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Abstract. A novel series of phenylthiazoles bearing cycliareas at the phenyl-4 position was
prepared with the objective of decreasing lipophifi and improving the overall
physicochemical properties and pharmacokinetic ilerodbf the compounds. Briefly, the
piperidine ring (compound40 and 12) provided the best ring size in terms of antibaate
activity when tested against 16 multidrug-resistalmical isolates. Both compounds were
superior to vancomycin in the ability to eliminateethicillin-resistantStaphylococcus aureus
(MRSA), residing within infected macrophages and disrupt mature MRSA biofilm.
Additionally, compoundsl0 and 12 exhibited a fast-bactericidal mode of actiom vitro.
Furthermore, the new derivatives were 160-timesensmiuble in water than the previous lead
compoundlb. Consequently, compountD was orally bioavailable with a highly-acceptable
pharmacokinetic profilen vivo that exhibited a half-life of 4 hours and achiexeednaximum
plasma concentration that exceeded the minimunbitany concentration (MIC) values against

all tested bacterial isolates.



1. Introduction

Our group launched a project in 2014 that aimedliszover and develop a new chemical
scaffold to develop a novel series of compound$ &ittibacterial activity against multidrug-
resistant bacteria. In the past five years, moen tBOO arylthiazole derivatives have been
synthesized and their antibacterial profiles wéa@dughly investigated.[1-14] The compounds
exhibited potent antibacterial activity againsttimemt Gram-positive bacterial pathogens of
clinical interest including methicillin-resistanS. aureus, drug-resistant Sreptococcus
pneumoniae, and vancomycin-resistant enterococci (VRE) butewmactive against Gram-
negative bacteria. MRSA pneumoniae, and VRE are responsible for an array of non-iiveas
and systemic bacterial infections that are oftesnstant to treatment by more than one antibiotic.
Altogether, these three bacterial pathogens hage lxeked to more than one million antibiotic-
resistant infections and nearly 20,000 deaths dlynnathe United States of America alone[15].
Using transposon mutagenesis study followed by Hapucal assays, it was proved that
undecaprenyl diphosphate phosphatase (UppP) mdhebacterial target for our phenylthiazole
antibacterial agents.[16]

Initial inspection of the structure-activity-relatiships (SAR) of the arylthiazole
compounds led us to cyclize the termimabutyl moiety in order to improve the lead
compound’s antibacterial potency [9]. However, las antibacterial activity of the compound’s
improved, the modifications incorporated resulted deterioration of the physicochemical
properties and pharmacokinetic profile of the nexlags (Figure 1). In brief, cyclization of the
n-butyl side chain of the initial lead compoubd lowered the MIC value against several MDR-
staphylococcal strains by a factor of 5 [9]. Sirao#ously, the tremendous increase in

lipophilicity, as indicated by the clogP value, lened the aqueous solubility limit from 65



pg/mL, for 1a, to around 3ug/mL, for 1b. A direct consequence of this decrease in sotybili
was difficulty in developing a suitable formulatidior 1b to administer either orally or

parenterally.
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Figure 1. Overview of the aim of the present work.

Advances in formulation technology (such as hottnegtrusion [17, 18] and spray-
drying [19]) can aid in solubilizing obese moleaul® permit their absorption into systemic
circulation. However, these advanced methods hiederetion of obese molecules from the
human body as metabolic enzymes must work aggedgsio increase the polarity of these
obese xenobiotics, in order to excrete them [20].addition to reduced aqueous solubility,
compounds exhibiting a logP value above 3.5 arallysassociated with increased off-target
side effects [21]. Therefore, we hypothesized tthetreasing the lipophilic capacity of the
phenylthiazole compounds would reduce off-targeteat$ and eventually improve the
compounds’ aqueous solubility and overall pharmaelc profile. To address this point, the
cyclohexyl group in the lead compoudth was replaced with a cyclic amine, as depicted in
Figure 1, and the analogs synthesized were evdluébe their antibacterial activity,

improvement in aqueous solubility, and in vivo phacokinetic profile.
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(a) Absolute EtOH, 3-chloro-2,4-pentandion, heat to
reflux, 6 h, (b) Pd(OAc), (5% mol), X-phos (10% mol), KOtBu (2.5 equiv.), appropriate
sec-amine, DME, heat at 200°C for 3 h; (c) aminoguanidine HCI, EtOH, conc. HCI,
heat to reflux, 3 h.

2. Results and Discussion

2.1. Chemistry. Treatment ofpara-chlorobenzothioamide 2] with a-chloroacetylacetone
yielded the key starting compoudas reported previously.[22] The correspondsagamine
derivatives4a-p were obtained using the Buchwald synthetic protgsohemel). In the first

thrust, we used Cu-catalyzed C-N cross couplingogad; i.e., copper(l) iodide andproline,



but the isolated yield was terribly low (< 5%). Bat, we switched to the Pd-catalyzed protocol,
in which Pd(Il) and X-Phos ligand in a polar apcosolvent provided the best yields of
compoundgta-p (Scheme 1). Condensation4d-p with aminoguanidine hydrochloride yielded
the final product®-20(Scheme 1).

2.2. Biological Results and Discussion

2.2.1. Antibacterial activity of new analogs agairtsMRSA. The newly synthesized analogs
were initially screened against the highly-pathaegesirain, MRSA USA300 [23-25]. The 6-
membered piperidine side chain (compol®l represented the best ring size as it afforded the
most potent analog from this series (MIC value qigdmL) (Table 1), which means that the
target protein cannot accommodate, at this padarqobsition, for more than 6-membered ring.
The SAR appears straightforward as it pertainbeéaing size. Briefly, shrinking the nitrogenous
side chain gradually impaired the compounds’ ani#®A activity as the MIC value increased to
16 pg/mL 4-times for the pyrrolidine-containing idative 7 and was completely nullified for
the azetidine-containing anal@g Similarly, expanding the nitrogenous ring sizevded the
hexamethyleneimine- and heptamethyleneimine-coingilerivatives18 and 19 with MIC
values> 128 ug/mL (Table 1). This observation confirms our poei8 hypothesis that the active
site of the targeted receptor cannot accommodags targer than 6-membered ones.

Further attempts to increase the polarity of thde sthain by using the more polar
nitrogenous rings morpholine and piperazine redulteless active derivatives (compouridé
and 16). Substitution with methyl groups vyielded the nypiperidines 11-13 with high
variability in MIC values in which the 2-methyl addmethylpiperidine-containing derivatives
11 and13 were 2 to 4-times less active than the unsubsttpiperidinelO (Table 1). On the

other hand, the 3-methyl substitution (compo@8gmaintained the same anti-MRSA inhibitory



potency as compountd. The MIC for the control antibiotics linezolid arndncomycin against
MRSA USA300 was 1 pg/mL.

Table 1.Initial screening of the newly synthesized aryl#alke analogs against methicillin-
resistan&aphylococcus aureus NRS384 (MRSA USA300).

Compound¢ MIC Compound¢/ MIC
Control Side chain (Lg/mL) Control Side chain (ug/mL)
Antibiotics HY Antibiotics Hg

/~\
5 CN—f >128 14 —N\_/N-é 64
6 HO—CN—? 64 15 Br N% 8
/~\
7 CN—g 16 16 O\_/N% >128
CN% >128 17 S/_\N% 32
__/
9 NN~ 16 18 Gn{ >128
e
10 CN 4 19 128
N—é ﬁi
11 Q 8 20 O:/N >128

12 S:N% 4 Linezolid _ 1

13 ——CN% 16 Vancomycin _ 1

2.2.2. Preliminary toxicological and pharmacokinett evaluation. The most promising

compounds, 10 and 12, were tested to evaluate our hypothesis that thestgution of the
cyclohexyl moiety inlb with cyclic amines would positively impact the gigochemical
properties and PK behavior of the compounds. Befmteancing to arnn vivo PK study,
compoundsl0 and 12 were assessed for toxicity to mammalian cells, bath compounds
exhibited a good safety profile against human eatal cellgCaco-2) and human keratinocytes
(HaCaT) (Figure 2, Panel A). CompoubBwas non-toxic to Caco-2 cells up to 32 pg/mL. This
concentration is 8-times higher than the compourdisesponding MIC value against MRSA

USA300. Compound0was non-toxic to Caco-2 cells up to 64 pg/mL, whih6-times higher



than the compound’s MIC against MRSA USA300. Simiesults were observed when the

compounds were tested against human keratinody&sgT) (Figure 2, Panel B).
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Figure 2. Toxicity analysis of compounds 10 and 1@ested in triplicate at 32, 64 and 128
pg/mL) against A) human colorectal (Caco-2, panel Aand B) human keratinocytes
(HaCaT, panel B) using the MTS 3-(4,5-dimethylthiaal-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-Bi-tetrazolium) assay. Results are presented as
percent viable cells relative to DMSO (negativetoano determine a baseline measure for the
cytotoxic impact of each compound). The absorbarelees represent an average of three
samples analyzed for each compound. Error baresept sample standard deviation values. The
data were analyzed via two-way ANOVA with post-Hagnnett’s test for multiple comparisons
(P<0.05).

Physicochemical properties of candidate antibaadtagents are critical to evaluate early
in drug development [26, 27]. Promising compoundh ywotentin vitro activity against a target
pathogen may fail in clinical trials due to poomuaqus solubility and permeability. Thus, after
confirming compoundsl0 and 12 possessed good antibacterial activity and to pafet
mammalian cells, we investigated the compoundseaqgs solubility profile. Both compounds
exhibited a more than 160-fold increase in aqueolighility relative to the first-generation lead
compoundlb (Table 2). The notable improvement observed supptbre first part of our
hypothesis that the new chemical modification, @nésd here, on the phenylthiazole scaffold
would positively impact the compounds’ physicocheathproperties. Next, we tested the second

part of our hypothesis, investigating the impacinabrporating the piperidine ring as part of the

lipophilic side chain, on the compound’s PK prafila this vein, a PK study in rats was



performed to assess the distribution of compdlMoh the bloodstream after oral administration.
Compoundl0 was selected famn vivo PK evaluation due to its superior aqueous sohybalind
safety profile. The PK curve (Figure 3) of compour@ldemonstrated it reached a maximum
plasma concentratiorCf,,,) of 10 pg/mL (2.5 x MIC vs. MRSA USA300) ~90 mieatafter
administration with a biological half-life of 4 hmi Moreover, the plasma concentration of
compound10 remained above the MIC value for MRSA USA300 faarly 7 hours. This
represents a marked improvement relative to tret-@leneration phenylthiazoles which were
metabolically unstable resulting in short half-Bvand rapid hepatic clearance.[9] The PK study

suggests that the piperidine-containing derivali®és suitable for oral administration.

Table 2. Evaluation of aqueous solubility limit of compountis 1b, 10 and12 in phosphate-
buffered saline (PBS).

Compounds  Solubility limit * (uM)

la 65

1b 2.7
10 480
12 435

Solubility limit corresponds to the highest concation of test compound where no precipitate
was detected (Of2).
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Figure 3. The pharmacokinetic profile of compound 0 after oral administration of a single
dose of 50 mg/Kg in rat.



2.2.3. Comprehensive antibacterial profiling of corpounds 10 and 12 After confirming our
hypothesis that piperidine-containing phenylthiazo(represented by compounti3 and 12)
exhibit a markedly improved physicochemical proftempared to previously-synthesized
analogs, we assessed the antibacterial profileoaipounds10 and 12 against a panel of
multidrug-resistant staphylococcal isolates. Botmpounds inhibited growth of the tested
strains at concentrations ranging from 4 to 8 pgand exhibited bactericidal activity (as the
MBC values were equal to or one-fold higher thanMIC values) (Table 1S). Furthermore, the
two compounds maintained the same potent bactariaitivity against other clinically-relevant
Gram-positive bacterial species including vancomyesistant enterococci (VRE), multidrug-
resistaniStreptococcus pneumoniae andListeria monocytogenes (Table 2S)

In order to confirm this bactericidal mode of antimgainst MRSA, a time-kill assay was
utilized. The new series of phenylthiazoles wasesiop to vancomycin in terms of the time
required to exert bactericidal activiiy vitro. Vancomycin reduced the burden of MRSA by 3-
logip within 12 hours and required 24 hours to redueeshtirden of MRSA below the limit of
detection (Figure 4). In contrast, the piperidimed@ining phenylthiazole$0 and 12 required
only 4 hours to reduce the burden of MRSA belowltmé of detection (Figure 4). It has been
postulated that the slow bactericidal effect ofil@atics such as vancomycin can result in
difficulty in clearing a bacterial infection [289R Thus, agents such as compou@fsand 12

that can rapidly kill MRSA are highly desirable
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Figure 4. Killing kinetics of compounds 10 and 12 ad vancomycin (tested in triplicate at 5
x MIC) against methicillin-resistant Staphylococcus aureus (MRSA USA400) over a 24-
hour incubation period at 37°C. DMSO (solvent for the compounds) served as a hagat
control. The error bars represent standard deviatadues obtained from triplicate samples used
for each compound/antibiotic studied.

The rapid, potent bactericidal activity of compost@ and12 propelled us to investigate
if these compounds could gain entry inside macrgpbanfected witls aureus to reduce the
burden of bacteria. The successSofureus as a highly-pathogenic microorganism is not only
attributed to extensive release of different vinge factors but to its ability to evade host innate
immune responses as well. Virulence factors retbhg&. aureus are capable of interfering with
leukocyte recruitment and inhibiting production obmplement factors and antimicrobial
peptides [30-32]. Furthermor&, aureus produces toxins, like leukocidin A/B, that are eald
specifically target and kill phagocytes [33, 34]ddkionally, it has been reported that
intracellular MRSA can replicate within the phagamgome after phagocytosis by macrophages
thus permitting the organism to survive and redhfbe host [35]. Most antibiotics are unable to
target intracellular bacteria due to: 1) low levefsntracellular accumulation as in the case of
linezolid, B-lactams, and gentamicin; 2) inactivation/loss divaty due to the acidic pH within

macrophages, as with aminoglycosides; and 3) bintbrlysosomal contents, as in the case of

oritavancin [36, 37]. Like most antibiotics, vancgeim, the drug of last resort for treatment of



MRSA infections fails to gain entry inside infecteasacrophages and must be used at high
concentrations to achieve significant activity agéaiintracellularS. aureus [38, 39]. The
previously reported intracellular clearance adgiividf some compounds in our series of
phenylthiazole antibiotics[1, 3] encouraged usniestigate the ability of the newly-synthesized
compounds to reduce the burden of intracellular MREsent within macrophagegSompound
10 was selected for this experiment based on its rBupsafety profile to the murine
macrophages used for the intracellular infectiopegidnent (Figure 5A). As depicted in Figure
5, after 24 hours incubation, phenylthiazdl@ (at 2 x MIC) generated a 1.18-lggeduction
(equivalent to 93.2% reduction) of intracellular BIR This was superior to vancomycin which
was unable to reduce the burden of intracellularARThis result indicates that in addition to
compoundl10 exhibiting more rapid bactericidal activity agaiMdRSA in vitro compared to
vancomycin, the compound possesses an additiomahtabe over vancomycin in the ability to

reduce the burden of intracellular MRSA within ictied macrophages.

=] 5J
=3 3 DMSO
5 @ =)
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Figure 5. Effect of compound 10 and vancomycin toaduce intracellular MRSA present
inside murine macrophages (J774)Data are presented as ipgolony forming units of MRSA
USA400 per mL inside infected murine macrophagdsr dfeatment with 2xMIC of either
compoundl10 or vancomycin (tested in quadruplicates) for 2480 Data were analyzed via
one-way ANOVA, with post hoc Dunnet’s test for niplé comparisonsR < 0.05), utilizing
GraphPad Prism 6.0 (GraphPad Software, La Jollg, The asterisk (*) represents a significant
difference between the treatment of J774 cells watimpoundLO in comparison to vancomycin.



2.2.4. Evaluation of the anti-biofilm activity of @mpounds 10 and 12Targeting factors that
contribute to bacterial virulence and colonizatioh host tissues represents an alternative
approach currently being pursued to counter thergenee of bacterial resistance to antibiotics
[40]. One example of this is the identification addvelopment of molecules capable of
inhibiting or eradicating bacterial biofilms [4Biofilms can form on the surfaces of indwelling
catheters and implanted medical devices [42, 4Bgs€ biofilms can lead to fatal bloodstream
infections which are associated with substantedttnent costs [44]. Many invasive infections
caused bys aureus develop from bacterial biofilms formed on the sgg of implanted medical
devices[42, 45]. This problem could be further exacerbatexd bacteria embedded within
biofilms exhibit increased resistance to antib®{i8, 46]. Surgical intervention through physical
replacement of the infected medical implant is fir@nary option currently available to
cliniciansbut is assoictaed with multiple risks acaimplications [47]. ldentifying molecules
capable of disrupting adherent biofilm from thesgides would provide a suitable alternative to
surgical intervention. Previous reports have dermated that phenylthiazoles are able to disrupt
pre-formed bacterial biofiims [3, 5, 8, 48]. ThusmpoundslO and12 were examined for their
ability to disrupt pre-formed, well-establishedptglococcal biofilm using the microtiter plate
biofilm formation assay[8]. The piperidine-contaigiderivativeslO and 12 were both superior
to vancomycin in their ability to disrupt the highiesistant MRSA USA300 biofilm (Figure 6).
Compoundl10 exhibited the highest biofilm eradication activag it eradicated about 72% of
MRSAS300 biofilm mass at 4 x MIC (16 pg/mL), whilis i3-methyl analod 2 disrupted about

50% of MRSA USA300 biofilm mass, at the same cotregion. On the other hand, vancomycin



at same concentration was unable to effectivelyepate and disrupt the mature biofilm because

of its large molecular structure and polar natir@greement with previous reports [8, 49].
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Figure 6. Disruption of mature MRSA biofilm by compounds 10, 12 and vancomycin at 4 x
MIC. The data are presented as percent disruption @MBSA300 mature biofilm in relation
to DMSO (the solvent for the compounds that selma&d negative control). Vancomycin served
as the control antibiotic. The values represenaagrage of four samples analyzed for each
compound/antibiotic. Error bars represent standbrdation values. An asterisk (*) denotes
statistical significanceR < 0.05) between results for test compounds redatio/ vancomycin
analyzed via an unpaired Student’s t-test.
3. Conclusion.Previously we have reported thagclization of then-butyl side chain of lead
compoundla provided the more potent derivati¢b. Though potency improved, compouhld
was highly lipophilic and could not be tested iniawivo model. The present study focused on
increasing the drugability of the phenylthiazolgscontrolling their physicochemical properties
so that they can be formulated and tested in amannodel. This aim was achieved by using
cyclic amines as the terminal side chain. Out btesdted derivatives, the piperidine and its 3-
methyl analog (compounds0 and 12) provided the most promising candidates when deste
against sixteen MDR clinical isolates. The new pg@e-containing phenylthiazolé® and12

outperformed vancomycin in different aspects: begffgctive in disrupting MRSA biofilm

mass, displaying efficient intracellular clearamaivity against MRSA residing inside infected



macrophages, and exhibiting a fast-bactericidaliviigt against MRSA in vitro. More
importantly, this series of antibacterial agentspresented by compounti0, showed a
significantly improved pharmacokinetic profile rie to the first-generation compounds. In this
regard, compoundO was orally absorbed and achieved a maximum plasmeentration more
than two times higher than the compound’s MIC valagainst MRSA. Additionally, unlike the
metabolically unstable first-generation phenyltbiaz, compound0 exhibited a high degree of
metabolic stability with a half-life of 4 hours. &lpromising results obtained for compout
warrant further investigation in suitable animaldats of MRSA infection, as part of a future
study.

4. Experimental
4.1. Chemistry

4.1.1. General *H NMR spectra were run at 400 MHz ali€ spectra were determined at 100
MHz in deuterated dimethyl sulfoxide (DMSdg} on a Varian Mercury VX-400 NMR
spectrometer. Chemical shifts are given in parts mpélion (ppm) on the deltad] scale.
Chemical shifts were calibrated relative to tho$ehe solvents. Flash chromatography was
performed on 230-400 mesh silica. The progreseattions was monitored with Merck silica
gel IB2-F plates (0.25 mm thickness). Mass speestee recorded at 70 eV. High resolution
mass spectra for all ionization techniques weraiobtl from a FinniganMAT XL95. Melting
points were determined using capillary tubes wist@art SMP30 apparatus and are uncorrected.
All yields reported refer to isolated yields. Corapd @) was prepared as reported.[22]

4.1.2. 1-(2-(4-Bec-amine derivatives-1-yl)phenyl-4-methylthiazol-5-yJethan-1-one (4a-p).
General procedure: to dry DME (15 mL) and a few drops of distillecater in a 75-mL sealed

tube compound3 (300 mg, 1 mmol), palladium acetate (13 mg, 5 mpl%)



dicyclohexylphosphino-2',4',6'-triisopropylbiphen-phos) (56 mg, 10 mol%) and potassium
tert-butoxide (336 mg, 2.5 equiv.). After the reactmixture was purged with dry nitrogen gas
for 15 min at 100C, appropriatesec. amines (3 equiv.) were added. The sealed tubetivess
heated and stirred at 260G for 3 h and monitored by thin-layer chromatograghLC). After
completion of the reaction, the reaction mixturesygaured on water then extracted with DCM
(3 x 15 mL) then dried over MgS{he organic materials were then concentrated rurdieiced
pressure. The crude materials were purified vigasigjel flash column chromatography using
hexane-ethyl acetate (8:2) as yellowish viscous oil

4.1.2.1. 1-(2-(4-(Azetidin-1-yl)phenyl)-4-methylthazol-5-yl)ethan-1-one (4a)Orange oil (110
mg, 33.8%)H NMR (DMSO-dg) §: 7.98 (d,J = 8.4 Hz, 2H), 7.57 (d] = 8.4 Hz, 2H), 2.98 (t]

= 8 Hz, 4H), 2.69 (s, 3H), 2.43 (s, 3H), 1.98-1(87, 2H); °*C NMR (DMSOds) &: 191.05,
167.38, 161.69, 148.35, 143.23, 133.04, 132.98,98252.53, 24.61, 18.08, 16.88; M¥/%);
272 (M, 78.46%)).

41.2.2. 1-(2-(4-(3-Hydroxyazitidin-1-yl)phenyl)-dmethylthiazol-5-yl)ethan-1-one  (4b).
Yellowish oil (95 mg, 27.6%)H NMR (DMSO-ds) &: 7.89 (d,J = 8.4 Hz, 2H), 7.68 (d] = 8.4
Hz, 2H), 4.56 (brs, 1H), 4.27-4.24 (m, 1H), 4.18,@= 12.1, 3.4, Hz, 2H), 3.62 (d= 12.2, 6.2
Hz, 2H), 2.59 (s, 3H), 2.47 (s, 3HC NMR (DMSO4dg) &: 192.95, 168.24, 163.66, 155.53,
149.84, 132.27, 127.19, 119.51, 64.44, 59.23 8B1.8.54; MS{V2); 288 (M, 44.61%).

4.1.2.3. 1-(4-Methyl-2-(4-pyrrolidin-1-yl)phenyl)thazol-5-yl)ethan-1-one (4c).Dark brown
oil (120 mg, 35%)*H NMR (DMSO-ds) 5: 7.88 (d,J = 8.8 Hz, 2H), 7.49 (d] = 8.8 Hz, 2H),
3.52 (t,J = 6.8 Hz, 4H), 2.59 (s, 3H), 2.33 (s, 3H), 1.7J(t 6.8 Hz, 4H)**C NMR (DMSO+)

0: 191.45, 165.24, 160.14, 148.33, 143.93,133.12,9P23 121.91, 53.55, 29.47, 18.55, 16.61;

MS (M/2); 286 (M, 54.20%).



4.1.2.4. 1-(4-Methyl-2-(4-(thiazolidin-3-yl)phenylthiazol-5-yl)ethan-1-one (4d).Yellow oil
(96 mg, 26.4%)*H NMR (DMSO-ds) &: 7.97 (d,J = 8.1 Hz, 2H), 7.50 (dJ = 8.1 Hz, 2H), 4.51
(s, 2H), 3.74 (tJ) = 6.4 Hz, 2H), 3.19 (tJ = 6.4 Hz, 2H), 2.62 (s, 3H), 2.48 (s, 3HC NMR
(DMSO-dg) 3: 191.66, 163.46, 158.83, 136.63, 132.44, 131126.14, 119.31, 60.26, 52.44,
29.86, 18.55, 16.76; M3n(2); 304 (M', 45.03%).

4.1.2.5. 1-(2-(4-(H-Imidazol-1-yl)phenyl)-4-methylthiazol-5-yl)ethan-1-one (4e).Brown oll
(89 mg, 26.3%)*H NMR (DMSO-ds) &: 7.91 (d,J = 8.4 Hz, 2H), 7.68 (s, 1H), 7.57 (@= 8.4
Hz, 2H), 7.33 (dJ = 6.8 Hz, 1H), 6.98 (d] = 6.8 Hz, 1H), 2.59 (s, 3H), 2.32 (s, 3fC NMR
(DMSO-dg) 8: 192.15, 164.34, 162.73, 136.93, 133.07, 132.92,1P, 131.91, 128.13, 124.63,
122.33, 29.86, 17.65; M3n(2); 283 (M', 100%).

4.1.2.6. 1-(4-Methyl-2-(4-(piperidin-1-yl)phenyl)thazol-5-yl)ethan-1-one (4f). Yellow oil
(120 mg, 33.5%)*H NMR (DMSO-ds) 5: 8.02 (d,J = 8.4 Hz, 2H), 7.51 (d] = 8.4 Hz, 2H),
2.71 (s, 3H), 2.57 (s, 3H), 2.52 {t= 6.4 Hz, 4H), 1.57-1.51 (m, 4H), 1.39-1.36 (m, 2HE
NMR (DMSO-g) 6: 191.35, 167.92, 158.56, 133.83, 132.54, 132.24,.2b, 125.61, 53.10,
30.64, 25.94, 24.04, 18.45; MBVE); 300 (M, 40.55%).

41.2.7. 1-(4-Methyl-2-(4-(2-methylpiperidin-1-yl)fnenyl)thiazol-5-yl)ethan-1-one  (4Q).
Brown oil (95 mg, 25.3%)*H NMR (DMSO-dg) &: 7.98 (d,J = 8 Hz, 2H), 7.52 (dJ = 7.2 Hz,
2H), 3.83-3.81 (m, 1H), 3.16-2.86 (m, 2H), 2.543d), 2.38 (s, 3H), 1.60-1.22 (m, 6H), 1.05 (d,
J = 6.8 Hz, 3H);"*C NMR (DMSO4ds) 5: 191.15, 168.12, 163.17, 158.83, 132.39, 132.54,
127.34, 126.08, 54.66, 53.39, 34.62, 30.69, 2628476, 20.41, 18.31; MIM(2); 314 (M,
15.74%).

4.1.2.8. 1-(4-Methyl-2-(4-(3-methylpiperidin-1-yl)fnenyl)thiazol-5-yl)ethan-1-one  (4h).

Yellow oil (120 mg, 32%)*H NMR (DMSO-ds) &: 8.02 (d,J = 8.4 Hz, 2H), 7.57 (d] = 8.4 Hz,



2H), 2.80-2.61 (m, 2H), 2.71 (s, 3H), 2.58 (s, 3®},4-1.46 (m, 7H), 0.87 (d,= 6.4 Hz, 3H);
13C NMR (DMSO4) &: 191.34, 168.02, 158.89, 133.53, 133.22, 1321.2%,11, 125.92, 60.35,
52.40, 48.01, 32.62, 30.99, 25.64, 18.94, 16.77(M9); 314 (M', 23.14%).

4.1.2.9. 1-(4-Methyl-2-(4-(4-methylpiperidin-1-yl)fnenyl)thiazol-5-yl) ethan-1-one (4i).
Light-yellow oil (150 mg, 40%)*H NMR (DMSO-dg) &: 7.88 (d,J = 8.4 Hz, 2H), 7.51 (d] =
8.4 Hz, 2H), 2.84 (m, 4H), 2.59 (s, 3H), 2.31 (d),32.20-2.12 (m, 4H), 1.61-1.11 (m, 1H), 0.90
(d, J = 6.4 Hz, 3H)*C NMR (DMSO4s) &: 191.33, 168.84, 158.13, 147.33, 143.30, 132.44,
132.28, 122.31, 52.75, 34.71, 30.29, 26.24, 24.884; MS (2); 314 (M, 21.14%).

4.1.2.10. 1-(4-Methyl-2-(4-(4-methylpiperazin-1-yphenyl)thiazol-5-yl)ethan-1-one  (4j).
Orange oil (160 mg, 42.5%JH NMR (DMSO-ds) &: 8.01 (d,J = 8.4 Hz, 2H), 7.57 (d) = 8.4
Hz, 2H), 3.62-3.54 (m, 4H), 2.72 (s, 3H), 2.593H), 2.52-2.49 (m, 4H), 2.16 (s, 3HJC NMR
(DMSO-dg) 6: 191.18, 167.73, 158.63, 147.67, 143.62, 133.82.48, 127.41, 55.15, 52.15,
46.01, 31.04, 18.74; M31(2); 315 (M', 24.14%).

41.2.11. 1-(2-(4-(4-Bromopiperidin-1-yl)phenyl)-4nethylthiazol-5-yl)ethan-1-one  (4k).
Yellow oil (200 mg, 44%)*H NMR (DMSO-dg) &: 7.49 (d,J = 8.4 Hz, 2H), 7.05 (d] = 8.4 Hz,
2H), 4.43-4.12 (m, 1H), 3.62 (3,= 6.4 Hz, 4H), 2.49 (s, 3H), 2.27 (s, 3H), 2.2501(f, 4H);
13C NMR (DMSO4g) &: 191.41, 161.54, 147.41, 144.43, 136.11, 132.08,56, 124.12, 53.35,
34.41, 29.34, 18.34, 16.31; MBVg); 378 (M", 18.69%), 380 (MF, 19.36%).

4.1.2.12. 1-(4-Methyl-2-(4-morpholinophenyl)thiazeb-yl)ethan-1-one (41).Brown oil (150
mg, 41.6%)H NMR (DMSO-dg) §: 7.79 (d,J = 8.4 Hz, 2H), 7.11 (d] = 8.4 Hz, 2H), 3.62 (1]

= 6.4 Hz, 4H), 3.28 (tJ = 6.4 Hz, 4H), 2.64 (s, 3H), 2.36 (s, 3HJC NMR (DMSO4s) &:
191.53, 162.34, 154.91, 147.43, 132.88, 132.14,162424.72, 64.15, 52.41, 28.15, 16.78; MS

(m/2); 302 (M, 40.69%).



4.1.2.13. 1-(4-Methyl-2-(4-thiomorpholinophenyl)thazol-5-yl)ethan-1-one (4m).Yellow oil
(110 mg, 28.9%)*H NMR (DMSO-dg) §: 8.22 (d,J = 8.4 Hz, 2H), 7.81 (d] = 8.4 Hz, 2H), 3.92
(t, J= 6.4 Hz, 4H), 3.75 () = 6.4 Hz, 4H), 2.69 (s, 3H), 2.36 (s, 3H)C NMR (DMSO<s) §:
191.73, 166.34, 160.91, 157.73, 143.88, 133.14,983122.62, 52.85, 28.85, 26.64, 16.78; MS
(m2); 318 (M, 42.69%).

4.1.2.14. 1-(2-(4-(Azepan-1-yl)phenyl)-4-methylthzpl-5-yl)ethan-1-one (4n)Dark-brown oil
(100 mg, 26.6%)*H NMR (DMSO-ds) 5: 8.26 (d,J = 8.4 Hz, 2H), 7.46 (d) = 8.4 Hz, 2H),
4.43-4.38 (m, 4H), 2.52 (s, 3H), 2.46 (s, 3H), 1686 (m, 8H);"*C NMR (DMSOdq) §:
190.95, 166.62, 160.86, 147.83, 143.74, 132.86,2632122.61, 53.19, 28.36, 26.64, 24.04,
18.35; MS (V2); 314 (M', 27.60%).

4.1.2.15. 1-(2-(4-(Azocan-1-yl)phenyl)-4-methylthmol-5-yl)ethan-1-one (40)Brown oil (110
mg, 28%):*H NMR (DMSO-dg) 5: 7.98 (d,J = 8.4 Hz, 2H), 7.16 (d] = 8.4 Hz, 2H), 4.45 () =
5.4 Hz, 4H), 2.62 (s, 3H), 2.46 (s, 3H), 1.89-0(86 10H);**C NMR (DMSOdq) 5: 191.35,
168.62, 163.86, 142.83, 133.74, 133.06, 126.65,082153.26, 30.64, 30.02, 26.16, 24.84,
18.35; MS (/2); 328 (M, 4.60%).

4.1.2.16. 1-(4-Methyl-2-(4-(octahydroisoquinolin-2(H)-yl)phenyl)thiazol-5-yl)ethan-1-one
(4p). Dark-brown oil (133 mg, 31.4%JH NMR (DMSO-dg) &: 7.88 (d,J = 8.4 Hz, 2H), 7.51 (d,

J = 8.4 Hz, 2H), 2.57-2.51 (m, 2H), 2.49-2.42 (m, 2RIp7 (s, 3H), 2.31 (s, 3H), 2.20-0.89 (m,
12H); *C NMR (DMSO4) 8: 191.15, 160.42, 147.46, 133.33, 132.84, 128.26,7R, 124.62,
59.44, 53.58, 43.01, 42.68, 33.22, 30.34, 26.641118.7.65; MS1{v2); 354 (M, 18.20%).

4.1.3. 2-(1-(2-(4-(Substituted sec-amine-1-yl)phenyl)-4-methylthiazol-5-
yl)ethylidene)hydrazine-1-carboximidamide 5-20.General procedure: Acetylphenylthiazole

derivatives 4a-p (0.31 mmol) were dissolved in absolute ethanol (hB), concentrated



hydrochloric acid (1 mL), aminoguanidine hydrocider (175 mg, 1.5 mmol, 5 equiv.), were
added. The reaction mixture was heated at reflux2fd. The solvent was concentrated under
reduced pressure, then poured in crushed ice amdafieed with sodium carbonate to pH 7-8,
and the formed precipitated was collected by filrg washed with copious amount of water.
Crystallization from absolute ethanol afforded desired products as solids.

4.1.3.1. 2-(1-(2-(4-(Azetidin-1-yl)phenyl)-4-methythiazol-5-yl)ethylidene)hydrazine-1-
carbo- ximidamide (5). Yellow solid (90 mg, 75%); mp = 170-171 & NMR (DMSO ) &:
11.49 (brs, 1H), 7.77 (d,= 8.4 Hz, 2H), 7.21 (d] = 8.4 Hz, 2H), 4.11 (brs, 3H), 3.52 §t= 5.2
Hz, 4H), 2.62 (s, 3H), 2.49 (s, 3H), 2.13-2.02 @H); *C NMR (DMSO+g) &: 169.08, 165.42,
158.83, 147.51, 133.06, 132.61, 132.18, 126.94,912549.76, 31.11, 18.44, 16.37; HRMS (EI)
m/z 328.1478 M, calc. for GeHaoNeS 328.1470 Mt Anal. Calc. for: GeHooNgS (328): C, 58.51;
H, 6.14; N, 25.59%; Found: C, 58.53; H, 6.09; N,6P86.

4.1.3.2. 2-(1-(2-(4-(3-Hydroxyazetidin-1-yl)phenydt-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (6).Orange solid (105 mg, 88%); mp = 191-192 *8.NMR
(DMSO ) §: 7.65 (d,J = 8.4 Hz, 2H), 7.05 (brs, 1H), 6.68 (= 8.4 Hz, 2H), 6.21 (brs, 3H),
5.48 (brs, 1H), 3.81-3.78 (m, 1H), 3.75 (dd= 11.3, 3.4 Hz, 2H), 3.70 (dd,= 11.4, 6.2 Hz,
2H), 2.51 (s, 3H), 2.36 (s, 3HYC NMR (DMSO4dg) &: 168.77, 162.42, 158.83, 155.42, 148.89,
133.17, 132.78, 127.13, 126.77, 63.35, 58.43, 31.849; HRMS (El)/z 344.1399 M, calc.
for CigH20NsOS 344.1419 M Anal. Calc. for: GeHoogNeOS (344): C, 55.79; H, 5.85; N,
24.40%; Found: C, 55.81; H, 5.91; N, 24.48%.

4.1.3.3. 2-(1-(4-Methyl-2-(4-(pyrrolidin-1-yl)pheny)thiazol-5-yl)ethylidene)hydrazine-1-
carboximidamide (7). Brown solid (174 mg, 74%); mp = 166-168 °€. NMR (DMSO ds) &:

7.77 (d,J = 7.2 Hz, 2H), 7.50 (d] = 7.2 Hz, 2H), 5.52 (brs, 2H), 5.48 (brs, 2H), B8%57 (m,



4H), 2.57 (s, 3H), 2.31 (s, 3H), 1.71-1.62 (m, 4K NMR (DMSO4ds) &: 162.57, 161.14,
148.74, 143.19, 136.08, 133.16, 132.67, 126.22,18242.49, 23.67, 18.73, 16.55; HRMS (El)
m/z 342.1641 M, calc. for G/H2oNeS 342.1627M; Anal. Calc. for: G/H2oNeS (342): C, 59.62;
H, 6.48; N, 24.54%; Found: C, 59.66; H, 6.52; N,644%.

41.3.4. 2-(1-(4-Methyl-2-(4-(thiazolidin-3-yl)phewl)thiazol-5-yl)ethylidene)hydrazine-1-
carboximidamide (8). Yellow solid (67 mg, 65.7%); mp = 177-179 “EL NMR (DMSO ) &:
8.05 (d,J = 8.4 Hz, 2H), 7.81 (brs, 4H), 7.72 @= 8.4 Hz, 2H), 4.65 (s, 2H), 3.23 {t= 6.4
Hz, 2H), 2.81 (tJ = 6.4 Hz, 2H), 2.62 (s, 3H), 2.45 (s, 3HC NMR (DMSO«de) 5: 168.54,
164.94, 158.74, 147.79, 137.18, 132.16, 131.87,1127125.64, 62.33, 55.45, 31.27, 22.43,
18.65; HRMS (El)m/z 360.1185 M, calc. for GegHooNeS, 360.1191 M; Anal. Calc. for:
CieH20N6S (360): C, 53.31; H, 5.59; N, 23.31%; Found: C353H, 5.63; N, 23.36%.

4.1.3.5. 2-(1-(2-(4-(#-Imidazol-1-yl)phenyl)-4-methylthiazol-5-yl)ethylidene)hydrazine-1-
carboximidamide (9). Brown solid (71 mg, 59%); mp = 183-185 &l NMR (DMSO ) &:
7.89 (d,J = 8.4 Hz, 2H), 7.68 (s, 1H), 7.54 @= 8.4 Hz, 2H), 7.33 (d] = 7.2 Hz, 1H), 6.93 (d,
J=7.2 Hz, 1H), 5.66 (brs, 2H), 5.54 (brs, 2H), 5(822H), 2.58 (s, 3H), 2.32 (s, 3H5C NMR
(DMSO-ds) 6: 165.25, 158.63, 154.63, 134.93, 134.74, 133.82,911, 128.53, 127.43, 126.85,
122.46, 124.33, 30.50, 18.55; HRMS (&tjz 339.1250 M, calc. for GeH17/N/S 339.1266 Nt
Anal. Calc. for: GgH17/N;S (339): C, 56.62; H, 5.05; N, 28.89%; Found: C,7/66H, 5.09; N,
28.94%.

4.1.3.6. 2-(1-(4-Methyl-2-(4-(piperidin-1-yl)phenyithiazol-5-yl)ethylidene)hydrazine-1-
carboximidamide (10). Yellow solid (86 mg, 72.8%); mp = 192-194 & NMR (DMSO dg)

8: 11.51 (brs, 1H), 8.01 (d,= 8.4 Hz, 2H), 7.82 (brs, 3H), 7.64 (@= 8.4 Hz, 2H), 3.55-3.49

(m, 4H), 3.02-3.95 (m, 4H), 2.62 (s, 3H), 2.423H), 1.84-1.76 (M, 2H)-*C NMR (DMSOd)



0: 167.84, 160.23, 156.42, 147.39, 133.10, 132.27,5B8, 125.94, 119.87, 53.47, 31.91, 26.23,
24.91, 18.75; HRMS (Elin/'z 356.1795 M, calc. for GgH,4NeS 356.1783 M Anal. Calc. for:
CigH24N6S (356): C, 60.65; H, 6.79; N, 23.57%; Found: C660H, 6.85; N, 23.62%.

4.1.3.7. 2-(1-(4-Methyl-2-(4-(2-methylpiperidin-1-})phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (11).Yellow solid (65 mg, 55.5%):; mp = 189-191 &l NMR
(DMSO dg) &: 7.89 (d,J = 8.4 Hz, 2H), 7.51 (d] = 8.4 Hz, 2H), 5.78 (brs, 4H), 3.74-3.58 (m,
2H), 3.52-3.49 (m, 1H), 2.59 (s, 3H), 2.33 (s, 3HB1-1.19 (m, 6H), 1.06 (d,= 4.8 Hz, 3H);
¥C NMR (DMSO4g) &: 162.59, 161.15, 148.75, 143.44, 137.43, 133.B2.7B, 126.33,
124.91, 54.82, 53.26, 34.63, 26.22, 24.96, 20.8379, 16.69; HRMS (Eljwz 370.1944 M,
calc. for GgHeNeS 370.1940 Mt Anal. Calc. for: GgHo¢NgS (370): C, 61.59; H, 7.07; N,
22.68%; Found: C, 61.62; H, 7.11; N, 22.74%.

4.1.3.8. 2-(1-(4-Methyl-2-(4-(3-(methylpiperidin-1yl)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (12).Yellow-white solid (80 mg, 68%); mp = 195-196 °{&
NMR (DMSO dg) §: 7.79 (d,J = 8.4 Hz, 2H), 7.42 (d] = 8.4 Hz, 2H), 5.77 (brs, 2H), 5.47 (brs,
2H), 3.27 (dJ = 9.6 Hz, 2H), 3.19-3.09 (m, 2H), 2.61 (s, 3H),82(8, 3H), 2.12-1.36 (m, 5H),
1.56 (d,J = 6.4 Hz, 3H);"*C NMR (DMSO4;) 5: 168.51, 163.25, 158.75, 147.33, 132.78,
132.11, 127.53, 125.87, 122.61, 54.72, 53.26, 38T2R2, 25.71, 24.56, 18.53, 16.89; HRMS
(El) mVz 370.1930 M, calc. for GgH26NsS 370.1940 Mt Anal. Calc. for: GoH2eNeS (370): C,
61.59; H, 7.07; N, 22.68%; Found: C, 61.62; H, 7N]122.74%.

4.1.3.9. 2-(1-(4-Methyl-2-(4-(4-(methylpiperidin-1yl)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (13).Yellow solid (90 mg, 76.9%): mp = 201-202 &l NMR
(DMSO d) &: 11.41 (brs, 1H), 7.78 (d, = 8 Hz, 2H), 7.51 (brs, 3H), 7.27 (@= 8 Hz, 2H),

2.61 (s, 3H), 2.31 (s, 3H), 2.18 Jt= 12 Hz,4H), 1.62 (tJ = 10.8 Hz4H), 1.32-1.27 ('m, 1H),



0.89 (d,J = 6.4 Hz, 3H);"*C NMR (DMSO+4g) &: 161.61, 160.19, 148.72, 143.41, 136.18,
132.90, 132.02, 126.10, 124.47, 52.52, 34.65, 302P634, 18.75, 16.39; HRMS (Ehyvz
370.1940 M, calc. for GoH2eNeS 370.1933 M Anal. Calc. for: GeHo6NsS (370): C, 61.59; H,
7.07; N, 22.68%; Found: C, 61.62; H, 7.11; N, 2%74

4.1.3.10. 2-(1-(4-Methyl-2-(4-(4-(4-methylpiperazii-yl)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (14).Orange solid (77 mg, 65%); mp = 175-176 *8.NMR
(DMSO dg) &: 7.99 (d,J = 8.8 Hz, 2H), 7.57 (d] = 8.8 Hz, 2H), 5.75 (brs, 4H), 4.75-4.69 (m,
4H), 2.52 (s, 3H), 2.45 (s, 3H), 2.31-2.25 @hi), 2.21 ( s, 3H)}°C NMR (DMSO«) &: 168.28,
165.09, 158.65, 146.11, 143.58, 133.45, 132.88,2127125.93, 56.01, 46.03, 45.13, 30.28,
18.55; HRMS (El)m/z 371.1901 M, calc. for GgHsN;S 371.1892 M Anal. Calc. for:
CigH25N7S (371): C, 58.19; H, 6.78; N, 26.39%; Found: C258H, 6.84; N, 26.45%.

4.1.3.11. 2-(1-(2-(4-(4-Bromopiperidin-1-yl)phenyit-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (15).Yellow solid ( 96 mg, 84%)*H NMR (DMSO-ds) &: 7.49

(d, J = 8.4 Hz, 2H), 7.02 (dJ = 8.4 Hz, 2H), 5.21 (brs, 2H), 5.07 (brs, 2H), 4634 (m, 1H),
3.42 (t,J = 6.4 Hz, 4H), 2.49 (s, 3H), 2.27 (s, 3H), 2.28aL(m, 4H);**C NMR (DMSO+) &:
162.54, 160.96, 148.41, 144.53, 136.21, 132.04,8831126.56, 124.12, 53.55, 48.11, 34.51,
29.44, 18.34, 16.21; HRMS (El/z 434.0890 M, calc. for GgH23BrNsS 434.0888 N,
436.0868 M Anal. Calc. for: GgHo3 BrN;S (435): C, 49.66; H, 5.32; N, 19.30%; Found: C,
49.70; H, 5.35; N, 19.37%.

4.1.3.12. 2-(1-(4-Methyl-2-(4-morpholinophenyl)thiaol-5-yl)ethylidene)hydrazine-1-
carboximid-amide (16).Brown solid (87 mg, 73%); mp = 186-187 “E. NMR (DMSO ) &:
8.01 (d,J = 8.4 Hz, 2H), 7.65 (d] = 8.4 Hz, 2H), 5.65 (brs, 2H), 5.48 (brs, 2H), 3831 (m,

4H), 3.65-3.60 (m4H), 2.71 (s, 3H), 2.57 (s, 3H)*C NMR (DMSOde) 5: 167.28, 162.49,



154.75, 147.37, 142.18, 133.98, 132.45, 126.21,952464.11, 52.23, 27.18, 16.55; HRMS (EI)
m/z 358.1595 M, calc. for G/H2:NeOS 358.1576 M Anal. Calc. for: G/H2:NgOS (358): C,
56.96; H, 6.19; N, 23.45%; Found: C, 57.01; H, 612523.55%.

4.1.3.13.  2-(1-(4-Methyl-2-(4-thiomorpholinophenythiazol-5-yl)ethylidene)hydrazine-1-
carboximid-amide (17).Yellow solid (68 mg, 58%); mp = 194-196 &1 NMR (DMSO dg) 5:
8.25 (d,J = 8.4 Hz, 2H), 7.75 (d) = 8.4 Hz, 2H), 5.60 (brs, 4H), 3.98-3.91 (4H), 3.81-3.77
(m, 4H), 2.69 (s, 3H), 2.41 (s, 3H)°C NMR (DMSO4g) §: 162.11, 160.09, 147.75, 143.37,
136.78, 132.45, 132.05, 126.41, 124.85, 56.23,330.8.38, 16.65; HRMS (Elwz 374.1349
M*, calc. for G/H22NeS, 374.1347 M; Anal. Calc. for: G/H2NeS; (374): C, 54.52; H, 5.92; N,
22.44%; Found: C, 54.61; H, 5.99; N, 22.51%.

4.1.3.14. 2-(1-(2-(4-(Azepan-1-yl)phenyl)-4-methyitazol-5-yl)ethylidene)hydrazine-1-
carboximid-amide (18).Brown solid (65 mg, 55.5%); mp = 166-168 6. NMR (DMSO dg)

5: 7.98 (d,J = 8.4 Hz, 2H), 7.49 (d] = 8.4 Hz, 2H), 5.53 (brs, 2H), 5.45 (brs, 2H), 4(83 =
6.8 Hz, 4H), 2.71 (s, 3H), 2.44 (s, 3H), 1.95-1(8% 8H);°C NMR (DMSO4ds) §: 167.49,
164.45, 158.36, 149.75, 136.93, 132.79, 132.18,2B27125.11, 53.26, 31.71, 26.33, 24.70,
18.69; HRMS (El)m/z 370.1923 M, calc. for GgH2eNeS 370.1940 Nt Anal. Calc. for:
Ci9H26N6S (370): C, 61.59; H, 7.07; N, 22.68%; Found: C681H, 7.11; N, 22.74%.

4.1.3.15. 2-(1-(2-(4-(Azocan-1-yl)phenyl)-4-methyliazol-5-yl)ethylidene)hydrazine-1-
carboximid-amide (19).Brown solid (60 mg, 51%); mp = 167-169 “E. NMR (DMSO ) &:
7.78 (d,J = 8.4 Hz, 2H), 7.53 (d] = 8.4 Hz, 2H), 5.76 (brs, 2H), 5.56 (brs, 2H), 4(44 = 6.8
Hz, 4H), 2.75 (s, 3H), 2.44 (s, 3H), 1.95-1.09 @h{), 0.88 (d,J = 6.4 Hz, 2H);"*C NMR
(DMSO-dg) 6: 163.49, 161.75, 148.86, 143.45, 136.43, 133.29,48, 126.23, 124.41, 47.11,

34.21, 30.13, 26.10, 25.76, 18.49, 16.66; HRMS (&) 384.2094 M, calc. for GoH2sNeS



384.2096 M; Anal. Calc. for: GoH2eNeS (384): C, 62.47; H, 7.34; N, 21.85%; Found: C562

H, 7.38; N, 21.93%.

4.1.3.16. 2-(1-(4-Methyl-2-(4-(octahydroisoquinol#®2(1H)-yl)phenyl)thiazol-5-
yl)ethylidene) hydrazine-1-carboximidamide (20).Yellow solid (69 mg, 59%); mp = 177-179
°C.'H NMR (DMSO ) 5: 7.85 (d,J = 8.4 Hz, 2H), 7.51 (dJ = 8.4 Hz, 2H), 5.76 (brs, 2H),
5.68 (brs, 2H), 2.72 (] = 10.8 Hz,2H), 2.68 (d,J = 8.8 Hz,2H), 2.59 (s, 3H), 2.31 (s, 3H),
2.22-0.92 (m, 12H)**C NMR (DMSO+) &: 162.11, 160.06, 148.96, 143.77, 136.48, 132.53,
129.39, 126.49, 124.17, 59.32, 56.89, 47.69, 433825, 30.60, 26.60, 26.17, 18.65, 16.57,
HRMS (EI) m/z 410.2265 M, calc. for GoHzoNeS 410.2253 Nt Anal. Calc. for: GoHagNsS
(410): C, 64.36; H, 7.37; N, 20.47%; Found: C, 64H, 7.41; N, 20.52%.

4.2. Microbiological assays

4.2.1. Bacterial strains, mammalian cell lines and@ntibiotics. Bacterial strains used in this
study were obtained from Biodefense and Emergifgctions Research Resources Repository
(BElI Resources) and the American Type Culture Cbbe (ATCC). Human colorectal
adenocarcinoma (Caco-2) cell line, human keratiteocgell line (HaCaT) and murine
macrophage (J774) cells were purchased from Americgpe Culture Collection (ATCC).
Linezolid (Chem-impex International, Wood Dale, IUSA) and vancomycin hydrochloride
(Gold Biotechnology, St. Louis, MO, USA), were poased from commercial vendors.
Phenylthiazole compounds were prepared in a stog&entration of 10 mg/mL in DMSO.

4.2.2. Determination of MICs and MBCs of the new pénylthiazole compounds against
Staphylococcus aureus and other multidrug-resistant Gram-positive bacteiial species.The
broth microdilution method was utilized to test ttamtibacterial activity of the new

phenylthiazole compounds against a panel of clilyigaportant S. aureus strains and Gram-



positive bacteria. The minimum inhibitory concetita (MIC) of teste compounds and control
antibiotics (linezolid, and vancomycin) was detared using the broth microdilution method
against methicillin-sensitiv&taphylococcus aureus (ATCC 6538 and NRS107), methicillin-
resistant Saphylococcus aureus (MRSA) and vancomycin-resistarftaphylococcus aureus
(VRSA) clinical isolates according to the guidebneutlined by the Clinical and Laboratory
Standards Institute (CLSI) [50]. Bacterial strausre grown aerobically overnight on tryptone
soy agar plates at 37° C. Afterwards, a bactedhlt®n equivalent to 0.5 McFarland standard
was prepared and diluted in cation-adjusted Muélieton broth (CAMHB) to achieve a
bacterial concentration of about 5 x> IDFU/mL and seeded in 96-well plates. Compounds and
control drugs were added in the first row of thev@8l plates and serially diluted along the
plates. Plates were then, incubated aerobicalB7atC for 18-20 hours. MICs reported in here
are the minimum concentration of the compoundscamdrol drugs that could completely inhibit
the visual growth of bacteria. The minimum bacidat concentration (MBC) of these
compounds was tested by plating 4 pL from welldwwid growth onto Tryptic soy agar plates.
Plates were incubated at 37 °C for 18-20 hoursréefecording the MBC. The MBC was
categorized as the lowest concentration that retibaeterial growth by 99.9%.

4.2.3. In vitro cytotoxicity analysis of compoundsl0 and 12 against human colorectal,
human keratinocyte and murine macrophage cellsPhenylthiazoled0 and 12 were assayed
for potential cytotoxicity against a human coloeg@denocarcinoma (Caco-2) cell line, human
keratinocyte cell line (HaCaT) and murine macrogh@ly 74) cells, as described previously [5].
Briefly, tested compounds were incubated with caand HaCaT cells for 2 hours, and with

J774 cells for 24 hours. Then, cells were incubatigd MTS 3-(4,5-dimethylthiazol-2-yl)-5-(3-



carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetraaol) reagent for 4 hours before measuring
absorbance values (Q§J).

4.2.4. MRSA biofilm eradication assessmentPhenylthiazole compounds0 and 12 were
examined for their ability to eradicate pre-formedll established mature staphylococcal
biofilm using the microtiter plate biofilm formatioassay as described in previous reports [8,
51]. An overnight culture of MRSA USA300 (NRS384asvdiluted 1:100 in culture medium
(Tryptic soy broth + 1% glucose). For detectiorbaffilm eradication, bacterial suspension was
added, and plates were incubated at 37 °C for 2#shm order to form a strong adherent
biofilm. The bacterial suspension (planktonic gell&s removed and compounds were added at
concentrations ranging from 256 to 2 ug/mL in Tiygby broth. Plates were incubated at 37 °C
for 24 hours. In order to quantify biofilm masse thacterial suspension was removed, and wells
were washed with phosphate-buffered saline to renpdanktonic bacteria. An aliquot of 0.1%
crystal violet was added to each well to staindtiached biofilm mass. After 30 minutes, wells
were washed with sterile water and dried. Wellsenge-stained using 100% ethanol prior to
guantifying biofilm mass using a spectrophotomét@bsgs). Data are presented as percent
eradication of MRSA USA300 biofilm for each testeag relative to the negative (DMSO)
control wells. Data were analyzed using unpairest @ < 0.05).

4.2.5. Intracellular infection of J774 cells with MRSA and treatment with compound 10.
The ability of compound.0 and vancomycin (at 2 x MIC) to reduce the burdemwacellular
MRSA USA400 inside murine macrophage (J774) celss vevaluated. In brief, murine
macrophage cells (J774) were cultured in Dulbecddadified Eagle Medium (DMEM)
supplemented with 10% FBS at 37°C with £(B%). J774 cells were exposed to MRSA

USA400 cells at a multiplicity of infection of apgpdimately 10:1. After 1 hour of infection, J774



cells were washed with gentamicin (100 pg/mL) tbeitracellular MRSA. The compounds or
vancomycin (at 2x MIC) were subsequently addedaichewnell (four replicates per test agent).
Control cells received DMSO at a concentration étu#hat in drug-treated cell samples. After
24 hours incubation at 37°C with 5% g @he test agents were removed. J774 cells werkegas
and subsequently lysed using 0.1% Triton-X. Theutsmh was serially diluted in phosphate-
buffered saline and transferred to TSA plates deoto determine viable MRSA CFU inside the
J774 cells. Plates were incubated at 37°C for 18@2 before counting viable CFU/mL.
Statistical significance was assessed with one-Md@VA, with post hoc Dunnet’s multiple
comparisons test (P < 0.05), utilizing GraphPadrR6.0 (GraphPad Software, La Jolla, CA).
4.2.6. Killing kinetics of compounds 10 and 12 agast MRSA. The test was performed
against MRSA USA400, as described previously.[2EBY, logarithmic phase bacterial cells
were diluted, and drugs were added at 5 x MIC (iplitates). At the corresponding time
intervals, bacterial cells were diluted and plated Tryptic soy agar plates to determine the
viable colony forming unit (CFU)/mL.

4.3.1n vivo Pharmacokinetics.Pharmacokinetic studies were performed in maleen&prague

—Dawley (SD) rats, (three animals) following Institunal Animal Care and Use Committee

guidelines.Oral dosing (® mg/kg) was administered by gavage in a vehicletainmg 2%
ethanol, 4% PEG 400, and 50% water. Blood samples were ¢etlenver al2-hour period post
dose into Vacutainer tubes containing EDTA-K2. Rlasvas isolated, and the concentration of
compound10 in plasma was determined with LC/MS/MS after pirotprecipitation with
acetonitrile. Non-compartmental pharmacokinetic analysis was opexd on plasma

concentration data to calculate pharmacokinetiampaters a previous report [13].
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Inserting a single N atom to lipophilic part of phenylthiazoles had a tremendous effect on
PK profile.

. The aqueous solubility increased by a factor of 160.

. Compound 10 is an orally-available with Cmax value higher than its MIC values.

. Compound 10 is superior to vancomycin in term of the ability to disrupt mature biofilms.



