ABSTRACT

BRACKETT, CHRISTOPHER MARTIN. Using Small Molecules to Disarm Bacterial
Defense MechanismgUnder the direction ddr. Christian Melander

The emergence of antibiotresistant bacteria is quickly becoming a serious health
threat and the main culprits behind this are the ESKAPE pathodemerpcoccus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosaand Enterobacte species One mechanism through which bacteria are able to
resist antibiotics is biofilm formation. Biofilms are a surface associated community of bacteria
encased in an extracellular matrix. Bacteria within a biofilm are significantly less susceptibl
to antibiotics,which makeghe processes in charge of regulating their formation attractive
targets. Herein are the results of a study whereN22 substituted aminobenzimidazoles
were synthesized and evaluated for their ability to inhibit methmciéisistantS. aureus
(MRSA). This small library produced several Aic biofilm modulators of two strains of
MRSA. Preliminary mechanistic studies reveal a @lapendent mode of action for these
compounds.

With recent efforts towards combating dndtic resistance focused on Graouositive
bacteria, Grammegative bacteria have been neglectedthey still pose a significant risk to
public safety.Also described here is the synthesis of a library of aryl ama®iRoimdazoles
based on a lead stiwre from an initial screen. A small molecule was identified from this
library capable of lowering the minimum inhibitory concentratiMIC) o f -ladbam
antibiotics by up to 64old. Additionally, with much of the focus being on treating Gram
positiveinfections, therera small number of treatment options for Gragative infections.

This has led to colistin becoming a last line of defense againstanudjiresistaninfections.

As a result of the increased reliance on colistin, the occurrenaistfrcresistant strains of



the ESKAPE pthogens has been on the rise. We recently reportednaindimdazole
adjuvant that reverses colistin resistance in $pecieof Gramnegative bacteria. We now
report the synthesis and evaluation of two sepditateries of substituted-aminoimidazoles
analogues based on this parent compound. A small molecule was identified that lowers the
MIC of colistin by up to 3Zold greater than the parent while aldisplaying less inherent
bacterial toxicity. This lowrs the likelihood of the bacteria evolving resistance to the 2

aminoimdazole adjuvant.
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CHAPTER 1

Introduction to Microbial Biofilms

1.1Bacterial Biofilm Overview

Bacteria have evolved numerous mechanisms through which they have gained
resistance to all knowrantibiotics! One advantageous bacterial phenotype is biofilm
formation. Biofilms are defined as a surface associated community of organisms encased
within an extracellular matrix, typically referred to as the extracellular polymeric substance
(EPS). Bateria within a biofilm differ greatly from those found in the planktonic, or free
floating state. Within a biofilm, bacteria exhibit differences in gene transcription, growth rate,
and metabolicate? This heterogeneity within the biofilm contributeshe ineffectiveness of
antibiotic treatment against bacteria encased in the protectivé E&@tionally, the close
proximity of bacteria within a biofilm allows for cell to cell communication, which further
allows for the bacteria to adapt to changeth@éenvironment.

Biofilms have been implicated in a wide variety of diseases, and have been associated
with more than 65% of nosocomial infectich€urrent estimates put the cost of treating
biofilm mediated infections at over $1 billion per yé&iofilm mediated infections present a
serious problem to those with indwelling medical devices, such as intravenous catheters,
prosthetic heart valves, pacemakers, andotracheatubes? Another area where biofilms
have been implicated in disease progressimhsaibsequent mortality is cystic fibrosis (CF).

CF is marked by chronic and persistent endobronchial infections, the overwhelming majority
of which are caused WBseudomonaaeruginosé As exhibited n CF, bacteria encased within
the biofilm will continwously acquire resistance to antibiotics, as infections can never be
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successfully eradicated. In addition to biofiinediated infections, microbial biofilms present
a problem in virtually all areas of life, including industrial pipelines, space stations, a
conditioning systems, and water distribution plants.

Several mechanisms for the antibiotic resistance capabilities of bacteria within a
biofilm have been elucidated. One such mechanism is the inability of the antibiotic to diffuse
through the EPS.f bn antibiotic cannot reach the bacteria, it is impossible for it to have any
bactercidal activity. This phenomenon has been observethfoaminoglycoside family of
antibiotics, which have been shown to adsorb into the matrix of the bfdfilm sinilar study,
the rate of diffusion of ciprofloxacin inR. aeruginosabiofilm suggests that the antibiotic is
binding to components within the biofilm, rather than the bacteria them$eWade the
inability of antibiotics to penetrate the biofilm plagsole in antibiotic resistance, it is not the
only mechanism at work. Andest al. demonstraté in aKlebsiella pneumonmbiofilm that
ampicillin was only abl e t-lactamasd enayraes weremoto u g h «
present. This indicates gmmatic degradation of ampicillin wassmonsible for the lack of
diffusionthrough the EPS, as opposed to direct interaction with structural components of the
EPS?® Most notably, evenwhenh e bact er i a -ladtanthsemyarestigatnoedtuc e b
with ampicillin was unable to kildll the bacteria encased within the biofilm. This illustrates
t h aldctarbase production is not solely responsible for antibiotic resistance of bacteria within
a biofilm.

Other mechanisms for the antibiotic resistant natfréiofilms include depressed
growth rates and the heterogeneous -lacemhur e of
antibiotics inhibit celwall synthesis, making them effective agairesttively growing
bacterial® It has been observed in baphanktonic and biofilm cultures d®. aeruginosa
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Escherichiacoli, and Staphylococcugpidermidisthat susceptibility towards tobramycin or
ciprofloxacin increased as a function of growth fateThus, bateria within a biofilm that

have either stoppedyrowing or are growing slowly will inherently be more resistant to
treatment compared to planktonic bacteria. In addition, it is highly unlikely that any two cells
will experience the exasime environment within the EPSre@ominant featusof a biofim

are the gradients of nutrients, waste products, signaling factors, aid Pis principle ties

in with the other mentioned resistance mechanigimsexamplegifferences in nutrients will
cause individual cells to react differently to bactericaig¢ntsjn which those closest to the
border of the biofilm may act as a shield for interior cells. Moreover, there will be areas of
depleted resources, which would cause pockets of cells to enter a dormargfstagd to as

persistersfurther proteting them from antibiotic attack.

1.2 Biofilm Life Cycle

While biofilms are defined as being attached to a surface, it is important to note that
they are dynamic in nature, and capable of rapidly adapting to changes in their environment.
Biofilm formation has been categorized to occur in five stefggiel.1). The first stage of
biofilm formation involves the reversible attachment of planktonic cells. Stage two consists
of the tansition from reversible tareversible attachment to a surfac&his transition is
accomplished through production and secretion of the EPS, which is consistent with the
observational differences in gene expression brought on by surface ¢d8tagfes three and
four comprise the maturation process of biofilm fotiora In stage threayhich isdenoted as
the early maturation stagareedimensional structures are observed.islduring this stage
that the phenotypic changeghich cause resistance to bactericidal agents begin to také%¥or
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During stage four,hte late maturation stage, biofilms are robust and diverse in morphology.
Many functional structures emerdaring this stage, includingjllar shaps for waste disposal
andnutrient intake channelsvhichallow for water and nutrient transport within thiefilm.1°

The fifth and final stage of the biofilm life cycle is the dispersion of some bacterial
cells, and reversion of these bacteria back to the planktonic state. It has been observed that
released bacteria are phenotypically similar to planktdmacteria, which has been
substantiated by the fattatthey regain their susceptibility towards antibiotic treatniefihe
mechanisms for the initiation of biofilm dispersal are not entirely clear, however, it is likely
that they are influenced by envmmental factors, such as nutrient or bacterial concentration.
Regardless, once the bacteria have been released from within the EPS network, the planktonic

cells will continue the infection, and colonize new host locations.

Figure 1.1 Biofilm life cycle. a) reversible attachment b) irreversible attachment c) early
maturation d) full maturation e) dispersal.**



1.2Two Component Regulatory Systems and their Role in Biofilm Formation

Bacteria have developed tvoomponent regulatory systeniTCS) as a method to be
able to sense and adapt to changes in their environment. These TCSs allow bacteria to respond
to a variety of environmental signals such as pH, various nutrient levels, redox state, osmotic
pressure, quorum signals, and antilsigt’ Additionally, TCSs also play a role in regulation
of cell growth, virulence and biofilm$.A TCS consists of a histidine kinase (HK) and a
response regulator (RR). In the presence of a specific environmental signal, the histidine
kinase will sens¢his signal, which will induce an autophosphorylation event at a conserved
histidine residue. The response regulator will recognize the phosphorylated HK and the
phosphoryl group is transferred to a conserved aspartic acid residue of the RR. This
phosphtransfer reaction induces a conformatib change in the RR, which activatée
DNA-binding domain, resulting in activation or repression of thgetagene sequence (Figure

1.2).10
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Figure 1.2 Two-component system signal transduction pathway. (Apetection of an

external stimulus by HK. (B) Autophosphorylation of the HK. (C) Phosphotransfer from

the HK to the RR. (D) Binding of the phosphorylated RR to the target gene sequentk.
Several TCSswhich control biofilms at various levels of development have been

identified, AgrAC (S. aureu}?® LytSR (S. aureus?' BfmRS (Acinetobacter baumannii, P.

aeruginos??>? BfiSR (P. aeruginosp?* GacAS P. aeruginosp?® and VicRK

(Streptococcus mutan® The role of TCSs in the regulation of biofiflermation/growthhas

led to investigation of developing potential biofiinhibitors that target either the HK or the

RR. The known histidine kinase inhibitor walkmycinlCl hasan 1Govalue against \GK of

2.87 uM. VicK is the HK in the VicRK TCSAddition of walkmycin C resulted in abnormal

biofilm formation and an overall reduction in biofilm ma&é<arolactanl.2 is a bacterial

secondary metabolite that has only minor effects on planktonicreeltly of S. mutans but

kills cells within a biofilm. Analysis showed that carolactan affected the expression of six

TCSs: CiaRH, VicKRX, RelRS, SMU.1037¢/1038¢c, SMU.659/660, and Cafi0Bese



compounds demonstrate the potential for targeting TCSs svithll molecules as an

antibiofilm strategy(Figure 1.3)

1.2

Figure 1.3: Two component system inhibitors that effect biofilm formation.

1.4 Quorum Sensing

The process through which bacteria communicate and alter gene expression based on
population densitys referred to as quorum sensing (QS). This process is mediated through
the secretion of small molecules that enables the bacteria to coordinate responses to
environmental stimuli in a concentration dependent matin€hrough the use of small
molecule atoinducers, bacteria are able to detect whether a minimum threshold concentration
of bacteria has been reached, and alter gene expression accordingly. Quorum sensing allows
for bacteria to regulate many different phenotypes including virulence and nbiofil
production?®

Perhaps the most thoroughly studied system is that of the-@egative bacterium
Vibrio fischeri A positive feedback loop involving the production of uacylFhomoserine
lactone (AHL) gives the bacteriuits characteristic bioluminescee. At low cell densities,
V. fischeriis norluminescent, however, when grown to high cell densities, such as those found
in its natural habitat (within the light organ of the sghigprymna scolop@st bioluminesces
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with ablue-green color. This redation of bioluminescence serves as the first studied example

of quorum sensin(Figure1.4).3°
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Figure 1.4 Representative Gramnegative quorum sensing modeV. fischeri.*

Two proteins known as Luxl and LuxR, collectively referred to as the LuxRI system
control the expression of the luciferase operon. Luxl acts as the autoinducer synthase,
producingN-(3-oxohexanoyhl-homoserine lactone (OHHLF{gure 1.5), whereas LuxR is
the cytoplasmic autoinducer receptor/D¥iading transcriptional activatéf:! OHHL is
able to freely diffuse in and out of cells, and will increase in concentration as function of
increasing cellular density. At the threshold concentration, OHHL binHaxR, inducing a
conformational change This conformational allowghe protein to bind DNA and induce
transcription ofluxICDABEG.3? This in turn leads to increased levels of OHHL as well as
bioluminescence in a positive feedbadoép.>

Quorumsensing withn Grampositive bacteridnas been shown to differ from the

fischerimodel.®3 The primary differences include thewsctures of autoinducers usexs well
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as the fact that the protein target of the autoinducer is typically membrane bousma: G
positive bacteria typically use cyclic peptidessignaling molecule. Cyclic peptides lack the
ability to cross the cell membranghich makes the use nfembrane bounkceptor proteins
necessary Pathogenic Gam-positive speciease quorum sensirtg control the expression of

virulence factors?

A. Core Molecule B. Tyr—
R H Q S\erﬁ\Sp-Phe Ser” eli_eu
\,r Thr\C’ s \”e Val/ASn / \
I o <Y ) Glv ‘AlaCys  Phe
S\”/Met y S
R= o O o
/\)l\ Luxl (V. fischeri)
S AIP-1 (S. aureus) AIP-II (S. aureus)
LuxM (V. harveyi) e Asp—Ph Tyr—g
¢ | Asp—Phe T ryr—ph
Asn st Leu Th\r\CB;S \Illee
S L | I
~™~; Rhll (P. aeruginosa) \”/ eu S Met
5 g

0

0O
M - Lasl (P. aeruginosa) AIP-llI (S. aureus) AIP-IV (S. aureus)

Figure 1.5 Quorum sensing molecules in bacterial speci#s Quorum sensing molecules
in Gram-negative species B. Quorum sensing peptides in Grapositive bacteria!
As discussed earlier, quorusensing is an essential part of baeterial life cycleand
is involved in biofilm formation as well as pathogenicity. Pnaeruginosaa mutation irthe
Luxl homologue, lasl leads to a change in biofilm formation. In these mutants, the biofilm
is thinner and more susceptible to sodium dodecyl sulfate (SDS) degratiafivieast two
other QS systembave been studied iR. aeruginosa These two systems are the LasRl
systemwhich Laslis a part, and RhIRdystem. Bth of these QS systenase resposible for
control over expression of virulence factors such as proteases, exotoxins, haemolysins,

pyocyanin, and exoenzymé&sValidation of these systems in the involvement in virulence



factor production stems from mutations of proteins within eithehedd systems leading to
reduced pathogenic capabilities in various animal modéfs.

Due to quorum sensing controlling many different factors of bacterial life, these
systems have been attractive targets for small molecule therapy for deG&eeabiity to
modulate quorum sensing via small molecules could be a viable option for overcoming
antibiotic resistance. In cases where more than one species of bacteria are in direct competition
for nutrients, it has been observed that quorum sensing moletiizsd by one organism
will have an antagonistieffect on the other organisthBy taking advantage of the antagonist
nature of quorum sensing agents, suchldsAthere has been a considerable amount of work
devoted to synthetic QS molecul&sgurel.6).

o

o]
J@/Y o
o Br o)
\ 1.3 1.4
N
H
Br BT Br
Do SN o S o
(o) o] Br 0 o Br 0 O Br
1.5 1.6 1.7
Figure 1.6 Bacterial signaling molecule derived biofilm modulators.

The AHL backbone has served as a primary scaffold for the development of biofilm
inhibitors for over thirty years® Work from the Blackwell group has identified several
compounds based on AHLs capable of inhibiting biofilms through a QS dependent mechanism.

Qualitative studies with two of their more active compoub@sand 14 showed significant
10



biofilm formation inhbition in a green fluorescent protemutant of P. aeruginosd! In
addition to the synthetic AHLsS, halogenated furanones (HF) are a similar class of molecules
that have been exploited for their biological activity against QS signalifigese small
molealles have been isolated from marine red al@aksea pulchraand it is believed that

HFs are an evolutionary response to AHL driven colonization of the host spdéie$.5, 1.6

and1.7 were shown to exhibit biofilm inhibitory properties agaiBstcol, and it is believed

they elicit their effect through binding to LuxR homologues and promote degradation through

proteolytic cleavagé?

1.5 Previous Work from the Melander Group

In the past 20 years, over 50% of all drugs on the market were dévedatural
products®® The Melander lab has focused on natural products derived from matirees,
such as bromoageliferih8, and oroidinl.11, both found in sponges of the famAgelasidae
that reside in tropical water environmefftghe initial dtempts to synthesize8 led to the
discovery of1.9 and1.10 (Figurel1.7), which were both shown to inhibit biofilm formation of
P. aeruginos&® Similar efforts on building analogs ®f11, led to the discovery df.12, also
referred to as Suppressair Antibiotic Resistance (SPAR)hich has been shown to be able
to disperse biofilms of both Grapositive and Grarmegative bacteria, as well as lowering

resistance to penicillin G in MRSigure 1.8.46:47
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Figure 1.7. Marine natural product inspiration, and small molecule biofilm inhibitor
derivatives.

Further studies based on the molecular scaffold of SPAR, led to the discolet$, of
which has been shown to lower resistance to oxacillin in MESBonsiderable effort from
our group haveen spent exploring substitution patterns of t#d,2as it has been observed
that substituted -Als have improved biological activity as compared to their parent

compoundg®>®

o)
Br— ST NN /NMN =
\ ny H \NE”NHZ — HzN_<N N=N
B 1.11 H 1.12
~ H
N NN
HEN—(M
g O

N
13

Figure 1.8: Marine natural product inspiration and small molecule derivatives with the
ability to suppress antibiotic resistance
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Chapter 2
The Discovery ofN-1 Substituted 2Aminobenzimidazoles as ZineDependentS. aureus

Biofilm Inhibitors

2.1 Introduction

Drug resistance is quickly becoming one of the greatest threats to mankind. Of
particular concern is the selection and evolution of pathogenic bactpgales that are
resistant to many, if not all clinically available antibiotics. These bacterial species typically
strike hospitalized patients and others who are immunocompromised. For example, methicillin
resistantStaphyloccous aureu$MRSA) is respasible for 6680% of S. aureusnfections
found in hospitals.In the United States, the number of deaths attributed to MRSA infections
greatly outweighs those caused by HIV/AIBBacteria have developed a number of strategies
to protect themselves frormi@biotic threats. One of these antibiotic resistant phenotypes is
termed a biofilm, which is typically defined as a surface accreted community of
microorganisms enveloped in an extracellular m&ttixthis defensive state, bacteria exhibit
slowed metablism and display up to 1060ld enhanced resistant to antibiotic treatnfent.
Bacterial biofilms are thought to be responsible for over 80% of infections found in the human
body? Biofilm mediated infections are especially problematic within dental diSaasnary
tract infections, infections of indwelling medical devices, and persistent lung infections
experienced by cystic fibrosis patieftd. is therefore of upmost importance to modulate
bacterial virulence, such as biofilm formation.

A strategy hat is frequently employed when designing novel biofilm modulators is the
directed analogue synthesis of natural product inspired nictifee bromoageliferin(2.1)
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inspired 2aminoimidazoles 4.2) have shown great success as modulators of both -Gram
positive and Granmegative biofilmsg:®18 The biofilm modulating capability of the structurally
analogous zaminobenzimidazole (ABI, 2.3) has however remained significantly under
explored in comparison (Figugel). Our group established that certatARIs are capable of
inhibiting and dispersing Graypositive biofilms via a zincependent mechanisthwhile
more recent studies from the Blackwell gréfupas shown properly designedABls are
capable of both inhibiting and dispersirgeudomonas aeruginobmfilms. The 2ABIs have

also exhibited antibiotic properties against both Gparsitive and Grarmegative bacteriét

2.1 Z“NH 2.2 2.3

Br

Figure 2.1: Various anti-biofilm agents based on bromoageliferin.

2.2 Results and Discussion

Our group has recently shown thaf-subsituted Zaminoimidazoles display enhanced
biological activities as compared to their monosubstituted countefp&vtish this in mind,
we set out to improve both the antibiotic efficacy as well as the biofilm modulating capability
of the 2ABIs through utilization of N1 substitution. Due to its broagbectrum activity,
compound2.3was selected as the parent structure for this library. The synthesis began with

the acylation of commercially availablefldioro-3-nitroaniline with 4pentylbenzoyl bloride,
18



providing 2.4 in 89% overall yield (Schem2.1). The introduction oN-1 substituents was
accomplished by nucleophilic aromatic substitutior2 dfwith various amines yielding.5a

k in high to excellent yield.

(0] (@)
NH, HN HN
_a _ b
4 4
NO, NO, NO,
F F ~-NH

2.4 2.5a-k
R= bliz., t%lg
e tA T ©/\f~ /©/\ﬁ
11 ~
4 o)
a,89% b, 83% c, 87% d, 37% e, 83% f, 88%
‘ 7
N
OO [ s @M“‘m o
2 Hn, N/LM 4 4
2 H 2
a,77% h, 68% i 82% j, 86% k, 49%

Scheme 2.1: Synthesis dfl-1 substituted 2-ABI nitro -precursors. a) 4pentylbenzoyl
chloride, DMAP, CH2Clz, rt, 6h. b) RNH2, EtOH, reflux, 16h.

During our attempts to convert nittmmpound.5ak to the corresponding diamine
adducts, it was discovered that the diamine products wetahle, and therefore had to be
carried on to the finall-1 substituted -ABI without characterization. Therefor25ak were
reduced under transfer hydrogenation conditions, and quickly filtered and condensed with
cyanogen bromide, providing tiNe1 sulstituted 2ABIs, 2.6ak (Scheme2.2). This project
was carried out in collaboration with Dr. Erick Lindsey. Utilizing the three step procedure

describe above, he prepared compouh@bv (Figure2.2).
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@LQM M@/m @[ .

2.5a-k 2.6a-k
R= bLLL, iﬁt‘
HaCjz'1 W O/ M©/ ff ’Jﬁ
11 ~o0
a,71% b, 45% c, 31% d, 44% e, 19% f, 32%
g, 28% h, 70% i 38% j. 50% k, 39%

Scheme 2.2: Synthesis di-1 substituted 2ABIs via a one pot reductioncyclization
strategy. c) i. NHWHCO2, Pd/C, EtOH, reflux, 1h. ii. BrCN, EtOH/CHCI 3, rt, 3h. iii.
MeOH/HCI.

ﬁ /@: />—NH2

2.6l-v

Y“z I AR, @W @%
@w @w m @ ©w

Figure 2.2: Remamlng N-1 substltuted 2ABIs syntheS|zed by Dr. Erick Lindsey,
examined for biological activity.
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Each 2-ABI was initially investigated for their antibacterial properties, using the
minimum inhibitory concentratidd (MIC) assay (Tabl@.1). Substitution at thil-1 position
of the parent -ABI (2.3) adversely affects the ability @6av to act on the Gra-negative
Acinetobacter baumanmiTCC BAA-1605 andP. aeruginos@®A14, with only2.6aand2.6b
showing any antibiotic activity. Against the Graoositive S. aureus however,2.6av
displayed antibacterial properties. Against the @naureustrainsexamined (eight MRSA,
one methicillin susceptible strain, MSSA) the antibacterial activity of tAB8 2.6lo and
2.6bgenerally decreased with increasing chain length. TABI22.6mwas shown to be the
most potent antimicrobial agent with MIC valugs8opug mL * againg all nine S. aureus
strains while 2.6bwas shown to be inactive at the highest concentration tested (64 [y mL
against all staphylococcal strains examined. Comp@usateturned MIC values of-86 ug
mL “lindicating that cyclicside chains are well tolerated. Both the aniline and benzyl
derivatives 2.6d and 2.69 were inactive; howeveR.6p was shown to be an effective
antimicrobial, returning MIC values ofB86 pg mL™. Compoundg.6q, 2.6r, 2.65 and2.6u
also gave MIC vales of 816 pg mL™ against the variouS. aureusstrains. Bot2.6gand
2.6hwere shown to be nemicrobicidal at the highest concentration tested (64 pginlAn
increase in the number of methylene units between-#&il2varhead and aromatic subsgint
proved deleterious to the antibiotic behavio? @fu, 2.6j and2.6k, which returned MIC values
of 1664 pug mL™.

Given the biological activity shown by thHé¢-1 substituted ABIs, we elected to
investigate their ability to inhibit biofilm formatioaf the ATCC MRSA strains 43300 and
BAA-44 (Table 2.2). The parent compoudreturned an I€y value (concentration at which
50% of the biofilm is inhibited) of 13.9 uM against 43300, and was ineffective against BAA
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44 at the highest concentration &5{20 uM). Compound2.6a 2.6b, 2.6d and2.6h were
unable to inhibit biofilm formation against either MRSA strain. Alkyl derivati®esc and
2.6l-o returned 1Gp values ranging from 3:6.3 uM against 43300 and 484 uM against
BAA-44. The phenylubstituted 2ABIs 2.6e 2.6p, 2.6v and2.6j gave I1Go values ranging
from 4.76.9 uM, and 5.214.3 pM against 43300 and BAM respectively. The introduction
of methoxy substituents on the phenyl ring was well tolerated, providgay#llies for2.6f,
2.6q, 2.6r, and2.6sthat were similar to the corresponding phenyl derivatives against both
43300 and BAA44. TheN-1 substituted ABIs retained their antbiofilm properties when
substituted with various heterocycles. The indole deriv&ti&ewas themost potent of these
2-ABls with ICspvalues of 3.7 and 4.4 uM for 43300 and BAA respectively. Compound
2.6twas also effective against both 43300 and BA returning IGovalues of 7.2 and 8.9
MM; 2.6iwas only effective against 43300, producing@sp of 7.0 uM.

We next examined the ability of thé-1 substituted -ABIs to disperse preformed
biofilms of 43300. Unfortunately none of the compounds were effective dispersal agents at
the highest concentration tested (#@). Growth curves were theronstructed at the Ko
concentrations to assess the viability of planktonic cell growth. Growth curve analysis against
43300 exposed that3, 2.6r and2.6uelicit their activity via a toxic mechanism. Compounds
2.6g 2.6, 2.6kand2.6swere shown toetard bacterial growth between 6 and 8 hours, however
they display identical cell densities at 2, 4 and 24 hours. The remaining compounds did not
affect planktonic growth at their kgconcentrations. Growth curve analysis reve&ldt,
2.6g 2.6j, 2.6s and2.6u and were toxic to BAAM4 planktonic cell growth at their respective

ICsovalues. BotlR.6f and2.6k also affected bacterial growth, in the same manner described
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above, against BAA4. The remaining compounds were shown to act via amorobicidal

mechanism.

23



Table 2.1: MIC values against various bacterial strains

BAA-

BAA-

BAA-

BAA-

BAA-

BAA-

d
Cmpd 29213 40 3359FP 43300 700789 811> 1550 1685 1759 1605 PAl4

2.3 16 ge 16 16 8 8 8 16 8 16 16
2.6a 16 32 32 16 64 64 32 16 8 64 64
2.6b >64 >64 >64 >64 >64 >64 >64 >64 >64 >64 >64
2.6¢ 16 16 8 8 16 16 8 8 8 >64 >64
2.6d 64 >64 >64 >64 >64 >64 >64 64 64 >64 >64
2.6e >64 >64 >64 >64 >64 >64 >64 >64 >64 >64 >64
2.6f >64 16 16 16 16 16 16 16 >64 >64 >64
2.69 64 32 32 32 32 32 32 32 64 >64 >64
2.6h >64 >64 64 >64 >64 >64 >64 >64 >64 >64 >64
2.6i >64 >64 64 >64 >64 >64 64 >64 >64 >64 >64
2.6j 32 32 16 32 32 32 16 32 >64 >64 >64
2.6k 64 32 32 32 32 64 32 32 64 >64 >64
2.6l 16 16 16 16 16 16 8 8 16 32 >64
2.6m 8 8 8 8 8 8 8 8 8 >64 >64
2.6n 16 16 16 16 32 16 16 16 16 >64 >64
2.60 64 64 64 64 64 32 >64 64 64 >64 >64
2.6p 8 16 8 8 16 8 8 8 8 >64 >64
2.6q 16 16 16 16 16 8 16 16 16 >64 >64
2.6r 16 32 16 16 16 16 16 16 16 >64 >64
2.6s 16 16 16 8 16 16 8 8 16 >64 >64
2.6t 32 32 32 64 32 32 32 64 32 >64 >64
2.6u 16 16 8 16 16 8 16 16 16 >64 >64
2.6v 16 32 16 16 32 16 16 32 32 >64 >64

All values in ug mtL. @ Methicillin susceptibleS. aureus® MRSA ¢ Multridrug resistanf\. baumannii? P. aeruginosa®Original MIC
value published as 12\M (4.4 ug mL?Y).
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Table 2.2: Biofilm inhibition (IC s0) values against two MRSA strains

Compound 43300 BAA-44 Compound 43300 BAA-44
2.3 13.9+1.0 >20 2.6l 79120 94+24
2.6a >20 >20 2.6m 45+0.5 50+1.3
2.6b >20 >20 2.6n 4.7 +0.8 7.3+x15
2.6C 3.6+0.8 43+0.9 2.60 9.3+22 6.8+1.8
2.6d >20 >20 2.6p 4.7 +0.6 6.0+1.6
2.6e 52+21 6.8+25 2.6q 57+x1.4 73126
2.6f 5.7x1.7 11.5+4.2 2.6r 6.1+14 9.3+£22
2.69 5714 14.3+4.3 2.6s 6.2+ 0.5 10.4+1.3
2.6h >20 >20 2.6t 72+15 89+14
2.6i 7.0+1.9 >20 2.6u 3.7£05 44+10
2.6 69+1.1 143+1.7 2.6v 4.7 +£0.7 52+21
2.6k 57x15 7919

All values inpuM.

It is known that metal ion homeostasis is crucial for bacterial biofilm developfhent.
30 We sought to explore the role of divalent cations, specifically Ca, Cu, Fe, Mg, Mn and Zn
in biofilm formation of 43300. Biofilm formation was afiected by the addition of Cagl
CuCh, FeSQ, MgClz, MnCl, and ZnC} at the highest concentration tested (p0@). To
examine the ability of the cations to modulate inhibitory effects of our two lead compounds,
2.6n and2.6p, a dosedependent study waserformed under varying cation concentrations,
while keeping the concentration of either compound constanlslt 8As seen in Figure 2.3,
the ability of2.6nand2.6p to inhibit bacterial biofilm formation was unaffected by Ca, Cu,
Fe, Mg and Mn ionsThe ability of2.6nand?2.6pto inhibit biofilm formation by 43300 was
selectively obstructed by the presence of Z2n@G&ABI 2.6pis an effective biofilm agent in
low Zn (1l) concentrations (i.e. <§0M), inhibiting approximately 70% of biofilm formation
at 8uM. When in a Zn (ll) rich environment (i.e. >hd) the ability of 2ABI 2.6pto inhibit
biofilm formation drops precipitously, with only approximately 10% inhibition of biofilm
formation in the presence of 20 Zn (Il). While 200uM is approxinately ten times higher
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than the physiological concentration of Zn ffithe data indicates that the mechanism by
which theN-1 substituted ABIs are acting is both selectively and deleteriously affected by

high concentrations of Zn (I1)

2.3: Conclusiors

In conclusion we have synthesized a diverse class bF23ubstituted -ABIs in an
efficient three step process. THel substitution oR.3proved advantageous, yielding 16 non
toxic biofilm inhibitors of MRSA ATCC# 43300 with Kgvalues less than JfM and 12 non
toxic inhibitors of MRSA ATCC# BAA44 with IGvalues less than 12M. We have also
shown that the mode of action of tNel substituted -ABI class of compounds is selectively

inhibited by high concentrations of Zn)(lI

26



120

" 2.6n
§=]
= 100 - §F X
3
S
c 80 % e Ca(ll)
5 m Cu (Il)
S 60 -
= AFe(ll)
S 40 - < Mg (1)
= 8
Kol
2 5| ¢ Mn (Il)
& ®Zn (Il
S o ! ’ 1
K 0 50 100 150 200 250
-20 -
Concentration (uM) f
o N
e
H
100 -
: I 26p
S 90
£
5 80 t
e 70
E e Ca(ll)
S 60 -
L W Cu (Il)
% 50 -
o AFe(ll)
S 40
‘S <Mg (I)
‘E 30 1
< £ Mn ()
s 20
L
e 4. B o B - i
0 50 100 150 200 250

Concentration (uM)

e nad
H

Figure 2.3 Mitigating effects of divalent cations on two respectivid-1 substituted 2ABIs.
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2.4 Experimental Section
Synthesis Experimental:

All reagents used for chemical synthesis were purchased from commercially available
sources and used without further purification. Chromatography was performed using 60 A
mesh standard grade silica gel from Sorbtech. NMR solvents were obtained fromd@ambr
Isotope Labs and used as is. I NMR (300 or 400 MHz) anéfC NMR (75 or 100 MHz)
spectra were recorded at 25 eC on Varian Mer
in ppm relative to tetramethylsilane or the respective NMR solveuagliog constants]j are
in hertz (Hz). Abbreviations used are s = singlet, bs = broad singlet, d = doublet, dd = doublet
of doublets, t = triplet, dt = doublet of triplets, bt = broad triplet, qt = quartet, m = multiplet,
bm = broad multiplet, p = penteind br = broad. Mass spectra were obtained at the NCSU
Department of Chemistry Mass Spectrometry Facility. Funding was obtained from the North
Carolina Biotechnology Center and the NCSU Department of Chemistry. Infrared spectra
were obtained on an AR-4 100 s pect r gupith ont)o k¢ absarban¢eswas

recorded on a Genesys 10 scamkimnm.g UV/ visi bl e

o]

o

NO,
F

N-(4-fluoro-3-nitrophenyl) -4-pentylbenzamide (2.4). To a solution of 4luoro-3-

nitroaniline (10.0 g, 64.05 mmal) anhydrous CECl2 (385 mL), was added DMAP (7.82 g,
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10.0 mmol), and$pentylbenzoyl chloride (16.9 mL, 83.27 mmol) dropwise. The reaction was
stirred under MNfor 6 hours, after which it was washed withQH(3 x 100 mL), saturated
agqueous NaHC€)2 x 100 mL), and saturated aqueous NaCl (1 x 100 mL). It was then dried
with NaeSQyw and purified on silica gel, using EtOAc/Hexanes (90/10) as the eluting solvent.
Product was concentrated in vacuo as an cream caoligd(m.p. =105- 107°C, 89%). H

NMR (300 MHz, CDC#$) 118.35 (d of d, J= 2.7 Hz, 3= 6.3, 1H), 8.04 7.99 (m, 2H), 7.80

7.77 (m, 2H), 7.32 7.24 (m, 2H), 2.68 (t, J = 7.5 Hz, 2H), 1.64 (p, J = 7.5 Hz, 2H),11.38

1.29 (m, 4H), 0.90 (t, 6.9 Hz, 3H) ppfC NMR (100 MHz, CDGJ) Ui 166.4 153.5, 150.9,

148.6, 135.0, 134.9, 131.3, 129.3, 127.6, 127.5, 119.2, 119.0, 117.7, 117.6, 36.2, 31.7, 31.1,
22.8,14.3 ppmt R ax (on) 3333, 2854, 1653, 1549, 1341, 1268RMS (ESI) calcd for

CisH10FN-O3 (M+) 331.1452, found 331.1444.

General proceadure for the nucleophile aromatic substitution reaction: N-(4-fluoro-3-
nitrophenyl}4-pentylbenzamide2.4, was added to a round bottom flask and dissolved in
ethanol (0.5 M). To this mixture the corresponding amin® @juivalents) was added
dropwise. The reaction mixture was then heated to reflux and allowed to stir until completion
via TLC analysis. The mixture was the cooled to room temperature. Water was added to the
reaction mixture, causing the product to precipitate out of solution. Thisrmiwas then
cooled to 0 °C. The product was filtered and washed with cold water. The solid was dried

under high vacuum overnight.
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N-(4-(methylamino)-3-nitrophenyl) -4-pentylbenzamide (2.5a) Following the general
procedure for the nucleophilic aromatic substitution Mf(4-fluoro-3-nitrophenyl}4-
pentyloenzamide, methyl amine was reacted witk(4-fluoro-3-nitrophenyl}4-
pentylbenzamide to produce-M-(methylamino)3-nitrophenyl}4-pentylbezamide as an
orange solid (m.p. = 16264 °C, 89%).'H NMR (300 MHz, CDCJ) 1i8.23 (d, J = 2.1 Hz,

1H), 7.98 (d of d, 1= 2.1 Hz, 3= 6.9 Hz, 1H), 7.77 (m, 3H), 7.29 (d, J = 6.3 Hz, 2H), 6.88 (d,

J = 6.9 Hz, 1H), 3.05 (s, 3H), 2.67 (t, J = 5.7 Hz, 2:B4 (p, J = 5.7 Hz, 2H), 1.3.25 (m,

4H), 0.90 (t, J = 5.1 Hz, 3H) pprC NMR (100 MHz, CDGCJ) Ui 166.3, 147.9, 144.3, 131.9,
131.5,131.2,129.2,127.4,126.8, 118.5, 114.2, 36.2, 31.8, 31.2, 30.2, 22.8, 14.3pn3; ma X
(cml) 3394, 2955, 1638, 1528IRMS (ESI) calcd for G@H23N30s (M+) 342.1812, found

342.1799.

0

o

NO,
AN A~~~

N-(4-(dodecylamino)3-nitrophenyl) -4-pentylbenzamide (2.5b). Following the general
procedure for the nucleophilic aromatic substitution Mf(4-fluoro-3-nitrophenyl}4-

pentylbenzamide, dodecyl amine was reacted witk(4-fluoro-3-nitrophenyl}4-
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pentylbenzamide to produce (M-(dodecylaminol3-nitrophenyl}4-pentylbenzamide as a red

solid (m.p. = 128127 °C, 83%)!H NMR (300 MHz, CDCJ) 1i 8.21(d, J = 3 Hz, 1H), 8.00

(m, 2H), 7.93 (dd, )= 2.1 Hz, 3= 9 Hz, 1H), 7.26 (d, J = 7.8 Hz, 2H), 6.83 (d, J = 9.3 Hz,

1H), 3.29 (q, J = 5.4 Hz, 2H), 2.66 (t, J = 7.5 Hz, 2H), 1.72 (p, J = 7.2 Hz, 2H), 1.63 (p, J = 7.2
Hz, 2H), 1.441.27 (m, 23H), 0.89 (r6H) ppm; 3C NMR (100 MHz, CDCJ) ti 166.3, 147.8,
143.6,131.9, 131.5, 130.9, 129.1, 127.4, 126.7, 118.5, 114.6, 43.6, 36.2, 32.2, 31.8, 31.2, 30.0,
29.9, 29.9, 29.8, 29.7, 29.6, 29.4, 27.4, 23.0, 22.8, 14.5, 14.3 pPmax 3859, 2853, 1650,

1531, 137 (cm?) ; HRMS (ESI) calcd for €HasN303 (M+) 496.3534, found 496.3526.

0]

o

NO,

O

N-(4-(cyclopentylamino)-3-nitrophenyl) -4-pentylbenzamide (2.5c)Following the general

HN

procedure for the nucleophilic aromatic substitution Mf(4-fluoro-3-nitrophenyl}4-
pentybenzamide, cyclopropylamine was reacted witl-(4-fluoro-3-nitrophenyl}4-
pentylbenzamide to produce-(M-(cyclopentylamino)3-nitrophenyl}4-pentylbenzamide as

an orange solid (m.p. £23-126°C, 87%).'H NMR (300 MHz, CDCJ) (i18.20 (d, J = 2.4 Hz,

1H), 7.94 (s, 1H), 7.90 (d, J = 2.4 Hz, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.1 Hz, 2H),
6.89 (d, J = 9.3 Hz, 1H), 3.97 (p, J = 6 Hz, 1H), 2.66 (d, J = 7.5 Hz, 2H), 2.10 (sextet, J = 6.3
Hz, 2H), 1.8221.606 (m, 8H), 1.348.310 (m, 4H), 0.89 (t, J =®Hz, 3H) ppm*C NMR

(100 MHz, CDC¥) U 166.5, 147.8, 143.1, 131.9, 131.5, 131.0, 129.1, 127.5, 126.7, 118.7,
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115.5, 54.5, 36.2, 33.9, 31.8, 31.2, 24.4, 22.8, 14.4 ppR:; 3 mak3320,2845, 1675,

1523 HRMS (ESI) calcd for @HaoN3Os (M+) 396.2282, found 396.2268.

0]

s QG
NO,

HN\@\A/\
N-(3-nitro -4-((4-pentylphenyl)amino)phenyl}4-pentylbenzamide (2.5d). Following the
general procedure for the nucleophilic aromatic substitutidd-@Ffluoro-3-nitrophenyl}4-
pentylbenzamide, -pentylaniline was reactedwith N-(4-fluoro-3-nitrophenyl}4-
pentylbenzamide to produce -([§-nitro-4-((4-pentylphenyl)amino)pheny8-
pentylbenzamide as an orange solid (m.p63168°C, 37%).*H NMR (300 MHz, CDCGJ) U
9.41 (s, 1H), 8.30 (d, J = 2.4 Hz, 1H), 7.94 (s, 1H), 7.8D%t8.1 Hz, 3H), 7.29.16 (m, 7H),
2.692.60 (M, 4H), 1.65 (m, 4H), 1.35 (m, 9H), 0:9B7 (m, 6H) ppm*C NMR (100 MHz,
CDCl) U 166.2, 148.0, 141.2, 141.1, 136.4, 131.9, 130.4, 130.0, 129.2, 128.5, 127.4, 124.7,
118.0, 117.1, 36.2, 35.7, 31.8, 3122,9, 22.8, 14.4, 14.4 pprh;R 3 mal)x334Q,Q2965,

2853, 1633, 1539, 1226IRMS (ESI) calcd for @aHzsN3Osz (M+) 474.2751, found 474.2736.
0]

QO

NO,
HN
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N-(4-(Benzylamino)-3-nitrophenyl) -4-pentylbenzamide (2.5e) Following the general
procedure for the nucleophilic aromatic substitution Mf(4-fluoro-3-nitrophenyl}4-
pentylbenzamide, benzylamine was addeN-{d-fluoro-3-nitrophenyl}4-pentylenzamide to

produce N(4-(benzylamino)3-nitrophenyl}4-pentylbenzamideas a redsolid (m.p. =170 -

172°C, 89%).'H NMR (400 MHz, CDC}) 1i8.40 (t, J = 5.2 Hz, 1H), 8.28 (d, J = 2.4 Hz, 1H),

7.87 (dd, = 2.4 Hz, 3= 9.2 Hz, 1H), 7.77 (d, J = 8 Hz, 2H), 7.75 (bs, 1H), 74H (m,

7H), 6.85 (d, J = 9.2 Hz, 1H), 4.58 (= 6 Hz, 2H), 2.69 (t, J = 7.6 Hz, 2H), 1.64 (p, J = 7.6

Hz, 2H), 1.341.30 (m, 4H), 0.90 (t, J = 6.8 Hz, 3H) ppMC NMR (100 MHz, CDGJ) i

166.0, 147.8, 143.0, 137.5,131.8,131.5, 131.0, 129.2,129.1, 128.0, 127.3, 127.2,127.2, 118.3,

115.0, 47.4, 36 O 31. 6, 31. 1,max326, 1634, 1520,.1239 gnpiRMS

(ESI) calcd for GsH27N303 (M+) 418.2125, found 418.2118.

N-(4-((4-methoxybenzyl)amino}3-nitrophenyl) -4-pentylbenzamide (2.5f). Following the
general procedure for the nucleophilic aromatic substitutidd-@Ffluoro-3-nitrophenyl}4-
pentylbenzamide, -fhethoxybenzylamine was reacted witk(4-fluoro-3-nitrophenyl}4-
pentylbenzamide to produce  -(M-((4-methoxybenzyl)amine3-nitrophenyl)-4-

pentylbenzamide as a dark red solid (m..72174°C, 88%).'H NMR (300 MHz, CDCJ)

(18.298.25 (m, 2H), 8.06 (s, 1H), 7.83 (d of d,52.4 Hz, 3= 9.3 Hz, 1H), 7.77 (d, J = 8.4

Hz, 2H), 7.277.22 (m, 3H), 6.88 (d, J = 9 Hz, 2H), 6.80 (& 9.9 Hz, 1H), 4.45 (d, J = 5.1
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Hz, 2H), 3.78 (s, 3H), 2.64 (t, J = 7.2 Hz, 2H), 1.61 (p, J = 7.5 Hz, 2H),11282(m, 4H),
0.89 (t, J = 6.6 Hz, 3H) ppr**C NMR (100 MHz, CDCJ) i1166.3, 159.5, 147.9, 143.0, 131.9
131.5, 131.3, 129.5, 129.1, 128.8, ®7127.2, 118.5, 115.1, 114.7, 55.7, 47.1, 36.1, 31.7,
31.2,22.8, 14.3 ppm; R 3 malx3397,@2955, 1656, 1528, 1233RMS (ESI) calcd for

Co6H29N304 (M+) 448.2231, found 448.2215.

0]

o

NO,

N-(4-((2-(naphthalen-2-yl)ethyl)amino)-3-nitrophenyl) -4-pentylbenzamide (2.59)

HN

Following the general procedure for the nucleophilic aromatic substitutibir(4ffluoro-3-
nitrophenyl}4-pentylbenzamide -2-naphthyl)ethylamine was reacted witk(4-fluoro-3-
nitrophenyl}4-pentylbenzamide to produce -M-((2-(naphthalerR-yl)ethyl)amino}3-
nitrophenyl}4-pentylbenzamide as an orange solid (m.fp98200°C, 77%).*H NMR (400

MHz, DMSO ) 110.25 (s, 1H), 8.68 (d, J = 2.1 Hz, 1H), 8.18 (t, J = 5.6 Hz, 1H), 7.99 (d of
d, 3=2Hz, 3= 9.2 Hz, 1 H), 7.93.87 (m, 6H), 7.5&.49 (m, 3H), 7.39 (d, J = 9.6 Hz, 2H),
7.27 (d, 3 = 9.6 Hz, 1H), 3.76 (q, J = 7.6 Hz, 2H), 3.17 (t, J = 7.6 Hz, 2H), 2.68 (t, J = 7.6 Hz,
2H), 1.64 (p, J = 8 Hz, 2H), 1.3B29 (m, 4H), 0.90 (t, J = 6.8 Hz, 3H) ppHC NMR (75

MHz, DMSO &) U166.1, 147.4, 143.0, 137.5, 134.1, 132.9, 131.6, 130.8, 129.2, 128.9, 128.8,

128.5,128.5,128.4,128.3,127.9,127.1,126.4,117.3, 115.8, 44.6, 35.9, 35.6, 31.8, 31.3, 22.9,
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14.9 ppm] R 3 ma291{, @849, 1642, 15241RMS (ESI) calcd for €H3iN30s (M+)

504.2258, found 504.2250.

0]

s QG

NO,

HN ‘

C
N-(4-((2-(naphthalen-1-yl)ethyl)amino)-3-nitrophenyl) -4-pentylbenzamide (2.5h).
Following the general procedure for the nucleophilic aromatic substitutibir(4ffluoro-3-
nitrophenyl}4-pentylbenzamide, -Phaphthalefil-yl)ethanamine was reacted witN-(4-
fluoro-3-nitrophenyl}4-pentylbenzamide to Y-((4-(1H-indol-2-yl)butyl)amino)} 3-
nitrophenyl}4-pentylbenzamide: as a red solid (m.[1.56-158°C, 68%).H NMR (300 MHz,
CDCl) i8.20 (d, J = 2.1 Hz, 1H), 8.06 (d, ¥8 Hz, 1H), 7.947.87 (m, 2H), 7.87 (t, J = 6.3
Hz, 4H), 7.597.41 (m, 4H), 7.29 (s, 2H), 6.84 (d, J = 9.3 Hz, 1H), 3.71 (t, J = 7.2 Hz, 2H),
3.50 (t, J = 7.8 Hz, 2H), 2.66 (t, J = 7.5 Hz, 2H), 1.63 (p, J = 7.5 Hz, 2H}11283m, 4H),
0.90 (t, J = & Hz, 3H) ppm*3C NMR (100 MHz, CDGJ) ii166.2, 148.0, 143.1, 134.5, 134.4,
132.0,131.9,131.2,129.4,129.2,128.1, 127.6,127.4,127.4, 126.9, 126.7, 126.1, 126.0, 123.5,
118.5, 114.7, 44.1, 36.2, 32.9, 31.7, 31.2, 22.8, 14.3 ppRy; ax (@) 2919, B43, 1645,

1522 HRMS (ESI) calcd for €sH31N303 (M+) 482.2438, found 482.2421.
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N-(4-((2-(1H-benzol[d]imidazol-2-yl)ethyl)amino)-3-nitrophenyl) -4-pentylbenzamide

(2.5i). Following the general procedure for the nucleophilic aromatic substitutidi(4f
fluoro-3-nitrophenyl}4-pentylbenzamide -P2-aminoethyl)benzimidazole dihydrochloride
was reacted withN-(4-fluoro-3-nitrophenyl}4-pentylbenzamide to produce-(M-((2-(1H-
benzo[d]imidazoR-yl)ethyl)amino}3-nitrophenyl}4-pentylbenzamide as an orangelid
(m.p. =207-209°C, 82%).*H NMR (400 MHz, DMSO @) 1112.33 (s, 1H), 10.21 (s, 1H), 8.65
(d, J = 2.8 Hz, 1H), 8.36 (t, J = 6 Hz, 1H), 7.94 (d ofics 2.4 Hz, 3= 9.2 Hz, 1H), 7.89 (d,
J=8.4Hz, 2H), 7.56 (d, J = 6.4 Hz, 1H), 7.44 (d, J = &A41H), 7.34 (d, J = 8 Hz, 2H), 7.23
(d, J = 10 Hz, 1Hz), 7.18.09 (m, 2H), 3.86 (g, J = 6.8 Hz, 2H), 3.19 (t, J = 6.8 Hz, 2H), 2.64
(t, J = 7.2 Hz, 2H), 1.60 (p, J = 7.6 Hz, 2H), 11323 (m, 4H), 0.86 (t, J = 6.8 Hz, 3pm;

13C NMR (100 MHz, DMSO ¢) Ui 166.1, 153.4, 147.3, 144.2, 142.8, 135.2, 132.9, 131.5,
131.1, 129.2, 128.8, 128.5, 122.6, 121.9, 119.2, 117.4, 115.6, 111.8, 41.7, 35.9, 31.8, 31.3,
29.1, 22.9, 14.9 ppm; R ax (@om?) 3354, 2955, 1645, 1512, 1332RMS (ESI) calcd for

Co7H20Ns03 (M+) 472.2343, found 472.2333.
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N-(3-nitro -4-((4-phenylbutyl)amino)phenyl)-4-pentylbenzamide (2.5j): Following the
general procedure for the nucleophilic aromatic substitutidd-@kfluoro-3-nitrophenyl}4-
pentylbenzamide, -phenylbutanl-amine was reacted witiN-(4-fluoro-3-nitrophenyl}4-
pentylbenzamide to produce (8-nitro-4-((4-phenylbutyl)amino)phenyf-pentylbenzamide
as an orange solid (m.p.145148°C, 86%).'H NMR (300 MHz, CDCk) i8.21 (d, J = 2.4
Hz, 1H), 7.96 (s, 1H), 7.91 (d of d,92.7 Hz, 3= 9.3 Hz, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7-32
7.14 (m, 7H), 6.81 (d, J = 9.6 Hz, 1H), 3.30 (t, J = 6.3 Hz, 2H)-2.63 (M, 4H), 1.77 (m,
4H), 1.63 (p, J = 7.8 Hz, 2H),36:1.28 (m, 4H), 0.90 (t, J = 6.6 Hz, 3H) ppHC NMR (100
MHz, CDChk) U 166.3, 147.9, 143.5, 142.1, 131.9, 131.5, 131.0, 129.1, 128.8, 128.7, 127.4,
126.8, 126.3, 118.6, 114.6, 43.4, 36.2, 35.8, 31.8, 31.2, 28.5, 29.0, 28.9, 22.8, 14R ppm;
3 ma xn?) (2925, 1642, 1527, 140HRMS (ESI) calcd for @sHzaNzOs (M+) 460.2595,

found 460.2580.
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N-(4-((4-(1H-indol-3-yl)butyl)amino) -3-nitrophenyl) -4-pentylbenzamide (2.5K):
Following the general procedure for the nucleophilic aromatic substitutibir(4ffluoro-3-
nitrophenyl}4-pentylbenzamide, -§1H-indol-2-yl)butanl-amine was reacted witiN-(4-
fluoro-3-nitrophenyl}4-pentylbenzamide tproduceN-(4-((4-(1H-indol-2-yl)butyl)amino) 3-
nitrophenyl}4-pentylbenzamide: as an orange solid (m.p7$180°C, 49%).*H NMR (400
MHz, DMSO d) 1110.80 (s, 1H), 10.24 (s, 1H), 8.68 (d, J = 2.4 Hz, 1H), 8.16 (t, J = 5.4 Hz,
1H), 7.95 (d, J = 2.7 Hz, 1H), 7.92 (d, J = 7.8 Hz, 2H), 7.55 (d, J = 7.8 Hz, 1H)7.338m,

3H), 7.177.07 (m, 2H), 6.99 (t, J = 7.5 Hz, 1+8.45 (g, J = 6 Hz, 2H), 2.79 (t, J = 6.3 Hz,
2H), 2.68 (t, J = 7.5 Hz, 2H), 1.78 (m, 4H), 1.64 (p, J = 7.8 Hz, 2H); L.Z®(m, 4H), 0.90

(t, J = 6.3 Hz, 3H) ppnt3C NMR (75 MHz, DMSO ¢) Ui 166.1, 147.4, 137.3, 133.8, 133.0,
131.7,130.7,129.3, 128.6, 128.2, 123.2, 121.8, 119.3, 119.1, 117.4, 115.7, 115.3, 112.3, 43.2,
35.9, 31.8, 31.4, 29.3, 28.3, 25.3, 26.9, 14.9 pprR ax (@m') 3315, 2975, 1678, 1343

HRMS (ESI) calcd for HsaN4Os (M+) 499.2704, found 499.2692.

General procedure for the formation of theN-1 substituted 2aminobenzimidazoles: The
appropriate nitrecompound was dissolved in ethanol (0.4 M), and 0.1 equivalents of Pd/C
were added to the mixture. The reaction mixtuas then heat to reflux. Ammonium formate

was dissolved in ethanol and added dropwise to the reaction mxture which was allowed to stir
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until completion, via TLC analysis. Upon completion the mixture was cooled to room
temperature, and quickly filteretirough a pad of celite and washed with a 1:1 mixture of
ethanol and chloroform. The crude filtrate was then placed underazmdsphere. Solid
cyanogen bromide (10 eq) was added to the reaction mixture and allowed to stir overnight.
The reaction mixtue was concentrated and purified using column chromatography (MeOH
sat. with NH/DCM). The product was dried under vacuum overnight. Methanol
supplemented with HCl was added to the product forming the HCI salt, which was dried under

high vacuum overnight.

/
X
N N
N\/QAH HCI

N-(2-amino-1-methyl-1H-benzo[d]imidazo}5-yl)-4-pentylbenzamide hydrochloride
(2.6a) N-(4-(methylaminoj3-nitrophenyl}4-pentylbenzamidevas subjected to the general
procedure for the formation of tié1 substituted 2aminobenzimidazoles, producimg(2-
aminc1-methyt1H-benzo[d]imidazols-yl)-4-pentylbenzamidehydrochloride as a white
solid (m.p. =decays > 252C, 71%).'H NMR (300 MHz, CROD) 1i8.01 (d, J = 1.2 Hz, 1H),
7.86 (d, J = 6.3 Hz, 2H), 7.52 (d of d,91.2 Hz, 3= 6.6 Hz, 1H), 7.41 (d, J = 6.6 Hz, 1H),
7.32(d, J = 6.3 Hz, 2H), 3.66 (s, 3H), 2.68 (t, J = 5.7 Hz, 2H), 1.65 (p, J = 5.4 Hz, 2H), 1.40
1.29 (m, 4H), 0.91 (t, J = 4.8 Hz, 3H) ppMC NMR (100 MHz, CROD) U 167.7, 151.1,
147.6, 135.7, 132.2, 129.1, 138127.9, 127.6, 116.9, 109.8, 104.5, 35.6, 31.4, 31.0, 28.3,
22.4, 13.2 ppmj R 3 malx 3237,c2965, 2938, 1673, 150B(RMS (ESI) calcd for

C20H24N40 (M+) 337.2023, found 337.2020.
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N-(2-amino-1-dodecyt1H-benzo[d]imidazol-5-yl)-4-pentylbenzamide hydochloride

(2.6b): N-(4-(dodecylaminoy3-nitrophenyl}4-pentylbenzamidevas subjected to the general
procedure for the formation of tid¢1 substituted 2aminobenzimidazoles, producimg(2-
aminc1-dodecyt1H-benzo[d]imidazos-yl)-4-pentylbenzamidé@ydrodiloridea purple solid

(m.p. =decays >78C, 45%).2H NMR (300 MHz, CROD) {i8.05 (d, J = 1.5 Hz, 1H), 7.87

(d, J = 8.4 Hz, 2H), 7.53 (d of 4,9 1.8 Hz, 3= 8.7 Hz, 1H), 7.44 (d, J = 8.7 Hz, 1H) 7.34 (d,
J=8.4Hz, 2H), 4.14 (t, J = 7.5 Hz, 2H), 2.69 (t, J = 7.5 Hz, 2H), 1.81 (p, J = 7.2 Hz, 2H), 1.66
(p, J = 7.8 Hz, 2H), 1.37.20 (m, 24H), 0.9%.86 (m, 6H) ppm*3C NMR (100 MHz, CROD)
0u167.7,150.5,47.6. 135.8, 132.2, 129.2, 128.5, 127.6, 127.2, 116.9, 110.2, 104.6, 94.6, 42.8,
35.6, 31.9, 31.4, 31.0, 29.6, 29.4, 29.4, 29.3, 29.2, 27.9, 26.4, 22.5, 22.4, 13.13,R3.23 ma x
(cm?) 3249, 2956, 2933, 2854, 1668, 150RMS (ESI) calcd for @HasN4O (M+) 491.3744,

found 491.3734.

N ea s

N-(2-amino-1-cyclopentyt1H-benzo[d]imidazol5-yl)-4-pentylbenzamide hydrochloride
(2.6¢c} N-(4-(cyclopentylamino3-nitrophenyl}4-pentylbenzamidewas subjected to the

general procedure for the formation of tid substitted 2aminobenzimidazolegroducing
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N-(2-aminc 1-cyclopentyt1H-benzo[d]imidazoh-yl)-4-pentylbenzamidéydrochlorideas a

white solid (m.p. = decays > 136 °C, 31%J.NMR (300 MHz, CROD) 1i8.11 (s, 1H), 7.90

(d, J = 8.1 Hz, 2H), 7.52 (s, 2H), 7.38 {cs 8.1 Hz, 2H), 2.73 (d, J = 7.5 Hz, 2H), 2220

(m, 6H), 1.88 (m, 2H), 1.70 (p, J = 7.5 Hz, 2H), 11487 (m, 4H), 0.95 (t, J = 6.9 Hz, 3H)
ppm; C NMR (75 MHz, CROD) 11 169.8, 152.6, 149.7, 137.7, 134.2, 131.9, 130.6, 129.6,
127.0, 118.5, 114.006.9, 58.2, 37.6, 33.4, 33.0, 30.6, 26.6, 24.4, 15.2 ppR; 3 malx ( cm
3250, 2955, 2963, 1671, 1508RMS (ESI) calcd for @HsNsO (M+) 391.2492, found

391.2481

o N
)—NH,
N N
H HCl

N-(2-amino-1-(4-pentylphenyl)-1H-benzo[d]imidazol5-yl)-4-pentylbenzamide
hydrochloride (2.6d): N-(3-nitro-4-((4-pentylphenyl)amino)pheny$-pentylbenzamidevas
subjected to the general procedure for the formation of kg substituted 2
aminobenzimidazoles,producing N-(2-amino1-(4-pentylphenyl)1H-benzo[d]imidazols-
yl)-4-pentylbenzamid@entylbenzamide hydrochloridges alight blue solid (m.p. = decays >
130 °C, 44%)*H NMR (300 MHz, CROD) 1i8.16 (d, J = 1.8 Hz, 1H), 7.90 (d, 8.4 Hz, 2H),
7.55 (q, J = 8.4 Hz, 4H), 7.48 (d of d,5)1.8 Hz, 3= 8..47 Hz, 1H), 7.37 (d,38.4 Hz, 2H),
7.02 (d, J = 9 Hz, 1H), 2.81 (t, J = 7.5 Hz, 2H), 2.73 (t, J = 7.5 Hz, 2H)}116B3(m, 4H),

1.47-1.31 (m, 8H), 1.08.92 (m, 6H) ppm**C NMR (75 MHz, CROD) {1169.8, 149.7, 148.3,
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138.1, 134.2, 132.8, 131.4, 130.7, 130.6, 129.6, 1291, 112.2, 106.8, 37.6, 37.5, 33.5,
33.4, 33.1, 24.5, 24.4, 15.2 ppmR 3 m a)3258, @989, 1668, 150 HRMS (ESI) calcd

for CagH3eN4O (M+) 469.2962, found 469.2943.

O
(@]

N-(2-amino-1-benzyl1H-benzo[d]imidazol5-yl)-4-pentylbenzamide hydrochloride

(2.6e) N-(4-(benzylamino)3-nitrophenyl}4-pentylbenzamidevas subjected to the general
procedure for the formation of ti¢1 substituted 2aminobenzimidazoles, producimg(2-
aminc1-benzyt1lH-benzo[d]imidazob-yl)-4-pentylbenzamidé@ydrochlorideas afaint pink

solid (m.p. =decays > 140C, 19%).'"H NMR (400 MHz, CROD) ti8.11 (d, J = 2 Hz, 1H),

7.89 (d, J = 8 Hz, 1H), 7.4B31 (m, 9H), 5.44 (s, 2H), 2.72 (t, J = 7.6 Hz, 2H), 1.69 (p, J =

7.6 Hz, 2H), 1.39..32 (m, 4H) 0.94 (t, J =& Hz, 3H) ppm*C NMR (100 MHz, CBOD) U

169.8, 153.0,138.0, 136.2, 134.2,131.3, 131.1, 130.6, 130.3, 129.6, 129.2, 128.8, 119.0, 112.6,
106.8, 47.9, 37.6, 33.4, 33.0, 24.4, 15.2 ppnR 3 ma'x3256, @961, 2934, 1660, 1496;

HRMS (ESI) calcd for esH28N4O (M+) 413.2336, found 413.2332.
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N-(2-amino-1-(4-methoxybenzyl}1H-benzo[d]imidazo}5-yl)-4-pentylbenzamide
hydrochloride (2.6f): N-(4-((4-methoxybenzyl)amine3-nitrophenyl}4-pentylbenzamide
was subjected to the general procedure for the formation of Nke substituted 2
aminobenzimidazolegroducing N(2-amino1-(4-methoxybenzyblH-benzo[d]imidazols-
yl)-4-pentylbenzamide hydrochlorides awvhite solid (m.p. = decays > 238 °C, 32%J.NMR

(400 MHz, CROD) 1i8.10 (d, J = 2 Hz, 1H), 7.89 (d, J = 8.4 Hz, 2H), 7.46 (d of d,2JHz,

J= 8.8 Hz, 1H), 7.3&.28 (m, 5H), 6.96 (2, J = 8.8 Hz, 2H), 5.35 (s, 2H), 3.80 (s, 3H), 2.72
(t, J = 7.6 Hz, 2H), 1.69 (p, J = 8 Hz, 2H), £UB2 (m, 4H), @6 (t, J = 6.8 Hz, 3H) ppmMiC

NMR (100 MHz, CR3OD) u 167.8, 160.1, 150.8, 147.6, 135.9, 132.1, 129.3, 128.5, 128.4,
127.5,127.1126.0, 116.9, 114.3, 110.7, 104.7, 54.6, 45.5, 35.6, 31.4, 31.0, 22.4, 182 ppm;
3 ma x 1)(@25m 2961, 2940, 1669, 150821;HRMS (ESI) calcd for gHzoN4O2 (M+)

443.2442, found 443.2422
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N-(2-amino-1-(2-(naphthalen-2-yl)ethyl)-1H-benzo[d]imidazol6-yl)-4-pentylbenzamide
hydrochloride (2.69): N-(4-((2-(naphthaler2-yl)ethyl)amino}3-nitrophenyl}4-
pentylbenzamidewas subjected to the general procedure for the formation ofNi#ie
substituted ZaminobenzimidazolegroducingN-(2-aminc 1-(2-(naphthaler2-yl)ethyl)-1H-
benzo[d]imidazo6-yl)-4-pentylbenzamidehydrochloride as alight brown solid (m.p. =
decays > 165 °C,8%),'H NMR (400 MHz, CRQOD) 118.04 (d, J = 1.6 Hz, 1H), 7.88 (d, J =
8.8 Hz, 2H), 7.8.79 (m, 2H), 7.74.72 (m, 1H), 7.57 (s, 1H), 7.4842 (m, 2H), 7.447.30
(m, 5H), 4.52 (t, J = 6.8 Hz, 2H), 3.32 (t, J = 6.8 Hz, 2H), 2.73 (t, J = 8 Hz, 2H), 1.69 (p, J = 8
Hz, 2H), 1.431.31 (m,4H), 0.94 (t, J = 6.8 Hz, 3H) ppn¥C NMR (100 MHz, CROD) U
169.8, 152.6, 149.7, 137.7,136.7,135.8, 134.8, 134.2,131.1, 130.6, 130.4, 129.6, 129.6, 129.5,
129.4, 129.1, 129.0, 128.1, 127.7, 118.8, 112.4, 106.5, 46.0, 37.6, 35.7, 33.4, 33.0,24 .4, 15.
ppm;l R 3 malx3310, 2867, 2843, 1671, 1532RMS (ESI) calcd for GHzN4O (M+)

477.2649, found 477.2635.
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N-(2-amino-1-(2-(naphthalen-1-yl)ethyl)-1H-benzo[d]imidazol5-yl)-4-pentylbenzamide
hydrochloride (2.6h): N-(4-((4-(1H-indol-2-yl)butyl)amino)-3-nitrophenyl}4-
pentylbenzamidewas subjected to the general procedure for the formation ofNi#ie
substituted zZaminobenzimidazoles,producing N-(4-((4-(1H-indol-2-yl)butyl)amino)}3-
nitrophenyl}4-pentylbenzamidbydrochlorideas awhite solid (m.p= decays > 160C, 70%),

IH NMR (400 MHz, CROD) 11 7.98 (d, J = 7.2 Hz, 1H), 7.92 (d, J = 2.4 Hz, 1H), 7.85 (d of
d, 3= 2 Hz, 3= 8.4 Hz, 3H), 7.73 (d, J = 8 Hz, 1H), 7327 (m, 2H), 7.35 (d of d; & 2.4

Hz, = 8.4 Hz, 2H), 7.27 (t, J = 7.6 HkH), 7.227.16 (m, 2H), 6.67 (d, J = 8.8 Hz, 1H), 4.56

(t, J = 6 Hz, 2H), 3.63 (t, J = 6.8 Hz, 2H), 2.71 (t, J = 7.6 Hz, 2H), 1.68 (p, J = 7.2 Hz, 2H),
1.381.36 (m, 5H), 0.94 (t, J = 6.8 Hz, 3H) ppC NMR (100 MHz, CBOD) 11168.8, 151.6,
148.7,136.6,135.4, 134.6, 133.3, 133.2, 130.0, 129.9, 129.7, 129.0, 128.7, 128.5, 128.3, 127 .4,
126.8, 126.5, 123.8, 117.5, 111.0, 105.4, 44.9, 36.7, 32.5 32.1, 31.4, 23.5, 144Rpm ma X
(cml) 3313, 2874, 2853, 1668, 1541RMS (ESI)calcd for GiHz:N4O (M+) 477.2649, found

477.2643
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N-(1-(2-(1H-benzo[d]imidazol2-yl)ethyl)-2-amino-1H-benzo[d]imidazol5-yl)-4-
pentylbenzamide hydrochloride (2.6i): N-(4-((2-(1H-benzo[d]imidazoi2-yl)ethyl)amino}
3-nitrophenyl}4-pentylbenzamidevassibjected to the general procedure for the formation of
the N-1 substituted zaminobenzimidazolegroducingN N-(1-(2-(1H-benzo[d]imidazok-
yhethyl)-2-amino 1H-benzo[d]imidazob-yl)-4-pentylbenzamidehydrochloride as awhite

solid (m.p. = decays > 225 °G8%).'H NMR (400 MHz, CROD) 11 8.07 (d, J = 2 Hz, 1H),

7.84 (d, J = 8 Hz, 2H), 7.7B.74 (m, 2H), 7.59.57 (m, 2H), 7.34.30 (m, 3H), 7.21 (d, J =

8.8 Hz, 1H), 4.77 (t, J = 7.2 Hz, 2H), 3.73 (t, J = 6.4 Hz, 2H), 2.69 (t, J = 7.6 Hz, 2H), 1.66 (p,
J=7.2Hz, 2H), 1.38.29 (m, 4H), 01 (t, J = 7.2 Hz, 3H) pprC NMR (100 MHz, CROD)
0169.8, 152.5, 151.9, 149.7, 138.1, 134.1, 133.6, 131.3, 130.6, 129.5, 128.6, 128.5, 118.9,
115.8, 111.3, 106.9, 42.5, 37.6, 33.4, 33.0, 27.7, 24.4, 15.2Ipfn; 3 m a'x332(L,296¢,

1683, 1543, 1246HRMS (ESI) calcd for gHzoNeO (M+) 467.2554, found 467.2545.
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N-(2-amino-1-(4-phenylbutyl)-1H-benzo[d]imidazol5-yl)-4-pentylbenzamide

hydrochloride (2.6j): N-(4-(methylaminoj3-nitrophenyl}4-pentylbenzamidevas subjected

to the general procedurerfthe formation of theN-1 substituted aminobenzimidazoles,
producing  N-(2-amino1-(4-phenylbutyl}1H-benzo[d]imidazob-yl)-4-pentylbenzamide
hydrochlorideas afaint pink solid (m.p. = decays > 187 C, 509%) NMR (400 MHz, CROD)
08.05 (d, J = 1.6 HzLH), 7.90 (d, J = 8.4 Hz, 2H), 7.54 (d of d=J2 Hz, 3= 8.8 Hz, 1H),
7.41-7.34 (m, 3H), 7.28.24 (m, 2H), 7.19.15 (m, 3H), 4.16 (t, J = 6.8 Hz, 2H), 2.70 (g, J =
8.4 Hz, 4H), 1.89..64 (m, 6H), 1.42.32 (m, 4H), 0.93 (t, J = 7.2 Hz, 3H) ppHC NMR

(100 MHz, COD) U 167.7, 150.4, 147.6, 141.8, 135.7, 132.1, 129.1, 128.5, 128.2, 127.6,
127.2, 125.8, 116.9, 110.2, 104.7, 42.6, 35.6, 35.1, 31.4, 31.0, 28.2, 27.3, 22.4, 13R ppm,;
3 ma x 1) E2A5an2948, 2940, 1674, 1502RMS (ESI) calcd for GsH2sN4O (M+) 455.2805,

found 455.2790.
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N-(1-(4-(1H-indol-3-yl)butyl) -2-amino-1H-benzo[d]imidazol5-yl)-4-pentylbenzamide
hydrochloride (2.6K): N-(4-((4-(1H-indol-2-yl)butyl)amino)}3-nitrophenyl}4-
pentylbenzamidewas subjected to the general procedume the formation of theN-1
substituted zZaminobenzimidazolesproducing N-(1-(4-(1H-indol-3-yl)butyl)-2-amino-1H-
benzo[d]imidazob-yl)-4-pentylbenzamidéydrochlorideas abrown solid (m.p. = decays >
120 °C, 35%)H NMR (300 MHz, CROD) 1 8.03 (d, J =1.5 Hz, 1H), 7.90 (d, J = 8.7 Hz,
2H), 7.5%7.45 (m, 2H), 7.39.30 (m, 4H), 7.10 (d of t2& 1.2 Hz, 3= 7.2 Hz, 1H), 7.02
6.96 (M, 2H), 4.14 (t, J = 6.3 Hz, 2H), 2.85 (t, J = 6.6 Hz, 2H), 2.73 (t, J = 7.5 Hz, 2H), 1.89
1.87 (m, 4H), 1.70 (p, J = 7.8zH2H), 1.461.31 (m, 5H), 0.95 (t, J = 6.9 Hz, 3H) ppHC
NMR (100 MHz, CRXOD) U 169.9, 152.4, 149.7, 139.1, 137.7, 134.2, 131.1, 130.6, 129.6,
129.5, 129.2, 123.9, 123.1, 120.3, 120.1, 119.0, 116.4, 113.1, 112.2, 106.7, 44.7, 37.6, 33.4,
33.0, 29.3, 29, 26.5, 24.4, 15.ppm;I R 3 ma'x3210,@2983, 2852, 1665, 1543, 1265;

HRMS (ESI) calcd for GHzaN4O (M+) 494.2914, found 494.2905.

Biological Assay Experimental
Broth Microdilution method for MIC Determination . Day cultures (6 h) were subcultured
to 5x1¢ CFU/mL in Mueller Hinton Broth (MHB). Aliquots (1 mL) were placed in culture

tubes and compound was added from 100 mM stock samples in DMSO, such that compound
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concentration equaled highest concermrthenati on
aliquoted (200 ¢€L) -welhptate, withfalerenfainimgsvells weiad filed o f @
with 100 eL of 1initial bacterial subcul ture.
eL was transferred to row vtewot.i meBRowanwo 1w8
transferred to row three. This process was repeated until the final row had been mixed, this
served to serially dilute the compound. Pl
and incubated under stationary conditions at@7or 16 h. MIC values were then recorded

as the lowest concentration at which no bacterial growth was observed.

Procedure to Determine the Inhibitory Effect of Test Compounds or8. aureus (ATCC#

43300 and ATCC # BAA44) Biofilm Formation: Inhibition assays were performed by
taking an overnight culture of the appropriate bacterial strain and subculturing it at an OD600
of 0.01 into the necessary medium (tryptic soy broth with a 0.5% glucose supplement (TSBG)
for MRSA (ATCC # BAA44) and S. aureus (ATC€£ 29213), LuriaBertani (LB) medium

for A. baumannii (ATCC # 19606) and Lwigertani medium without NaCl (LBNS) for PA14.

Stock solutions of predetermined concentrations of the test compound were then made in the
necessary medium. These stock solutiongwaéquoted (10QL) into the wells of the 96vell

PVC microtiter plate. Sample plates were the
an incubation under stationary conditions for 24 h at 37 °C (6 h for PA14). After incubation,
the medium was disaded from the wells and the plates were washed thoroughly with water.
Plates were then stained with 3@00f 0.1% solution of crystal violet (CV) and then incubated

at ambient temperature for 30 min. Plates were washed with water again and the remaining
stain was solubilized with 200L of 95% ethanol. A sample of 126 of solubilized CV stain
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from each well was transferred to the corresponding wells of a polystyrene microtiter dish.
Biofilm inhibition was quantitated by measuring the OD540 of each welhich a negative

control lane wherein no biofilm was formed served as a background and was subtracted out.

Procedure to Determine the Dispersal Effect of Test Compounds dh aureus(ATCC #

43300) Preformed Biofilms:Dispersion assays were performed by taking an overnight culture

of the appropriate bacterial strain and subculturing it at an OD600 of 0.01 into the necessary
medium (tryptic soy broth with a 0.5% glucose supplement (TSBG) for S. aureus. The resulting

bac eri al suspension was al i gueloPVE@ micrgtitér@late. € L) i
Pl ates were then wrapped in GLAD Press no6 Se
conditions at 37 °C to establish the biofilms. After 24 h, the mediundwsaarded from the

wells and the plates were washed thoroughly with water. Stock solutions of predetermined
concentrations of the test compound were then made in the necessary medium. These stock
solutions were aliquot e dwellPVO Micratiter)plate withthe t he v
established biofilms. Medium alone was added to a subset of the wells to serve as a control.
Sample plates were then incubated for 24 h at 37 °C. After incubation, the medium was
discarded from the wells and the platesewsashed thoroughly with water. Plates were then
stained with 100 eL of 0.1% solution of cry
temperature for 30 min. Plates were washed with water again and the remaining stain was
solubilized Wi teh h2a0®@Il L Aofsadmpl e of 125 €L o
each well was transferred to the corresponding wells of a polystyrene microtiter dish. Biofilm
dispersion was quantitated by measuring the OD540 of each well in which a negative control

lane wherei no biofilm was formed served as a background and was subtracted out.
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Procedure to Determine the Effect of Test Compounds o8. aureus/ATCC # 43300 and

ATCC # BAA-44) Planktonic Viability via Growth Curve Analysis: Growth curves were
performed by takingn overnight culture of the appropriate bacterial strain andsiaring

it at an OD600 of 0.01 into TSBG. The resulting bacterial suspension was then aliquoted (3.0
mL) into culture tubes. The test compound was then added at a predetermined camreentrati

to the medium of the test samples. Controls were employed in which no test compound was
added to the bacterial suspension. Samples were then placed in an incubator at 37 °C and
shaken at 200 rpm. The OD600 of the samples was measured at time intartialg at 2

hours and ending at 24 hours

Procedure to Determine the Mitigating Effects of Divalent Metal lons on MRSA (ATCC

# 43300) Biofilm Formation Inhibition Induced by Anti-fouling Agents Inhibition assays

were performed by taking an overnighttoué of bacterial strain and s@hlturing it at an
ODG600 of 0.01 into the tryptic soy broth with a 0.5% glucose supplement. Stock solutions of
8.0uM of the appropriate anfouling agent were then made in the necessary mealmplgs

were then doped witB5, 5Q 75, 100, 150 and 200M metal ion. Conl lanes were doped

with 200 M metal ion. These stock solutions were aliquoted (10pinto the wells of the

9%we | | PVC microtiter plate. Sampl e pl ates
followed byincubation under stationary conditions for 24 h at 37 °C. After incubation, the
media was discarded from the wells and the plates were washed thoroughly with water. Plates
were then w@ined with 110 plof 0.1% soltion of crystal violet (CV) andhen incubated at

ambient temperature for 30 min. Plates were washed with water again and the rerneming s
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was solubilized with 200 pbf 95% ethanol. A sample of 125 af solubilized CV stain from
each well was transferred to the corresponding veéléspolystyrene microtiter dish. Biofilm
inhibition was quantified by measuring the OD540 of each well in which a negative control
lane wherein no biofilm was formed served as a backgroundasdubtracted out. 200.0/4u

metal ions was found to hawe dfect on biofilm formation.
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Biological Assays Results

Biofilm Inhibition Data (Dose Response Curves)
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Biofilm Inhibition (43300)
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Biofilm Inhibition (43300)
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Biofilm Inhibition (43300)
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Biofilm Inhibition (43300)
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% Biofilm Inhibition

Biofilm Inhibition (BAA-44)
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Biofilm Inhibition (BAA-44)
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