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Abstract. A new class of diphenylurea was identified as aehoantibacterial scaffold with an
antibacterial spectrum that includes highly resiststaphylococcal isolates, namely methicillin- and
vancomycin-resistanBtaphylococcus aureus (MRSA & VRSA). Starting with a lead compouridthat
carries an aminoguanidine functionality from onéesand an-butyl moiety on the other ring, several
analogues were prepared. Considering the pharmastakiparameters as a key factor in structural
optimization, the structure-activity-relationshigSARs) at the lipophilic side chain were rigorously
examined leading to the discovery of the cyclohlepty analogue2ln as a potential drug-candidate.
This compound has several notable advantages @reomycin and linezolid including rapid killing
kinetics against MRSA and the ability to target aeduce the burden of MRSA harboring inside immune
cells (macrophages). Furthermore, the potent aRBM activity of21n was confirmedn vivo using a
Caenorhabditis elegans animal model. The present study provides a fouoddor further development
of diphenylurea compounds as potential therapeagjents to address the burgeoning challenge of

bacterial resistance to antibiotics.

Keywords: antibiotic drug resistanceCaenorhabditis elegans, Methicillin-resistant Saphylococcus

aureus, MRSA, intracellular infection, pharmacokinetics.



1. INTRODUCTION
Antimicrobial resistance (AMR) is a major globaldafte concern. Recent alarming estimates suggesst tha
deaths due to AMR may increase from the curremines¢ of 700,000 lives per year to ten million Bve
annually by 2050, at a cost of US$100 trillion2] Different bacterial species that were once Sptioie
to several different classes of antibiotics haver m@quired an array of unique resistance mechanisms
For instance, several strains Bécherichia coli were recently found to be resistant to theahd 4"
generation carbapenems[3] as well as the agemtsofésort, colistin.[4] However, infections caussd
one notorious bacterial pathogen have proven espedifficult to treat. Out of more than 23,000gme
that die each year in the United States due tdoiatit-resistant bacterial infections,[5] methiil
resistantStaphylococcus aureus (MRSA) was found to be responsible for nearly lrdlthese fatalities.
MRSA was first isolated in 1961,[6, 7] and becamdesnic in US hospitals in mid-1980, leading to the
worldwide pandemic of MRSA that continues to thegent time.[8, 9]

Saphylococcus aureus is a leading source of skin, wound, and hospitgaed infections. Successful
treatment of these infections has become a daunhafienge with the emergence of clinical isolaiés
MRSA exhibiting resistance to first-line antibiatiand agents of last resort, like linezolid[10] and
vancomycin.[11] Furthermore, the effectiveness gérds of last resort (vancomycin) is limited by
prolonged, persistent or recurrent bacteraemianguherapy,[12, 13] high rates of clinical failujdd]
severe nephrotoxicity[15] and the increasing prewve¢ of non-susceptible strains.[16] This highkght
the urgent need to develop new therapeutic ageititsnovel scaffolds to address the burden of MRSA
infections.

Our research group has been engaged extensivdivigloping and characterizing novel anti-
MRSA compounds with the aim of discovering prongsdrug candidates.[17-21] Central to our
vision of the urgent need to foster the currenticd® for the treatment of highly-resistant
pathogens, we continued our intensive efforts tooduce new anti-MRSA scaffold(s) to the

medicinal chemistry community. As reported earlie anti-MRSA phenylthiazolé has two



essential structural features: a lipophilic taillancationic aminoguanidinyl head (Figure 1).[18]
Considering these two fundamental structural eleésjean in-house library of nearly three-
hundred compounds, all with the guanidine or amiramgdine functional group on one end and a
less lipophilic chain at the opposite end, was exoeel using whole-cell screening assay. The
antibacterial activity of the top promising strues in the preliminary screening, which
successfully passed the PAINS assay,[22] were teeleand their antibacterial activity was
further assessed against a clinical isolate of MREB¥S123. These efforts, collectively, furnished

compounds in Figure 2 as lead structures.
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Figure 1. Chemical structure of first hit compound.
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Figure 2. Chemical structures of new hits with their minimmunhibitory concentration (MIC)
values against MRSA NRS123, All compounds were kbeécfor pan-assay interference
compounds (PAINS) and none are PAINS.[22]

According to the chemical nature of the linker, #otive hits can be classified into diarylurea
derivatives (compounds2-4), N-phenylarylamide analogues (compounds9) and N-
phenylacetamides (compounii2 and 13). The highest anti-MRSA activity was observed with
the diarylurea compounds4. Additionally, after exploring the literature, weve found some

reports that address the antimicrobial activitgighenylurea derivatives,[23] in addition to many

others as antitumor.[24] Therefore, chemical madiibns reported here involved building a



focused library of diphenylureas with differentdjghilic moieties at the phenphra position to
define the structure—activity relationships (SABSs}his position in a rigorous manner.

Taking the metabolic stability and other key pharak@netic properties into account to finally
develop a drug-candidate, this work has three ¢ilbgsc to investigate the antimicrobial activity
of the diphenylureas against a panel of MRSA andSXRlinical isolates, to investigate the
capability of the most promising candidate to peatetand eradicate intracellular MRSA, and to
confirm the potent anti-MRSA activity of the mostomising analogue in &aenorhabditis
elegans animal model.

2. RESULTS AND DISCUSSION

2.1. CHEMISTRY. The diphenylured 6 was obtained by allowingbutylaniline to react with the
isocyanatels. Treatment of the obtained acetyldiphenylutéavith aminoguanidine, in the presence of
lithium chloride as a catalyst, afforded the fipabduct1l7 (Scheme 1). Similarly, the 1-(4-acetylphenyl)-
3-(4-hydroxyphenyl)ureal@) was prepared (Scheme 2). The latter compouncali@sed to react with a
series of alkyl bromides to give the alkylated proid 20a-a These products were then treated with

aminoguanidine to afford the final produ@tka-o(Scheme 2).
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2.2. BIOLOGICAL RESULTS AND DISCUSSION
Among all tested hits, the three disubstituted uled@vatives2-4 showed the best antibacterial effect with
minimum inhibitory concentration (MIC) values rangi between 8 and 10g/mL. Compound3 was
chosen for further analysis and its stability tqdiec metabolism was briefly studied. Surprisingly,
compound3 was found to be a good substrate for the CYP4&@meas resulting in an ultra-short half-life
(t12) of 13.0 minutes and high clearance rate whenbatad with human liver microsomes (HLM) (Table
2). Microsomal oxidation o8 might occur at multiple positions; for instancepraatic and benzylic
oxidation are highly expected. Since the active sit CYP450 is surrounded by a highly hydrophobic
seven phenylalanine cluster,[25] the benzylic carbb3 was initially posited to be the metabolic soft-
spot (Figure 3). This particular carbon is hypothed to be extensively oxidized by metabolic enzgyme

Gratifyingly, literature is full of solutions forapidly metabolized benzylic carbons that includdiagl



two methyl groups or substitution with an oxygeanaf26, 27] Therefore, two derivatives possessing a
side chain with the same number of carbon atome wezpared; one witkkbutyl (compoundl?), and
one with a butoxy moiety (compourilb). The t-butyl analoguel7 showed negligible anti-MRSA
activity, while the antibacterial effect @fLb was reasonable with MIC values ranging betweend 16
ng/mL (Table 1). Even more interesting, compoufdsand21b exhibit a marked improvement in their
stability to hepatic metabolism as noted by thetreéased half-lives and lower clearance rates €T2a)l
Briefly, compound21b showed &/, that was five times longer and a lower microsoniehrance rate
than the corresponding butyl hit compouh(rable 2). Additionally21b exhibited a longer half-life than
two commercially-available drugs, midazolaty,(= 5.7 minutes) and verapamth/{ = 15.3 minutes).
The longer half-life values df7 and21b support our hypothesis of the presence of metalsolit spot at
the pendeah-butyl moiety. However, this information must b&eaa with caution as it doesn’t completely
exclude the possibility of aromatic hydroxylatiaWhat can be concluded from the MIC and metabolic
stability analyses of compounds/ and 21b is that diphenylureas containing an alkoxy sidairch
represent a promising novel scaffold, with suitafteg-like properties, to construct a novel clags o
antimicrobial agents. Additionally, the accessipilbf the synthetic protocol for ether formationdathe
availability of a variety of commercial alkyl haéd permit a complete study of the structure-agtiaitd

structure-kinetics relationships at this particydasition.
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Figure 3. Proposed metabolic soft spot and strategies to decrease affinity to CYP450.



Next, a series of alkoxy side chains was tether@tl whe core of the diphenylurea in order to
rigorously address the structure-activity and stmeskinetics relationships at this position. THas,
fifteen derivatives with different homologous, becard and cyclic side chains have been synthesizd a
tested against a panel of methicillin-sensiti&veaureus (MSSA), MRSA and VRSA clinical isolates.
Compound®21¢ 21d, 21h, 21i, 21j and21n are the most potent compounds agasstureus with MIC
values in the range of 2 to 8 pg/mL (Table 1). Tlapear to be bactericidal given the minimum
bactericidal concentration (MBC) values match @& ame-fold higher than the MIC values against most
clinical isolates. Interestingly, the newly deveddpdiphenylureas maintained their potent antibadter
effect when tested against strains exhibiting Heytel resistance to vancomycin (VRSA4 and VRSA10).
In this regard, they have an advantage over vanciomy

From SAR point of view, increasing the number oftmytene units from 4 (as in the lead compound
21b) to five or six (compound21c and21d) remarkably ameliorates the antibacterial actiafythese
compounds (Table 1). The branched anala@liewith a six carbon-unit side chain demonstrated MIC
values on par with that of linezolid, an agent adtiresort for treatment of systemic MRSA infecsion
Unlike the bacteriostatic nature of linezolid,[2Z8mpound21i appears to be bactericidal, given its MBC

value matches or is one-fold higher than its MIGugagainst all strains & aureus tested.

Table 1. The minimum inhibitory concentration (MIC in pg/inland the minimum bactericidal
concentration (MBC pg/mL) of diphenylurea compousdseened againSt aureus isolates.

S. aureus MRSA MRSA MRSA MRSA VRSA4 VRSA10

NRS107 NRS123 NRS382 NRS383  NRS384

(RN4220)  (USA400)  (USA100) (USA200) (USA300)

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
17 - - - - 64 128 - - - - - - - -
21a 8 8 4 16 8 8 8 16 8 16 8 8 8 16
21b 16 >4 8 32 16 16 16 32 16 16 16 16 16 32
21c 4 8 4 16 4 4 4 4 4 4 4 4 4 8
21d 8 8 8 16 4 4 4 8 8 16 8 8 8 8

2le 8 8 16 16 16 16 8 8 16 16 8 8 16 16
21f 16 32 32 32 16 32 16 16 16 16 16 32 16 32
21g 32 64 32 64 32 32 16 32 32 32 16 16 32 32
21h 4 4 8 16 8 8 4 4 4 8 4 8 4 8
21i 2 4 2 4 4 4 2 4 2 4 4 4 2 4




S. aureus MRSA MRSA MRSA MRSA VRSA4 VRSA10
NRS107 NRS123 NRS382 NRS383 NRS384
(RN4220) (USA400) (USA100) (USA200) (USA300)
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
21j 4 4 4 8 4 8 4 8 8 8 4 4 4 4
21k - - - - 128 - - - - - - - - -
211 16 16 16 32 16 16 16 32 16 16 16 16 16 32
21m - - - - 64 64 64 128 - - - - - -
21n 2 4 4 4 2 4 2 4 2 4 2 4 8 8
210 8 8 8 >64 4 >128 8 16 8 8 8 8 8 >64
Linezolid 2 32 2 32 2 16 2 32 2 16 2 8 2 16
Vanco- 1 1 0.5 0.5 <1 <1 0.5 0.5 0.5 1 >12  >128 >128 >128
mycin 8

Table 2. Metabolic stability analysis of compoun8sl?, 21b, and21nin human liver microsomes.

Tested NADPH-Dependent NADPH- NADPH-Free NADPH-Free Notes
compound CLnt Dependent CLnt T2 (min)
(UL/min-mg) T12(mMin) (ul/min-mg)
Midazolam 402 5.7 <9.6 >240 High
clearance
control
Verapamil 151 15.3 <9.6 >240 High
clearance
control
Warfarin <9.6 > 240 <9.6 >240 Low
clearance
control
3 189.8 13.0 ND ND
17 20.0 174 ND ND
21b 51.0 65.5 ND ND
21n 33.9 68.2 42.9 53.8

The two cornerstone antimicrobials clinically ireusr the treatment of systemic MRSA infections are
glycopeptides such as vancomycin and oxazolidingneh as linezolid. Each of these categories kas it
own drawbacks that affect their clinical efficiencWhile linezolid is a bacteriostatic agent,[28]
vancomycin exhibits a very slow bactericidal modeaction[29] resulting in difficulty in clearing an
infection[30] and clinical failure in many cased]3In order to further investigate the observed
bactericidal activity of the new diphenylurea datives, the most promising compouriil, 21j, and
21n (at 4 x MIC) were further examined against MRSAA480 using a standard time-kill assay. All
three compounds were able to eradicate a high lnocaf MRSA within four hours. This confirms they
possess rapid bactericidal activity. Vancomycirunexs 24 hours to achieve the same effect (Figlure 4

The rapid bactericidal activity of the diphenylur@@mpounds may limit the ability of MRSA to rapidly



acquire resistance to these agents. Indeed, repeatleculturing of MRSA to the diphenylurea
compounds over a two-week period did not resulthim isolation of resistant mutants via a multi-step

resistance assay (data not shown).
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Figure 4. Time-kill analysis of diphenylurea compounds 21i, 21n, 21j, and vancomycin against
metbhicillin-resistant Staphylococcus aureus (MRSA USA400) over a 24-hour incubation period at 37 °C.
DMSO served as a negative control. The error bars represent standard deviation values obtained from
triplicate samples used for each compound/antibiotic studied.

Thus far, our analysis of the antibacterial aggivf the diphenylurea compounds focused exclusively
on their effect on extracellular MRSA. However, MR$ not exclusively an extracellular pathogen.
Rather, MRSA can escape and hide intracellularithiwiimmune cells, such as macrophages[32, 33]
inducing several life-threating diseases such aumonia in humans[34] and mastitis in cattle. MRSA
harbouring inside host tissues can lead to reayinfections that are very challenging for clinitsato
treat.[35] This poses a unique challenge as matipiaiics are unable to enter inside infected calls
eradicate MRSA. For instance, the inability of vamgcin, and other glycopeptides, to penetrate and
sufficiently accumulate inside macrophages[34] leaksto clinical failure in more than 40% of cases
treated with a standard vancomycin dosing regin3éi.|

Prior to examining the ability of our diphenylurgaspenetrate and kill intracellular MRSA, the most
active compounds were subjected to a preliminaxicity profiling using human keratinocytes (HaCaT).
Figure 5 indicates that the most tolerable compswmere21¢ 21n and21i as they were not toxic up to a

concentration of 64.g/mL (or 32 pg/mL for21i). This represents an 8-to 16-fold difference betwthe



MIC values obtained against MRSA for all three connpds. Compound21c and21i are structurally
analogous; thu®1n and 21i were selected for further investigation to examiheir ability to Kill

intracellular MRSA harbouring inside infected mauages.
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Figure 5. Toxicity analysis of diphenylurea compounds against human keratinocytes (HaCaT). Percent
viable mammalian cells (measured as average absorbance ratio (test agent relative to DMSQO)) for
cytotoxicity analysis of diphenylurea compounds 21d, 21h, 21c, 21i, 21a, 21n, and 21j (tested in
triplicate) at 16, 32, and 64 pg/mL against HaCaT cells using the MTS 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) assay. Dimethyl sulfoxide (DMSO) was used
as a negative control to determine a baseline measurement for the cytotoxic impact of each compound.
The absorbance values represent an average of a minimum of three samples analyzed for each
compound. Error bars represent standard deviation values for the absorbance values. A one-way
ANOVA, with post hoc Dunnet’s multiple comparisons test, determined statistical difference between
the values obtained for each compound and DMSO (denoted by the asterisk) (P < 0.05).
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Figure 6. Toxicity analysis and examination of clearance of intracellular MRSA present in murine
macrophage (J774) cells. Panel A) Percent viable mammalian cells (measured as average absorbance
ratio (test agent relative to DMSO)) for cytotoxicity analysis of diphenylurea compounds 21i and 21n
(tested in triplicate) at 8, 16, 32, and 64 pug/mL against J774 cells using the MTS 3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) assay. Dimethyl sulfoxide (DMSO)
was used as a negative control to determine a baseline measurement for the cytotoxic impact of each
compound. The absorbance values represent an average of a minimum of three samples analyzed for
each compound. Error bars represent standard deviation values for the absorbance values. A one-way
ANOVA, with post hoc Dunnet’s multiple comparisons test, determined statistical difference between
the values obtained for each compound and DMSO (denoted by the asterisk) (P < 0.05). Panel B) Percent
reduction of MRSA USA400 colony forming units inside infected murine macrophage cells after
treatment with 16 pg/mL of either compound 21n or vancomycin (tested in triplicate) for 4, 8, and 24
hours. Data were analyzed via a Student’s t-test (P < 0.05). Asterisks (*) represent significant difference
between treatment of J774 cells with 21n in comparison to vancomycin.

Initial J774 cell tolerability screening @flLi and21n revealed that compourinis not toxic up to 16
png/mL; however, compoun®li appears toxic to J774 cells even at a concentrasolow as 8 pg/mL
(Figure 6A). Due to its superior toxicity profilepmpound21n was selected for further analysis for its
ability to clear MRSA harboring inside macrophagsc As depicted in Figure 6B, after four houz&n
(same time required to eradicate extracellular MR®#pletely via a time-kill assay) produced a 5%
reduction in MRSA CFU/mL when compared to untreaathples. The number steadily increased and
reached 35.7% reduction of MRSA after 8 hours af#bt Geduction after 24 hours of treatment.
Vancomycin, as expected, was not able to reducerésence of MRSA inside infected J774 cells, even
after 24 hours of treatment. The results colletyivedicate compoun@1n has the ability to gain entry
into macrophage cells (after 8 hours of treatmang concentration high enough to significantlyucsd
the burden of MRSA inside infected macrophage cells

After confirming this newly discovered class of quuunds has potent antibacterial activity against
extracellular and intracellular MRSA with a well¢cated safety profile against mammalian cells, we
moved to ensure that the mechanism of action @ketltempounds was not through physical disruption of
the bacterial cell membrane. Membrane-active agaerdstypically non-specific (i.e. can disrupt both

bacterial and eukaryotic cells) and thus have &nhiitility as therapeutic agents.



To examine if the diphenylurea compounds exert thatibacterial effect by targeted disruption o th
bacterial cell membrane, compourll, 21n, and vancomycin were incubated at a high conceotra
(5.0 x MIC value) with a high-inoculum of MRSA NR&3 (USA400). Lysostaphin, a well-characterized
membrane-disruptive agent agaisaureus, was used as a positive control. The mechanisactidn of
compound®1i and21ndoes not appear to be through physical disruptfdheintegrity of the bacterial
cell membrane (Figure 7). The compounds mimic tlealsior of vancomycin, an antibiotic that inhibits
bacterial cell wall synthesis, and untreated sam{3#@5% leakage of 260 and 280 nm absorbing méteria
observed) in contrast to cells treated with lygoisia Subsequent investigation into the mechaniém o
action of the diphenylureas indicates they interfeith bacterial cell wall synthesis (data not pshed).

At present, we are working to validate these figdin
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Figure 7. Loss of 260 and 280 nm cellular absorbing material for compounds 21i and 21n against MRSA
NRS123. Untreated cells represent the negative control while 20 pg/mL lysostaphin (in 50 mM Tris-HClI,
pH 7.6) served as the positive control. The figure represents the ratio of the average absorbance value
obtained for each treatment against the average absorbance value obtained for the positive control. The
error bars represent standard deviation values of duplicate samples for each treatment option. A paired
t-test, P < 0.05, demonstrated no statistical difference between the values obtained for vancomycin and
compounds 21i and 21n relative to untreated cells but significant difference (denoted by *) in the
absorbance values obtained for lysostaphin as compared to untreated cells.

In vivo examination of 21n and vancomycin to kil MRSA USAOQO in a Caenorhabditis elegans
animal model Thus far, promisingin vitro results pertaining to the anti-MRSA activity ofeth

diphenylurea compounds was obtained. However, dritgcal to validatein vitro resultsin vivo, in a



suitable animal model of infection. To examine #fcacy of the diphenylurea compounds to treat a
MRSA infectionin vivo, the Caenorhabditis elegans (C. elegans) was utilized. TheC. elegans animal
model is an established system for investigatirgetticacy of small molecule antibacterial agantgvo
in early stage drug discovery[37, 38] Using thisdelpcompoun®1n (at 10 pg/mL, equal to 2.5 x MIC)
retains its potent antibacterial activityvivo reducing the burden of MRSA USA400 by more tha#50
in infected worms (Figure 8). Vancomycin, at thensaconcentration, reduces the bacterial burden by
25%.

Compound1n thus far emerged as the most promising candidatiifther investigation. In order to
gauge potential therapeutic applications 2dn, it was critical to examine its pharmacokinetiofge
first. This information will prove valuable in dgsiing future animal studies involving MRSA infect®

(systemic and localized) including identifying appeopriate route of administration and frequency of

dosing.
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Figure 8. Antibacterial activity of 21n and vancomycin in vivo against MRSA-infected C. elegans. In vivo
examination of antibacterial activity of diphenylurea compound 21n and vancomycin (tested at 10
ug/mL) in C. elegans AU37 infected with methicillin-resistant Staphylococcus aureus USA400.
Vancomycin served as a positive control. Worms (in L4 stage of growth) were infected with bacteria for
six hours before transferring 15-25 worms to wells of a 96-well plate. Test agents were added and
incubated with worms for 20 hours. Worms were sacrificed and the number of viable colony-forming
units of MRSA USA400 in infected worms was determined for each treatment regimen. The figure
presents the average CFU/mL of MRSA USA400 for each treatment condition. Asterisk (*) denotes
statistical significance (P < 0.05) in CFU/mL relative to untreated control using a Student’s t-test (with
Holm-Sidak correction).



Pharmacokinetic profiling

Permeability assay We initially investigated the ability of compouriin to permeate across the
gastrointestinal tract as modeled by the Caco-Rdutlonal permeability assay. Compouwith is able to
permeate across the Caco-2 membrane (from thel dpitasolateral direction) however at a slow rate
that is similar to talinolol (Table 3). The highflak ratio for 21n indicates the permeability of this
compound is significantly impaired by the preseatéhe P-glycoprotein efflux transport system (B-gp
This result would indicate that, for systemic apaiion,21n would be more suitable for administration
intravenously. As an alternative to systemic agian, the compound could also be explored fordalpi
treatment of MRSA skin lesions. Givéhaureus is responsible for more than half of all skin st
tissue infections in the United States,[39] topiaatibiotics are valuable allies to treat thesdipalar
infections. This point will be further explored Wi21nin a future study.

Metabolic stability analysis As discussed earlier, the lead diphenyl\Bdaat carries a-butyl moiety at
the lipophilic side chain revealed an ultra-shaifife (t;» = 13 min) with a clearance rate close to 190
uL/min-mg (Table 2). Such PK data (rapid clearanee shortt;;) will significantly affect the size and
frequency of the dosing regimen. Therefore, follogviwell-established protocols,[26, 27] the benzylic
metabolic soft spot was replaced with an oxygematahich cannot be oxidized under physiological
conditions. The alkoxy analogues synthesized etddba noticeably higher half-life value (five-fold
greater than compour8j and lower clearance rates (3-5 times lower tlacdmpound) (Table 2).

In particular, compoun@1n is superior to both midazolam and verapamil as tleared by human
liver microsomes at a much lower rate than bothtrobrrugs (Table 2). The half-life of 68.2 minutes
indicates the compound is metabolized at a modeadte Interestingly, the clearance rate increasels
the half-life decreases for compou@idin in the absence of NADPH indicating this compousdot
metabolized via the typical cytochrome-P450 systethe liver.

Table 3. Caco-2 bidirectional permeability analysis for compound 21n.



Test Article Test Assay Mean A>B Mean B->A Efflux Notes
Concentration Duration Papp (10° Papp (10°  ratio (R.)
(uM) (hours) cm/sec) cm/sec)
Ranitidine 10 2 0.235 2.31 9.8 Low
permeability
control
Talinolol 10 2 0.065 8.95 138 P-glycoprotein
efflux
transporter
control
Warfarin 10 2 27.7 20.3 0.73 High
permeability
control
21n 10 2 0.039 51.9 >1000

In vivo Pharmacokinetics Caco-2 results tend to over predict efflux dud€’tgp overexpression. Thus,
aninvivo PK assessment was conducted. Briefly, a dose of@lRg was given to male Sprague—Dawley
rats and blood samples were collected over a 244peniod. The aim of this preliminary assessmerd wa
to identify the most suitable route of adminiswatior examining the efficacy &1nin more advanced
animal models of MRSA infection.

Thus far, then vivo PK results confirmed the high affinity @iln to P-gp as the maximum detected
plasma concentratiorCf,,,) for 21n was around 16 ng/mL (Table 4). This value is rdudgiwo-hundred
times less than the average MIC valueth against MRSA. Apart from the high affinity to P;gpe
high duration of action, indicated by the half-litg,) value of approximately 16 hours (Table 4) further
supports our hypothesis that the benzylic methylameis the metabolic soft spot. Thus preser2lin
would be more suitable to be examined for efficaecguitable mouse models of infection either thioug
intravenous administration (for systemic MRSA irtfes) or topically (for MRSA skin infections).

Table 4. Oral pharmacokinetic parameters in rats after 50 mg/kg oral dose of compound 21n.

Conax Tinax AUC et AUC 1 Lz thait MRT

Animal  (ng/mL)  (h)  ((h)*(ng/mL)) ((h)*(ng/mL))  (L/h) (h) (h)

1 17.300  8.000 207.203 405515  0.039 17.714  30.467

2 8.640  12.000 137.315 286.033  0.037 18.641 32.875

3 22.900  8.000 310.805 461.493  0.060 11.593  21.828
N 3 3 3 3 3 3 3
Mean 16.280  9.333 218.441 384.347 0.045 15982  28.390
Stdev 7.185  2.309 87.289 89.625 0.013  3.830  5.809




%CV 44131 24.744 39.960 23.319 27.615 23.963 20.461

SEM 4148  1.333 50.396 51.745 0.007 2211  3.354

Min 8.640  8.000 137.315 286.033 0.037 11593  21.828
Median  17.300  8.000 207.203 405.515 0.039  17.714  30.467
Max 22.900  12.000 310.805 461.493 0.060  18.641  32.875

3.CONCLUSION.

Bacterial resistance to currently available antibgorepresents a significant challenge to heaféhca
providers and researchers in drug discovery. Neibacterial agents with unique chemical scaffoldd a
mechanism of action are urgently needed. The ptrestrmy reported a new series of synthetic
compounds bearing the diphenylurea scaffold witteipioantibacterial activity against MRSA and VRSA.
Compound®21n emerged as the most promising analogue due smiisrior toxicity profile, ability to kill
intracellular MRSA harboring inside infected madnages, enhanced stability to hepatic metabolisih, an
potent anti-MRSA activityin vivo in a C. elegans model. Pharmacokinetic analysis 2En revealed, at
present, it is suitable for administration intrawesly or topically (for treatment MRSA skin infemtis).
Future studies will aim to examir&ln in suitable mouse models of MRSA infection anddavelop
novel analogues with enhanced ability to permeatesa the gastrointestinal tract (to permit oraidg).

4. EXPERIMENTAL SECTION

4.1.CHEMISTRY

4.1.1. General.'H NMR spectra were run at 300 MHz ali€ spectra were determined at 100 MHz
in deuterated chloroform (CDg}} or dimethyl sulfoxide (DMSQIs) on a Varian Mercury VX-400 NMR
spectrometer. Chemical shifts are given in partsnpéiion (ppm) on the deltad] scale. Chemical shifts
were calibrated relative to those of the solvelRtash chromatography was performed on 230-400 mesh
silica. The progress of reactions was monitoredh Wierck silica gel IB2-F plates (0.25 mm thickness)
The infrared spectra were recorded in potassiummig® disks on pye Unicam SP 3300 and Shimadzu
FT IR 8101 PC infrared spectrophotometer. Masstep&eere recorded at 70 eV. High resolution mass

spectra for all ionization techniques were obtaifredn a FinniganMAT XL95. Melting points were



determined using capillary tubes with a Stuart SMRBPparatus and are uncorrected. HPLC analyses
were performed on an Agilent binary HPLC system ¢®lo1260) equipped with a multiple wavelength
absorbance UV detector set for 254 nM, and using aM C-18 reversed-phase column and
methanol:water (4:1) as a mobile phase. All yie&sorted refer to isolated yields

4.1.2. Preparation of Diphenylurea Derivatives 16 and 19General Procedure.An appropriate
amine (1 equiv.) was added to 4-acetylphenyl isoteyd 5, 1 equiv.) in dry THF (20 mL). The reaction
mixture was stirred at room temperature for 12 bourhe solvent was evaporated under reduced
pressure. The crude product was purified by criystdion from methanol-ethyl acetate (1:1) to affdine
desired compounds.

4.1.2.1. 1-(4-Acetylphenyl)-3-(4tert-butylphenyl)urea (16).[40] Grayish-white solid (58% yield).
'H NMR (DMSO-ds) & 9.14 (brs, 1 H), 8.79 (brs, 1 H), 7.88 {d= 8.7 Hz, 2 H), 7.61 (d] = 8.7 Hz, 2
H), 7.41 (d,J = 8.7 Hz, 2 H), 7.13 (dJ = 8.7 Hz, 2 H), 2.56 (s, 3 H), 1.25 (s, 9 H); ESIM#& (rel
intensity) 310 (M, 100); HRMS (ESI)m/z 310.1677 M, calcd for GgH»N,0, 310.1781.

4.1.2.2.1-(4-acetylphenyl)-3-(4-hydroxyphenyl)urea (19).[4POff-white solid (80% yield). R0.36
(50% EtOAc/hexanesfH NMR (DMSO-ds, 300 MHz)3 9.11(s, 1H), 8.97 (s, 1H), 8.46 (s, 1H), 7.90 (d,
J=11.70 Hz, 2H), 7.57 (d, = 11.70, 2H), 7.24 (d] = 11.40, 2H), 6.71 (d] = 11.07, 2H), 2.49 (s, 3H);
HRMS nv/z 270.1015 (calcd for gH14N.O3, 270.1004); Anal. Calcd for;6H14N2O3: C, 66.66; H, 5.22;

N, 10.36; found: C, 66.94; H, 5.28; N, 10.59.

4.1.3. General procedure for the nucleophilic substitutionreaction. A solution of urea derivative
19(0.17 g, 0.5 mmol), alkylhalide (1.0 mmol, 2 eqild®COs in DMF (5 mL) was stirred at 100 °C for
12 hours. After completion as indicated by TLC, &D of EtOAc was added and the mixture was poured
into a saturated solution of NaHG(Q5 mL). The heterogeneous mixture was separateédhee aqueous

layer was extracted with EtOAc (3 x 10 mL). The tamed organic layers were washed with brine, dried



over MgSQ, filtered through celite and concentrated undetuced pressure. Purification by flash
chromatography on silica gel using EtOAc-hexanelation provided the title compounds.

4.1.3.1. 1-(4-acetylphenyl)-3-(4-propoxyphenyl)urea (20a}0] Off-white solid (70% yield, 95
mg). R 0.75 (50% EtOAc/hexanesH NMR (DMSO-ds, 300MHz)3 8.99 (s, 1H), 8.57 (s, 1H), 7.90 (d,
J=9.00, 2H), 7.58 (d] = 8.70, 2H), 7.36 (d] = 9.30 Hz, 2H), 6.88 (d} = 9.30 Hz, 2H), 3.90 (1] = 6.60
Hz, 2H) 2.49 (s, 3H), 1.74-1.67 (m, 2H), 0.99J(t 7.50, 3H):*C NMR (DMSOdg) & 196.18, 154.14,
152.27, 144.52, 132.10, 130.21, 129.57, 120.28,96164.14.60, 69.09, 26.27, 22.04, 10.35; HRM3
312.1466 (calcd for {gH20N203, 312.1474); Anal. Calcd forgH20N203 (312.14): C, 69.21; H, 6.45; N,
8.97; found: C, 69.47; H, 6.51; N, 9.02.

4.1.3.2. 1-(4-Acetylphenyl)-3-(4-butoxyphenyl)urea (20h)Off-white solid (82% vyield, 133 mg).tR
0.77 (50% EtOAc/hexanesti NMR (DMSO-ds, 300MHz)3 8.99 (s, 1H), 8.57 (s, 1H),7.90 (= 8.70,
2H), 7.58 (d,J = 8.70, 2H), 7.36 (dJ = 9.00, 2H), 6.88 (dJ = 9.00, 2H), 3.94 (t] = 6.60, 2H) 2.49(s,
3H), 1.74-1.67 (m, 2H), 1.47-1.41 (m, 2H), 0.99J(t 7.20, 3H); HRMSm/z 326.1635 (calcd for
CigH2oN05, 326.1630); Anal. Calcd for 1gH2:NO3 (326.16): C, 69.92; H, 6.79; N, 8.58; found: C,
70.21; H, 6.87; N, 8.84.

4.1.3.3. 1-(4-acetylphenyl)-3-(4-(pentyloxy)phenylurea (2f). Off-white solid (65% vyield, 104
mg). R 0.79 (50% EtOAc/hexanest NMR (DMSO-ds, 300MHz)39.01 (s, 1H), 8.59 (s, 1H),7.90 (@,
= 8.70, 2H), 7.58 (dJ = 8.40, 2H), 7.36 (dJ = 9.00, 2H), 6.88 (d] = 9.00, 2H), 3.94 (tJ = 6.60, 2H),
2.49 (s, 3H), 1.71-1.65 (m, 2H), 1.37-1.31 (m, 4H92-0.84 (m, 3H); HRM$®Vz 340.1790 (calcd for
CooH24N203, 340.1787); Anal. Calcd for gH24N203 (340.17): C, 70.57; H, 7.11; N, 8.23; found: C,
70.74; H, 7.18; N, 8.31.

4.1.3.4. 1-(4-acetylphenyl)-3-(4-(hexyloxy)phenyl)urea (20d Off-white solid (80% yield, 71 mg).
Rf 0.81 (50% EtOAc/hexanes¥! NMR (DMSO-ds, 300MHz)3 9.04 (s, 1H), 8.62 (s, 1H),7.90 @@=
8.70, 2H), 7.58 (dJ = 8.40, 2H), 7.36 (d] = 8.10, 2H), 6.88 (d] = 8.70, 2H), 3.93 (] = 6.30, 2H), 2.49

(s, 3H), 1.70-1.64 (m, 2H), 1.40-1.29 (m, 6H), 6®B5 (m, 3H); HRMSMz 354.1930 (calcd for



Co1H26N203, 354.1943); Anal. Calcd for £H26N203 (354.19): C, 71.16; H, 7.39; N, 7.90; found: C,
71.38; H, 7.46; N, 8.02.

4.1.3.5. 1-(4-Acetylphenyl)-3-(4-(heptyloxy)phenyl)urea (28). Off-white solid (84% yield, 154
mg). R 0.8 (50% EtOAc/hexanes)yi NMR (DMSO-ds, 300MHz)3 8.99 (s, 1H), 8.57 (s, 1H),7.90 (@,
= 8.70, 2H), 7.58 (dJ = 8.70, 2H), 7.36 (dJ = 9.00, 2H), 6.88 (d] = 9.30, 2H), 3.93 (tJ = 6.60, 2H),
2.49 (s, 3H), 1.71-1.66 (m, 2H), 1.42-1.28 (m, 8BI§9—0.85 (m, 3H); HRMS 368.2107 (calcd for
CooH2sN203, 368.2100); Anal. Calcd for £H2gN203 (368.21): C, 71.71; H, 7.66; N, 7.60; found: C,
71.88; H, 7.72; N, 7.84.

4.1.3.6. 1-(4-Acetylphenyl)-3-(4-(octyloxy)phenyl)urea (20f Brownish solid (89% vyield, 170 mg).
R 0.82 (50% EtOAc/hexanesyd NMR (DMSO-ds, 300MHz)3 8.99 (s, 1H), 8.57 (s, 1H), 7.90 @z
8.70, 2H), 7.58 (dJ = 8.70, 2H), 7.36 (d] = 9.00, 2H), 6.88 (d] = 9.30, 2H), 3.93 (] = 6.60, 2H), 2.49
(s, 3H), 1.71-1.66 (m, 2H), 1.42-1.28 (m, 10H),86@84 (m, 3H); HRMSwz 382.2271 (calcd for
Ca3sH3oN203, 382.2256); Anal. Calcd for GH3oN203 (382.22): C, 72.22; H, 7.91; N, 7.32; found: C,
72.43; H, 8.00; N, 7.48.

4.1.3.7. 1-(4-Acetylphenyl)-3-(4-(nonyloxy)phenyl)urea (20g Brownish solid (77% vyield, 153
mg). R 0.84 (50% EtOAc/hexanesH NMR (DMSO-ds, 300MHz)3 8.99 (s, 1H), 8.57 (s, 1H),7.90 @,
= 8.70, 2H), 7.58 (dJ = 8.40, 2H), 7.36 (dJ = 9.00, 2H), 6.88 (d] = 9.30, 2H), 3.93 (tJ = 6.60, 2H),
2.49 (s, 3H), 1.70-1.65 (m, 2H), 1.42—1.25(m, 12487-0.83 (m, 3H); HRM&Vz 396.2400 (calcd for
Co4H32N203, 396.2413); Anal. Calcd for £H3:N203 (396.24): C, 72.70; H, 8.13; N, 7.06; found: C,
72.91; H, 8.20; N, 7.29.

4.1.3.8. 1-(4-Acetylphenyl)-3-(4-isobutoxyphenyl)urea (20h)Off-white solid (80% yield, 130 mg).
Rr 0.73 (50% EtOAc/hexanes)d NMR (DMSO-ds, 300MHz)89.05 (s, 1H), 8.63 (s, 1H),7.90 @ =
8.70, 2H), 7.58 (dJ = 8.70, 2H), 7.36 (dJ = 7.80, 2H), 6.88 (dJ = 8.70, 2H), 3.70 (dJ = 6.60, 2H),

2.49 (s, 3H), 1.99-1.95 (m, 1H), 0.98 (= 6.60, 6H HRMSm/z 326.1632 (calcd for H»N»Os,



326.1630); Anal. Calcd for gH22N205 (326.16): C, 69.92; H, 6.79; N, 8.58; found: C,18) H, 6.85; N,
8.74.

4.1.3.9. 1-(4-Acetylphenyl)-3-(4-(isopentyloxy)phenyl)ureg20i). Off-white solid (75% yield, 128
mg). R 0.75 (50% EtOAc/hexanesH NMR (DMSO-ds, 300MHz)3 8.99 (s, 1H), 8.57 (s, 1H),7.90 @,
= 8.70, 2H), 7.58 (dJ = 8.70, 2H), 7.36 (dJ = 9.00, 2H), 6.88 (d] = 9.00, 2H), 3.93 (tJ = 6.60, 2H),
2.49 (s, 3H), 1.74-1.69 (m, 2H), 1.66-1.64 (m, 1H}3-1.28 (m, 2H), 0.90 (d,= 6.60, 6H); HRMS
m/z 340.1780 (calcd for #£H24N2O3, 340.1787); Anal. Calcd for ggH24NO3 (340.17): C, 70.57; H,
7.11; N, 8.23; found: C, 70.79; H, 7.15; N, 8.42.

4.1.3.10. 1-(4-Acetylphenyl)-3-(4-((4-methylpentyl)oxy)phenylurea (20j). Off-white solid (92%
yield, 162 mg). R0.75 (95% EtOAc/hexanesidi NMR (DMSO-ds, 300MHz) 88.99 (s, 1H), 8.57 (s,
1H),7.90 (dJ = 8.70, 2H), 7.58 (d] = 8.70, 2H), 7.36 (d] = 9.00, 2H), 6.88 (d] = 9.00, 2H), 3.93 (1J
= 6.60, 2H), 2.49 (s, 3H), 1.74-1.69 (m, 2H), 1564 (m, 1H), 1.33-1.28 (m, 2H), 0.90 Mz 6.60,
6H); HRMSm/z 354.1953 (calcd for £H26N203, 354.1943); Anal. Calcd for £H26N203 (354.19): C,
71.16; H, 7.39; N, 7.90; found: C, 71.43; H, 7.848.06.

4.1.3.11. 1-(4-Acetylphenyl)-3-(4-(2-ethylbutoxy)phenyl)urea(20k). Off-white solid (82% vyield,
145 mg). R0.71 (50% EtOAc/hexanesi NMR (DMSO-ds, 300MHz)d 9.01 (s, 1H), 8.59 (s, 1H),7.90
(d, J = 8.70, 2H), 7.56 (d] = 8.40, 2H), 7.36 (d] = 8.40, 2H), 6.89 (d] = 8.40, 2H), 3.82 (d] = 5.40,
2H), 2.49 (s, 3H), 1.62-1.56 (m, 1H), 1.66—1.64 (i), 1.47-1.31 (m, 4H), 0.92-0.85 (m, 6H); HRMS
m/z 354.1949 (calcd for £HeN203, 354.1943); Anal. Calcd for £H26N2O3 (354.19): C, 71.16; H,
7.39; N, 7.90; found: C, 71.44; H, 6.84; N, 8.03.

4.1.3.12. 1-(4-Acetylphenyl)-3-(4-(cyclobutylmethoxy)phenyluea (20I). Off-white solid (78%
yield, 132 mg). R0.76 (50% EtOAc/hexanesidi NMR (DMSO-ds, 300MHz) 88.99 (s, 1H), 8.57 (s,
1H),7.90 (d,J = 8.70, 2H), 7.58 (d] = 9.00, 2H), 7.36 (d] = 8.70, 2H), 6.88 (d] = 9.40, 2H), 3.91 (d]
= 6.60, 2H), 2.61-2.76 (m, 1H), 2.49 (s, 3H), 2264 (m, 2H), 1.81-1.89 (m, 4HYC NMR (DMSO-

ds) & 196.19, 154.27, 152.27, 144.51, 132.14, 130.29,58? 120.24, 116.96, 114.66, 71.71, 34.04,



24.35, 18.05; HRMSnz 338.1650 (calcd for £H2:N,O3, 338.1630); Anal. Calcd for s6H2:N2053
(338.16): C, 70.99; H, 6.55; N, 8.28; found: C,1At.H, 6.64; N, 8.44.

4.1.3.13. 1-(4-Acetylphenyl)-3-(4-(cyclopentyloxy)phenyl)urea (20m). Off-white solid (65%
yield, 110 mg). R 0.8 (50% EtOAc/hexanes)H NMR (DMSO-ds, 300MHz) 5 9.05 (s, 1H), 8.61 (s,
1H),7.90 (d,J = 8.10, 2H), 7.58 (d] = 8.40, 2H), 7.35 (d] = 9.00, 2H), 6.85 (d] = 8.40, 2H), 4.75 (br s,
1H), 2.49 (s, 3H), 1.88-1.56 (m, 8H); HRMB8z 338.1628 (calcd for £H».N,Os, 338.1630); Anal.
Calcd for GoH22N203 (338.16): C, 70.99; H, 6.55; N, 8.28; found: C,24t H, 6.53; N, 8.41.

4.1.3.14. 1-(4-Acetylphenyl)-3-(4-(cycloheptyloxy)phenyl)ureg20n). Brownish white solid (68%
yield, 125 mg). R0.85 (50% EtOAc/hexanest NMR (DMSO-ds, 300MHz)39.6 (s, 1H), 9.16 (s, 1H),
7.89 (d,J = 8.10, 2H), 7.60 (d] = 8.10, 2H), 7.37 (d] = 8.40, 2H), 6.84 (d] = 8.40, 2H), 4.41-4.39 (br
m, 1H), 2.49 (s, 3H), 1.95-1.89 (m, 2H), 1.79-1(4¥, 10H); HRMS nvz 366.1938 (calcd for
CaoH26N203, 366.1943); Anal. Calcd for £H26N203 (366.19): C, 72.11; H, 7.15; N, 7.64; found: C,
72.40; H, 7.21; N, 7.80.

4.1.3.15. 1-(4-Acetylphenyl)-3-(4-(benzyloxy)phenyl)urea (20d40] Off-white solid (97% vyield,
175 mg). R0.91 (50% EtOAc/hexanesi NMR (DMSO-ds, 300MHz)39.02 (s, 1H), 8.06 (s, 1H), 7.90
(d, J = 8.70, 2H), 7.58 (dJ = 8.70, 2H), 7.45-7.32(m, 7H), 6.97 (= 8.10, 2H), 5.10 (s, 2H), 2.49 (s,
3H); HRMS nvz 360.1463 (calcd for £H20N203, 360.1474); Anal. Calcd for gH,0N203 (360.14): C,
73.32; H, 5.59; N, 7.77; found: C, 73.56; H, 5.R6;7.78.

4.1.4. Preparation of Carbamimidoylhydrazono Derivatives 7 and 2la-o. General
Procedures.The methyl ketonesly and19, 0.5 mmol) were dissolved in absolute ethanolr(il(, and
aminoguanidine hydrochloride (111 mg, 1 mmol) ancatalytic amount of LiCl (10 mg) were added.
The reaction mixture was heated under reflux fo24zours. The solvent was evaporated under reduced
pressure. The crude product was purified by criyasgion from 70% methanol, then recystalizatiomiag

from ethyl acetate to afford the final productdisted below:



4.1.4.1. 2-{1-[4-(3-(4-tert-Butyl)phenyl)ureido)phenyl]ethylidene}hydrazine-1-
carboximidamide (17).Buff solid (76%): mp > 306C. *H NMR (DMSO-ds) 5 9.70 (brs, 1 H), 8.60 (brs,
1 H), 7.72 (dJ = 8.7 Hz, 2 H), 7.41 (d] = 8.7 Hz, 2 H), 7.37 (d] = 8.7 Hz, 2 H), 7.27 (d] = 8.7 Hz, 2
H), 5.83 (brs, 2 H), 5.43 (brs, 2 H), 2.19 (s, 3 HP4 (s, 9 H)**C NMR (DMSO4ds, 100MHz)8 160.20,
153.41, 148.19, 145.02, 140.08, 137.97, 134.64,8P26126.28, 119.00, 118.39, 34.78, 32.17, 14.20;
ESIMS nvz (rel intensity) 367 ([M+H], 100); HRMS (ESI),w/z 367.2252 M, calcd for GoH27N¢O
367.2241.

4.1.4.2.2-(1-(4-(3-(4-Propoxyphenyl)ureido) phenyl)ethylidae) hydrazine-1-carboximidamide
(21a). Yellowish solid (80% yield, 147 mg).iR.5 (DCM/MeOH/E$N, 87:10:3):"H NMR (DMSO-s,
300MHz) 511.20(s, 1H), 9.69(s, 1H), 9.48 (s, 1H), 7.91 (b8H), 7.39 (dJ = 8.70, 2H), 7.54 (d) =
8.70, 2H), 7.42 (dJ = 8.70, 2H), 6.6.77 (d] = 8.70, 2H), 3.84 (t) = 6.60, 2H), 2.24 (s, 3H), 1.71-1.64
(m, 2H), 0.97 (tJ = 7.50, 3H)*C NMR (DMSO+ds, 100MHz)3 156.49, 154.04, 153.22, 151.96, 142.34,
133.54, 130.22, 127.63, 120.34, 117.77, 114.8%6/23.49, 14.47, 10.68; HRM#z 368.1980 (calcd
for C1gH24N602, 368.1961); Anal. Calcd forigH24NgO, (368.19): C, 61.94; H, 6.57; N, 22.81; found: C,
62.13; H, 6.66; N, 23.06.

4.1.4.3. 2-(1-(4-(3-(4-Butoxyphenyl)ureido)phenyl)ethylidee)hydrazine-1-carboximidamide
(21b). Yellowish solid (82% vyield, 157 g).{®.51 (DCM/MeOH/E{N, 87:10:3);'"H NMR (DMSO-ds,
300MHz) & 9.90 (s, 1H), 9.56 (s, 1H),7.86 @@= 8.70, 2H), 7.84 (br s, 3H), 7.49 @z 8.70, 2H), 7.35
(d, J = 9.00, 2H), 6.88 (dJ = 8.70, 2H), 4.68 (s, 1H), 3.89 (= 6.30, 2H), 2.31(s, 3H), 1.68-1.63 (m,
2H), 1.44-1.40 (m, 2H), 0.94 (= 7.20, 3H)*C NMR (DMSO4ds, 100MHz)5 156.42, 153,70, 152.81,
151.05, 141.63, 132.79, 129.74, 127.34, 119.47,8116114.58, 67.26, 30.80, 18.69, 14.45, 13.66;
HRMS nvVz 382.2121 (calcd for £H26NsO2, 382.2117); Anal. Calcd for &gH26N60, (382.21): C, 62.81;
H, 6.85; N, 21.97; found: C, 63.07; H, 6.92; N,122.

4.1.4.4.2-(1-(4-(3-(4-(Pentyloxy)phenyl)ureido)phenyl)ethytiene)hydrazine-1 carboximidamide

(21c). Yellowish solid (75% vyield, 148 mg).;R.54 (DCM/MeOH/E{N, 87:10:3):'H NMR (DMSO-s,



300MHz)511.01 (s, 1H), 9.45 (s, 1H), 9.21 (s, 1H), 7.80)(d,8.40, 2H), 7.75 (br s, 3H), 7.53 (Hi= 8.
70, 2H), 7.39 (dJ) = 8.40, 2H), 6.80 (d] = 8.70, 2H), 3.87 (J = 6.30, 2H), 2.26 (s, 3H), 1.69-1.62 (m,
2H), 1.39-1.29 (m, 4H), 0.91-0.86 (m, 3K}C NMR (DMSOds, 100MHz)5 155.88, 153,71, 152.69,
151.57, 141.83, 132.87, 129.66, 127.23, 119.922B17114.42, 67.53, 28.43, 27.70, 21.86, 14.0185 3.
HRMS m/z 396.2282 (calcd for £H23NeO-, 396.2274); Anal. Calcd for gH»gNgO, (396.22): C, 63.62,;
H, 7.12; N, 21.20; found: C, 63.80; H, 7.21; N,44L.

4.1.4.5. 2-(1-(4-(3-(4-(Hexyloxy)phenyl)ureido)phenyl)ethytlene)hydrazine-1-carboximidamide
(21d). Yellowish white solid (62% yield, 127 mg).; ®.56 (DCM/MeOH/EN, 87:10:3)'H NMR
(DMSO-ds, 300MHZ)3 9.04 (s, 1H), 8.62 (s, 1H),7.90 (= 8.70, 2H), 7.58 (d] = 8.40, 2H), 7.36 (d]
= 8.10, 2H), 6.88 (dJ = 8.70, 2H), 3.93 (t] = 6.30, 2H), 2.49 (s, 3H), 1.70-1.64 (m, 2H), £1Q9 (m,
6H), 0.87-0.85 (m, 3H)**C NMR (DMSOds, 100MHz) § 155.89, 153,64, 152.69, 151.56, 141.90,
132.94, 129.59, 127.18, 119.88, 117.24, 114.3%06730.98, 28.70, 25.16, 21.99, 13.81 (2C); HRMS
Mz 410.2432 (calcd for £H30N6O2, 410.2430); Anal. Calcd forf&H3oNgO, (410.24): C, 64.37; H, 7.37,;
N, 20.47; found: C, 64.51; H, 7.41; N, 20.70.

4.1.4.6. 2-(1-(4-(3-(4-(Heptyloxy)phenyl)ureido)phenyl)ethiidene)hydrazine-1-
carboximidamide (21e) Yellowish white solid (88% vyield, 187 Q).:R.57 (DCM/MeOH/E4N,
87:10:3);'H NMR (DMSO-ds, 300MHz)3 11.15 (br s, 1H), 9.52 (s, 1H), 9.30 (s, 1H), 7(&8) = 8.70,
2H), 7.71 (br s, 3H), 7.52 (d,= 8.70, 2H), 7.40 (d] = 8.70, 2H), 6.79 (d] = 9.00, 2H), 3.88 (1) = 6.30,
2H), 2.25 (s, 3H), 1.69-1.62 (m, 2H), 1.38-1.27 &ir), 0.88—0.84 (m, 3H); HRMB8Vz 424.2600 (calcd
for Cy3H32N6O,, 424.2587); Anal. Calcd forgH3oNgO, (424.25): C, 65.07; H, 7.60; N, 19.80; found: C,
65.31; H, 7.69; N, 20.03.

4.1.4.7 2-(1-(4-(3-(4-(octyloxy)phenyl)ureido)phenyl)ethyliene)hydrazine-1-carboximidamide
(21f). Yellowish white solid (80% yield, 175 mg).; R0.58 (DCM/MeOH/E{N, 87:10:3);*H NMR
(DMSO-ds, 300MHz) & 11.02 (brs, 1H), )9.72 (s, 1H), 9.45 (s, 1H),7(@7J = 9.00, 2H), 7.45 (d] =

9.00, 2H), 7.38 (dJ = 8.70, 2H), 6.84 (dJ = 9.00, 2H), 6.76 (br s, 3H), 3.91Jt= 6.60 Hz, 2H), 2.25



(s, 3H), 1.72-1.63 (m, 2H), 1.39-1.26 (m, 10H),58®83 (m, 3H);*C NMR (DMSOds, 100MHz) 3
156.44, 154.12, 153.19, 151.98, 142.32, 133.46,183A.27.64, 120.37, 117.74, 114.82, 67.98, 31.70,
29.25, 29.12, 26.02, 22.53, 14.46, 14.40; HRiM3 438.2731 (calcd for £H34NgO,, 438.2743); Anal.
Calcd for G4H34N6O2 (438.27): C, 65.73; H, 7.81; N, 19.16; found: 6,04; H, 7.89; N, 19.44.

4.1.4.8. 2-(1-(4-(3-(4-(nonyloxy)phenyl)ureido)phenyl)ethytene)hydrazine-1-carboximidamide
(21g). Pale yellow solid (70% yield, 158 g); B.6 (DCM/MeOH/E4N, 87:10:3);'H NMR (DMSO-d8,
300MHz)511.10 (br s, 1H), 9.55 (s, 1H), 9.32 (s, 1H), 7(84s, 3H), 7.76 (d) = 8.40, 2H), 7.53 (d] =
8.10, 2H), 7.40 (d] = 8.70, 2H), 6.77 (d] = 8.70, 2H), 3.87 (1} = 6.60, 2H), 2.25 (s, 3H), 1.68-1.63 (m,
2H), 1.37-1.25(m, 12H), 0.87-0.83 (m, 3HC NMR (DMSO+s, 100MHz)$ 156.36, 154.08, 153.20,
152.10, 142.42, 133.52, 130.07, 127.66, 120.36,7/612114.77, 67.96, 31.74, 29.44, 29.31, 29.27149.
26.02, 22.55, 14.45, 14.39; HRM&/z 452.2893 (calcd for £H3sN6O,, 452.2900); Anal. Calcd for
CasH3eNsO2 (452.29): C, 66.34; H, 8.02; N, 18.57; found: 6,39; H, 8.13; N, 18.81.

4.1.4.9. 2-(1-(4-(3-(4-isobutoxyphenyl)ureido)phenyl)ethytiene)hydrazine-1-carboximidamide
(21h). Yellow solid (65% vyield, 0124 mg).®.48 (DCM/MeOH/EsN, 87:10:3);*H NMR (DMSO-d6,
300MHz)d 11.12 (br s, 1H), 9.58 (s, 1H), 9.35 (s, 1H), 7I85s, 3H), 7.76 (d) = 7.80, 2H), 7.53 (d] =
7.80, 2H), 7.41(d) = 7.50, 2H), 6.79 (d] = 8.10, 2H), 3.65 (d] = 5.70, 2H), 2.25 (s, 3H), 1.98-1.94 (m,
1H), 0.96 (d,J = 6.30, 6H);13C NMR (DMSOds, 100MHz)6 155.92, 153.73, 152.74, 151.63, 141.95,
133.08, 129.60, 127.17, 119.90, 117.30, 114.393727.71, 19.01, 13.97; HRM&z 382.2125 (calcd
for CyoH26NO2, 382.2117); Anal. Calcd forfgH26N6O2 (382.21): C, 62.81; H, 6.85; N, 21.97; found: C,
63.07; H, 6.92; N, 22.14.

4.1.4.10. 2-(1-(4-(3-(4-(Isopentyloxy)phenyl)ureido)phenyl)dtylidene)hydrazine-1-
carboximidamide (21i). Yellow solid (60% yield, 119 mg). (R0.5 (DCM/MeOH/E$N, 87:10:3);'H
NMR (DMSO-ds, 300MHz) & 11.12 (br s, 1H), 9.52 (s, 1H), 9.28 (s, 1H), 7(Bas, 3H), 7.79 (dJ =
8.40, 2H), 7.54 (d] = 8.10, 2H), 7.40 (d] = 8.40, 2H), 6.80 (d] = 8.40, 2H), 3.92 (1] = 6.00, 2H), 2.26

(s, 3H), 1.78-1.71 (m, 1H), 1.59-1.1.54 (m, 2H)920(d,J = 6.30, 6H)*C NMR (DMSOds, 100MHz)



0 155.89, 153.68, 152.72, 151.61, 141.91, 132.99,6112 127.22, 119.94, 117.25, 114.39, 65.96, 37.52,
24.54, 22.39, 13.99; HRMSnz 396.2260 (calcd for £H2sNgO,, 396.2274); Anal. Calcd for
CoiH2gN6O2 (396.22): C, 63.62; H, 7.12; N, 21.20; found: @,&}; H, 7.19; N, 21.47.

4.1.4.11. 2-(1-(4-(3-(4-((4-methylpentyl)oxy)phenyl)ureido)plenyl)ethylidene)hydrazine-1-
carboximid-amide (21)). Faint yellow solid (90% vyield, 185 mg); ®.51 (DCM/MeOH/ESN, 87:10:3);
'H NMR (DMSO-d6, 300MHz»11.12 (br s, 1H), 9.50 (s, 1H), 9.24 (s, 1H), 7(80 5H), 7.53 (d,) =
8.40, 2H), 7.39 (dJ = 9.00, 2H), 6.79 (d] = 9.00, 2H), 3.88 (1J = 6.60, 2H), 2.26 (s, 3H), 1.69-1.63 (m,
2H), 1.64-1.54 (m, 1H), 1.31-1.25 (m, 2H), 0.88Xe 6.60, 6H) *C NMR (DMSOds, 100MHz)$
155.92, 153.69, 152.69, 151.52, 141.82, 132.88,672927.20, 119.90, 117.22, 114.40, 67.82, 34.68,
27.23, 26.65, 22.38, 13.99; HRM#2z 410.2444 (calcd for £H30NeO2, 410.2430); Anal. Calcd for
C22H30N6O2 (410.24): C, 64.37; H, 7.37; N, 20.47; found: €.,688; H, 7.45; N, 20.70.

4.1.4.12. 2-(1-(4-(3-(4-(2-Ethylbutoxy)phenyl)ureido)phenyl)éhylidene)hydrazine-1-
carboximidamide (21Kk). Yellowish white solid (85% yield, 174 mg).; R0.52 (DCM/MeOH/ESN,
87:10:3);'H NMR (DMSO-ds, 300MHz) & 11.21 (brs, 1H), 9.53 (s, 1H), 9.24 (brs, 1H),57(®rs,
3H),7.81 (dJ = 8.70, 2H), 7.56 (d] = 8.40, 2H), 7.36 (d] = 8.40, 2H), 6.80 (d] = 8.40, 2H), 3.82 (d]
= 5.40, 2H), 2.38 (s, 3H), 1.62-1.56 (m, 1H), 1432 (m, 4H), 0.92-0.85 (m, 6H})C NMR (DMSO-
ds, 100MHz)d 156.39, 154.43, 153.18, 151.91, 142.31, 133.3Q,108 127.80, 120.28, 117.59, 114.98,
70.21, 23.26, 14.61, 11.42, 10.88; HRMtx 410.2439 (calcd for £H30NsO,, 410.2430); Anal. Calcd
for C2H3zoNgO2 (410.24): C, 64.37; H, 7.37; N, 20.47; found: €,55; H, 7.48; N, 20.71.

4.1.4.13. 2-(1-(4-(3-(4-(Cyclobutylmethoxy)phenyl)ureido)phegl)ethylidene)hydrazine-1-
carboximid-amide (211). yellow solid (66% vyield, 130 mg). /.49 (DCM/MeOH/E{N, 87:10:3);'H
NMR (DMSO-ds, 300MHz)3 9.97 (s, 1H), 9.65 (s, 1H), 7.96 (brs, 3H), 7.87J(= 8.10, 2H), 7.49 (d]
= 8.40, 2H), 7.35 (dJ = 8.40, 2H), 6.85 (dJ = 8.70, 2H), 4.68 (brs, 1 H), 3.88 = 6.90, 2 H), 2.71—

2.66 (m, 1 H), 2.31 (s, 3H), 2.03-1.99 (m, 2H),1x876 (m, 4H); HRMSwz 394.2131 (calcd for



C21H26Ns02, 394.2117); Anal. Calcd for £H26NsO,2 (394.21): C, 63.94; H, 6.64; N, 21.30; found: C,
64.13; H, 6.74; N, 21.56.

4.1.4.14. 2-(1-(4-(3-(4-(Cyclopentyloxy)phenyl)ureido)phenyBthylidene)hydrazine-1-
carboximidamide (20m). Yellowish solid (58% vyield, 114g).{R0.51 (DCM/MeOH/E4N, 87:10:3);'H
NMR (DMSO-ds, 300MHz)3 9.82 (s, 1H), 9.49 (s, 1H), 8.91 (brs, 1H), 7.87)(= 8.40 Hz, 2 H), 7.82
(brs, 1 H), 7.50 (dJ = 8.10, 2H), 7.34 (d] = 8.70 Hz, 2 H), 7.27 (brs, 2 H), 6.82 (= 9.00, 2H), 4.77
(s, 1H), 2.31 (s, 3 H), 1.86-1.56 (m, 8 K} NMR (DMSOds, 100MHz) 5 159.79, 156.70, 153.27,
153.07, 142.21, 133.08, 130.06, 127.90, 120.05,2r17116.10, 79.16, 32.68, 24.00, 14.96; HRM3
394.2130 (calcd for £H26NsO2, 394.2117); Anal. Calcd for £H26N60, (394.21): C, 63.94; H, 6.64; N,
21.30; found: C, 64.12; H, 6.69; N, 21.54.

4.1.4.15. 2-(1-(4-(3-(4-(Cycloheptyloxy)phenyl)ureido)phenyBthylidene)hydrazine-1-
carboximidamide (21n). Brownish yellow solid (84% vyield, 177 mg).; ®.56 (DCM/MeOH/E$N,
87:10:3);'H NMR (DMSO-d6, 300MHz) 11.10 (br s, 1H), 9.55 (s, 1H), 9.32 (s, 1H), 7(80s, 3H),
7.77 (d,J = 8.10, 2H), 7.53 (d] = 8.40, 2H), 7.39 (d] = 8.70, 2H), 6.76 (d] = 8.70, 2H), 4.36—4.34 (m,
1H), 2.25 (s, 3H), 1.94-1.87 (m, 2H), 1.69-1.42 {@H); *C NMR (DMSO4ds, 100MHz) 5 156.37,
153.21, 152.68, 151.99, 142.40, 133.37, 130.07,7027120.45, 117.68, 116.47, 77.55, 33.62, 28.33,
22.80, 14.50; HRMSwz 422.2440 (calcd for #£H30NgO,, 422.2430); Anal. Calcd for £GH3oNeO:
(422.24): C, 65.38; H, 7.16; N, 19.89; found: C585 H, 7.23; N, 20.04.

4.1.4.16. 2-(1-(4-(3-(4-(Benzyloxy)phenyl)ureido)phenyl)ethytlene)hydrazine-1-
carboximidamide (210). Yellowish brown solid (90% vyield, 187 g).:F.62 (DCM/MeOH/E{N,
87:10:3);'H NMR (DMSO-d6, 300MHz)5 11.12 (brs, 1H), 9.54 (s, 1H), 9.32 (s, 1H), 7(B8s, 3H),
7.79 (d,J = 8.40, 2H), 7.54 (d] = 8.40, 2H), 7.36-1.24 (m, 7H), 6.90 (b= 8.40, 2H), 5.00 (s, 2H),
2.26 (s, 3H)*C NMR (DMSO+s, 100MHz)$ 155.94, 153.32, 152.71, 151.52, 141.81, 137.28,283

129.71, 128.30, 127.63, 127.56, 127.21, 119.88,2I]17114.82, 69.39, 13.99; HRM®z 416.1954



(calcd for GsH24NgO2, 416.1961); Anal. Calcd for gH24N6O2 (416.19): C, 66.33; H, 5.81; N, 20.18;
found: C, 66.91; H, 5.97; N, 20.72.

4.2. MICROBIOLOGICAL ASSAYS

4.2.1. Determination of Minimum Inhibitory Concentration ( MIC) and Minimum Bactericidal
Concentration (MBC). MRSA clinical isolates (NRS119 and NRS123) andS¥Rstrains (VRS10,
VRS11a, and VRS12) were obtained through the NétwbAntimicrobial Resistance itaphylococcus
aureus (NARSA) program and BEI Resources.

The MICs of the newly synthesized compounds, testgdinst isolates ofS aureus, were
determined using the broth microdilution method aocordance with the Clinical and Laboratory
Standards Institute guidelines.[41] Bacteria weultuced in cation-adjusted Mueller Hinton brothan
96-well plate. Compounds, using triplicate sampleste added to the plate and serially diluted.g3lat
were incubated at 37C for 20 hours prior to determining the MIC. Platesre visually inspected and the
MIC was categorized as the concentration at whichvisible growth of bacteria was observed. The
average of triplicate MIC determinations is repdrt€he MBC was determined by transferring a small
aliquot (5 uL), from wells where no growth was atveel (in the MIC plates), onto Tryptic soy agar
plates. Plates were incubated at°87for at least 18 hours prior to determining the GJBhe MBC was
categorized as the lowest concentration where 99f8acterial growth was inhibited.

4.2.2. Time-kill assay of diphenylurea compounds against RSA. MRSA USA400 cells in
logarithmic growth phase (Q& = 0.796) were diluted to 9.20 x’€olony-forming units (CFU/mL) and
exposed to concentrations equivalent to 4 x MIC tiplicate) of compound1i, 21n, 21j and
vancomycin in Tryptic soy broth. Aliquots (100 ere collected from each treatment after O, 2, 8, 6
10, 12, and 24 hours of incubation at°8 and subsequently serially diluted in PBS. Baatenere then
transferred to Tryptic soy agar plates and incubate37°C for 18-20 hours before viable CFU/mias

determined.



4.2.3. In vitro cytotoxicity analysis of diphenylurea compounds agnst HaCaT cells.
Compound=21d, 21h, 21¢ 21i, 213 21n, and21j were assayed (at concentrations of 8, 16, 32,6d4nd
png/mL) against a human keratinocyte (HaCaT) ceé# ([Catalogue Number: T0O020001, AddexBio, San
Diego, CA, USA) to determine the potential toxiéeet to mammalian skin celis vitro. Briefly, cells
were cultured in Dulbecco’s Modified Eagle MediuBMEM) supplemented with 10% fetal bovine
serum (FBS) at 37C with CQ, (5%). Control cells received DMSO alone at a cotregion equal to that
in drug-treated cell samples. The cells were intadavith the compounds (in triplicate) in a 96-well
plate at 37 °C with CO(5%) for two hours. The assay reagent MTS 3-(4ngethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyldzetrazolium) (Promega, Madison, WI, USA) was
subsequently added and the plate was incubatetbdiorhours. Absorbance readings (at Qfpwere
taken using a kinetic microplate reader (Molecavices, Sunnyvale, CA, USA). The quantity of vabl
cells after treatment with each compound was espreas a percentage of the viability of DMSO-tréate
control cells (average of triplicate wells + stardldeviation). The toxicity data was analyzed vieana-
way ANOVA, with post hoc Dunnet’s multiple companis testP < 0.05), utilizing GraphPad Prism 6.0
(GraphPad Software, La Jolla, CA).

4.2.4. Intracellular infection of J774 cells with MRSA and treatment with diphenylurea
compound 21n.Toxicity assessment: Compound®1i and21n were assayed (at concentrations of 8, 16,
32, and 64 ug/mL) against a murine macrophage jJ&#line to determine the potential toxic effact
vitro. Briefly, cells were cultured in Dulbecco’s Modifl Eagle Medium (DMEM) supplemented with
10% FBS at 37C with CQ, (5%). Control cells received DMSO alone at a cotregion equal to that in
drug-treated cell samples. The cells were incubatéid the compounds (in triplicate) in a 96-welap
at 37 °C with CQ (5%) for 24 hours. The assay reagent MTS 3-(4p3ethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenylidzzetrazolium) (Promega, Madison, WI, USA) was
subsequently added and the plate was incubatetbdiorhours. Absorbance readings (at Qfpwere

taken using a kinetic microplate reader (Molec@awices, Sunnyvale, CA, USA). The quantity of veabl



cells after treatment with each compound was espreas a percentage of the viability of DMSO-treate
control cells (average of triplicate wells + stardldeviation). The toxicity data was analyzed viana-
way ANOVA, with post hoc Dunnet’s multiple compans testP < 0.05), utilizing GraphPad Prism 6.0
(GraphPad Software, La Jolla, CA).

4.2.5. Eradication of intracellular MRSA: Murine macrophage cells (J774) were cultured in
Dulbecco’s Modified Eagle Medium (DMEM) supplementeith 10% FBS at 37C with CQ, (5%).
J774 cells were exposed to MRSA USA400 cells atulipticity of infection of approximately 100:1.
One-hour post-infection, J774 cells were washetl g@ntamicin (50 pg/mL) to kill extracellular MRSA.
Compound21n and vancomycin, at a concentration equal to 16 ugimere added. At specified time
points (4, 8, and 24 hours), the test agents wareved; J774 cells were washed with gentamicin (50
png/mL) and subsequently lysed using 0.1% Triton@&.1IThe solution was serially diluted in phosphate-
buffered saline and transferred to Tryptic soy ggates in order to enumerate the viable number of
MRSA colony-forming units (CFU) present inside th&74 cells. Plates were incubated at 37 °C for 18-
22 hours before counting viable CFU/mL. Data arespnted as percent reduction of MRSA USA400
CFU/mL in infected J774 cells in relation to thereated control. The data was analyzed via a tfRest
0.05), utilizing GraphPad Prism 6.0 (GraphPad SaftwLa Jolla, CA). Asterisks (*) indicate statisli
significance between compou@dn and vancomycin.

4.2.6. Detecting if compounds exert their antibacterial ativity by physically disrupting the
bacterial cell membrane.In order to investigate the effect of the lead comm on the integrity of the
bacterial cell envelope, the release of 260 and B8O absorbing components was determined
spectrophotometrically. The cell suspension of 2620 CFU/mL MRSA NRS123 (USA400) was
incubated with 5.0 x MIC of compounddli, 21n, or vancomycin at 37C for 30 minutes. For the
complete release of 260 and 280 nm absorbing raht@rucleic acids, proteins, etc.), the bacterial
suspension (control) was treated with lysostapbihi(g/mL in 50 mM Tris-HCI, pH 7.6) for 30 minutes.

The absorbance of cell supernatant at 260 and 280wvas determined using a spectrophotometer



(Jenway 6305, Staffordshire, UK). The average§oBnd ODggvalues of duplicates for each treatment
option were calculated and expressed as the pioparf average ORo (or OD,gg) for each treatment
option compared to the average £a8{or ODygo) for the positive control (lysostaphin-treated<el

4.2.7. In vivo examination of 21n and vancomycin to kil MRSA USAQ0O in aCaenorhabditis
elegans animal model. To examine the efficacy of the diphenylurea compisuto treat a MRSA
infection in vivo, the animal modelCaenorhabditis elegans (C. elegans) was utilized as described
elsewhere.[42] The temperature-sensitive steriléantustrainC. elegans AU37 [sek-1(km4); glp-4(bn2)

I] was used as this strain is sterile at room tawipee and capable of laying eggs only at 15 °C.
Additionally, this strain is more susceptible tdeiction due to a mutation in tteek-1 gene of the p38
mitogen-activated protein kinase pathway. Briefprms were grown for five days at 15 °C (permitting
adult worms to lay eggs) on nematode growth med{dMGM) agar plates seeded with a lawn of
Escherichia coli (E. coli) OP50. The eggs were harvested by bleaching amctaiveed for 24 hours at
room temperature with gentle agitation for hatchidgtched larvae were transferred to a new NGMeplat
seeded withEscherichia coli OP50 and were kept at room temperature for 4-5 dayil worms reached
the adult stage of growth (L4). Adult worms werdlexded and washed three times with PBS in a 1:10
ratio to removek. coli.

To test the antibacterial activity of the diphemgla compounds against MRSA vivo, adult worms
were transferred to TSA agar plates seeded widtwa bf MRSA USA400 for infection. After six hours
of infection, worms were collected and washed w8 buffer three times before transferring 15-25
worms to wells in a 96-well microtiter plate. Wormere incubated with 10 pg/mL of tested compound,
vancomycin (positive control), or PBS (negativetcok (in triplicate). Worms were monitored to ensu
compounds did not exhibit adverse toxicity. Afteratment for 20 hours, worms were washed threestime
with M9 buffer and then examined microscopicallyewamine morphological changes and viability.
They were subsequently lysed in microcentrifugessubontaining 200 mg of 1.0-mm silicon carbide

particles (Biospec Products, Bartlesville, OK) thadre vortexed for one minute. Samples were sgriall



diluted and plated onto TSA plates containing Smlghalidixic acid to select for MRSA growth. Plates
were incubated at 37 °C for 18 hours before vigbiJ was determined. MRSA USA400 CFU was
divided by the number of worms receiving each trestdt to determine MRSA USA400 CFU per worm
for each treatment group. A Student’s t-test (Witblm-Sidak correction) was utilized to determine
statistical significance (P < 0.05) in CFU/worm foated groups relative to the untreated control.

4.3. PHARMACOKINETICS PROFILING

4.3.1. Permeability analysis for compound 21nCaco-2 cells were grown in tissue culture flasks,
trypsinized, suspended in medium, and known conagom of cell suspensions were seeded onto wells
of a Millipore 96-well Caco-2 plate. The cells waklowed to grow and differentiate for three weeks,
feeding at two-day intervals. For apical to basgkdt (A—B) permeability, the test article was added to
the apical (A) side and amount of permeation onbideolateral (B) side was determined; for basaater
to apical (B~A) permeability, the test article was added to Bheide and the amount of permeation on
the A side was determined. To test tight junctiand monolayer integrity, the A-side buffer containe
100 uM Lucifer yellow dye in Transport Buffer (1.88_ glucose in 10 mM HEPES, 1x Hank’s Balanced
Salt Solution) with pH 6.5 while the B-side buffgas Transport Buffer with pH 7.4. Caco-2 cells were
incubated with these buffers for two hours, and rdeeiver side buffer was removed for analysis by
LC/MS/MS. To verify the tight junctions and intetyriof Caco-2 cell monolayers, aliquots of the cell
buffers were analyzed by fluorescence (Lucifer olitransport< 2%). Any deviations from control
values are reported. Data are expressed as pefitye@iy) = (dQ/dt)/(GA) where dQ/dt is the rate of
permeation, ¢ is the initial concentration of test agent, andisAthe area of the monolayer. In
bidirectional permeability studies, the Efflux Ra(Re) is also calculated:cR (Papp B~ A)/ (Papp A - B);
Re > 2 indicates a potential substrate for P-glyctgroor other active efflux transporter(s).

4.3.2. Metabolic stability analysis. The tested compounds were incubated in duplwétepooled
human liver microsomes at 37 °C. The reaction @etamicrosomal protein in 100 mM potassium

phosphate buffer (pH 7.4), 2 mM NADPH, and 3 mM Nig@ control was run for each test article



omitting NADPH to detect NADPH-free degradation. ptedetermined time points, an aliquot was
removed from each experimental and control reactiod mixed with an equal volume of ice-cold
methanol containing propranolol as the internahdsad to stop the reaction and precipitate proteins
Stopped reactions were kept on ice for at leastrigrutes followed by an addition of equal volume of
water. The samples were centrifuged to remove jpitated protein, and the supernatants were analyzed
by LC-MS/MS to quantify parent remaining. Data wadculated as % parent remaining by assuming
zero-minute time point peak area ratio (analyted$)100% and dividing remaining time point pealaare
ratios by the zero-minute time point peak arearddata was subjected to fit a first-order decayleido
calculate slope and thereby half-life. Intrinsiearlance was calculated from the half-life and thidmn
liver microsomal protein concentrations using thikofving equations:
CLint = In(2) /(T12 [microsomal protein]); T»= 0.693/-k; Cln = intrinsic clearance; 1], = half-life; k =
slope.

4.3.3. In Vivo Pharmacokinetics. This assay has been conducted at a credited adence
center (http://www.grc-me.com/pk_pd.html). Pharmwgetic studies were performed in male naive

SpragueDawley (SD) rats, (three animals) following Instittnal Animal Care and Use Committee

guidelines. Oral dosing (50 mg/kg) was administdrgdjavage in a vehicle containing 5% ethanol, 45%
PEG 400, and 50% water. Blood samples were cotlenter a 24 hour period post dose into Vacutainer
tubes containing EDTA-K2. Plasma was isolated, thiedconcentration of compour2dn in plasma was
determined with LC/MS/MS after protein precipitatievith acetonitrile.

Non-compartmental pharmacokinetic analysis was opexdd on plasma concentration data to
calculate pharmacokinetic parameters using Kin®200 (release 4.4.1).
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» Diphenylureaisapromising class of antibiotics with anti-MRSA activity
* Adding a para-akoxy side chain enhances the metabolic stability

» The cycloheptyl 21n has balanced PD/PK and toxicological properties



