , CH , CH , — In 
compound . Middle : Biofilms stained with 1 % crystal violet . 55 some embodiments , R1 , R2 , R3 , R4 , Rs , R6 , R10 , or Ru may 
Right : Confocal microscopy images of biofilms 16 h post be a C 4 alkyl unsubstituted or optionally substituted . In 
treatment . some compounds , at least one of R1 , R2 , R3 , R4 , R5 , R . , R10 , 

or R11 is a C1 - 12 alkyl substituted with a functional group 
SUMMARY OF THE INVENTION selected from the group consisting of — SH , allyl , and 

60 substituted allyl . 
This Summary is provided to present a summary of the In another aspect , the present disclosure provides a 

invention to briefly indicate the nature and substance of the method of making the antimicrobial composition compris 
invention . It is submitted with the understanding that it will ing a compound having the formula ( I ) or ( II ) as described . 
not be used to interpret or limit the scope or meaning of the The method comprises mixing an effective amount of a 
claims . 65 compound having the formula ( I ) or ( II ) and a carrier . 

The present disclosure provides an antimicrobial compo - The present disclosure also provides a method of killing 
sition comprising a compound which is a polycationic or inhibiting microbial growth , comprising applying the 
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+ 0 
RA 

( II ) 

No 
CmH2 + 1 1 

RA 

antimicrobial composition comprising a compound having The film or coating is configured to kill or inhibit growth 
the formula ( 1 ) or ( II ) as described . The antimicrobial of at least one group of microorganisms selected from the 
composition or the compound is used to kill or inhibit group consisting of bacteria , viruses , yeast , fungi , and 
growth of at least one group of microorganisms selected protozoa , or to inhibit formation of a biofilm or eradicate 
from the group consisting of bacteria , viruses , yeast , fungi , 5 pre - established biofilms . 
and protozoa , or to inhibit formation of a biofilm , or disperse 
or eradicate a pre - established biofilm . DETAILED DESCRIPTION 

In another aspect , the present disclosure further provides 
a film or coating comprising a compound Several aspects of the invention are described below with 

10 reference to example applications for illustration . It should 
be understood that numerous specific details , relationships , 
and methods are set forth to provide a full understanding of 

Rj RzRs | the invention . One having ordinary skill in the relevant art , 
TR $ 1C , H2n + 1 X however , will readily recognize that the invention can be 

X CmH2 + 1 or 15 practiced without one or more of the specific details or with 
* * * R , R . other methods . The present invention is not limited by the 

illustrated ordering of acts or events , as some acts may occur 
in different orders and / or concurrently with other acts or 
events . Furthermore , not all illustrated acts or events are 

R RzRs Rio 20 required to implement a methodology in accordance with the 
1 R7 . IR , IR , I present invention . 

N - CH2n + 1 X . 
X CmH2m + 1 Definitions Ro Ru 

25 The terminology used herein is for the purpose of describ 
ing particular embodiments only and is not intended to be 
limiting of the invention . As used herein , the singular forms The compound having the formula ( I ) or ( II ) is grafted “ a ” , “ an ” and “ the ” are intended to include the plural forms 

onto a solid surface . As described , R1 , R2 , R3 , R4 , R5 , R6 as well . unless the context clearly indicates otherwise . 
Rio , or Rui can be H or a C1 - 12 alkyl ( e . g . , a C2 - 5 alkyl ) 30 Furthermore , to the extent that the terms “ including ” , 
unsubstituted or optionally substituted with a functional “ includes ” , “ having ” , “ has ” , “ with ” , or variants thereof are 
group selected from the group consisting of OH , OR ' , used in either the detailed description and / or the claims , such 
- NH ) , NHR ' , — NR ' 2 , N — C ( O R ' , — N — C ( O ) terms are intended to be inclusive in a manner similar to the 
CR = CR ' , - SH , SR ' , - O _ C ( O ) R ' , - C ( O ) R ' , — CF3 , term “ comprising . ” 
- OCF3 , halogen , benzyl , o - vinylbenzyl , m - vinylbenzyl , 35 The term “ about ” or “ approximately ” means within an 

p - vinylbenzyl , phenyl , allyl , and substituted allyl . R7 , R , or acceptable error range for the particular value as determined 
R , can be a C1 - 12 alkyl ( e . g . , a C2 - 5 alkyl ) unsubstituted or by one of ordinary skill in the art , which will depend in part 
optionally substituted with a functional group selected from on how the value is measured or determined , i . e . , the 
the group consisting of — OH , — OR ' , — NH , NHR ' , limitations of the measurement system . For example , 
- NR ' . — SH . — SR ' . _ O _ C ( O ) R : _ C ( O ) R ' . - CF , and 40 “ about " can mean within 1 or more than 1 standard devia 
- OCF2 . R ' is H or a C alkyl . X or Y is a halogen , tion , per the practice in the art . Alternatively , “ about " can 
including fluorine , chlorine , bromine , iodine and any com mean a range of up to 20 % , preferably up to 10 % , more 
binations thereof . m and n are integers in the range from 1 preferably up to 5 % , and more preferably still up to 1 % of 
to 25 ( e . g . , in the range from 10 to 16 ) . a given value . Alternatively , particularly with respect to 

For example , the compound grafted on a solid surface 45 biological systems or processes , the term can mean within an 
may have a structure as shown by the formula order of magnitude , preferably within 5 - fold , and more 

preferably within 2 - fold , of a value . Where particular values 
are described in the application and claims , unless otherwise 
stated the term “ about " meaning within an acceptable error 

50 range for the particular value should be assumed . 
1 RL R $ 1C , H2 + 1 The term “ antimicrobial ” refers to an ability to kill or 

inhibit the growth of microorganisms , including but not 
limited to bacteria , viruses , yeast , fungi , and protozoa , or to 
attenuate the severity of a microbial infection . The antimi 

55 crobial compounds or compositions of the present invention 
are compounds or compositions that may be used for clean 
ing or sterilization , or may be used in the treatment of 

L is a linker comprising a functional group . In some disease and infection . The applications may include both in 
embodiments , R4 is a methylene group optionally substi - vitro and in vivo antimicrobial uses . “ Applying " an antimi 
tuted with a functional group selected from the group 60 crobial composition may include administrating a composi 
consisting of OH , OR ' , — NH , NHR ' , - NR2 , tion into a human or animal subject . 
— SH , SR ' , O C ( O ) R ' , - C ( O ) R ' , CFz , and The term “ biofilm ” as used herein refer to a film formed 
- OCF3 . In some embodiments , in such a film or coating by a group of microorganisms adhered together . The term 
comprising a compound having the formula ( I ) or ( II ) , at " antibiofilm ” as used herein refer to an ability to kill , 
least one of R1 , R2 , R3 , R4 , R5 , R . , R10 , or R11 is a C1 - 12 alkyl 65 disperse and / or eradicate a pre - established biofilm . 
substituted with a functional group ( e . g . , — SH , allyl , and The term “ alkyl ” as used herein refers to a straight chain , 
substituted allyl ) . cyclic , branched or unbranched saturated or unsaturated 

R3 Rs 

xº Han | ° , 
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H 

hydrocarbon chain containing 1 - 25 carbon atoms , such as Amphiphiles , molecules with both polar and non - polar 
methyl , ethyl , propyl , tert - butyl , n - hexyl and the like . “ A regions , have been a mainstay of antimicrobial compounds . 
C1 - 12 alkyl ” as used herein refers to an alkyl group having The use of soap , with ready availability and a simple anionic 
a number of carbon atoms selected from 1 to 12 . amphiphilic structure , has developed into one of the greatest 

The term " optionally substituted ” means that group in 5 advances in human health . The use of benzalkonium chlo 
question may be unsubstituted or it may be substituted one ride , with a comparably straightforward cationic amphiphi 
or several times , such as 1 to 3 times or 1 to 5 times . For lic structure , propelled this revolution into the 20th century , 
example , an alkyl group that is “ optionally substituted ” with where a number of amphiphilic compositions such as 
1 to 5 chloro atoms , may be unsubstituted , or it may contain LYSOL® brand products have become commonplace in the 
1 , 2 , 3 , 4 , or 5 chlorine atoms . Substituted chemical moieties 10 household . 
include one or more substituents that replace hydrogen . Because a variety of amphiphiles share a common method 

The term “ minimum inhibitory concentration ( MIC ) ” of action , namely membrane disruption , both anionic and 
means the lowest concentration of an antimicrobial agent cationic versions have been the focus of antimicrobial 
that will inhibit the visible growth of a microorganism after development campaigns in recent decades . Cationic amphi 
overnight incubation . MIC values against bacteria , for philes have been regarded as membrane disruptors , capital 
example , the Gram - positive Staphylococcus aureus and izing on electrostatic interactions with the predominantly 

anionic bacterial cell membrane , followed by intercalation Enterococcus faecalis and the Gram - negative Escherichia of the non - polar chain , which leads to membrane disruption coli and Pseudomonas aeruginosa were determined by 
standard methods . See also P . A . Wayne , Methods for 20 and ultimately bacterial cell lysis . Multiply charged amphi philic species having polyanionic structures have been Dilution Antimicrobial Tests for Bacteria that Grow Aero developed , perhaps taking inspiration from nature ' s antimi bically ; Approved Standard , Ninth Edition , 2012 , CLSI crobial peptides . For example , a series of dendritic amphi Document M07 - A9 , Vol . 32 No . 2 . philes having three carboxylate groups allow for attachment 

The term " the minimum biofilm eradication concentration to surfaces ( Scheme 1 , left ) . ( MBEC ) ” of a compound is defined as the lowest concen - 25 
tration of compound dosed against a previously established 
bacterial biofilm that leads to a clear well ( optical density of Scheme 1 
less than 0 . 1 ) when the treated biofilm is regrown in fresh 
media , indicating > 95 % clearance of bacteria . A regrowth 
assay was used to establish the MBEC of a compound to 30 

R — W . evaluate the antibiofilm activity . See also H . Ceri , M . Olson , 
D . Morck , D . Storey , R . Read , A . Buret , B . Olson , Methods 
Enzymol . 2001 , 337 , 377 . 

The present disclosure provides an antimicrobial compo R = non - polar group ( s ) 
sition comprising a compound which is a polycationic ( e . g . , 35 W = linker 

triscationic , tetracationic or the like ) amphiphile , and the 
method of making such an antimicrobial compound or 
composition , and the method of using such a compound or 
composition for antimicrobial use . The compound or the 
composition provided in the disclosure has an ability to kill 40 
or inhibit the growth of microorganisms , including but not 
limited to bacteria , viruses , yeast , fungi , and protozoa , or to 
attenuate the severity of a microbial infection . The com 
pound or the composition provided in the disclosure has an 
ability to inhibit or eradicate pre - established biofilms ( i . e . 45 N - R 

R - N antibiofilm use ) formed by the microorganisms . 
Biofilms are complex communities of bacteria that exist 

in a self - produced matrix of polysaccharides , proteins , and 
extracellular DNA . According to the US Centers for Disease 

N Control and Prevention , biofilm infections are responsible 50 - R 

for over 65 % of nosocomial and foreign - device infections . 
Bacterial cells exhibiting the biofilm phenotype are 100 
1000 times more resistant to standard antibiotics , as tradi 
tional molecular targets can be latent in the biofilm state and 
the presence of the extrapolymeric substance ( EPS ) inter - 55 
feres with antibiotic localization . As illustrated in FIG . 1 , the 
biofilm life cycle consists of four stages : ( 1 ) Adhesion 
planktonic cells undergo a phenotypic change and aggregate 
on a surface ; ( 2 ) EPS production - secretion of polysaccha The inventors have developed cationic amphiphilic struc 
rides , extracellular DNA , and proteins ; ( 3 ) Maturation 60 tures and have correlated the structures to antimicrobial 
development of biofilm architecture ; and ( 4 ) Dispersion - activity . The inventors have developed quaternary ammo 
phenotypic reversion to planktonic cells . Bacteria utilize nium amphiphiles based on an all - carbon aromatic core ( A ) , 
many chemical signals to orchestrate this complex lifestyle , an inexpensive TMEDA ( N , N , N ' , N ' - tetramethyl ethylenedi 
and significant efforts have been made to mimic these amine ) core ( B ) , as well as bis - pyridinium structures of both 
chemical classes to inhibit biofilm formation ; however , 65 4 , 4 ' ( C ) and other geometries ( D ) , as illustrated in Scheme 
synthetic compounds that eradicate pre - established biofilms 1 . The inventors have further developed a series of novel 
have been sparsely reported . polycationic ( e . g . , triscationic , tetracationic or the like ) 

N ( CH3 ) 3 

OR 

# 

RN 



US 10 , 136 , 639 B2 

In some embodiments , linkers Ry , Ry or R , is 
CH2CH2 - CH2CH2CH2 – CH2CH2CH2CH2 - , 

or CH2CH2CH2CH2CH2 - . For example , the compound 

amphiphile compounds for antimicrobial uses in the present 
disclosure . These compounds can be used in an antimicro 
bial composition , or used as a film or coating after grated 
onto a solid surface . 

In one aspect , the present disclosure provides an antimi - 5 
crobial composition comprising a compound having the 
formula 

s an antimi - s having the formula ( 1 ) can hou For example , the compound 

( 1 - 2 ) 

CnH2n + 1 ( 1 ) 10 HO O 
Rj - z RzRs 

R $ 1 C , H2n + 1 X CmH2m + 1 
N 

or 
CmH2m + 1 

R2 
15 

( 1 - 3 ) 
Rj Ri 

R7 
RzRs Rio 

R8 R9 I 
NA N — C , H2n + 1 X 

CH2n + 1 x , 
N x cm Hart ? € 

CmH2m + 1 CmH2n + 1 1 ke Ko 20 A 20 to 
Ru1 RII 

x cmH2m + 1 RO WIN - R 

cocowanie to CmH2n + 1 R2 

40 

wherein : 25 ( 1 - 4 ) 
R1 , R2 , R3 , R4 , R5 , R6 , R10 , or R11 is H or a C1 - 12 alkyl 

unsubstituted or optionally substituted with a functional 
group such as OH , OR ' , - NH2 , NHR ' , - NR 2 , CH2n + 1 X© , or 
- N C ( O ) R ' , - N C ( O ) CR = CR ' , SH , SR ' , O 
C ( O ) R ' , - C ( O ) R ' , CF3 , - OCF3 , halogen , benzyl , o - vi - 30 
nylbenzyl , m - vinylbenzyl , p - vinylbenzyl , phenyl , allyl , and 
substituted allyl ; 
Rz , R , or R , is a C1 - 12 alkyl unsubstituted or optionally ( 1 - 5 ) 

substituted with a functional group selected from the group 
consisting of OH , — OR ' , - NH2 , — NHR ' , - NR2 , 35 - C , H2n + 1 X 
— SH , SR ' , O C ( O ) R ' , - C ( O ) R ' , CF3 , and 
- OCFz ; 
R ' is H or a C1 - 4 alkyl or optionally substituted ; 
X or Y is a halogen ( in the form of anion ) ; and 
m and n are integers in the range from 1 to 25 . 
For example , in some embodiments , R1 , R2 , R3 , R4 , R5 , In the compound having the formula ( 1 - 2 ) , ( 1 - 3 ) , ( 1 - 4 ) or 

Ro , R10 , or R11 can be H or a C1 - 4 alkyl unsubstituted or ( 1 - 5 ) ( e . g . , 1 - 3 ) , at least one of R? and R2 , and at least one of 
optionally substituted with a functional group selected from planted from R , and R4 , and at least one of R , and R . , can be methyl in 
the group consisting of OH , — OR ' , - NH2 , - NHR ' , , some embodiments . In some of these compounds , m and n 
- NR ' , SH , SR ' , O C ( O ) R ' , - C ( O ) R ' , CF3 , and are 12 , one of Rz and R4 is selected from a group consisting 
- OCF3 . In some embodiments , at least one of R1 , R2 , R3 , of ethyl , propyl and allyl , and the other groups among R1 , 
R4 , Rs , R . , R10 , or R11 is a C1 - 12 alkyl substituted with a or R , is a C , is alkyl substituted with a R2 , R3 , R4 , R5 , and Ro are methyl . 
functional group such as — SH , allyl , substituted allyl or the Some exemplary compounds described in the present 
like . X or Y can be any halogen in the form of ion including 50 disclosure are denoted using a combination of numbers . For 
but not limited to fluorine , chlorine , bromine , iodine , and example , in some compounds having the formula ( 1 - 2 ) , 
any combination thereof . X or Y can be also tosylate , citrate , ( 1 - 3 ) , ( 1 - 4 ) or ( 1 - 5 ) , both R and R2 , both Rs and Ro are 
any suitable anions or combinations thereof . In some methyl . At least one of R2 and R4 is methyl . Assuming Rz is 
embodiments , X or Y is chlorine or bromine ( i . e . chloride or methyl , R , is H or an alkyl having x carbons , which is 
bromide ) . m and n can be integers in the range from 5 to 25 55 substituted or optionally substituted . Such a compound is 
( e . g . , in the range from 10 to 16 ) . m can be equal or not equal denoted as compound [ m , s , x , s , n ] , compound ( m , s , x , s , 
to n . For example , in some embodiments , at least one of m n ) , or compound m , s , X , S , n . x is the carbon number of 
and n is 12 . carbon atoms in R4 . When R4 is H , x is zero . For example , 
R7 , Rg or R , as the linkers between two nitrogen atoms such a compound having the formula ( 1 - 3 ) , in which Rz is can be a C2 - 5 alkyl unsubstituted or optionally substituted . 60 methyl , R4 is ethyl and both m and n are 12 , is denoted as R7 , R , or R , may be a repeating methylene group unsubsti compound [ 12 , 3 , 2 , 3 , 12 ] . When R4 is an allyl group , x is tuted in the form of ( CH2 ) s — , or optionally substituted 

with a functional group selected from the group consisting denoted as “ 3A . ” For example , such a compound having the 
of OH , OR ' , - NH2 , — NHR ' , - NR ' 2 , SH , SR ' , formula ( 1 - 3 ) , in which Rz is methyl , R4 is allyl and both m 

O C ( O ) R ' , - C ( O ) R ' , CF3 , and OCF3 , s is an 65 and 65 and n are 12 , is denoted as compound [ 12 , 3 , 3A , 3 , 12 ] . 
integer , for example , in the range from 1 to 12 . The value of Similarly , the compound having the formula ( II ) can have 
s in R7 , Rg or R , can be different from each other . the formula 
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( II - 2 ) 
- 

ON - C , H2n + 1 - z O , to 
CmH2m + í RII 

( II - 3 ) 

- 2 

X CH2n + 1 
N — C , H2n + 1 xo , 

? Ru 
to 

( II - 4 ) 

N - C „ H . , X , or mindent * 1 to x CmH2mtí Ri1 
VO 

( II - 5 ) 
R10 

2 N - C , H2n + 1 x 
TO C „ H2m + í 

R11 
po 

In the compound having the formula ( II - 2 ) , ( II - 3 ) , ( II - 4 ) ing a compound having the formula ( I ) or ( II ) as described . 
or ( II - 5 ) , at least one of R , and R2 , and at least one of R , and The method comprises mixing an effective amount of a 
R4 , at least one of R , and R . , and at least one of R10 and Rui compound having the formula ( I ) or ( II ) and a carrier such 
can be methyl in some embodiments . In some of these 35 as a solvent , a carrier , an additive , any other suitable 
compounds , for example , having the formula ( II - 2 ) , m and ingredient , or combinations thereof . 
n are 12 , one of R3 and R4 is selected from a group consisting In some embodiments , the present disclosure also pro 
of ethyl , propyl and allyl , and the other groups among Ri , vides an antimicrobial composition comprising a compound 
R2 , R3 , R4 , R5 , R . , R10 , and R11 are methyl . having the formula ( I ) or ( II ) as described , and a carrier such 
Some exemplary compounds described in the present to as a solvent . The antimicrobial composition can also com 

disclosure are denoted using a combination of numbers . For prise other ingredients and additives . The content of the 
example , in some compounds having the formula ( II - 2 ) , compound having the formula ( I ) or ( II ) can be in any 
both R? and R2 , and both R10 and R11 are methyl . At least suitable concentration . For example , in some embodiments , 
one of Rz and R4 is methyl . At least one of R , and Ro is 45 such a concentration can be in the range from 0 . 01 uM to 
methyl . Assuming Rz and R , are methyl , R4 and Ro are H or 100 uM , for example , from 0 . 1 uM to 10 UM . In some 
an alkyl having X4 and X . carbons , respectively , which is embodiments , the content of the compound having the 
substituted or optionally substituted . Such a compound is formula ( I ) or ( II ) may be at a concentration of from 0 . 1 wt . 
denoted as compound [ N4 - m , X4 , Xg , n ) , compound ( N4 - m , % to 5 wt . % , for example , in the range of from 0 . 2 wt . % 
X4 , X6 , n ) , or compound N4 - m , X4 , X6 , n . When R4 or RG is 50 to 2 . 5 wt . % . Examples of the carrier include ( or exclude ) but 
H , X , or X , is zero . For example , such a compound having the are not limited to a solvent . Examples of other additives 
formula ( II - 2 ) , in which Rz and R , are methyl , R4 and Ro are include or exclude ) but are not limited to surfactants , 
methyl , and both m and n are 12 , is denoted as compound anti - foaming agents , anti - freezing agents , gelling agents , 
[ N4 - 12 , 1 , 1 , 12 ] . When R4 and Ro are an allyl group , X4 or and combinations thereof . The antimicrobial composition 
Xo are denoted as “ 3A . ” For example , such a compound 55 may also comprise a pharmaceutically acceptable carrier or 
having the formula ( II - 2 ) , in which Rz and Rs are methyl , R4 excipient . A pharmaceutically acceptable carrier or excipient 
and Ro are allyl , and both m and n are 12 , is denoted as suitable for a solid preparation such as tablets or capsules 
compound [ N4 - 12 , 3A , 3A , 12 ] . can be , for example , binders ( e . g . , acacia , gelatin , dextrin , 

The present disclosure also provides a method of making hydroxypropylcellulose , methylcellulose , polyvinylpyrroli 
a compound having the formula ( I ) or ( II ) as described . 60 done ) , solvents , dispersion media , diluents ( e . g . , lactose , 
Synthesis of the compound having the formula ( I ) or ( II ) can sucrose , mannitol , corn starch , potato starch , calcium phos 
be achieved using a corresponding polyamine , particularly a phate , calcium citrate , crystalline cellulose ) , lubricants ( e . g . , 
polyamine with desirable cost . The polyamine can be grafted magnesium stearate , calcium stearate , stearic acid , talc , 
with the substitution groups at both ends or in the middle to anhydrous silicic acid ) , disintegrants ( e . g . , corn starch , 
form the resulting polycationic compound . 65 potato starch , carboxymethylcellulose , carboxymethylcellu 

In another aspect , the present disclosure provides a lose calcium , alginic acid ) , and wetting agents ( e . g . , sodium 
method of making the antimicrobial composition compris - laurylsulfate ) . A pharmaceutically acceptable carrier or 
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CmH2m + 1 Ho 

excipient suitable for a liquid preparation , such as solutions 
or suspensions , can be , for example , aqueous vehicles ( e . g . , ( III ) 
water ) , suspending agents ( e . g . , acacia , gelatin , methyl cel RRR | 

LRT LRs 1 CH2n + 1 lulose , carboxymethylcellulose sodium , hydroxymethyl - cel 
lulose , aluminum stearate gel ) , surfactants ( e . g . , lecithin , 5 
sorbitan monooleate , glycerin monostearate ) , and non - aque 
ous vehicles ( e . g . , glycerin , propylene glycol , vegetable oil ) . 
Moreover , liquid preparations may contain preservatives 
( e . g . , p - hydroxybenzoic acid methyl ester , p - hydroxyben 
zoic acid propyl ester ) , flavors , and / or coloring agents . The L is a linker comprising a functional group . In some antimicrobial composition in this disclosure can be formu 
lated to be in any suitable form , including but not limited to embodiments , R4 is a methylene group optionally substi 

tuted with a functional group selected from the group liquid , gel and paste . consisting of OH , — OR ' , — NH , NHR ' , — NR ' 2 , 
The present disclosure also provides a method of killing 15 — SH , SR ' , 0 - C ( O ) R ' , - C ( O ) R ' , - CFz , and 

or inhibiting microbial growth , comprising applying the OCF3 . In some embodiments , in such a film or coating 
antimicrobial composition comprising a compound having comprising a compound having the formula ( I ) or ( II ) , at 
the formula ( I ) or ( II ) as described . The antimicrobial least one of R1 , R2 , R3 , R4 , R5 , R6 , R10 , or Rui is a C1 - 12 alkyl 
composition or the compound is used to kill or inhibit substituted with a functional group selected from the group 
growth of at least one group of microorganisms selected 20 consisting of — SH , allyl , and substituted allyl . X can be 
from the group consisting of bacteria , viruses , yeast , fungi , chlorine or bromine . At least one of m and n may be 12 . 
and protozoa , or to inhibit formation of a biofilm or eradicate The film or coating is configured to kill or inhibit growth 
a pre - established biofilm . Examples of a suitable method of at least one group of microorganisms selected from the 
include but are not limited to pouring , spraying , any other group consisting of bacteria , viruses , yeast , fungi , and 
suitable methods and any combinations thereof . 25 protozoa , or to inhibit formation of a biofilm or eradicate 

pre - established biofilms . In another aspect , the present disclosure further provides 
a film or coating comprising a compound EXAMPLES 

Ro 

R1 Ry 

Kom - Z 

30 A series of polycationic amphiphiles have been prepared . 
( 1 ) Such polycationic amphiphiles have powerful antimicrobial 

R5 

R $ 1 C , H2n + 1 X or activities . The examples described below are for the purpose 
of illustration only . 

X CmH2m + 1 | 1 . Two Triscationic Amphiphiles for Eradicating Estab 
35 lished Biofilm 

Cationic amphiphiles have been implemented , both bio 
logically and commercially , to thwart bacterial infections . In 
the biological arena , both eukaryotic and prokaryotic organ 
isms exploit antimicrobial peptides ( AMPs ) to prevent and 

( II ) 40 eliminate prokaryotic colonization . AMPs strategically RzRs Rio incorporate a variety of features within the peptide scaffold Rg , Ry 
CnH2n + 1 X to eradicate infections including cationic , amphipathic , and 

hydrophobic residues . Representative AMPs with various 
Re Ru secondary structures ( e . g . linear , alpha helical ) with different 

45 physical properties ( charged or hydrophobic ) illustrated in 
different shades are depicted in FIG . 2A . In FIG . 2 , the light 
regions are positively charged and the black regions are 

The compound having the formula ( I ) or ( II ) is grafted hydrophobic . 
onto a solid surface . As described , R1 , R2 , R3 , R4 , Rs , R . , In contrast to inhibitors , which prevent the formation of 
R 10 , or Rui can be H or a C1 - 12 alkyl ( e . g . , a C2 - 5 alkyl ) 50 b ac alkvi ) 50 biofilms , and dispersers , which promote the transition to 
unsubstituted or optionally substituted with a functional planktonic cells , compounds that completely eradicate 
group selected from the group consisting of OH , OR , established biofilms at practical concentrations ( < 500 UM ) 
_ NH , NHR ' , NR ' . , N = C ( 0 ) R ' , N C ( 0 ) have been sparsely reported . Based on this key deficiency , 
CR = CR ' , SH , SR ' , O _ C ( O ) R ' , - C ( O ) R ' , CF3 , and inspired by previous work on antimicrobial peptides 

3 : 55 ( AMP ) derivatives , the inventors hypothesized that quater - OCF3 , halogen , benzyl , o - vinylbenzyl , m - vinylbenzyl , nary ammonium cations ( QACs ) could serve as simplified p - vinylbenzyl , phenyl , allyl , and substituted allyl . R7 , R , or AMPs and eradicate pre - existing biofilms . To the best 
R , can be a C1 - 12 alkyl ( e . g . , a C2 - 5 alkyl ) unsubstituted or knowledge of the inventors , there have been no documented optionally substituted with a functional group selected from uted with a lunctional group selected from studies of their effects on biofilms . 
the group consisting of — OH , — OR ' , - NH2 , — NHR ' , 60 Scheme 1 shows synthesis and structures of mono - and 
- NR , — SH , — SR ' , - 0 C ( O ) R ' , - C ( O ) R ' , — CF3 , and bis - OACs ( structures 1 - 7 ' 91 . 11 ' in this section ) , paraquat 
- OCF3 . R ' is H or a C1 - 4 alkyl . X or Y is a halogen , ( PQ ) - 11 , 11 ( structure 8 ' ) , and tris - QACs ( 10 ' , 12 ' ) . Tris including fluorine , chlorine , bromine , iodine and any com QACs ( compounds 10 ' , 12 ' ) have been synthesized in accor binations thereof . m and n are integers in the range from 1 dance with some embodiments in the present disclosure . The 

to 25 ( e . g . , in the range from 10 to 16 ) . 65 QAC structures shown in Scheme 1 are reminiscent of the 
For example , the compound grafted on a solid surface class of polyamines ( e . g . , norspermidine ) , and accordingly 

may have a structure as shown by the formula the inventors hypothesized that QACs , particularly the poly 
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cationic amphiphiles provided in the present disclosure , - continued 
would possess the potent antibiofilm activity sought . Table 
1 shows the minimum inhibitory concentration of the com 
pounds illustrated in Scheme 1 . Table 2 shows the minimum H23C11 - N N - C11H23 
biofilm eradication concentration ( MBEC ) of these com - 5 
pounds . 8 ' ( PQ - 11 , 11 ) 

The inventors ' focused library of QACs utilized varied HN 
linker length to probe the effect that both charge and Norspermidine 
three - dimensional structure play in the compounds ' biologi - 10 
cal effect , akin to the structural diversity displayed by AMPs 
( as shown in FIG . 2B ) . Recent efforts from the laboratories 
of the inventors led to the inexpensive preparation of tetram TABLE 1 
ethylethylenediamine ( TMEDA ) - derived QACs with low MICs of norspermidine , QACs , and PQ - 11 , 11 . micromolar inhibitory activity against both Gram - positive 15 
and Gram - negative planktonic bacteria ( e . g . , compound MIC ( UM ) 
12 , 2 , 12 ) . In an extension of this TMEDA platform , the Compound ( No . ) S . aureus E . faecalis E . coli P . aeruginosa compound library was designed to include mono - , bis - , and 
tris - cations as well as mono - , di - , and triamines with linker Norspermidine > 500 > 500 > 500 > 500 

8 32 lengths of two , three , and five carbons . With the exception 20 Bn ; 12 ( 1 ) 12 , 12 ( 2 ) of compound 1 ' ( benzalkonium chloride , a component of 1 , 2 , 1 ( 3 ' ) > 500 > 500 > 500 > 500 
many household antiseptics ) , all synthesized compounds are 1 , 5 , 1 ( 4 ' ) > 500 > 500 > 500 

accessible in one to two steps from commercially available 12 , 2 , 12 ( 5 ' ) 
12 , 3 , 12 ( 6 ' ) starting materials through simple alkylation chemistry 35 12 , 5 , 12 ( 7 " ) 

( Scheme 2 ) . The compounds bearing dodecyl side chains > > PQ - 11 , 11 ( 8 ' ) 
demonstrated MIC values in the low micromolar range 12 , 2 , 0 , 2 , 12 ( 9 ' ) 

12 , 2 , 1 , 2 , 12 ( 10 ' ) $ 0 . 25 $ 0 . 25 0 . 5 ( Table 1 ) . 12 , 3 , 0 , 3 , 12 ( 11 ) 50 . 25 50 . 25 
12 , 3 , 1 , 3 , 12 ( 12 ) 0 . 5 1 

8 63 
32 

gtttttt 1 

1 

30 

Scheme 2 . 

? 

Mn N 35 
R C12H25 

1 ' ( Bn , 12 ) : R = Bn 
2 ' ( 12 , 12 ) : R = C12H25 

3 ' ( 1 , 2 , 1 ) : n = 1 
4 ' ( 1 , 5 , 1 ) : n = 4 

Encouraged by the potency of the QACs against plank 
tonic bacterial cells , the inventors then evaluated the efficacy 
of compound ( 12 , 2 , 12 ) against Staphylococcus aureus and 
Enterococcus faecalis biofilms . Compound ( 12 , 2 , 12 ) 
showed significant effects on pre - established biofilms at low 
micromolar concentrations ( Table 2 ) . To both accurately 
evaluate the antibiofilm activity , a regrowth assay was 
utilized to establish the minimum biofilm eradication con 
centration ( MBEC ) of each compound . Compound ( 12 , 2 , 12 ) 
has an MBEC value of 75 uM against both bacteria , approxi 
mately two - fold better than the monocationic derivative 
( 12 , 12 ) and commercially - utilized compound 1 ' ( Bn , 12 ) 
( Table 2 . ) It was also found that compounds ( 1 , 2 , 1 ) and 
( 1 , 5 , 1 ) were unable to eradicate biofilms at the concentra 

43 tions tested , demonstrating that both the cationic character 
and alkyl side chains are necessary to retain efficacy . 

C12H25 H25C12 

5 ' ( 12 , 2 , 12 ) : n = 1 
6 ' ( 12 , 3 , 12 ) : n = 2 
7 ' ( 12 , 5 , 12 ) : n = 4 

B 

TABLE 2 N . C12H25Br ( 2 eq . ) Mn N 
50 MBECs of norspermidine , QACs , and PQ - 11 , 11 . 

MBEC ( UM ) 

Compound ( No . ) S . aureus E . faecalis 
H25C12 M N Mn C2H25 

9 ' ( 12 , 2 , 0 , 2 , 12 ) : n = 1 
11 ' ( 12 , 3 , 0 , 12 ) : n = 2 

Norspermidine > 200 
Bn , 12 ( 1 ) 200 
12 , 12 ( 2 ' ) > 200 
1 , 2 , 1 ( 3 ) > 200 
1 , 5 , 1 ( 4 ' ) > 200 
12 , 2 , 12 ( 5 ' ) 75 + 25° 
12 , 3 , 12 ( 6 ' ) 100 60 12 , 5 , 12 ( 7 ' ) 75 + 259 
PQ - 11 , 11 ( 8 ' ) 50 
12 , 2 , 0 , 2 , 12 ( 9 ' ) 75 + 25a 
12 , 2 , 1 , 2 , 12 ( 10 ) 
12 , 3 , 0 , 3 , 12 ( 11 ) 100 
12 , 3 , 1 , 3 , 12 ( 12 ) 100 

65 - 
MBEC values varied between 50 and 100 UM for the six trials . 

> 200 
200 
200 

> 200 
> 200 

75 = 252 
75 + 250 
75 + 250 

Mel , a 
SO 
100 

H25C12 M N " In C12H25 50 25 

10 ' ( 12 , 2 , 1 , 2 , 12 ) : n = 1 ( 90 % ) 
12 ' ( 12 , 3 , 1 , 3 , 12 ) : n = 2 ( 72 % ) 
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triamine structures 

" mcenic 
Z = CH2 , NCH3 , N ( CH3 ) 2 , N ( CH3 ) allyl , N ( CH3 ) R 

tetraamine structures 

vrir leita 
Z = NCH3 , N ( CH3 ) 2 , N ( CH3 ) allyl 
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The minimum biofilm eradication concentration ( MBEC ) 
of other compounds are shown in Table 2 . The inventors Scheme 3 . 
have determined that both cationic character and alkyl side 
chains are important for biofilm eradication . Triscationic 
compounds ( 12 , 2 , 1 , 2 , 12 ) and ( 12 , 3 , 1 , 3 , 12 ) also showed 
good capability for film eradication . Compound ( 12 , 3 , 1 , 3 , H2n + iCn N - C , H2n + 1 
12 ) and biscationic compound ( 12 , 3 , 0 , 3 , 12 ) showed similar 
results . There is a moderate increase in efficacy between 
bis - cation ( 12 , 2 , 0 , 2 , 12 ) and tris - cation ( 12 , 3 , 0 , 3 , 12 ) that 10 
provides the most active biofilm - eradicating compound H2n + 1C1N N — C?H2n + 1 

reported among these compound . To demonstrate the activ 
ity of these compounds , crystal violet staining and confocal 
imaging was utilized ( FIG . 3 ) . Crystal violet staining illus - 15 
trates the significant effect that QACs ( 12 , 3 , 12 ) , ( 12 , 3 , 0 , 3 , 
12 ) , and ( 12 , 3 , 1 , 3 , 12 ) display against pre - established bio 
films when o compared to the aqueous H2n + 1Cn - N control or ' N - C , H2n + 1 norspermidine . Furthermore , confocal microscopy reveals 
significant biofilm perturbation at concentrations as low as 
12 uM , significantly lower than the reported MBEC values . 

In summary , the inventors have demonstrated for the first 
time that QACs , are potent eradicators of pre - established 
bacterial biofilms . This development also provides insight 25 The inventors first set out to assemble a set of structures 

that were strictly biscationic , using the simple n , 5 , n struc toward the minimal structural features needed to eradicate S . tures , ( Z = CH2 , Scheme 3 ) , where n is the length of alkyl aureus and E . faecalis biofilms ; merely two permanent chains , and five is the linker length between the nitrogen cationic charges with alkyl side chains can confer biofilm atoms . Scheme 4 illustrates the preparation of biscationic 
disruption capability . The compounds are synthesized in one 30 amphiphiles of the n , 5 , n series . Syntheses , as illustrated in 
or two steps from commercially available material , making Scheme 4 , were accomplished by the exposure of 1 , 5 
them attractive alternatives to existing methods for biofilm dibromopentane to a range of dimethyl alkyl amines , pro 
eradication . Triscationic amphiphiles including ( 12 , 2 , 1 , 2 , viding compounds 1 - 4 ( described below in this section ) . 
12 ) and ( 12 , 3 , 1 , 3 , 12 ) show remarkable antibiofilm activity . z Yields ranged from 72 to 90 % . The bis - alkylated products 

were recrystallized as necessary to remove any residual 2 . Additional Triscationic and Tetracationic Amphiphiles starting material or alkyl bromide and provide compounds in 
and their Antimicrobial Activities high purity . 

Despite numerous reports of the antimicrobial activity of 
biscationic amphiphiles , there are no investigations to the 
inventors ' knowledge correlating antimicrobial activity to 
amphiphiles with three or four quaternary ammonium 
groups . This stands in stark contrast to the wide variety of 
bioactive natural products ( and derivatives thereof ) incor C , H2n + 1 porating multiple primary , secondary , and tertiary amines ; 45 
common examples include spermine , spermidine , squala Br acetonitrile ( ~ 2M ) 
mine , and others . While these are generally drawn as neutral A , 2 . 5 h 
compounds , they will have multiple cations at physiological 
PH ; related compounds have been investigated as possible H2n + 1CnN N — C H2n + 1 
biofilm disruptors . 

With the ready availability of compounds with three or n , 5 , n 
four tertiary amines at modest commercial cost , the inven 1 , 10 , 5 , 10 , n = 10 ; 76 % 
tors continued correlating bioactivity to amphiphilic struc 2 , 12 , 5 , 12 , n = 12 ; 80 % 

3 , 14 , 5 , 14 , n = 14 ; 72 % ture , specifically the number of cations present , as well as 4 , 16 , 5 , 16 , n = 16 ; 90 % 
the number and lengths of non - polar side chains . The target 
set of compounds is summarized in Scheme 3 . For the 
trisamine - inspired structures , compounds were designed Scheme 5 illustrates preparation of amphiphiles of the 
with either a five - or seven - atom linker between two qua - ( 1 , 2 , 0 , 2 , n ) series . In preparation for a series of compounds 
ternary ammonium species ( Scheme 3 , left ) . This allows for a bearing either two or three cationic species , the inventors 
the incorporation of an additional quaternary ammonium began with the inexpensive pentamethyl bis ( ethylenedi 
moiety in the center of the structure , which can be attached amine ) as shown in Scheme 5 . Alkylation thereof was found 
to either short or long chain alkyl residues . The inventors to be both selective and high - yielding , providing five struc 
also aimed to prepare structures based on a tetraamine tures of the ( n , 2 , 0 , 2 , n ) series , where n is the length of alkyl 
platform , bearing up to four ammonium residues ( Scheme 3 , 65 chains , 2 is the linker length between the nitrogens , and 0 
right ) . The inventors aimed to develop unified synthetic represents the lack of additional substitution on the central 
methods for the amphiphiles presented . nitrogen . 

40 
Scheme 4 . 

• A5 BI 

2B , O 
50 
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- continued 
Scheme 5 . 

3 Bro 

10 

H2n + 1CnN N - C , H2n + 1 
CnH2n + 1Br 

acetonitrile ( 2M ) 
A , overnight 
2 Br © 

H2n + iCn - CnH2n + 1 n , 2 , 3A , 2 , n 
15 , 10 , 2 , 3A , 2 , 10 , n = 10 ; 46 % 
16 , 11 , 2 , 3A , 2 , 11 , n = 11 ; 83 % 
17 , 12 , 2 , 3A , 2 , 12 , n = 12 ; 57 % 

n , 2 , 0 , 2 , n 18 , 14 , 2 , 3A , 2 , 14 , n = 14 ; 90 % 
5 , 10 , 2 , 0 , 10 , n = 10 ; 63 % 19 , 16 , 2 , 3A , 2 , 16 , n = 16 ; 79 % 

6 , 11 , 2 , 0 , 2 , 11 , n = 11 ; 89 % 
7 , 12 , 2 , 0 , 2 , 12 , n = 12 ; 95 % 15 
8 , 14 , 2 , 0 , 2 , 14 , n = 14 ; 73 % Synthesis of an exemplary compound ( 12 , 2 , 1 , 2 , 12 ) is 9 , 16 , 2 , 0 , 2 , 16 , n = 16 ; 95 % described herein as representative procedure of preparing 

compound ( m , 2 , 1 , 2 , n ) . To a solution of CHŽI ( ~ 1 . 0 mL , 16 Synthesis of an exemplary compound ( 14 , 2 , 0 , 2 , 14 ) is mmol ) was added ( 12 , 2 , 0 , 2 , 12 ) ( 201 mg , 0 . 299 mmol ) . The described herein as representative procedure of preparing 20 resulting clear yellow solution was stirred at room , and compound ( m , 2 , 0 , 2 , n ) . To a solution of 1 - bromotetrade additional CH I was added over 72 hours , during which time cane ( 2 . 25 mL , 8 . 26 mmol ) in CH2CN ( 2 mL ) was added 
N , N , N , N " , N " - pentamethyldiethylenetriamine ( 0 . 87 mL , 4 . 2 a solid was observed . Crude ' H NMR showed that ( 12 , 2 , 1 , 
mmol ) . The resulting clear solution was stirred at rt for 20 2 , 12 ) was the major product . 
h , during which time a white solid was observed . To the 25 Scheme 7 shows the preparation of amphiphiles with 
reaction mixture was added cold acetone ( ~ 9 mL ) , which led 7 - atom linkers of the type ( 12 , 7 , 12 ) and ( 12 . 3 . x . 3 , 12 ) . 
to a white precipitate . Filtration through a Buchner funnel Suspecting that the proximity of the three cationic nitrogens 
furnished a white solid , which was washed with cold acetone was an impediment to this final alkylation , the inventors ( ~ 4 mL ) and then hexanes ( ~ 4 mL ) , affording ( 14 , 2 , 0 , 2 , 14 ) prepared an analogous set of compounds with seven - atom ( 2 . 188 g , 73 % ) as a white solid . 

Further functionalization of compounds of the n , 2 , 0 , 2 , n 30 linkers between the " bookend ” quaternary ammonium spe 
series was not as straightforward as the inventors had hoped , cies , maintaining the dodecyl side chains . This began with 
as attempted alkylation with long - chained electrophiles the preparation of ( 12 , 7 , 12 ) ( Scheme 7 ) in accordance with 
( e . g . , dodecyl bromide ) proved sluggish . However , the the method above . Then , starting with known amphiphile 
inventors were able to effect alkylations ( Scheme 6 ) under ( 12 , 3 , 0 , 3 , 12 ) ( derived from commercially available 2 , 6 , 10 
stronger conditions , either in neat iodomethane at room » trimethyl - 2 , 6 , 10 - triazaundecane ) we were able to prepare a 
temperature ( 7d , providing n , 2 , 1 , 2 , n ) or in allyl bromide at set of structures with varied substitution at the center carbon . 
reflux ( overnight , providing n , 2 , 3A , 2 , n ) . Methylation yields The inventors first prepared substitutions of methyl and allyl 
were high ( 290 % ) , and allylation yields were good ( 46 - ( 12 , 3 , 1 , 3 , 12 ) and ( 12 , 3 , 3A , 3 , 12 ) , respectively , to parallel the 
83 % ) . Scheme 6 illustrates the preparation of amphiphiles of above compounds ( 12 , 2 , 1 , 2 , 12 ) and ( 12 , 2 , 3A , 2 , 12 ) . Simple 
the type ( n , 2 , 1 , 2 , n ) and ( n , 2 , 3A , 2 , n ) . alkylation was accomplished in good yield with both butyl 

and dodecyl chains ( 12 , 3 , 4 , 3 , 12 ) and ( 12 , 3 , 12 , 3 , 12 ) , respec 
tively , from reflux with the corresponding alkyl bromide . 

Scheme 6 . Additionally , both benzyl and para - octyl benzyl groups were 
45 prepared as well . 

H2n + 1 Cn N - C , H2n + 1 CH31 , neat 
rt , 7 days Scheme 7 . 

n , 2 , 0 , 2 , n 
50 

N 
H2n + 1Cn — N — CnH2n + 1 , C12H25 

Br Br acetonitrile ( 2M ) 
A , overnight 

55 

2 Br 0 
1° 2 Br 0 

n , 2 , 1 , 2 , n 
10 , 10 , 2 , 1 , 2 , 10 , n = 10 ; 90 % 
11 , 11 , 2 , 1 , 2 , 11 , n = 11 ; 99 % 
12 , 12 , 2 , 1 , 2 , 12 , n = 12 ; 90 % 
13 , 14 , 2 , 1 , 2 , 14 , n = 14 ; 97 % 
14 , 16 , 2 , 1 , 2 , 16 , n = 16 ; 94 % 

H25C12 - N Vi N - C12H25 

20 , 12 , 7 , 12 ; 63 % 60 

2 Br 0 
H2ntin N — C , H2n + 1 allyl bromide 

neat Hotehnica de conferences in C12H25 — N N N - C12H25 RX , 
A , 

overnight 65 21 , 12 , 3 , 0 , 3 , 12 ; Ref 18 , 27 n , 2 , 0 , 2 , n 
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- continued 
- 

Z - 

A 5 
H25C12 — N N - C12H25 

2 Br x 
22 , 12 , 3 , 1 , 3 , 12 , R = CH3 ; X = 1 ' ; 72 % 

23 , 12 , 3 , 3A , 3 , 12 , R = allyl ; X = Br " ; 83 % 
24 , 12 , 3 , 4 , 3 , 12 , R = butyl ; X = Br " ; 51 % 

25 , 12 , 3 , Bn , 3 , 12 , R = benzyl ; X = Br " ; 94 % 
26 , 12 , 3 , B1 - 8 , 3 , 12 , R = p - octylbenzyl ; X = Br " ; 49 % 

27 , 12 , 3 , 12 , 3 , 12 , R = dodecyl ; X = Br " ; 78 % 
10 

Scheme 8 illustrates the preparation of amphiphiles of the 
type ( N4 - n , n , n , n ) . To further extend the scope of the inves - 15 
tigation , the inventors prepared a series of compounds 
bearing four amines , starting with the commercially avail 
able 1 , 1 , 4 , 7 , 10 , 10 - hexamethyltriethylenetetramine ( abbre 
viated as N4 - 0 , 0 , 0 , 0 ) , shown in Scheme 8 . This opened the 
possibility of evaluating amphiphiles with up to four cations . 30 
The inventors found that monoalkylation of ( N4 - 0 , 0 , 0 , 0 ) 
was somewhat selective under our standard conditions ( 1 
equiv RBr , acetonitrile , A ) , providing ( N4 - 12 , 0 , 0 , 0 ) and 
( N4 - 14 , 0 , 0 , 0 ) in 53 - 65 % yield after trituration . Subsequent 
alkylation of 29 with 1 equivalent of dodecyl bromide led to 25 
a clean preparation of the pseudoasymmetric ( N4 - 14 , 0 , 0 , 
12 ) , wherein solely the peripheral nitrogens were alkylated , 
as evidenced by NMR spectra that displayed high levels of 
symmetry . Alternatively , bis - alkylation of the starting tet 
raamine furnished either ( N4 - 12 , 0 , 0 , 12 ) or ( N4 - 14 , 0 , 0 , 14 ) 30 
( 93 and 84 % , respectively ) . Bis - ammonium compound 
N4 - 12 , 0 , 0 , 12 was in turn bis - allylated under forcing condi 
tions ( neat allyl bromide , reflux , 2 . 5 h ) to provide a tetra 
cationic derivative ( N4 - 12 , 3A , 3A , 12 ) ( 91 % ) . 



Scheme 8 . 

C „ H2n + 1Br 
acetonitrile ( ~ 2M ) 
A , overnight 

le Br 0 

C12H25Br , 1 equiv acetonitrile ( 2M ) 
A , overnight 

C14H29 — N 

C „ H2n + 1 - 

N 

N - C12H25 2B , 0 

28 , N4 - 12 , 0 , 0 , 0 : 53 % 29 , N4 - 14 , 0 , 0 , 0 : 65 % 

30 , N4 - 14 , 0 , 0 , 12 95 % 3 . 10 12 

N4 - 0 , 0 , 0 , 0 

allyl bromide 3 h 

C12H25 — N 

N - C12H25 

C H2n + ] Br , 2 equiv 
acetonitrile ( 2M ) 
A , overnight 

E 

2 Br 

mployment operations 
C12H25 - N 

4 Br 0 

N - C12H25 

4 Br 

33 , N4 - 12 , 3A , 3A , 12 91 % 

31 , N4 - 12 , 0 , 0 , 12 : 93 % 32 , N4 - 14 , 0 , 0 , 14 : 84 % 

3 d ( 1949 ) , com 

explore 
US 10 , 136 , 639 B2 

21° 2 Br 0 

34 , N4 - 12 , 1 , 1 , 12 93 % 
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With nearly three - dozen amphiphiles varying in structure compounds with 1 , 2 , or 4 ammonium groups ( e . g . , N4 - 12 , 
and cationic nature synthesized , minimum inhibitory con - 0 , 0 , 0 , N4 - 12 , 0 , 0 , 12 , and N4 - 12 , 3A , 3A , 12 ) . While ( N4 - 12 , 
centration ( MIC ) values against the Gram - positive Staphy 3A , 3A , 12 ) did indeed show strong activity ( MIC values = 1 
lococcus aureus and Enterococcus faecalis and the Gram uM versus three bacteria , and 2 uM versus P . aeruginosa ) , 
negative Escherichia coli and Pseudomonas aeruginosa 5 N4 - 12 , 0 , 0 , 12 was equally active , excepting a value of 4 uM 
were determined by standard methods . Table 3 shows the versus P . aeruginosa . These both were about 8 - fold more 
MIC values for prepared amphiphilic compounds , reported bioactive than ( N4 - 12 , 0 , 0 , 0 ) , which bears just one quater 
in M . The commercially available antibacterial agent ben - nary ammonium group . 
zalkonium chloride ( benzyldimethyldodecylammonium In summary , polycationic amphiphiles provided in this 
chloride , Bn , 12 ) was tested for comparison . The broth 10 disclosure provide great ability to disrupt persistent biofilms 
microdilution for determining MIC values was performed as and display some level of preferential activity at the more 
previously reported . anionic membrane of prokaryotes . 

TABLE 3 
No . Compound Charge ( # nitrogens ) S . aureus E . faecalis E . coli P . aeruginosa 

NNNNNNNN 0 Toontoot 
de ce at Band 

12 50 . 25 - 49 50 . 25 - 4° 
1 

0 . 5 - 49 
2 

NT 
8 

NT NT NT NT 

10 , 5 , 10 
12 , 5 , 12 
14 , 5 , 14 
16 , 5 , 16 

10 , 2 , 0 , 2 , 10 
11 , 2 , 0 , 2 , 11 
12 , 2 , 0 , 2 , 12 
14 , 2 , 0 , 2 , 14 
16 , 2 , 0 , 2 , 16 
10 , 2 , 1 , 2 , 10 
11 . 2 . 1 . 2 . 11 
12 , 2 , 1 , 2 , 12 
14 , 2 , 1 , 2 , 14 
16 , 2 , 1 , 2 , 16 
10 , 2 , 3A , 2 , 10 
11 , 2 , 3A , 2 , 11 
12 , 2 , 3A , 2 , 12 
14 , 2 , 3A , 2 , 14 
16 , 2 , 3A , 2 , 16 

12 , 7 , 12 
12 , 3 , 0 , 3 , 12 
12 , 3 , 1 , 3 , 12 
12 , 3 , 3A , 3 , 12 
12 , 3 , 4 , 3 , 12 
12 , 3 , Bn , 3 , 12 

12 , 3 , Bn - 8 , 3 , 12 
12 , 3 , 12 , 3 , 12 
N4 - 12 , 0 , 0 , 0 
N4 - 14 , 0 , 0 , 0 
N4 - 14 , 0 , 0 , 12 
N4 - 12 , 0 , 0 , 12 
N4 - 14 , 0 , 0 , 14 

N4 - 12 , 3A , 3A , 12 
N4 - 12 , 1 , 1 , 12 

Bn , 12 

NOWNHO OOO 
NAW 

2 + ( 2N ) 
2 + ( 2N ) 
2 + ( 2N ) 
2 + ( 2N ) 
2 + ( 3N ) 
2 + ( 3N ) 
2 + ( 3N ) 
2 + ( 3N ) 
2 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
2 + ( 2N ) 
2 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
3 + ( 3N ) 
1 + ( 4N ) 
1 + ( 4N ) 
2 + ( 4N ) 
2 + ( 4N ) 
2 + ( 4N ) 
4 + ( 4N ) 
4 + ( 4N ) 
1 + ( 1N ) 

39 * * 

* * * * * * * * 3 

0 . 5 

* * 

* 33 
34 NT NT NT 

32 
NT 

Compound ( 12 , 2 , 1 , 2 , 12 ) showed modest water solubility , and thus provided varying MIC values . 

H25C12 
7 

The MIC data obtained for the 32 amphiphiles tested were 3 . Exemplary Compound ( 12 , 3 , 2 , 3 , 12 ) 
found to be remarkably consistent , with over half of com - s An exemplary compound ( 12 , 3 , 2 , 3 , 12 ) was prepared 
pounds tested ( 20 / 32 ) displaying single digit MICs versus all through a two - step process . 
four bacteria tested . MIC variation mostly hinged on the Step 1 : Preparation of Compound ( 12 , 3 , 0 , 3 , 12 ) 
length of alkyl chain , where the dodecyl chain was generally 
found to be optimal . This was exemplified in the comparison 
of the X = CH2 compounds , in both the n , 5 , n series ( 1 - 4 ) as 55 _ C12H25 
well as ( 12 , 7 , 12 ) ( 20 ) , to the corresponding structures bear 
ing the N - CH3 group ( 5 , 7 - 9 , 21 ) or quaternary ammonium 
groups ( 10 , 12 - 13 , 22 , etc ) in the center of the compound ; 
little was changed across the board . In fact , ( 12 , 5 , 12 ) and 
( 12 , 7 , 12 ) were two of the most potent compounds we 60 
prepared , with MIC valuess2 uM in 7 of the 8 cases tested . To a solution of 2 , 6 , 10 - trimethyl - 2 , 6 , 10 - triazaundecane 
Compound ( 12 , 2 , 1 , 2 , 12 ) was found to be sparingly soluble ( 2 . 77 ml , 2 . 30 g , 11 . 4 mmol ) in acetonitrile ( 2 . 0 mL ) was 
in water , and thus posed difficulty in providing repeatable added 1 - bromododecane ( 3 . 45 ml , 3 . 66 g , 22 . 7 mmol ) . The 
MIC values . In light of the result that longer linkers provided resulting colorless solution was heated to reflux for 48 h , 
comparable activity , the inventors evaluated the greater 65 during which time a golden paste was observed . After 
structural variety available in the ( 12 , 3 , x , 3 , 12 ) series . cooling , hexane ( ~ 15 mL ) was added to the reaction mix 
Finally , the tetraamine scaffold allowed for comparison of ture . Filtration though a Büchner funnel furnished a yellow 

2 Bro 



US 10 , 136 , 639 B2 
25 26 

- continued gold gel , which was washed with cold hexanes ( ~ 5 mL ) to 
afford compound ( 12 , 3 , 0 , 3 , 12 ) ( 7 . 95 g , ~ 100 % ) as a yellow 
gold gel . 

Step 2 : Preparation of Compound ( 12 , 3 , 2 , 3 , 12 ) . Bacteria MBECs ( UM ) : 

100 USA300 - 0114 
Lysis20 : 

H25C12 — N N - C12H25 

3 Br 10 

12 , 3 , 2 , 3 , 12 

To the semi - solid trisamine ( 12 , 3 , 0 , 3 , 12 ) ( 572 . 3 mg , 
0 . 818 mmol ) was added bromoethane ( 2 mL , 26 mmol ) . The 15 2 16 
resulting pale yellow - orange solution was warmed to reflux 
with stirring for 22 h , during which time a white precipitate 

No resistance was observed in liquid cultures of SH1000 
or USA300 - 0114 serially passaged with Compound ( 12 , 3 , 
2 , 3 , 12 ) over a period of at least 14 days . 

4 . Exemplary Compound ( 12 , 3 , 11 - SH , 3 , 12 ) 
An exemplary compound ( 12 , 3 , 11 - SH , 3 , 12 ) having the 

following formula was prepared as follows . 

m ere 
3 Br 

SH 

was observed . After addition of cold acetone ( 10 mL ) to the To a solution of 11 - bromo - 1 - undecanethiol ( 0 . 1250 g , 
still - warm reaction flask , the precipitate was filtered through 0 . 4677 mmol ) in acetonitrile ( ~ 1 mL ) was added 12 , 3 , 0 , 3 , 12 
a Büchner funnel , rinsing with cold acetone ( 3 mL ) , before 40 ( 0 . 3273 g , 0 . 4538 mmol ) . The resulting colorless solution 
being dried in vacuum , affording 12 , 3 , 2 , 3 , 12 as a white was heated at reflux under argon for 1 week . Addition 
powder ( 0 . 5438 g , 82 % ) , as a white solid ; mp = 217 - 219° C . ; acetonitrile ( 1 mL ) was added to the reaction flask after 2 
IH NMR ( 300 MHz , CDC12 ) 8 3 . 91 ( s , 4H ) , 3 . 79 ( s , 8H ) , days and 3 days to facilitate dissolution . To the warm 

reaction mixture was added cold hexanes ( ~ 6 mL ) , during 3 . 47 - 3 . 36 ( m , 17H ) , 2 . 58 ( s , 4H ) , 1 . 77 ( s , 4H ) , 1 . 50 ( t , 3H ) , 45 whi Ut , 3H ) , 45 which time a yellowish precipitate was observed . Filtration 
1 . 33 - 1 . 16 ( m , 36H ) , 0 . 86 ( t , 6H ) ; * °C NMR ( 75 MHz , through a Büchner funnel furnished a yellowish amorphous 
CDC1z ) & 66 . 39 , 61 . 18 , 57 . 53 , 51 . 04 , 49 . 27 , 31 . 86 , 29 . 59 , solid , which was washed with cold hexanes ( ~ 10 mL ) to 
29 . 51 , 29 . 47 , 29 . 28 , 26 . 37 , 22 . 96 , 22 . 62 , 18 . 32 , 14 . 04 , 9 . 02 . afford 12 , 3 , 11 - SH , 3 , 12 ( 0 . 170 g , 80 % ) as a yellow amor 

Compound ( 12 , 3 , 2 , 3 , 12 ) has showed excellent antimicro phous solid ; ' H NMR ( 300 MHz , CDC12 ) 8 3 . 73 ( s , 8H ) , 
bial activities . For example , the values of the MIC ( in uM ) 50 3 . 42 ( s , 6H ) , 3 . 33 - 3 . 27 ( m , 15H ) , 3 . 09 ( s , 1H ) 2 . 45 - 2 . 40 ( m , 
and the MBEC for each bacterium evaluated are as follows : 6H ) , 1 . 72 ( s , 6H ) , 1 . 56 - 1 . 48 ( m , 6H ) , 1 . 29 - 1 . 19 ( m , 46H ) , 

0 . 81 ( t , J = 6 . 5 Hz , 6H ) ; 13C NMR ( 75 MHz , CDC1 , ) 8 66 . 19 , 
66 . 02 , 64 . 21 , 61 . 55 , 60 . 92 , 58 . 07 , 51 . 73 , 51 . 18 , 50 . 95 , 

Bacteria 50 . 02 , 41 . 56 , 33 . 94 , 32 . 15 , 31 . 83 , 29 . 66 , 29 . 57 , 29 . 27 , MICs ( UM ) : 28 . 96 , 28 . 85 , 28 . 27 , 26 . 32 , 24 . 55 , 22 . 88 , 22 . 59 , 18 . 67 , 
S . aureus ( SH1000 ) 0 . 5 18 . 29 , 14 . 01 ; high resolution mass spectrum ( ESI ) m / z 
E . faecalis ( OG1RF ) 242 . 2514 ( [ M ] 3 + ; calculated for [ C46H100N3S ] 3 + : E . coli ( MC4100 ) 242 . 2541 ) . P . aeruginosa ( PA01 ) 
CA - MRSA ( USA300 - 0114 ) This compound ( 12 , 3 , 11 - SH , 3 , 12 ) has showed excellent 
HA - MRSA ( ATCC33591 ) antimicrobial activities . For example , the values of the MIC 

( in uM ) and the MBEC for each bacterium evaluated are as 
follows : 

60 G 

Bacteria MBECs ( UM ) : Bacteria MICs ( UM ) : 
S . aureus 
E . faecalis 

100 
100 S . aureus 

E . faecalis 
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5 . The antimicrobial composition of claim 1 , wherein 
X or Y is chlorine or bromine . 
6 . The antimicrobial composition of claim 1 , wherein 
m and n are integers in the range from 10 to 16 . 
7 . The antimicrobial composition of claim 1 , wherein 
at least one of m and n is 12 . 
8 . The antimicrobial composition of claim 1 , wherein the 

compound has the formula 

E . coli 
P . aeruginosa 
USA300 - 0114 
ATCC 33591 

10 

Bacteria MBECs ( UM ) : ( 1 - 3 ) 
S . aureus 
E . faecalis 
USA300 - 0114 

200 
> 200 
> 200 

| _ C , H2n + 1 x 
_ 15 X CmH2m + í ! 

Although the subject matter has been described in terms 
of exemplary embodiments , it is not limited thereto . Rather , 
the appended claims should be construed broadly , to include 
other variants and embodiments , which may be made by 20 9 . The antimicrobial composition of claim 8 , wherein in 
those skilled in the art . the compound having the formula ( 1 - 3 ) , at least one of R1 

and R2 , and at least one of R3 and R4 , and at least one of R , What is claimed is : and R , are methyl . 1 . An antimicrobial composition comprising a compound 10 . The antimicrobial composition of claim 8 , wherein in having the formula 25 the compound having the formula ( 1 - 3 ) , m and n are 12 , one 
of Rz and R4 is selected from a group consisting of ethyl , 
propyl and allyl , and the other groups among R1 , R2 , R3 , R4 , 

RRR Rs , and Ro are methyl . 
OlR lRs ?C , H2n + 1 y© 11 . The antimicrobial composition of claim 1 , wherein the 

30 compound has the formula to CnH2m í € or 

R6 

( II - 2 ) 
R 35 RS R Rs Rjo | 

R7 IR , IR I 
N - C , H2n + 1 X 

1 - C , H2n + 1 yo 
N No - z 

or 
CmH2m + 1 1 

CmH2m + 1 
R RA ?e Ru 

40 ( II - 3 ) 
Ri 

x CmH2m + 1 R2 
wherein : - C , H2n + 1 x R1 , R2 , R3 , R4 , Rs , R . , R10 , or Ru is H or a C1 - 12 alkyl 

unsubstituted or optionally substituted with a func 
tional group selected from the group consisting of 45 
- NH2 , - NHR ' , - NR ' , , - N - C ( O ) R ' , - N - C ( O ) 
CRECR ' , SH , SR ' , - 0 _ C ( O ) R ' , - C ( O ) R ' , 
CF3 , OCF3 , halogen , benzyl , o - vinylbenzyl , m - vi 12 . The antimicrobial composition of claim 11 , wherein in 

nylbenzyl , p - vinylbenzyl , phenyl , allyl , and substituted the compound having the formula ( II - 2 ) or ( II - 3 ) , at least one 
allyl ; 50 of R , and Ry , and at least one of R , and Rd , at least one of 

R , , R , or R , is a C2 . 12 alkyl unsubstituted or optionally R , and R . , and at least one of Rio and R , are methyl . 
substituted with a functional group selected from the 13 . The antimicrobial composition of claim 11 , wherein in 
group consisting of - NH2 , — NHR ' , - NR ' 2 , SH , the compound having the formula ( II - 2 ) , m and n are 12 , one 
- SR ' , O C ( O ) R ' , - C ( O ) R ' , CF3 , and OCF3 ; of Rz and R4 is selected from a group consisting of ethyl , 

R ' is H or a C1 - 4 alkyl ; 55 propyl and allyl , and the other groups among R , Ry , Rz , R4 , 
X or Y is a halogen ; and Rs , R . , R10 , and Rui are methyl . 
m and n are integers in the range of from 5 to 25 . 14 . A method of making the antimicrobial composition of 
2 . The antimicrobial composition of claim 1 , wherein claim 1 comprising mixing an effective amount of a com 
R7 , Rg or R , is a C3 - 5 alkyl unsubstituted or optionally pound having the formula ( I ) or ( II ) and a carrier . 

substituted . 60 15 . A method of killing or inhibiting microbial growth , 
3 . The antimicrobial composition of claim 1 , wherein comprising applying the antimicrobial composition of claim 
R1 , R2 , R3 , R4 , R5 , R . , R10 , or Rui is H or a C1 - 4 alkyl . 1 comprising a compound having the formula ( I ) or ( II ) . 
4 . The antimicrobial composition of claim 1 , wherein 16 . The method of claim 15 , wherein the antimicrobial 
at least one of R1 , R2 , Rz , R4 , R5 , R . , R10 , or Ry is a C1 - 12 composition is used to kill or inhibit growth of at least one 

alkyl substituted with a functional group selected from 65 group of microorganisms selected from the group consisting 
the group consisting of — SH , allyl , and substituted of bacteria , viruses , yeast , fungi , and protozoa , or to inhibit 
allyl . formation of a biofilm or eradicate a pre - established biofilm . 
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17 . A film or coating comprising a compound 18 . The film or coating of claim 17 , wherein the com 
pound grafted on a solid surface has a structure : 

RRR R7Rs . 1C , H2n + 1 X ( III ) 

TO Camio 
RRRg 
LR 1R8 CH2n + 1 or 

| CnH2n + 1 NA ?A ?o X CmH2m + í 204 , VR 
R2 

( II ) 10 Rs Rio 
Y _ R _ I _ R $ _ _ R . IO 

C9H2m + 1 Ro Ro Ro Ry 
N 

CmH20 + 1 | © N — C H2n + 1 X 19 
Rul 

15 
wherein L is a linker comprising a functional group . 
19 . The film or coating of claim 18 , wherein R4 is a 

methylene group optionally substituted with a functional 
group selected from the group consisting of OH , OR ' , 
NH , NHR , LNR , SH , SR ' , 20 C ( O ) R ' , 

- C ( O ) R ' , CF , and OCF2 . 
20 . The film or coating of claim 17 , wherein 
R7 , R , or R , is a C3 - 5 alkyl unsubstituted or optionally 

substituted . 
21 . The film or coating of claim 17 , wherein 
R1 , R2 , Rz , R4 , R5 , R , R10 , or Ry is H or a C - 4 alkyl . 
22 . The film or coating of claim 17 , wherein 
at least one of R1 , R2 , R3 , R4 , R5 , R6 , R10 , or R11 is a C1 - 12 

alkyl substituted with a functional group selected from 
the group consisting of SH , allyl , and substituted 

grafted onto a solid surface 
wherein : 
R1 , R2 , Rz , R4 , R5 , R . , R10 , or R11 is H or a C1 - 12 alkyl 

unsubstituted or optionally substituted with a func 
tional group selected from the group consisting of 
_ NH , NHR ' , ?NR ' ) , NC ( O ) R ' , ZNC ( 0 ) 
CR = CR ' , SH , SR ' , 0 C ( O ) R ' , C ( O ) R ' , 25 
CF3 , OCF3 , halogen , benzyl , o - vinylbenzyl , m - vi 

nylbenzyl , p - vinylbenzyl , phenyl , allyl , and substituted 
allyl ; 

R7 , Rg or R , is a C3 - 12 alkyl unsubstituted or optionally 
substituted with a functional group selected from the 30 
group consisting of - NH2 , - NHR ' , - NR2 , SH , 
SR ' , O _ C ( O ) R ' , - C ( O ) R ' , CF3 , and OCFz ; 

R ' is H or a C1 - 4 alkyl ; 
X or Y is a halogen ; and 
m and n are integers in the range of from 5 to 25 . 

alkyl 20 

allyl . 
23 . The film or coating of claim 17 , wherein 
X or Y is chlorine or bromine . 
24 . The film or coating of claim 17 , wherein 
m and n are integers in the range from 10 to 16 . 
25 . The film or coating of claim 17 , wherein 
at least one of m and n is 12 . 

* * * * * 


