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Abstract. Compounds with high lipophilic properties are oftassociated with bad
physicochemical properties, triggering many offyets, and less likely to pass clinical trials.
Two metabolically stable phenylthiazole antibioscaffolds having notable high lipophilic
characters, one with alkoxy side chain and therathe with alkynyl moiety, were derivatized
by inserting a cyclic amine at the lipophilic taiith the objective of improving physicochemical
properties and the overall pharmacokinetic behavamly alkynyl derivatives with 4- or 5-
membered rings showed remarkable antibacterialigctiThe azetidine-containing compouBd
was the most effective and it revealed a potenbacterial effect against 15 multi-drug resistant
(MDR)-Gram positive pathogens includif®gaphylococcus aureus, Streptococcus pneumoniae,
Staphylococcus epidermidis andenterococci. Compound was also highly effective in clearing
99.7% of the intracellular methicillin- resisteétaureus (MRSA) harbored inside macrophages.
In addition to the remarkable enhancement in aguemlubility, thein vivo pharmacokinetic
study in rats indicated that compouidan penetrate gut cells and reach plasma at apatic
concentration within 15 minutes and maintain effectplasma concentration for around 12
hours. Interestingly, the main potential metabol{tmmpound9) was also active as an

antibacterial agent with potent antibiofilm actyit

Key words: MDR-bacteria; Antibiotic resistance; MRSA; Stapbgdccal infections;

antibiofilm; intracellular infections



1. Introduction. The high attrition rate of small molecule drugrdalates from clinical studies
is still the key challenge for the pharmaceuticatiustry worldwide. For decades, poor
pharmacokinetic behavior was the main reason fertémmination of clinical studies. Hence,
many rules were developed to correlate compoundsysipochemical properties with
pharmacokinetic performance [1-5]. Clearly, it iardh to build a direct correlation between
clinical attrition and a single descriptor, but mameports highlight the influence of excessive
lipophilicity on toxicological outcomes and inappr@te pharmacokinetic profiles [6, 7].
Compounds with high lipophilic property (obese ncoles), are promiscuous and commonly
associated with increased off-target side effett8][

For a while, the formulation technology deemed#oa novel alternative to solubilize
fatty molecules allowing their oral absorption [18ft, the advancement in this field led to a
remarkable diminishment in the number of failurelated to poor pharmacokinetic profiles [11].
Unfortunately, forcing fatty molecules to enter asystemic circulation and improving the
overall oral bioavailability is only the promineside of the story. The other dark side of the
story is the excretion step in which the metabehezymes have to work assiduously to polarize
these fatty xenobiotics in order to easily excthtan [12]. As a result, the significant decrease in
failures due to pharmacokinetic problems was enewad by a sudden increase of attritions
connected with toxicological aspects and the olat#ition rates from clinical trials are almost
at the same level [11, 13, 14]. Therefore, thera isonsensus among big pharmaceutical
developers that “controlling physicochemical praigsris beneficial in identifying compounds
of candidate drug qualities” [11].

Phenylthiazole antibiotics, discovered by our grfilp21], originally suffered from the

metabolic instability issue [15, 22]. Identifyiniyet part of the lead compoudd that is exposed



to rapid metabolism, provided a route to synthesiaesets of metabolically-stable analogs; i.e.,
the alkoxylphenylthiazoles [22, 23] and alkynylpykniazoles [17] (Figure 1). The structure-
activity relationships (SAR) of both groups indedtthat further addition of methylene units at
the lipophilic tail significantly enhanced the dacterial activity [17, 23] (Figure 1). The
improvement of the antibacterial activity was conddl with a deterioration in drug-likeness.
Hence, the alkynylphenylthiazole, for instance,ldowot be tested in an animal model in a dose

of more than 40% the therapeutic one due to satyiskue [17].
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Figure 1. Progress of phenylthiazole antibiotics developnastt the general idea of the present
work.

Taking into account the considerations of compouhpsphilicity and their impact on
drug-likeness in progressing the development ohpligiazole antibiotics, this article aimed at
controlling the molecular obesity of phenylthiazdlerivatives via inserting a polar atom within

the lipophilic tail connected with the phenyl ringll designed compounds shown in Figure 1



were then subjected to comprehensive bacteriolbgicafiling versus 15 clinical MDR-
pathogens. In addition, the key physicochemicaperties andn vivo pharmacokinetic profile
of the most promising derivative were also investgl.

2. Results and Discussion
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2.1. Chemistry. The alkynyl derivatives were accessed via twalsstic routes. The first one
included tethering the bromobutyl moiety to the mfthiazole core and then replacing the

bromine atom with cyclic amines. In the second apph, theN-alkynylamines were prepared



first and then connected with the phenylthiazoleeassing traditional Sonogashira C-C cross
coupling reaction conditions. Both routes led ughe desired intermediatés however, the
second approach was with better yields, in ger{&etieme 1). The final designed derivati8es
21 were obtained by allowing compoun8isto react with aminoguanidine in the presence of

catalytical amount of hydrochloric acid.
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Reagents and conditions: (a) anhydrous K,COj3, Br-(CH>),-Cl, DMF, 6 h, (b)
anhydrous K,COj;, KIl, cyclic amine, heat at 100 °C for 24 h; (c)
aminoguanidine HCI, EtOH, conc. HCI, heat to reflux, 4 h.



The p-hydroxyphenylthiazol®2 was prepared as reported [22] and then allowedéaot
with bromochloroalkane under a mild nucleophilidostitution reaction conditions to yield
compound®3 (Scheme 2). The chlorine atom was them replacédavproper cyclic amine and

the final products were obtained as described pusly in Scheme 1.

2.2. Biological Results and Discussion

2.2.1. Antibacterial activity of new analogs agairisMRSA. linitial screening of the newly
prepared compound8-21 and 63-101 against MRSA USA300, one of the most clinically
important and highly-pathogenic MDR-pathogen, [&}-2esulted in only four derivatives
(compounds8, 9, 11 and 12) with promising antibacterial activity (Table 1SJhe active
derivatives (MIC values4 pg/mL) are all belonging to the alkynylphenylthiszaeries. None

of the alkoxyphenylthiazole derivativeg3-101 showed any promising antibacterial activity;
however, the ones with shorter linker and smaljetic amines demonstrated moderate potency

with MIC value of 8-16ug/mL (Table 1S).

The SAR of this new set of alkynylphenylthiazolealmgys seemed to be very
straightforward as the antibacterial potency wasatlly correlated to the ring size. In this vein,
the smaller ring (azetidine, compou8dprovided the most potent compound in this seniiis
only one-fold higher MIC value than vancomycin (Mi&lue of8 is 2 pg/mL & MIC of
vancomycin is 1lug/mL; Table 1S). The promising antibacterial atyivof compound8 was
further confirmed against a panel of clinicallyenint MDR-staphylococcal strains including
linezolid-resistanS. aureus (MRSA NRS119) and two vancomycin-resistant strgWiRSA 10
and VRSA 12), in addition to a couple of methicHiensitive strains (MSSA) (Table 1). Briefly,
compound was equipotent to vancomycin against MSSA NRSI@Fane-fold less active than

vancomycin against most other tested MRSA straiitis MIC value of 4ug/mL. Moreover, the



azetidine-containing compour@imaintained its potency when tested against lingzekistant

and vancomycin-resistast aureus strains (MRSA NRS119, VRSA 10 and VRSA 12) (Table

Table 1. Antibacterial activity (MICs and MBCs in pg/mL) elkynylphenylthiazoles, 9, 11
and12 against a panel of clinical staphylococcal strains

Compounds/Control antibiotics

Bacterial Strains 8 9 11 12 Linezolid Vancomycin
&) O O (@] O O ®) O ®) O O O
= m = ] = m = M = ] = ]
= S = s = s = = = = = =

MSSA ATCC 6538 2 8 4 4 4 32 4 16 1 16 1 2

MSSANRS 107 2 8 4 4 8 6 4 8 1 64 2 2
MRSA NRS119 2 8 4 8 4 16 8 32 64 >64 1 2
MRSA NRS123 2 4 4 8 4 32 4 8 1 32 1 1
(USA400)

MRSA NRS384 2 4 4 4 4 32 4 16 1 32 1 1
(USA300)

MRSA NRS 385 4 4 4 4 4 16 4 16 1 32 1 1
(USA500)

MRSA NRS 386 2 8 4 8 4 16 4 16 2 64 1 1
(USA700)

VRSA 10 2 8 4 8 4 32 4 8 1 >64 64 >64
VRSA 12 4 6 4 8 4 32 4 16 1 64 64 64

MSSA, methicillin-sensitivetaphylococcus aureus; MRSA, methicillin-resistan&aphylococcus aureus; VRSA,

vancomycin-resistartaphyl ococcus aureus

Next, increasing ring size of the terminal cyclioiae to five units provided two active
derivatives1l (with thiazolidine ring) and.2 (with imidazole ring). Both are one- to two-fold
less active than the azetidine-containing compo8ndgainst most of the tested strains, with
MIC values ranging from 4 to 8g/mL (Table 1). Compounds with larger nitrogenangs; 6 or

larger units are all with very mild antibacteriatigity (Table 1S).



Table 2. Key physicochemical properties of compouand compoundd

H H
NH NH
CN s \N,N\W 2 s \N,NW ]
‘—<— | NH = & NH
N N

Compound Previously prepared compoufid [17]
cLogP 2.68 5.23
tPSA 89.89 86.62
Aqueous Solubility 0.5 mM < 5uM

'calculated values using ChemBioDraw Ultra 14reasured in phosphate buffer pH 6.8

Table 3. Compound8 plasma pharmacokinetic parameters following a siroghl
dose (50 mg/Kg) to rats

Cmax tmax AUC CL thait Vd
(mg/mL) — (h)  ((h)*(ng/mL))  (L/h) hy L

15.6 1.0 161840 0.31 2.9 1.29

Taking the antibacterial data together, and befgoeng deeper in comprehensive
biological studies, compour@iwas selected to test our hypothesis, whether ¢we chemical
modification presented in this study would imprave overall PK profile of phenylthiazole
compounds or not. It is worth mentioning that balkoxythiazolelb and alkynyl derivative.c
were orally unavailable, and suffered from sevepeeaus solubility issue, in which they even
could not be formulated in an injectable form [PB]. Measurements of physicochemical
properties indicate that compoun8l is with optimum values for orally administrated
therapeutics, in which its partition coefficientlwa (cLog P) is 2.68 and its total polar surface
area (tPSA) value is of 90°ATable 2). Notably, the tPSA value of compouhid very close to
that of 1d, which has the same number of carbons; howeveerting a single nitrogen atom to
the lipophilic side chain ofd magnificently reduced its cLogP value to the lfalible 2). As a
result, the aqueous solubility of compouhdias enhanced by a factor of more than one hundred

(Table 2).



With lower lipophilic property and descent aqueadubility, compound8 was easily
formulated, in a relatively high dose (50 mg/kg)daadministrated orally to rats. The
experimentalin vivo PK data of a single oral dose showed that comp@ursdwell absorbed
from the gut and reached the maximum plasma coratemt Cnay) within only one hour.
Interestingly, the plasma concentration maintaioeer its maximum value of MIC (gg/mL)
for more than 12-hours (Figure 1S). The other kejipinary PK data indicated that compound
8 is metabolically stable = 2.9 h) with low clearance rate (less than 1 latl it is very well
distributed as indicated by its volume of distribatvalue (Table 3).

Our initial analysis of the metabolites using LC/MS indicated that compound is
mainly metabolized by oxidation to M+18 metabolisnd the oxidation step occurs most
probably at the azetidine ring (data is not showimerefore, compoun€, as a potential main
metabolite for8, was prepared, as the only hydroxylated derivatiaavever, it was not in the
first set of synthesized alkynylphenylthiazolestriuing, the main potential metabolit®
maintained most of the antimicrobial potency of ga@ent compoun8, in which it showed an
MIC value of 4ug/mL against most of the tested clinical isolafesb(e 1).

Bacteriological Profiling. Next, the spectrum of antibacterial activity bétactive new
compounds, including the metaboli®e was further examined against a panel of clinically
relevant Gram-positive bacterial pathogens. Ther fimsted compounds exhibited a potent
activity againstS epidermidis, a common colonizer of the human skin, whrelpresents the
most common source of infections on implanted nedprosthetic devicesS epidermidis
infections are difficult to treat due to their afyilto form strong adherent biofilms that have
intrinsic resistance to antibiotics and the hosfedee [27, 28]. Most importantly, tested

compounds8, 9, 11 and12 kept their superiority over vancomycin againsta@nycin-resistant



enterococci (VRE). VRE is one of the major leadiagse of nosocomial infections in USA and
worldwide causing about 20-30% of hospital-acqu[22]. Moreover, according to the World of

Health Organization (WHO), vancomycin-resist&ntfaecium is categorized as one of twelve

bacterial pathogens that urgently need the devedoprof new therapeutics and alternative
strategies to combat their infections [30].

Table 4. Antibacterial activity (MICs and MBCs in pg/mL) afkylphenylthiazoles, 9, 11and

12 against clinically important Gram-positive bacirpathogens includingtaphylococcus

epidermidis, Enterococcus faecalis, Enterococcus faecium, Listeria monocytogenes and
Streptococcus pneumoniae.

Bacterial Strains Compounds.control antibiotics
8 9 11 12 Linezolid Vancomycin
O R 2 8 2 B 9 8 2 8 9 3
= = = = = = = = = = = =

Methicillin-resistant
Staphylococcus
epidermidis

NRS101

Enterococcus faecalis 4 16 8 16 8 32 8 32 1 16 32 64
ATCC 51299 (VRE)}

Enterococcus faecium

ATCC 700221 2 8 4 16 4 16 4 16 1 16 >64 >64

(VRE)

Listeria
monocytogenes
ATCC 19111
Cephalosporin-
resistant
Streptococcus
pneumoniae ATCC
51916
Methicillin-resistant
Streptococcus 2 8 4 16 8 32 4 16 1 16 2 2
pneumoniae  ATCC
700677

4 8 4 32 4 32 8 32 <05 16 1 1

'WRE: vancomycin-resistariinter ococci
From Tables 2 and 4, it was noted that compouM@&C values were one- to three-folds

higher than their corresponding MICs against tlstet® strains indicating the compounds are



bactericidal against the tested strains. This heenfurther confirmed by a time kill Assay
(Figure 2), which indicated that the most importantnpounds in this stud$ and 9. Both
compounds surpassed vancomycin; the drug of clioideeatment of staphylococcal infections,
in terms of the time required to exert their bactdal activity againsMRSA USA400. Briefly,
vancomycin required 12-hours to exert its bactdaliactivity by causing more than 3-log
reduction in the high inoculum of the bacteria aodhpletely eradicated the inoculum after 24-
hours. Advantageously, our newly synthesized aatm@pounds3, 9, 11 and 12 exhibited a
more rapid killing time than vancomycin, as thegyuieed 10 hours to exert their bactericidal
activity and reduce the high initial MRSA USA400uct by 3-log reduction. Surprisingly, both
azetidine-containing derivativ@ and its potential main metaboli®behave similarly in their
mode of antibacterial action, in which compowequired 12 hours to completely eradicate the
high MRSA count while its metabolit@ required 10 hours to completely eradicate it. @& t
other hand, five-membered containing derivati¥tésand 12 reduced the initial count by 3-log
reduction (99.9% reduction) after 10 hours but tiveye not able to completely eradicate it after
24 hours. This suggests that these two compouniisie@ad to be frequently dosed when used
clinically especially because the bacterial coemided to remain as it is or decreased slightly

(Figure 2).
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Figure 2. Killing kinetics of selected phenylthiazole compdsr(tested in triplicates at 5 x MIC)
against methicillin-resistar@taphylococcus aureus (MRSA USA400) over a 24-hour incubation
period at 37°C. DMSO (solvent for the compounds) served as a theggacontrol and
vancomycin served as a control drug. The error lesent standard deviation values obtained
from triplicate samples used for each compoundsatic studied.

Assessment of cytotoxicity Selectivity towards prokaryotic cells is an essgrattribute
for any antibiotic candidates. In this regard, coopd 8 and its potential hydroxylated
metabolite9 were highly tolerable to caco-2 cells at a conediutn higher than 128 pg/mL as
represented by their 50% cytotoxic concentratio®s@C (Figure 3). On the other hand, the
imidazolyl derivativel2 was less tolerable as it was non-toxic to cacels @at a concentration

as high as 64 pg/mL where about 70% of the celle wiable at this concentration (Figure 3).
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Figure 3. Analyzing the cytotoxicity of tested alkynylphertylzoles8, 9, 11 and12 (tested in
triplicates at 32, 64 and 128 pg/mL) against humalorectal cells (Caco-2) using the MTS 3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphdng-(4-sulfophenyl)-H-tetrazolium)

assay. Results are presented as percent viabke redditive to DMSO (negative control to
determine a baseline measurement for the cytoioydact of each compound). The absorbance
values represent an average of three samples adalyz each compound. Error bars represent
standard deviation values. gGthe compound’s concentration that causes 50% w&bility)
was determined for each compound.
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Figure 4. Disruption of mature MRSA USA300 biofilm by testguhenythiazoles and

vancomycin (at 2x MIC and 4x MIC). The data arespreged as percent disruption of MRSA
USA300 mature biofilm in relation to DMSO (the seiht for the compounds that served as a
negative control). The values represent an avemfgdour samples analyzed for each
compound/antibiotic. Error bars represent standbrdation values. An asterisk (*) denotes



statistical significance (P < 0.05) between restdtscompounds3, 9 and 12 and vancomycin
analyzed via two-way ANOVA test with post-hoc Duttisetest for multiple comparisons.

A second important attribute required in antibiotioug discovery is inhibiting the
bacterial virulence factors like biofilm. Biofilmepresents a shell that protects pathogens from
the effect of antibiotics. Therefore, many antilwstcurrently used in the clinics are unable to
reach hidden bacteria within the biofilnj81]. Moreover, bacterial biofilm is the key sourcke
infections on indwelling medical devices [32, 3Bhus, development novel antibacterial agent
with antibiofilm activity is highly advantageou&lpon testing three of our active compoungis (
9 and12) for their ability to eradicate pre-formed, matwtaphylococcal biofilm, it was found
that they were superior to vancomycin in MRSA Bbioferadication, which disrupted about 9%
and 16% of MRSA biofilm mass at 2x MIC and 4x Ml@spectively (Figure 4). The tested
phenylthiazoles exhibited a concentration-depend&afilm disruption activity. The most
important compound in this series (compo@&howed the leastiofilm eradication activity as
it disrupted only 31% and 41% of MRSA USA300 biafil(around 3-times better than
vancomycin) at 2x MIC and 4x MIC, respectively.drdstingly, the potential metabolite of
compound8 (i.e., compoun®) showed double efficacy in terms of anti-biofilratigity as it
disrupted about 72% of the pre-formed MRSA USA3@ffiln, at 4x MIC, (Figure 4) and it
was the same & in terms of biofilm disruption at 2x MIC. Compoud@ exhibited the most
effective biofilm disruption activity among the ted compounds where it disrupted about 65%
and 81% of the pre-formed biofilm 2x MIC and 4x Mi@spectively.

A third important attribute for a future antibiotis the ability to reach intracellular
pathogens as this is one of the most deceitful am@sins of microbial virulence. Most

antibiotics are unable to target intracellular bdet due to low levels of accumulation



intracellularly and inactivation or loss of actiitdue to the acidic pH within macrophages or
binding to lysosomal conteni33]. For instance, vancomycin, one of our last redortgighting
MDR-Gram positive infections, is unable to suffitily accumulate inside macrophage cells and
clear the intracellular MRSA infection even aftdrl2ours of treatment at a high concentration as
depicted in Figure 5. On the other hand, azetidm&aining compound (at 2 x MIC),
generated a 1.82-lggreduction (equivalent to 98% reduction) of intdadar MRSA. This
increased to reach about 2.56 jpgeduction (equivalent to 99.7% reduction) of in&Bular
MRSA when its concentration was increased to 4 MrIhe hydroxyazetidine anal@was
less active as it generated a 0.31gagduction (equivalent to 55% reduction) of intdadar
MRSA. This increased to reach about 2.14;Jagduction (equivalent to 99% reduction) of
intracellular MRSA when the concentration was iaserd to 4 x MIC (Figure 5). Collectively,
these data indicated that the most promising comg8uand its potential metaboli& had the
ability to gain entry into the infected macrophag#ls at non-toxic concentrations, at non-toxic
concentration as indicated in Figure 3S - (4 andy8nL), and this concentration is capable of

significantly reducing the burden of MRSA insidem
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EL 45
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L s 4.04 E DMSO
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g_ E 3.5 . El Vancomycin
o —
38 3.0- . m 8

£ - 9

£ 2.5

2x MIC 4x MIC

Figure 5. Examination of the activity of compoun@&sand9 on the clearance of intracellular
MRSA present in murine macrophage (J774) cellsalaé presented as lggolony forming



units of MRSA USA400 per mL inside infected murineacrophages after treatment with
2xMIC and 4xMIC of either tested two compounds @naomycin (tested in quadruplicates) for
24-hours. Data were analyzed via two-way ANOVA, hwipost hoc Dunnet's multiple
comparisons test (P < 0.05), utilizing GraphPadiRr6.0 (GraphPad Software, La Jolla, CA).
Asterisks (*) represent a significant differencetvieen the treatment of J774 cells with
compound and9 in comparison to vancomycin.

3. Conclusion Statistically, there is a strong connection betwehe high rate of drug-
candidates attrition from clinical trials and th@iysicochemical properties. To advance the
development of phenylthiazole antibiotics, we turneur attention to limit their lipophilic
property. In this regard, two phenylthiazole comase carries alkoxy moiety and the other one
with alkynyl side chain, were selected for the mexind of structural optimization. Both selected
cores have the advantage of metabolic stability ¢ve lead compoundla. By using nitrogen-
containing cycles as part of the lipophilic partphienylthiazole molecules, the physicochemical
properties of alkynyl-containing phenythiazoles eveemarkably enhanced. Briefly, the cLogP
value of azetidine-containing derivatiewas reduced to the half value of the corresponding
derivativeld with the same number of carbons, resulting in ntbae 100-times improvement
in the aqueous solubility. Consequently, compo8naas found to be well-orally absorbed and
reach a plasma concentration that exceeds its nbaxiMIC value within only few minutes.
Other advantageous PK attributes include descetahokc stability, low rate of clearance and
good body distribution. Remarkably, the hydroxyaliee derivative9 was identified as the
main potential metabolite and it turned to be kgatally potent with a notable antibiofilm
activity that exceeds that of the parent mole@il€herefore, this work suggests compo@nais

a good therapeutic candidate f&repidermidis and S aureus that are significant sources of
biofilm-related infections [34]. Finally, both compnds8 and9 possess high ability to penetrate
inside the infected macrophages at lower conceoiatcapable of killing the intracellular

MRSA. Consequently, due to their efficient intrdakar clearance activity, compoun8@sand9



could be nominated as perfect therapeutic optiamstiie treatment of pneumonia-induced

MRSA infection, which is difficult to treat usingiorent antibiotics including vancomycin [35].
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 spestee 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.

4.1.2. 1-(2-(4-(4-Bromobut-1-yn-1-yl)phenyl)-4-metyithiazol-5-yl)ethan-1-one (4).To dry
DME (5 mL) in a sealed tube, compouBd300 mg, 0.87 mmol), triethylamine (2 mL) were
added. After the reaction mixture was purged withy chitrogen gas for 15 min,
dichlorobis(triphenylphosphine)palladium (1) (46gm0.065 mmol), copper (1) iodide (33 mg,
0.17 mmol) and 4-bromobut-1-yn (174 mg, 0.123 mf, mhmol) were added. The sealed tube
was then heated and stirred at %D for 24 h. and monitored by thin-layer chromatpiwa
(TLC). After completion of the reaction, the reactimixture was passed through a pad of silica
gel with ethylacetate to remove some insolublessdlhe desired product was obtained by silica
gel chromatography using eluent (EtOAc/ Hexane.9YEllow solid (275 mg, 90.7%); mp =

145-147 °C*H NMR (DMSO-s) 5: 8.03 (d,J = 8.4 Hz, 2H), 7.62 (d] = 8.4 Hz, 2H), 6.22 (dd,



J = 16.0, 7.0 Hz, 2H), 5.86 (dd,= 16.3, 6.8 Hz, 2H), 2.72 (s, 3H), 2.59 (s, 3t NMR
(DMSO-dg) 6: 190.5, 165.1, 152.6, 133.2, 132.9, 130.3, 12129,3, 88.6, 81.7, 33.5, 30.6, 24.9,
16.1; MS (v2); 346 (M, 29.7%), 348 (NF, 30.8%); Anal. Calc. for: GH1BrNOS (348): C,
55.18; H, 4.05; N, 4.02%; Found: C, 55.26; H, 41414.09%.

4.1.3. 1-(2-(4-(4-%ec. amine derivatives-1-yl)but-1-yn-1-yl)phenyl)-4-méhylthiazol-5-yl)
ethan-1-one (5a-n)General procedure: to dry DMF (5 mL) in a round flask, compoudd200
mg, 0.57 mmol), anhydrous potassium carbonate 2§,71.7 mmol, 3 equiv.), and appropriate
Sec. amines (2.8 mmol, 5 equiv.), with a catalytic ambof potassium iodide was heated at
110°C with stirring overnight. The reaction mixture wesoled, poured on crushed ice after
then, the organic material was extract 3 times wethyl acetate and dried over anhydrous
sodium sulphate and concentrated over reduced yee$s get yellowish-brown oil. Yields,
physical properties, and spectral data of isolptatfied products are listed below:

4.1.3.1. 1-(2-(4-(4-(Azitidin-1-yl)but-1-yn-1-yl)plenyl)-4-methylthiazol-5-yl)ethan-1-one
(5a). Orange oil (140 mg, 75%JH NMR (DMSO-ds) &: 8.21 (d,J = 8.4 Hz, 2H), 7.62 (d] =
8.4 Hz, 2H), 3.83 (t) = 7.2 Hz, 4H), 3.71 () = 6.8 Hz, 2H), 3.51 () = 6.4 Hz, 2H), 2.69 (s,
3H), 2.58 (s, 3H), 2.11-1.98 (m, 2HJC NMR (DMSO«g) &: 191.5, 164.8, 150.0, 133.7, 129.4,
127.2,122.9,120.1, 87.8, 79.9, 57.2, 49.6, 3818, 17.7, 16.5; MI{\2).

4.1.3.2. 1-(2-(4-(4-(3-Hydroxyazitidin-1-yl)but-1-n-1-yl)phenyl)-4-methylthiazol-5-yl)
ethan-1-one (5b).Yellowish oil (163 mg, 83.5%)*H NMR (DMSO-dg) &: 7.98 (d,J = 8.4 Hz,
2H), 7.56 (dJ = 8.4 Hz, 2H), 5.76 (brs, 1H), 4.71-4.68 (m, 1HAM(dd,J = 13.1, 3.4 Hz, 2H),
4.39 (dd,J = 12.3, 3.1 Hz, 2H), 4.06 (8, = 5.4 Hz, 2H), 2.98 (t) = 5.2 Hz, 2H), 2.61 (s, 3H),
2.33 (s, 3H)C NMR (DMSO4dg) &: 191.9, 164.7, 150.1, 134.2, 129.4, 127.4, 129731,

83.5, 79.2, 62.7, 57.2, 49.8, 30.6, 20.5, 18.3;14S (M\z); 340 (M, 26.2%).



4.1.3.3. 1-(4-Methyl-2-(4-(4-(pyrrolidin-1-yl)but-1-yn-1-yl)phenyl)thiazol-5-yl)ethan-1-one
(5¢). Brown oil (138 mg, 71%)*H NMR (DMSO-dg) 5: 8.21 (d,J = 8.8 Hz, 2H), 7.61 (d] = 8.8
Hz, 2H), 3.63 (ddJ = 11.3, 5.4 Hz, 2H), 3.55-3.48 (m, 4H), 3.22 (dd; 10.3, 3.4 Hz, 2H), 2.71
(s, 3H), 2.56 (s, 3H), 1.93-1.89 (m, 4HC NMR (DMSO4g) &: 191.4, 167.3, 154.8, 132.7,
131.6, 127.4, 122.6, 121.8, 94.7, 83.5, 57.6, 59498, 22.5, 18.1, 16.7; M3n(2); 338 (M,
19.9%).

4.1.3.4. 1-(4-Methyl-2-(4-(4-(thiazolidin-3-yl)buti-yn-1-yl)phenyl)thiazol-5-yl)ethan-1-one
(5d). Yellow oil (167 mg, 81.8%)*H NMR (DMSO-dg) &: 8.12 (d,J = 8.1 Hz, 2H), 7.66 (d] =
8.1 Hz, 2H), 4.42 (s, 2H), 3.76 (dd= 11.3, 5.4 Hz, 2H), 3.59 (8,= 6.4 Hz, 2H), 3.23 (t) =
6.4 Hz, 2H), 2.76 (s, 3H), 2.61 (s, 3H), 2.06](t 5.4 Hz, 2H)C NMR (DMSO+g) 5: 191.6,
165.1, 150.0, 134.8, 129.6, 127.7, 122.7, 120.14,88.8, 66.1, 61.2, 55.3, 30.1, 25.5, 18.5,
16.7; MS (M\2); 356 (M, 39.73%).

4.1.3.5. 1-(2-(4-(4-(#-Imidazol-1-yl)but-1-yn-1-yl)phenyl)-4-methylthiazd-5-yl)ethan-1-
one (5e).Dark brown oil (143 mg, 74%fH NMR (DMSO-dg) &: 7.81 (d,J = 8.4 Hz, 2H), 7.78
(s, 1H), 7.52 (dJ = 8.4 Hz, 2H), 7.32 (d] = 6.8 Hz, 1H), 6.96 (d] = 6.8 Hz, 1H), 4.55 (§ =
9.8 Hz, 2H), 2.68 (s, 3H), 2.61 (t= 9.6 Hz, 2H), 2.47 (s, 3H}’C NMR (DMSO+g) 5: 191.1,
163.4, 154.7, 142.3, 140.4, 138.2, 129.8, 127.8,312121.9, 119.2, 90.2, 79.7, 46.1, 32.2, 24.4,
17.7; MS (M\2); 335 (M', 43.29%).

4.1.3.6. 1-(4-Methyl-2-(4-(4-(piperidin-1-yl)but-1yn-1-yl)phenyl)thiazol-5-yl)ethan-1-one
(5f). Yellow oil (170 mg, 84%)*H NMR (DMSO-dq) &: 7.85 (d,J = 8.2 Hz, 2H), 7.51 (dJ =
8.2 Hz, 2H), 3.81 (tJ = 6.8 Hz, 2H), 3.56 (t) = 6.4 Hz, 4H), 2.75 (s, 3H), 2.68 &= 5.7 Hz,

2H), 2.52 (s, 3H), 1.67-1.49 (m, 6HJC NMR (DMSO4s) 5: 193.8, 163.2, 153.6, 145.8, 132.4,



130.6, 127.5, 122.1, 118.6, 89.8, 82.3, 60.1, 42624, 25.1, 24.4, 18.3, 17.8; M8\g); 352
(M, 39.17%).

4.1.3.7. 1-(4-Methyl-2-(4-(4-(2-methylpiperidin-1-})but-1-yn-1-yl)phenyl)thiazol-5-yl)ethan
-1-one (5g) Brown oil (183 mg, 87%)*H NMR (DMSO-g) &: 7.88 (d,J = 8.4 Hz, 2H), 7.33 (d,

J = 8.2 Hz, 2H), 3.53-3.50 (m, 2H), 2.71 {t= 5.4 Hz, 2H), 2.65 (s, 3H), 2.62-2.59 (m, 1H),
2.52 (s, 3H), 1.98-1.89 (m, 2H), 1.58-1.27 (m, 6B185 (d,J = 6.8 Hz, 3H)*°C NMR (DMSO-

ds) 0: 192.1, 168.4, 158.7, 146.8, 143.3, 131.6, 12828,8, 87.7, 82.3, 62.6, 55.3, 53.7, 33.6,
27.4,24.6, 22.6, 18.3, 17.6, 16.1; MB4); 366 (M, 49.21%).

4.1.3.8. 1-(4-Methyl-2-(4-(4-(3-methylpiperidin-1-})but-1-yn-1-yl)phenyl)thiazol-5-yl)ethan
-1-one (5h).Yellow oil ( 190 mg, 90%)*H NMR (DMSO-ds) &: 7.97 (d,J = 8.8 Hz, 2H), 7.52
(d, J = 8.4 Hz, 2H), 4.08-3.98 (m, 2H), 3.63-3.57 (m, 28lP5-3.22 (m, 2H), 2.88-2.81 (m, 2H),
2.76 (s, 3H), 2.62 (s, 3H), 1.75-1.46 (m, 5H), 1(@6J = 6.4 Hz, 3H)*C NMR (DMSO+s) 5:
191.4, 168.9, 158.1, 146.5, 142.2, 131.7, 1299,8 87.4, 81.7, 61.5, 55.1, 48.3, 32.6, 26.2,
24.7,21.6, 18.8, 18.1, 16.8; MB\¢); 366 (M', 48.61%).

4.1.3.9. 1-(4-Methyl-2-(4-(4-(4-methylpiperidin-1-})but-1-yn-1-yl)phenyl)thiazol-5-yl)ethan
-1-one (5i).Light-yellow oil ( 194 mg, 92%)'H NMR (DMSO-dg) &: 7.88 (d,J = 8.4 Hz, 2H),
7.51 (d,J = 8.4 Hz, 2H), 3.53-3.51 (M, 2H), 3.02-2.94 (m, 2RIB1-2.76 (M, 4H), 2.61 (s, 3H),
2.31 (s, 3H), 2.24 (m, 4H), 1.61-1.11 (m, 1H), 0@ = 6.4 Hz, 3H)}*C NMR (DMSOds) :
191.3, 161.4, 158.4, 144.3, 136.6, 132.8, 12&24,3], 88.6, 84.9, 58.2, 47.6, 34.8, 30.2, 22.4,
18.1, 17.3, 16.4; MX\2); 366 (M, 55.61%).

4.1.3.10. 1-(4-Methyl-2-(4-(4-(4-methylpiperazin-iA)but-1-yn-1-yl)phenyl)thiazol-5-yl)
ethan-1-one (5j).0Orange oil (153 mg, 72.8%)H NMR (DMSO-ds) &: 7.76 (d,J = 8.4 Hz, 2H),

7.48 (d,J = 8.4 Hz, 2H), 3.65 (s, 4H), 3.48-3.29 (m, 4H),8B(8, 4H), 2.71 (s, 3H), 2.41 (s, 3H),



2.24 (s, 3H)°C NMR (DMSO«e) &: 191.8, 167.3, 158.6, 148.3, 132.6, 132.3, 12722.5,
88.5, 84.3, 57.5, 54.7, 53.5, 44.1, 26.3, 21.47;18S (M\2); 367 (M', 19.14%).

4.1.3.11. 1-(4-Methyl-2-(4-(4-(4-morpholinobut-1-yfl-yl)phenyl)thiazol-5-yl)ethan-1-one
(5k). Brown oil (148 mg, 73%)*H NMR (DMSO-dq) &: 7.76 (d,J = 8.2 Hz, 2H), 7.48 (d) =
8.2 Hz, 2H), 3.83 (tJ = 6.4 Hz, 4H), 3.63-3.51 (m, 6H), 2.76-2.67 (m, 2Bp1 (s, 3H), 2.33 (s,
3H); *C NMR (DMSOds) 5: 191.6, 168.4, 158.6, 148.3, 133.2, 132.9, 12123,7, 96.6, 84.8,
57.3,55.4, 48.4, 26.2, 21.5, 18.3; MB4); 354 (M, 9.2%).

4.1.3.12. 1-(4-Methyl-2-(4-(4-(4-thiomorpholinobutt-yn-1-yl)phenyl)thiazol-5-yl)ethan-1-
one (5 I).Yellow oil ( 152 mg, 71%)*H NMR (DMSO-dg) §: 7.76 (d,J = 8.2 Hz, 2H), 7.48 (d]

= 8.2 Hz, 2H), 4.23 (t) = 6.4 Hz, 4H), 3.79-3.75 (m, 2H), 2.53Jt 6.4 Hz, 4H), 2.76-2.71 (m,
2H), 2.51 (s, 3H), 2.39 (s, 3HYC NMR (DMSO+) §: 191.6, 168.4, 158.9, 148.3, 133.8, 133.1,
127.6, 122.2, 96.4, 84.6, 58.5, 55.7, 34.8, 26151,218.3; MS1f\2); 370 (M’, 14.4%).

4.1.3.13. 1-(2-(4-(4-(Azepan-1-yl)but-1-yn-1-yl)pmyl)-4-methylthiazol-5-yl)ethan-1-one
(5m). Dark-brown oil (143 mg, 68%YH NMR (DMSO-ds) &: 7.88 (d,J = 8.4 Hz, 2H), 7.52 (d,
J = 8.4 Hz, 2H), 3.73 (t) = 5.4 Hz, 4H), 3.61-3.52 (m, 2H), 2.71 (s, 3H),125658 (m, 2H),
2.49 (s, 3H), 1.61-0.76 (m, 8H)Y*C NMR (DMSO4de) &: 191.5, 167.9, 158.6, 148.8, 133.7,
133.2, 127.2, 122.8, 96.5, 84.6, 56.1, 47.1, 3bA), 16.8, 14.7; Mf\2); 366 (M, 8.17%).
4.1.3.14. 1-(4-Methyl-2-(4-(4-(octahydroisoquinol#2(1H)-yl)but-1-yn-1-yl)phenyl)thiazol-
5-yl)ethan-1-one (5n)Brown oil (175 mg, 75%)*H NMR (DMSO-dg) &: 7.88 (d,J = 8.4 Hz,
2H), 7.51 (dJ = 8.4 Hz, 2H), 3.51-3.48 (m, 2H), 3.23-3.18 (m, 2Bl)'7-2.64 (m, 4H), 2.56 (s,
3H), 2.26 (s, 3H), 2.20-0.89 (m, 12H)YC NMR (DMSO«d) &: 191.1, 167.4, 162.6, 148.5,
146.4,131.7, 128.3, 120.2, 92.2, 80.8, 61.4, 59781, 36.3, 34.9, 33.7, 32.4, 26.5, 25.1, 23.7

19.1, 16.5; MSi\2); 406 (M, 20.6%).



4.1.4. 2-(1-(2-(4-(3-(Substitutedec-amine-1-yl)but-1-yn-1-yl)phenyl)-4-methylthiazol-5yl)
ethylidene)-1-carboximidamide (8-21).General procedure: Thiazole derivativeba-n (0.57-
0.64 mmol) were dissolved in absolute ethanol (20, moncentrated hydrochloric acid (1 mL),
aminoguanidine hydrochloride (355 mg, 3.2 mmolghie.), were added. The reaction mixture
was heated at reflux for 4 h. The solvent was cotmated under reduced pressure, then poured
in crushed ice and neutralized with sodium carb®riatpH 7-8, and the formed precipitated
solid was collected by filtration, washed with amgps amount of water. Crystallization from
ethylacetate afforded the desired products asssolid

41.4.1. 2-(1-(2-(4-(4-(Azetidin-1-yl)but-1-yn-1-yphenyl)-4-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (8).Orange solid (176 mg, 75%); mp = 246-247 *8.NMR
(DMSO ) &: 8.05 (d,J = 8.4 Hz, 2H), 7.61 (dJ = 8.4 Hz, 2H), 5.77 (brs, 2H), 5.75 (brs, 2H),
3.98 (t,J = 5.2 Hz, 4H), 3.87 (t) = 6.4 Hz, 2H), 3.51 (t) = 6.4 Hz, 2H), 2.74 (s, 3H), 2.55 (s,
3H), 2.13-1.99 (m, 2H)C NMR (DMSO+) 5: 163.3, 158.4, 151.6, 145.2, 133.7, 133.1, 126.3,
124.7, 117.5, 93.2, 82.4, 61.1, 48.6, 24.8, 23893,117.8; HRMS (El)n/z 380.1785 M, calc.
for CyoH24NgS 380.1783; Anal. Calc. for: 5gH24NeS (380): C, 63.13; H, 6.36; N, 22.09%;
Found: C, 63.23; H, 6.44; N, 22.19%.

41.4.2. 2-(1-(2-(4-(4-(3-Hydroxyazetidin-1-yl)butt-yn-1-yl)phenyl)-4-methylthiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (9).Orange solid (175 mg, 75%); mp = 255-256 °C.
H NMR (DMSO ) &: 11.12 (brs, 1H), 7.86 (d,= 8.4 Hz, 2H), 7.11 (d] = 8.4 Hz, 2H), 5.91
(brs, 3H), 5.61 (brs, 1H), 4.65-4.58 (m, 1H), 4(tif, J = 12.2,J = 5.2 Hz, 2H), 3.98 (dd] =
11.2,J = 3.2 Hz, 2H), 2.88-2.83 (m, 2H), 2.53 (s, 3H),£(8, 3H), 1.77-1.72 (m, 2H)C NMR
(DMSO-ds) o: 163.6, 158.2, 151.3, 145.1, 133.7, 133.2, 12¥23.5, 118.1, 89.2, 81.4, 64.6,

59.7, 48.8, 23.7, 23.1, 18.3, 16.9; HRMS (B} 396.1745 M, calc. for GoH24NsOS 396.1732;



Anal. Calc. for: GoH24NgOS (396): C, 60.58; H, 6.10; N, 21.20%; Found: €08; H, 6.17; N,
21.28%.

4.1.4.3. 2-(1-(4-Methyl-2-(4-(4-(pyrrolidin-1-yl)bu-1-yn-1-yl)phenyl)thiazol-5-
yl)ethylidene) hydrazine-1-carboximidamide (10)Brown solid (171 mg, 73%); mp = 241-240
°C.H NMR (DMSO ) &: 7.87 (d,d = 7.2 Hz, 2H), 7.51 (dJ = 7.2 Hz, 2H), 5.76 (brs, 2H),
5.66 (brs, 2H), 3.76 (s, 2H), 2.59 (m, 4H), 2.573H), 2.31 (s, 3H), 1.73 (m, 4Hy)C NMR
(DMSO-dg) 8: 161.57, 160.24, 148.44, 142.99, 136.48, 133.38,217, 126.22, 124.14, 88.99,
84.49, 52.43, 43.89, 23.77, 18.83, 16.55; HRMS (&) 394.1933 M, calc. for GiH2eNeS
394.1940; Anal. Calc. for: £H26NeS (394): C, 63.13; H, 6.36; N, 22.09%; Found: C163H,
6.37; N, 22.11%.

41.4.4. 2-(1-(4-Methyl-2-(4-(4-(thiazolidin-3-yl)int-1-yn-1-yl)phenyl)thiazol-5-yl)ethylid-
ene)hydrazine-1-carboximidamide (11)Brown solid (186 mg, 80%); mp = 235-237 °tH
NMR (DMSO g) §: 7.96 (d,J = 8.4 Hz, 2H), 7.49 (d] = 8.4 Hz, 2H), 5.67 (brs, 2H), 5.53 (brs,
2H), 3.97 (s, 2H), 3.68-3.61 (m, 2H), 3.53Jt& 6.4 Hz, 2H), 3.11-3.08 (m, 2H), 2.72 (s, 3H),
2.53 (s, 3H), 1.97 (f] = 6.4 Hz, 2H)**C NMR (DMSO«) &: 163.5, 158.6, 151.6, 145.3, 133.1,
132.8, 126.2, 124.4, 117.7, 91.4, 79.5, 66.2, 68833, 33.7, 21.4, 18.4, 16.5; HRMS (E&l)z
412.1491 M, calc. for GoH24NeS, 412.1504; Anal. Calc. for: gH24NeS; (412): C, 58.22; H,
5.86; N, 20.37%; Found: C, 58.29; H, 5.95; N, 20042

4.1.45. 2-(1-(2-(4-(4-@-Imidazol-1-yl)but-1-yn-1-yl)phenyl)-4-methylthiazad-5-yl)ethylid-
ene)hydrazine-1-carboximidamide (12)Brown solid (177 mg, 76%); mp = 201-202 °t&l
NMR (DMSO dg) &: 11.23 (brs, 1H), 8.01 (d,= 8.4 Hz, 2H), 7.83 (s, 1H), 7.61 (@= 8.8 Hz,
2H), 7.38 (dJ = 7.2 Hz, 1H), 7.02 (d] = 7.2 Hz, 1H), 5.68 (brs, 3H), 3.82 {t= 6.2 Hz, 2H),

2.52 (s, 3H), 2.48 (1] = 5.6 Hz, 2H), 2.31 (s, 3H}°C NMR (DMSO4dg) &: 163.5, 158.6, 151.3,



145.1, 138.3, 134.7, 133.7, 132.8, 126.4, 124.8,6.1116.5, 91.2, 79.7, 45.3, 21.6, 18.5, 16.8;
HRMS (El) mz 391.1595 M, calc. for GoH21N;S 391.1579; Anal. Calc. for:,gH,:N-S (391):

C, 61.36; H, 5.41; N, 25.04%; Found: C, 61.42; ¥85N, 25.10%.

4.1.4.6. 2-(1-(4-Methyl-2-(4-(4-(piperidin-1-yl)butl-yn-1-yl)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (13).Yellow solid (196 mg, 85%); mp = 245-246 &1 NMR
(DMSO ) &: 11.03 (brs, 1H), 7.99 (d,= 8.4 Hz, 2H), 7.80 (brs, 3H), 7.67 (= 8.4 Hz, 2H),
3.72-3.67 (m, 4H), 3.56-3.48 (m, 2H), 2.73 (s, 3MKE8-2.62 (m, 2H), 2.52 (s, 3H), 1.75-1.56
(m, 6H);°C NMR (DMSO+) 5: 163.4, 158.3, 151.6, 145.6, 136.7, 133.9, 1382B,8, 118.1,
91.3, 79.6, 63.5, 59.6, 27.8, 27.2, 20.9, 18.58;16IRMS (EI) mVz 408.2099 M, calc. for
CaoH28N6S 408.2096; Anal. Calc. for:gH2gNeS (408.5): C, 64.68; H, 6.91; N, 20.57%; Found:
C, 64.75; H, 6.98; N, 20.66%.

41.4.7. 2-(1-(4-Methyl-2-(4-(4-(2-methylpiperidint-yl)but-1-yn-1-yl)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (14).Yellow solid (196 mg, 84%); mp = 235-236
°C.H NMR (DMSO dg) 5: 11.12 (brs, 1H), 7.88 (d,= 8.4 Hz, 2H), 7.31 (d] = 8.4 Hz, 2H),
5.61 (brs, 3H), 3.55-3.49 (m, 2H), 2.82-2.76 (m),1471-2.69 (m, 2H), 2.68 (s, 3H), 2.59-2.53
(m. 2H), 2.48 (s, 3H), 1.96-1.48 (m, 6H), 0.85 Jd; 4.8 Hz, 3H);*C NMR (DMSO) &:
163.6, 158.5, 151.3, 145.4, 136.7, 134.2, 133.8,71217.2, 91.6, 79.7, 63.4, 54.8, 53.9, 27.5,
26.8, 23.7, 20.3, 18.7, 16.4; HRMS (Etjz 422.2260 M, calc. for GaHzoNeS 422.2253; Anal.
Calc. for: GgH3oNgS (422.5): C, 65.37; H, 7.16; N, 19.89%; Found:65,45; H, 7.22; N,
19.95%.

41.4.8. 2-(1-(4-Methyl-2-(4-(4-(3-methylpiperidint-yl)but-1-yn-1-yl)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (15).Yellow solid (203 mg, 88%); mp = 257-259

°C.'H NMR (DMSO ) &: 10.87 (brs, 1H), 7.92 (d,= 8.4 Hz, 2H), 7.82 (brs, 2H), 7.76 (=



8.4 Hz, 2H), 6.84 (brs, 1H), 4.05-3.89 (m, 2H),BF51 (m, 2H), 3.25-3.20 (m, 2H), 2.85 {,

= 9.6 Hz, 2H), 2.79 (s, 3H), 2.75 (s, 3H), 1.86 (IH), 1.58-1.41 (m, 4H), 1.31 (d,= 6.4 Hz,
3H); ¥%C NMR (DMSO4g) &: 163.5, 158.6, 152.3, 145.1, 136.4, 133.8, 13R7,3, 117.7, 91.4,
79.9, 63.2, 54.2, 53.8, 30.1, 27.6, 24.1, 22.65,185.9; HRMS (El)n/z 422.2257 M, calc. for
CosH3oNgS 422.2253; Anal. Calc. for:8H30NgS (422.5): C, 65.37; H, 7.16; N, 19.89%; Found:
C, 65.48; H, 7.25; N, 19.99%.

41.4.9. 2-(1-(4-Methyl-2-(4-(4-(4-methylpiperidint-yl)but-1-yn-1-yl)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (16).Yellow solid (212 mg, 92%); mp = 258-260
°C.H NMR (DMSO ) 5: 7.88 (d,J = 8.2 Hz, 2H), 7.53 (dJ = 8.2 Hz, 2H), 5.71 (brs, 2H),
5.53 (brs, 2H), 3.62-3.51 (@H), 3.03-2.92 (m, 2H), 2.63-2.51 (m, 4H), 2.5938)), 2.31 (s,
3H), 2.22-2.16 (m4H), 1.61-1.18 ( m, 1H), 0.91 (d,= 6.4 Hz, 3H)*C NMR (DMSOds) &
163.6, 158.9, 152.2, 145.1, 133.2, 132.8, 127.4,92117.7, 92.3, 90.8, 57.5, 43.4, 34.9, 31.6,
23.4, 21.8, 18.6, 16.4; HRMS (Etyz 422.2263 M, calc. for GsHsoNeS 422.2253; Anal. Calc.
for: CasH3oNeS (422.5): C, 65.37; H, 7.16; N, 19.89%; Found6&47; H, 7.22; N, 19.99%.
4.1.4.10. 2-(1-(4-Methyl-2-(4-(4-(4-methylpiperazii-yl)but-1-yn-1-yl)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (17).Orange solid (166 mg, 72%); mp = 233-235
°C.'H NMR (DMSO ) 5: 7.79 (d,J = 8.8 Hz, 2H), 7.48 (dJ = 8.8 Hz, 2H), 5.77 (brs, 2H),
5.65 (brs, 2H), 3.81-3.75 (m, 4H), 3.48-3.38 @Hl), 3.21-3.18 (m, 4H), 2.72 (s, 3H), 2.52 (s,
3H), 2.41-2.38 (M2H), 2.25 (s, 3H)**C NMR (DMSO+s) 5: 163.8, 158.6, 152.5, 145.3, 133.8,
133.1, 127.2, 124.3, 117.7, 87.7, 81.1, 59.9, 673, 46.7, 22.2, 19.7, 18.5, 16.6; HRMS (EI)
mz 423.2218 M, calc. for Go:HogN,S 423.2205; Anal. Calc. for:gH.9N,S (423.5): C, 62.38;

H, 6.90; N, 23.15%; Found: C, 62.55; H, 6.99; N.2B%%.



4.1.4.11. 2-(1-(4-Methyl-2-(4-(4-morpholinobut-1-yfl-yl)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (18).Brown solid (192 mg, 83%); mp = 250-253 “ElL NMR
(DMSO dg) &: 7.77 (d,J = 7.2 Hz, 2H), 7.45 (dJ = 7.2 Hz, 2H), 5.65 (brs, 2H), 5.48 (brs, 2H),
3.85-3.76 (m, 2H), 3.65-3.60 (AH), 3.58-3.52 (m, 4H), 2.79-2.7 (m, 2H), 2.533H), 2.32 (s,
3H); °C NMR (DMSO4ds) &: 163.8, 158.9, 152.3, 145.2, 133.7, 133.5, 13225.5, 124.9,
117.6, 88.4, 80.6, 66.7, 62.3, 52.8, 22.2, 19.55;1HRMS (El)m/z 410.1882 M, calc. for
Co1H26NsOS 410.1889; Anal. Calc. for: ,@26NsOS (410.5): C, 61.44; H, 6.38; N, 20.47%;
Found: C, 61.61; H, 6.46; N, 20.57%.

4.1.4.12. 2-(1-(4-Methyl-2-(4-(4-thiomorpholinobutt-yn-1-yl)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (19).Yellow solid (178 mg, 77%); mp = 265-266
°C.*H NMR (DMSO ) 5: 7.78 (d,J = 8.4 Hz, 2H), 7.48 (dJ = 8.4 Hz, 2H), 5.71 (brs, 2H),
5.68 (brs, 2H), 4.21-4.11 (MH), 3.83-3.72 (m2H), 3.62-3.52 (m, 4H), 2.79-2.69 (m, 2H), 2.53
(s, 3H), 2.31 (s, 3H))C NMR (DMSO+4g) &: 163.7, 158.3, 152.5, 145.2, 133.7, 133.1, 126.8,
124.5, 117.9, 88.4, 80.2, 62.3, 58.9, 33.1, 22829,116.7; HRMS (El)n/z 426.1658 M, calc.
for Cy1H26NeS, 426.1660; Anal. Calc. for: £H26NsS, (426.6): C, 59.13; H, 6.14; N, 19.70%;
Found: C, 59.21; H, 6.23; N, 19.85%.

4.1.4.13. 2-(1-(2-(4-(4-(Azepan-1-yl)but-1-yn-1-ydhenyl)-4-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (20).Brown solid (166 mg, 72%); mp = 265-267 “EL NMR
(DMSO ) &: 11.12 (brs, 1H), 7.77 (d,= 8.4 Hz, 2H), 7.74 (brs, 2H), 7.32 (= 8.4 Hz, 2H),
6.80 (brs, 1H), 3.92 (] = 6.8 Hz, 4H), 3.61-3.51 (m, 2H), 2.56 (s, 3H),2233 (m, 2H), 2.29
(s, 3H), 1.76-1.25 (m, 8H}’C NMR (DMSOds) &: 164.2, 158.9, 151.8, 145.1, 133.7, 132.9,

127.4,124.3, 117.5, 91.6, 90.0, 58.6, 47.6, 301, 23.2, 18.4, 16.7; HRMS (E1yz 422.2238



M™, calc. for GaHzoNeS 422.2253; Anal. Calc. for: 6H30NeS (422.5): C, 65.37; H, 7.16; N,
19.89%; Found: C, 65.50; H, 7.24; N, 19.99%.

4.1.4.14. 2-(1-(4-Methyl-2-(4-(4-(octahydroisoquinim-2(1H)-yl)but-1-yn-1-yl)phenyl)
thiazol-5-yl)ethylidene)hydrazine-1-carboximidamide(21). Yellow solid (163 mg, 71%); mp
= 244-246 °C*H NMR (DMSO ) &: 7.88 (d,J = 8.4 Hz, 2H), 7.53 (d] = 8.4 Hz, 2H), 6.05
(brs, 4H), 3.51-3.48 (m, 2H), 3.15-3.09 (&H), 2.81-2.75 (m2H), 2.19-2.12 (m, 2H), 2.49 (s,
3H), 2.26 (s, 3H), 2.18-0.65 (m, 12HYRMS (El) m/z 462.2570 M, calc. for GgH34NeS
462.2566; Anal. Calc. for: £H34NsS (462.6): C, 67.50; H, 7.41; N, 18.16%; Found6T.61;

H, 7.55; N, 18.26%.

4.1.5. 1-(2-(44-Chloroalkoxy)phenyl)-4-methylthiazol-5-yl)ethan-1one (23a-c). General
procedure: To dry DME in a round flaskp-hydroxyphenylthiazol€2 (0.86 mmol), anhydrous
potassium carbonate (2.56 mmol, 3 equiv.) and gt bromochloroalkanes (2.56 mmol, 3
equiv.) were all mixed and refluxed overnight. Tdodvent was then evaporated under reduced
pressure, and the product was washed with walterefd and dried.

4.1.5.1. 1-(2-(4-(3-Chloropropoxy)phenyl)-4-methyttiazol-5-yl)ethan-1-one (23a) Yellow
solid (254 mg, 96%); mp= 92-93 °&4 NMR (DMSO-ds) &: 7.94 (d,J = 8.1 Hz, 2H), 7.09 (d]

= 8.1 Hz, 2H), 4.17 (1) = 6.2 Hz, 2H), 3.80 () = 6.2 Hz, 2H), 2.70 (s, 3H), 2.56 (s, 3H), 2.19
(t, J = 6.4 Hz, 2H); MS 1\2); 309 (M", 100%); Anal. Calc. for: GH1CINO,S (309): C, 58.15;
H, 5.21; N, 4.52%; Found: C, 58.43; H, 5.52; N,184l

4.1.5.2. 1-(2-(4-(4-Chlorobutoxy)phenyl)-4-methyltiazol-5-yl)ethan-1-one (23b). White
solid (258 mg, 93%); mp = 67-69 °&4 NMR (DMSO-ds) §: 7.93 (d,J = 8.1 Hz, 2H), 7.07 (d,

J= 8 Hz, 2H), 4.08 (t) = 6 Hz, 2H), 3.73 (t) = 6 Hz, 2H), 2.68 (s, 3H), 2.54 (s, 3H), 1.90-1.87



(m, 4H); MS M\2); 323 (M, 100%); Anal. Calc. for: GH1sCINO,S (323): C, 59.34; H, 5.60; N,
4.33%; Found: C, 59.51; H, 5.87; N, 5.05%.

4.153. 1-(2-(4-((5-Chloropentyl)oxy)phenyl)-4-mbylthiazol-5-yl)ethan-1-one  (23c).
Yellow solid ( 272 mg, 94%); mp = 80-81 °& NMR (DMSO-d) &: 7.93 (d,J = 9.2 Hz, 2H),
7.06 (d,J = 9.2 Hz, 2H), 4.04 (t) = 7.6 Hz, 2H), 3.66 (t) = 6.8 Hz, 2H), 3.56 (t) = 8.2 Hz,
2H), 2.67 (s, 3H), 2.54 (s, 3H), 1.89-1.85 (m, 2#)77-1.54 (m, 2H); MSn{\z); 337 (M,
100%); Anal. Calc. for: GH20CINO,S (337): C, 60.43; H, 5.97; N, 4.15%; Found: C980H,
6.41; N, 5.46%.

4.1.6. 1-(4-Methyl-2-(4-0-Sec.amino)alkoxy)phenyl)thiazol-5-yl)ethan-1-one (24-6R2

General procedure: to dry DMF (5 mL) in a round flask, compoung3a-c(300 mg), anhydrous
potassium carbonate (3 equiv.), and appropfate amines (5 equiv.), with a catalytic amount
of potassium iodide were heated at P@0with stirring overnight. The reaction mixture was
cooled, and then poured on crushed ice, the orgamaterial was extract 3 times with
ethylacetate and dried over anhydrous sodium stdpdrad concentrated over reduced pressure
to get yellowish-brown oil. The desired product veagained by silica gel chromatography using
eluent (DCM/ Methanol 9:1). Yields, physical proppes, and spectral data of isolated purified
products are listed below:

4.1.6.1. 1-(2-(4-(3-Azetidin-1-yl)propoxy)phenyl)-4methylthiazol-5-yl)ethan-1-one (24).
Orange solid (280mg, 83%): mp = 66-68 “6;NMR (DMSO-dq) &: 7.99 (d,J = 8.6 Hz, 2H),
7.01 (d,J = 8.6 Hz, 2H), 4.15 (J = 7.2 Hz, 2H), 3.81 (t) = 5.7 Hz, 4H), 2.69 (s,3H), 2.65-2.59
(m, 2H), 2.56 (s, 3H), 1.86-1.25 (m, 4H); M&\§); 330 (M, 22.45%); Anal. Calc. for:

C1gH22N20,S (330): C, 65.43; H, 6.71; N, 8.48%; Found: C/85H, 7.04; N, 8.62%.



4.1.6.2. 1-(4-Methyl-2-(4-(3-pyrrolidin-1-yl)propoxy)phenyl)thiazol-5-yl)ethan-1-one (25).
Orange solid (271 mg, 81%); mp = 46-48 *8;NMR (DMSO-dg) &: 7.95 (d,J = 9.6 Hz, 2H),
7.07 (d,J = 9.6 Hz, 2H), 4.15 (t) = 6.2 Hz, 2H), 2.69 (s,3H), 2.56 (s, 3H), 2.51-2(40 4H),
2.14-1.95 (m, 8H); MS\2); 344 (M', 26.27%); Anal. Calc. for: {gH24N,O.S (344): C, 66.25;
H, 7.02; N, 8.13%; Found: C, 66.43; H, 7.12; N,184®©

4.1.6.3. 1-(4-Methyl-2-(4-(3-thiazolidine-3-yl)propxy)phenyl)thiazol-5-yl)ethan-1-one (26).
Orange solid (291 mg, %); mp = 78-80 %€; NMR (DMSO-dg) &: 7.94 (d,J = 8.1 Hz, 2H),
7.12 (d,J = 8.1 Hz, 2H), 4.19 (1) = 6.2 Hz, 2H), 3.11 (tJ = 4.8 Hz, 2H), 2.66 (s, 2H), 2.55 (s,
3H), 2.39 (s, 3H), 2.05- 1.95 (m, 6H); MSmg); 362 (M, 6.69%); Anal. Calc. for:
CigH2oN20,S, (362): C, 59.64; H, 6.12; N, 7.73%; Found: C, 3919, 6.28; N, 7.94%.

4.1.6.4. 1-(2-(4-(3-(#-Imidazol-1-yl)propoxy)phenyl)-4-methylthiazol-5-yl)ethan-1-one
(27). Orange solid (261 mg, 79%); mp = 75-77 *8;NMR (DMSO-dg) 8: 7.92 (d,J = 9.2 Hz,
2H), 7.71 (s, 1H), 7.22 (s, 1H), 7.05 (= 9.2 Hz, 2H), 6.94 (s, 1H), 4.13 &= 6.9 Hz, 2H),
3.97 (t,J = 6.3 Hz, 2H), 2.66 (s, 3H), 2.54 (s, 3H), 2.23-2(17, 2H); MS (M\2); 341 (M,
100%); Anal. Calc. for: €H19N3O,S (341): C, 63.32; H, 5.61; N, 12.31%; Found: CQ63H,
5.88; N, 12.54%.

4.1.6.5. 1-(4-Methyl-2-(4-(3-(piperidin-1-yl)propoy)phenyl)thiazol-5-yl)ethan-1-one (28).
White solid (303 mg, 87%); mp = 99-101 °t&f NMR (DMSO-<g) &: 7.97 (d,J = 6.4 Hz, 2H),
7.07 (d,J = 6.4 Hz, 2H), 4.07 () = 10.2 Hz, 2H), 2.68 (s, 3H), 2.54 (s, 3H), 2.4%02(m, 6H),
1.92- 1.90 (m, 2H), 1.60- 1.40 (m, 6H); M®&\g); 358 (M, 25.65%); Anal. Calc. for:
Ca0H26N20,S (358): C, 67.01; H, 7.31; N, 7.81%; Found: C886H, 7.49; N, 7.93%.

4.1.6.6. 1-(4-Methyl-2-(4-(3-(2-methylpiperidin-1-{)propoxy)phenyl)thiazol-5-yl)ethan-1-

one (29).Yellow solid (296 mg, 82%); mp = 85-86 °&4 NMR (DMSO-dg) &: 7.95 (d,J = 8.8



Hz, 2H), 7.07 (dJ = 8.8 Hz, 2H), 4.08 () = 7.6 Hz, 2H), 2.89-2.74 (m, 2H), 2.69 (s, 3H), 2.55
(s, 3H), 2.39-2.32 (m, 1H), 2.25- 2.12 (m, 2H),9t1882 (m, 2H), 1.69-1.18 (m, 6H), 1.00 {,

= 6 Hz, 3H); MS (n\2); 372 (M, 30.77%); Anal. Calc. for: £H.gN,0,S (372): C, 67.71; H,
7.58; N, 7.52%; Found: C, 67.83; H, 7.80; N, 7.69%.

4.1.6.7. 1-(4-Methyl-2-(4-(3-(3-methylpiperidin-1-{)propoxy)phenyl)thiazol-5-yl)ethan-1-
one (30).Yellow solid (310 mg, 86%); mp = 98-100 °&4 NMR (DMSO-dg) &: 7.95 (d,J =

8.4 Hz, 2H), 7.07 (dJ = 8.4 Hz, 2H), 4.10 (t) = 5.2 Hz, 2H), 3.11-3.00 (m, 2H), 2.69 (s, 3H),
2.55 (s, 3H), 2.30-2.10 (m, 2H), 2.00-1.95 (m, 2HK7- 1.63 (M, 4H), 1.46-1.35 (m, 1H), 1.25-
1.15 (m, 2H), 0.91 (dJ = 8.1 Hz, 3H); MS n\2); 372 (M, 21.04%); Anal. Calc. for:
CoiH2sNL0,S (372): C, 67.71; H, 7.58; N, 7.52%; Found: CH87H, 7.79; N, 7.75%.

4.1.6.8. 1-(4-Methyl-2-(4-(3-(4-methylpiperidin-1-{)propoxy)phenyl)thiazol-5-yl)ethan-1-
one (31).Yellow solid (318 mg, 88%); mp = 91-93 °@4 NMR (DMSO-ds) &: 7.96 (d,J = 8.8
Hz, 2H), 7.08 (dJ = 8.8 Hz, 2H), 4.10 () = 6.4 Hz, 2H), 3.29-3.10 (m, 2H), 2.69 (s, 3H), 2.51
(s, 3H), 2.45-2.35 (m, 2H), 2.04-1.66 (M, 4H), 11435 (m, 1H), 1.24-1.22 (m, 4H), 0.89 (&

6.4 Hz, 3H); MS if\z2); 372 (M, 45.45%); Anal. Calc. for: £H.gN.0.S (372): C, 67.71; H,
7.58; N, 7.52%; Found: C, 67.80; H, 7.81; N, 7.69%.

4.1.6.9. 1-(4-Methyl-2-(4-(3-(4-methylpiperazin-14propoxy)phenyl)thiazol-5-yl)ethan-1-
one (32).Yellow solid (290 mg, 80%); mp = 53-54 °&4 NMR (DMSO-d) 5: 7.98 (d,J = 8.4
Hz, 2H), 7.14 (d,] = 8.4 Hz, 2H), 4.16 (t) = 6.4 Hz, 2H), 2.67 (s, 3H), 2.53 (s, 3H), 2.46-2.36
(m, 2H), 2.25 (s, 8H), 2.22 (s, 3H), 1.91-1.85 @Hl); MS (M\2); 373 (M’, 100%); Anal. Calc.
for: CyoH27N30,S (373): C, 64.31; H, 7.29; N, 11.25%; Found: C584H, 7.47; N, 11.49%.
4.1.6.10. 1-(4-Methyl-2-(4-(3-morpholinopropoxy)pheyl)thiazol-5-yl)ethan-1-one  (33).

White solid (298 mg, 85%); mp = 119-120 “€t NMR (DMSO-dg) &: 7.94 (d,J = 8.2 Hz, 2H),



7.07 (d,J = 8.2 Hz, 2H), 4.08 (t) = 4.8 Hz, 2H), 3.55 () = 7.2 Hz, 4H), 2.68 (s, 3H), 2.55 (s,
3H), 2.45-2.37 (m, 6H), 1.93-1.86 (m, 2H); M8&\%); 360 (M, 100%); Anal. Calc. for:
Ci1gH24N203S (360): C, 63.31; H, 6.71; N, 7.77%; Found: C563H, 6.98; N, 7.89%.

4.1.6.11. 1-(4-Methyl-2-(4-(3-thiomorpholinopropoxyphenyl)thiazol-5-yl)ethan-1-one (34).
Orange solid (285 mg, 78%); mp = 113-114 *8;NMR (DMSO-g) &: 7.98 (d,J = 9.2 Hz,
2H), 7.09 (dJ = 9.2 Hz, 2H), 4.07 (1) = 6.3 Hz, 2H), 2.68 (s, 3H), 2.63-2.54 (m, 8H), 2(51
3H), 2.49-2.46 (m, 2H), 1.89-1.83 (m, 2H); M®\f); 376 (M", 56.70%), 377 (M, 45.89%);
Anal. Calc. for: GoH24N20,S, (376): C, 60.61; H, 6.42; N, 7.44%; Found: C, @018, 6.70; N,
7.68%.

4.1.6.12. 1-(2-(4-(3-(Azepan-1-yl)propoxy)phenyl)-thethylthiazol-5-yl)ethan-1-one (35).
Yellow solid (300 mg, 83%); mp = 68-70 °G4 NMR (DMSO-d) &: 7.96 (d,J = 8.4 Hz, 2H),
7.08 (d,J = 8.4 Hz, 2H), 4.07 (tJ = 5.1 Hz, 2H), 2.68 (s, 3H), 2.62-2.57 (m, 4H), 2(513H),
2.39 (t,J= 8 Hz, 2H), 1.91-1.84 (m, 2H), 1.58-1.54 (m, 8H)SNin\z); 372 (M", 21.96%); Anal.
Calc. for: GiH2gN20,S (372): C, 67.71; H, 7.58; N, 7.52%; Found: C867H, 7.71; N, 7.69%.
4.1.6.13. 1-(4-Methyl-2-(4-(3-(octahydroisoquinol#2(1H)-yl)propoxy)phenyl)thiazol-5-
yl)ethan-1-one (36).Orange solid (336 mg, 84%); mp = 54-55°8;NMR (DMSO-dg) &: 7.94
(d, J= 7.5 Hz, 2H), 7.08 (d) = 7.5 Hz, 2H), 4.10 (t) = 5.1 Hz, 2H), 3.11-3.02 (m, 2H), 2.93-
2.88 (m, 4H), 2.69 (s, 3H), 2.55 (s, 3H), 2.27-1(88 10H), 1.31-0.95 (m, 4HMS (m\2); 412
(M*, 65.40%); Anal. Calc. for: £H3.N,O,S (412): C, 69.87; H, 7.82; N, 6.79%; Found: C,
69.59; H, 7.64; N, 7.05%.

4.1.6.14. 1-(2-(4-(4-(Azetidin-1-yl)butoxy)phenyb+methylthiazol-5-yl)ethan-1-one (37).
Orange solid (256 mg, 80%); mp = 93-95 *8;NMR (DMSO-dg) &: 8.02 (d,J = 8.7 Hz, 2H),

7.01 (d,J = 8.7 Hz, 2H), 4.18 (1) = 7.2 Hz, 2H), 3.87 () = 7.2 Hz, 2H), 3.09-2.97 (m, 2H),



2.67 (s, 3H), 2.54 (s, 3H), 1.98-1.61 (m, 8H); MBZ; 344 (M, 18.41%); Anal. Calc. for:
C19H24N205S (344): C, 66.25; H, 7.02; N, 8.13%; Found: C167H, 7.45; N, 8.29%.

4.1.6.15. 1-(4-Methyl-2-(4-(4-(pyrrolidin-1-yl)butoy)phenyl)thiazol-5-yl)ethan-1-one (38).
Orange solid (236 mg, 71%); mp = 75-77 *8;NMR (DMSO-dg) &: 7.94 (d,J = 8.4 Hz, 2H),
7.08 (d,J = 8.4 Hz, 2H), 4.08-4.04 (m, 2H), 3.67-2.97 (m, 6RIK7 (s, 3H), 2.54 (s, 3H), 1.98-
1.81 (m, 6H), 1.23-1.11 (m, 2H); M$n(); 358 (M, 18.41%); Anal. Calc. for: £HoeN,0,S
(358): C, 67.01; H, 7.31; N, 7.81%; Found: C, 661897.45; N, 8.09%.

4.1.6.16. 1-(4-Methyl-2-(4-(4-(thiazolidin-3-yl)bubxy)phenyl)thiazol-5-yl)ethan-1-one (39).
Yellow oil (277 mg, 79%)*H NMR (DMSO-ds) &: 7.98 (d,J = 7.2 Hz, 2H), 7.08 (dJ = 7.2 Hz,
2H), 4.09 (t,J = 7.2 Hz, 2H), 3.51 (s, 2H), 3.02-2.98 (M, 2H), 2(893H), 2.73-2.61 (M, 4H),
2.55 (s, 3H), 1.85-1.68 (m, 4H); M8\¢); 376 (M’, 6.95%), 377 (M, 86.9%); Anal. Calc. for:
Ci19H24N0,S, (376): C, 60.61; H, 6.42; N, 7.44%; Found: C, @018, 6.59; N, 7.63%.
4.1.6.17. 1-(2-(4-(4--Imidazol-1-yl)buyoxy)phenyl)-4-methylthiazol-5-yl)ethan-1-one
(40). Orange oil (254 mg, 77%); 7.92 @7 8.2 Hz, 2H), 7.71 (s, 1H), 7.09 (@= 8.2 Hz, 2H),
6.94 (s, 1H), 6.54 (s, 1H), 4.13 Jt= 6.9 Hz, 2H), 3.97 (J = 6.3 Hz, 2H), 2.66 (s, 3H), 2.54 (s,
3H), 2.23-2.17 (m, 4H); MSnf\2); 355 (M’, 23.98%); Anal. Calc. for: H21Nz0,S (355): C,
64.20; H, 5.95; N, 11.82%; Found: C, 64.47; H, 6N212.11%.

4.1.6.18. 1-(4-Methyl-2-(4-(4-(piperidin-1-yl)butoy)phenyl)thiazol-5-yl)ethan-1-one (41).
Orange oil (288 mg, 82%3IH NMR (DMSO-dg) 5: 7.93 (d,J = 8.2 Hz, 2H), 7.06 (d] = 8.2 Hz,
2H), 4.06 (t,J = 5.6 Hz, 2H), 2.68 (s, 3H), 2.55 (s, 3H), 2.39-2(84 6H), 1.76-1.72 (m, 2H),
1.62-1.58 (m, 2H), 1.56-1.47 (m, 6H); MB\f); 372 (M', 81%), 373 (M", 100%); Anal. Calc.

for: Co1H28N20,S (372): C, 67.71; H, 7.58; N, 7.52%; Found: C587H, 7.80; N, 7.78%.



4.1.6.19. 1-(4-Methyl-2-(4-(4-(2-methylpiperidin-1yl)butoxy)phenyl)thiazol-5-yl)ethan-1-
one (42).0range oil (291 mg, 81%JH NMR (DMSO-dg) &: 7.90 (d,J = 6.9 Hz, 2H), 7.03 (d)

= 6.9 Hz, 2H), 4.05 (1) = 5.7 Hz, 2H), 2.90-2.68 (m, 2H), 2.65 (s, 3H), 2(513H), 2.49-2.40
(m, 2H), 2.33-2.21 (m, 1H), 1.72-1.68 (m, 2H), 2628 (m, 8H), 1.02 (d] = 6.2 Hz, 3H); MS
(m2); 386 (M, 17.17%); Anal. Calc. for: £H3N,O.S (386): C, 68.36; H, 7.82; N, 7.25%;
Found: C, 68.17; H, 7.90; N, 7.51%.

4.1.6.20. 1-(4-Methyl-2-(4-(4-(3-methylpiperidin-1yl)butoxy)phenyl)thiazol-5-yl)ethan-1-
one (43).Yellow solid (305 mg, 85%):; mp = 187-188 °& NMR (DMSO-dg) &: 7.95 (d,J =
7.6 Hz, 2H), 7.09 (dJ= 7.6 Hz, 2H), 4.08 (t) = 5.7 Hz, 2H), 3.05-3.03 (m, 2H), 2.76-2.73 (m,
2H), 2.68 (s, 3H), 2.55 (s, 3H), 2.47-2.43 (m, 2RP0-1.78 (m, 9H), 0.90 (d,= 6.2 Hz, 3H);
MS (m\2); 386 (M, 100%); Anal. Calc. for: &H3N.O,S (386): C, 68.36; H, 7.82; N, 7.25%;
Found: C, 68.59; H, 8.04; N, 7.47%.

4.1.6.21. 1-(4-Methyl-2-(4-(4-(4-methylpiperidin-1yl)butoxy)phenyl)thiazol-5-yl)ethan-1-
one (44).White solid (298 mg, 83%); mp = 176-178 “&&f NMR (DMSO-dg) &: 7.97 (d,J =
10.0 Hz, 2H), 7.09 (dJ = 10.0 Hz, 2H), 4.09 (t) = 7.2 Hz, 2H), 3.43-3.40 (m, 2H), 3.05-3.02
(m, 2H), 2.84-2.80 (m, 1H), 2.69 (s, 3H), 2.553kl), 1.89-1.85 (m, 2H), 1.80-1.75 (m, 4H),
1.50-1.17 (m, 4H), 0.93 (dl = 8.2 Hz, 3H); MS IN\2); 386 (M, 37.32%); Anal. Calc. for:
Ca2H30N20,S (386): C, 68.36; H, 7.82; N, 7.25%; Found: C168H, 7.89; N, 7.43%.

4.1.6.22. 1-(4-Methyl-2-(4-(4-(4-methylpiperazin-id)butoxy)phenyl)thiazol-5-yl)ethan-1-
one (45).Yellow solid (277 mg, 77%); mp = 131-132 °& NMR (DMSO-dg) &: 7.94 (d,J =
8.8 Hz, 2H), 7.07 (d) = 8.8 Hz, 2H), 4.08-3.98 (m, 2H), 2.69 (s, 3H), 2684 (m, 13H), 2.43
(s, 3H), 1.75-171 (m, 2H), 1.62-1.58 (m, 2H); M®\%); 387 (M’, 9.42%); Anal. Calc. for:

C21H29N30,S (387): C, 65.08; H, 7.54; N, 10.84%; Found: C3&5H, 7.80; N, 10.71%.



4.1.6.23.  1-(4-Methyl-2-(4-(4-morpholinobutoxy)pheyl)thiazol-5-yl)ethan-1-one  (46).
Orange solid (240 mg, 69%); mp = 84-87 *8;NMR (DMSO-dg) &: 7.94 (d,J = 9.1 Hz, 2H),
7.07 (d,J = 9.1 Hz, 2H), 4.07 (t) = 6.2 Hz, 2H), 3.55 (tJ = 4.8 Hz, 4H), 2.68 (s, 3H), 2.54 (s,
3H), 2.48-2.33 (m, 6H), 1.79-1.72 (m, 2H), 1.655L(F, 2H); MS (n\2); 374 (M", 5.47%), 375
(M*, 10.87%); Anal. Calc. for: £H2N20sS (374): C, 64.14; H, 7.00; N, 7.48%; Found: C,
64.43; H, 6.89; N, 7.71%.

4.1.6.24. 1-(4-Methyl-2-(4-(4-thiomorpholinobutoxyphenyl)thiazol-5-yl)ethan-1-one (47).
Orange oil (312 mg, 86%3IH NMR (DMSO-ds) 5: 7.90 (d,J = 8.8 Hz, 2H), 7.04 (d] = 8.8 Hz,
2H), 4.04 (tJ = 8.1 Hz, 2H), 2.66 (s, 3H), 2.61-2.58 (m, 8H), 2(523H), 2.34 (tJ = 8.1 Hz,
2H), 1.79-1.52 (m, 4H); MSnf\z); 390 (M', 17.03%); Anal. Calc. for: £H-6N-0,S, (390): C,
61.51; H, 6.71; N, 7.17%; Found: C, 61.34; H, 61977.43%.

4.1.6.25. 1-(2-(4-(4-(Azepan-1-yl)butoxy)phenyl)-thethylthiazol-5-yl)ethan-1-one  (48).
Orange solid (273 mg, 76%); mp = 161-163 *8;NMR (DMSO-<e) &: 7.96 (d,J = 10.2 Hz,
2H), 7.09 (d,J = 10.2 Hz, 2H), 4.10 () = 5.6 Hz, 2H), 3.18-3.06 (M, 6H), 2.68 (s, 3H), 2(55
3H), 1.80-1.61 (m, 12H); MS1{\2); 386 (M, 100%); Anal. Calc. for: &HsN20O.S (386): C,
68.36; H, 7.82; N, 7.25%; Found: C, 68.53; H, 9N17.49%.

4.1.6.26. 1-(4-Methyl-2-(4-(4-octhydroisoquinolin-@dH)-yl)butoxy)phenyl)thiazol-5-yl)
ethan-1-one (49)Orange oil (317 mg, 76%jH NMR (DMSO-dg) &: 7.94 (d,J = 9.2 Hz, 2H),
7.09 (d,J = 9.2 Hz, 2H), 4.07 () = 5.6 Hz, 2H), 3.03-2.86 (m, 2H), 2.69 (s, 3H), 2(543H),
2.10-2.02 (m, 2H), 1.78-1.47 (m, 9H), 1.25-0.90 @Hl); MS M\2); 426 (M’, 100%); Anal.
Calc. for: GsHzaN2O,S (426): C, 70.38; H, 8.03; N, 6.57%; Found: C140H, 8.27; N, 6.80%.
4.1.6.27. 1-(2-(4-((5-(Azetidin-1-yl)pentyl)oxy)pheyl)-4-methylthiazol-5-yl)ethan-1-one

(50). Orange oil (268 mg, 84%jH NMR (DMSO-dg) &: 7.98 (d,J = 9.3 Hz, 2H), 7.03 (d) =



9.3 Hz, 2H), 4.05 (1) = 6.3 Hz, 2H), 3.19-3.11 (m, 2H), 2.68 (s, 3H), 2(493H), 1.77-1.12 (m,
8H), 0.92-0.83 (m, 4H); MSnf\2); 358 (M’, 33.27%); Anal. Calc. for: £H26N,0,S (358): C,
67.01; H, 7.31; N, 7.81%; Found: C, 67.94; H, 71878.98%.

4.1.6.28. 1-(4-Methyl-2-(4-((5-(pyrrolidin-1-yl)petyl)oxy)phenyl)thiazol-5-yl)ethan-1-one
(51). Yellow oil (268 mg, 81%)*H NMR (DMSO-de) &: 7.93 (d,J = 9.3 Hz, 2H), 7.06 (d] =
9.3 Hz, 2H), 4.05 () = 6.3 Hz, 2H), 2.68 (s, 3H), 2.53-2.46 (m, 6H), 2(433H), 1.77-1.68 (m,
6H), 1.58-1.43 (m, 4H): MSnf\2); 372 (M, 33.27%), 373 (M, 100%); Anal. Calc. for:
C21H28N20.S (372): C, 67.71; H, 7.58; N, 7.52%; Found: Ch87H, 7.80; N, 7.78%.

4.1.6.29. 1-(4-Methyl-2-(4-((5-(thiazolidin-3-yl)petyl)oxy)phenyl)thiazol-5-yl)ethan-1-one
(52). Orange oil (271 mg, 78%jH NMR (DMSO-dg) &: 7.98 (d,J = 8.2 Hz, 2H), 7.11 (d) =
8.2 Hz, 2H), 4.09 (t) = 6.8 Hz, 2H), 3.61 (s, 2H), 3.02-2.98 (M, 2H), 2(393H), 2.73-2.61 (m,
4H), 2.55 (s, 3H), 1.85-1.68 (m, 6H); MSn\); 390 (M, 16.16%); Anal. Calc. for:
CooH26N20,S, (390): C, 61.50; H, 6.71; N, 7.17%; Found: C, @1H, 6.98; N, 7.42%.
4.1.6.30. 1-(2-(4-((5--Imidazol-1-yl)pentyl)oxy)phenyl)-4-methylthiazol-5yl)ethan-1-one
(53). Orange oil (239 mg, 73%)H NMR (DMSO-dg) &: 7.96 (d,J = 8.4 Hz, 2H), 7.76 (s, 1H),
7.06 (d,J = 8.4 Hz, 2H), 6.82 (s, 1H), 6.35 (s, 1H), 4.21)(& 7.5 Hz, 2H), 4.05 (t) = 6.3 Hz,
2H), 2.68 (s, 3H), 2.55 (s, 3H), 1.91-1.86 (m, 2HB0-1.75 (m, 2H), 1.41-1.39 (m, 2H); MS
(m\2); 369 (M, 19.93%); Anal. Calc. for: £H23N30.S (369): C, 65.02; H, 6.27; N, 11.37%;
Found: C, 65.19; H, 6.43; N, 11.60%.

4.1.6.31. 1-(4-Methyl-2-(4-((5-(piperidin-1-yl)pentl)oxy)phenyl)thiazol-5-yl)ethan-1-one
(54). Orange solid (306 mg, 89%); mp = 60-63 *8;NMR (DMSO-dg) &: 7.94 (d,J = 9.2 Hz,
2H), 7.07 (dJ = 9.2 Hz, 2H), 4.06 (t) = 8.2 Hz, 2H), 2.68 (s, 3H), 2.55 (s, 3H), 2.46-2(#0

6H), 1.79-1.72 (m, 2H), 1.57-1.54 (m, 4H), 1.4521(th, 4H), 1.29-1.22 (m, 2H): M32); 386



(M*, 70.0%); Anal. Calc. for: £H30N20.S (386): C, 68.36; H, 7.82; N, 7.25%; Found: C£68.
H, 8.09; N, 7.54%.

4.1.6.32. 1-(4-Methyl-2-(4-((5-(2-methylpiperidin-lyl) pentyl)oxy)phenyl)thiazol-5-yl)ethan-
1-one (55).0range oil (300 mg, 87%H NMR (DMSO-dg) 5: 7.81 (d,J = 7.6 Hz, 2H), 7.03 (d,
J= 7.6 Hz, 2H), 4.05 (tJ = 7.2 Hz, 2H), 3.32 (1) = 5.4 Hz, 2H), 2.68 (s, 3H), 2.55 (s, 3H),
2.39-2.35 (m, 2H), 1.77- 1.73 (m, 4H), 1.59- 1.&1, {OH), 1.05 (dJ = 4.2 Hz, 3H); MS \2);
400 (M', 24.42%); Anal. Calc. for: £HzN.0.S (400): C, 68.96; H, 8.05; N, 6.99%; Found: C,
68.74; H, 8.32; N, 7.21%.

4.1.6.33. 1-(4-Methyl-2-(4-((5-(3-methylpiperidin-lyl)pentyl)oxy)phenyl)thiazol-5-yl)ethan-
1-one (56)Orange oil (313 mg, 88%JH NMR (DMSO-dg) §: 7.92 (d,J = 7.2 Hz, 2H), 7.05 (d,
J= 7.2 Hz, 2H), 4.01 (tJ = 6.2 Hz, 2H), 2.81- 2.76 (m, 2H), 2.66 (s, 3H),2(5, 3H), 2.30-
2.26 (m, 4H), 1.86- 1.83 (m, 2H), 1.80- 1.69 (m)2H58- 1.39 (m, 7H), 0.82 (d,= 6 Hz, 3H);
MS (m\2); 400 (M', 87.07%); Anal. Calc. for: £H3.N,0,S (400): C, 68.96; H, 8.05; N, 6.99%;
Found: C, 68.78; H, 8.23; N, 7.24%.

4.1.6.34. 1-(4-Methyl-2-(4-((5-(4-methylpiperidin-lyl)pentyl)oxy)phenyl)thiazol-5-yl)ethan-
1-one (57).0Orange solid (317 mg, 89%); mp = 51-54 ‘8;NMR (DMSO-dg) &: 7.94 (d,J =
9.6 Hz, 2H), 7.06 (dJ = 9.6 Hz, 2H), 4.05 (t) = 7.6 Hz, 2H), 2.93-2.88 (m, 2H), 2.69 (s, 3H),
2.55 (s, 3H), 2.42-2.04 (m, 4H), 1.78-1.72 (m, 2HB1-1.51 (m, 4H), 1.44-1.37 (m, 2H), 1.24-
1.15 (m, 3H), 0.90 (dJ = 7.6 Hz, 3H); MS n\2); 400 (M, 32.45%); Anal. Calc. for:
Ca3H32N20,S (400): C, 68.96; H, 8.05; N, 6.99%; Found: C688H, 8.27; N, 7.16%.

4.1.6.35. 1-(4-Methyl-2-(4-((5-(4-methylpiperazin-yI)pentyl)oxy)phenyl)thiazol-5-
yl)ethan-1-one (58).Yellow oil (296 mg, 83%);'H NMR (DMSO-dg) &: 7.94 (d,J = 9.1 Hz,

2H), 7.07 (dJ = 9.1 Hz, 2H), 4.05 (t) = 6.6 Hz, 2H), 2.68 (s, 3H), 2.55 (s, 3H), 2.34-82(f,



10H), 2.16 (s, 3H), 1.80-1.72 (m, 2H), 1.52- 1.48 @H); MS (\2); 401 (M', 20.76%), 402
(M*, 62.24%); Anal. Calc. for: £H31NsO,S (401): C, 65.80; H, 7.78; N, 10.46%; Found: C,
65.63; H, 8.96; N, 10.71%.

4.1.6.36. 1-(4-Methyl-2-(4-((5-morpholinopentyl)ox)phenyl)thiazol-5-yl)ethan-1-one (59).
Yellow solid (290 mg, 84%): mp = 72-74 °&4 NMR (DMSO-d) &: 7.91 (d,J = 8.7 Hz, 2H),
7.04 (d,J = 8.7 Hz, 2H), 4.35-4.26 (m, 2H), 4.02 Jt= 6.6 Hz, 4H), 3.41-3.35 (m, 6H), 2.66 (s,
3H), 2.52 (s, 3H), 1.75-1.70 (m, 2H), 1.46-1.39 @Hl); MS (M\2); 388 (M, 19.50%); Anal.
Calc. for: GiH2sN203S (388): C, 64.92; H, 7.26; N, 7.21%; Found: C764H, 7.49; N, 7.45%.
4.1.6.37. 1-(4-Methyl-2-(4-((5-thiomorpholinopentyoxy)phenyl)thiazol-5-yl)ethan-1-one
(60). Yellow solid (284 mg, 79%): mp = 84-85 °&4 NMR (DMSO-dg) &: 7.94 (d,J = 9.2 Hz,
2H), 7.07 (dJ = 9.2 Hz, 2H), 4.04 (t) = 6.6 Hz, 2H), 2.68 (s, 3H), 2.66- 2.58 (m, 8H),32(5,
3H), 2.30 (tJ = 6.3 Hz, 2H), 1.76-1.72 (m, 2H), 1.45-1.41 (m, 4M)S (M\2); 404 (M', 100%);
Anal. Calc. for: GiH2gN20,S; (404): C, 62.34; H, 6.98; N, 6.92%; Found: C, 628, 6.79; N,
7.16%.

4.1.6.38. 1-(2-(4-((5-(azepan-1-yl)pentyl)oxy)phehyd-methylthiazol-5-yl)ethan-1-one (61).
Orange oil (263 mg, 74%JH NMR (DMSO-de) &: 7.93 (d,J = 7.5 Hz, 2H), 7.06 (d] = 7.5 Hz,
2H), 4.04 (t,J = 6.9 Hz, 2H), 2.68 (s, 3H), 2.55 (s, 3H), 2.49-2(45 2H), 1.76-1.72 (m, 6H),
1.53- 1.23 (m, 12H); MSnf\z); 400 (M, 23.16%); Anal. Calc. for: £H3:N.O.S (400): C,
68.96; H, 8.05; N, 6.99%; Found: C, 69.17; H, 81297.15%.

4.1.6.39. 1-(4-Methyl-2-(4-((5-(octahydroisoquinati-2(1H)-yl)pentyl)oxy)phenyl)thiazol-5-
yl)ethan-1-one (62)Orange solid (282 mg, 72%); mp = 54-56 *8;NMR (DMSO-d;) 5: 7.94
(d, 3= 9.0 Hz, 2H), 7.07 (d) = 9.0 Hz, 2H), 4.05 (tJ = 6.6 Hz, 2H), 3.00-2.80 (m, 2H), 2.68

(s, 3H), 2.54 (s, 3H), 2.45-2.39 (M, 2H), 2.10-2(68 2H), 1.77- 0.89 (M, 18HMS (M\2); 440



(M*, 72.93%); Anal. Calc. for: £gH3eN20.S (440): C, 70.87; H, 8.23; N, 6.36%; Found: C,
70.61; H, 8.40; N, 6.53%.

4.1.7. 2-(1-(4-Methyl-2-(44-amino)alkoxy)phenyl)thiazol-5-yl)ethylidene)hydraine-1-
carboximidamide (63-101).General procedure: to absolute ethanol (15 mL) in a round flask,
compound®4-62 (150 mg) were heated at reflux with aminoguanidigdrochloride (5 equiv.)
and 200 pLconc. hydrochloric acid for 4 h. After reaction compbet, the solvent was
concentrated under reduced pressure, then pouredugimed ice and neutralized with sodium
carbonate to pH 7-8, and the formed precipitatdidl seas collected by filtration, washed with
copious amount of water then dried. Yields, physimaperties and spectral data of final
products are listed below:

4.1.7.1. 2-(1-(2-(4-(3-(Azetidin-1-yl)propoxy)phery-4-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (63).Orange solid (157 mg, 93%); mp = 132-134 *@;NMR
(DMSO-dg) &: 7.99 (d,J =8.6 Hz, 2H), 7.00 (d] = 8.6 Hz, 2H), 5.85 (brs, 4H), 4.16 {t= 6.6
Hz, 2H), 3.81 (tJ = 5.9 Hz, 4H), 2.69 (s, 3H), 2.65-2.59 (m, 2H), 2(563H), 1.86-1.25 (m,
4H); °C NMR (DMSO<s) 5: 162.8, 160.4, 148.1, 143.3, 134.5, 127.7, 12B15,3, 66.5, 54.0,
52.6, 28.5, 23.5, 18.6, 16.6; Anal. Calc. forgtheNesOS (386): C, 59.04; H, 6.78; N, 21.74%);
Found: C, 60.21; H, 7.24; N, 22.72%.

4.1.7.2. 2-(1-(4-Methyl-2-(4-(3-(pyrrolidin-1-yl)popoxy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (64).Orange solid (156 mg, 90%):; mp = 120-123 *@;:NMR
(DMSO-d) &: 7.79 (d,J =7.8 Hz, 2H), 7.00 (dJ = 7.8 Hz, 2H), 5.91-5.58 (brs, 4H), 4.05J&
6.8 Hz, 2H), 2.53 (s, 3H), 2.44 (s, 3H), 2.30-6 6H), 1.92-1.68 (m, 6H}*C NMR (DMSO-

dg) 6: 162.8, 160.4, 148.1, 143.3, 134.5, 127.7, 1261%4,3, 66.5, 54.0, 52.6, 45.6, 28.5, 23.5,



18.6, 16.6; Anal. Calc. for: £H2sNsOS (400): C, 59.97; H, 7.05; N, 20.98%; Found: @.26;

H, 7.24; N, 20.72%.

4.1.7.3. 2-(1-(4-Methyl-2-(4-(3-(thiazolidin-3-yl)popoxy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (65).Orange solid (159 mg, 92%); mp = 70-74 °&; NMR
(DMSO-dg) &: 7.82 (d,J = 9.1 Hz, 2H), 7.01 (d] = 9.1 Hz, 2H), 5.95 (brs, 4H), 4.05 {Jt= 6.6
Hz, 2H), 3.62 (s, 2H), 2.55 (s, 3H), 2.40-2.36 @H), 2.29 (s,3H), 2.15-1.79 (m, 6HJC NMR
(DMSO-dg) 6: 175.2, 163.6, 160.6, 159.0, 149.6, 144.7, 13BX7,8, 126.1, 115.3, 66.4, 55.8,
45.3, 27.0, 23.4, 18.6, 17.3; MB\g); 418 (M, 19.44%); Anal. Calc. for: gH26NsOS (418):
C, 54.52; H, 6.26; N, 20.08%; Found: C, 54.80; M06N, 19.89%.

41.7.4. 2-(1-(2-(4-(3-H-Imidazol-1-yl)propoxy)phenyl)-4-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (66).0range solid (157 mg, 90%); mp = 208-212 *@:NMR
(DMSO-dg) &: 7.82 (d,J = 9.1 Hz, 2H), 7.62 (s, 1H), 7.19 (s, 1H), 7.02J¢, 9.1 Hz, 2H), 6.89
(s, 1H), 5.79 (brs, 4H), 4.14 @,= 6.6 Hz, 2H), 3.97 (t) = 6.3 Hz, 2H), 2.55 (s, 3H), 2.29 (s,
3H), 2.22-2.14 (m, 2H)C NMR (DMSO4) 5: 162.7, 160.2, 159.9, 148.1, 143.4, 137.8, 134.6,
128.9, 127.7, 126.6, 119.8, 115.4, 65.1, 43.3,,3B6, 16.6; MSr(\2); 397 (M’, 20.0%); Anal.
Calc. for: GgH23N70OS (397): C, 57.41; H, 5.83; N, 24.67%; Found: @,76; H, 5.97; N,
24.51%.

4.1.7.5. 2-(1-(4-Methyl-2-(4-(3-(piperidin-1-yl)prpoxy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (67).Yellow solid (163 mg, 94%); mp = 138-140 °&) NMR
(DMSO-dg) 5: 7.82 (d,J = 10.4 Hz, 2H), 7.02 (d] = 10.4 Hz, 2H), 5.59 (brs, 2H), 5.71 (brs,
2H), 4.05 (t,J = 10.4 Hz, 2H), 2.56 (s, 3H), 2.45-2.25 (m, 6HR3(s, 3H), 1.89-1.84 (m, 2H),
1.55-1.35 (m, 6H)}*C NMR (DMSO+s) &: 162.7, 160.4, 160.0, 147.9, 143.2, 134.6, 127.7,

126.4, 115.3, 66.6, 55.5, 54.5, 26.6, 26.0, 24866,116.5; MS 1f\2); 414 (M’, 100%); Anal.



Calc. for: GiH3oNgOS (414): C, 60.84; H, 7.29; N, 20.27%; Found: @C,06; H, 7.42; N,
20.14%.

4.1.7.6. 2-(1-(4-Methyl-2-(4-(3-(2-methylpiperidint-yl)propoxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (68)Orange solid (154 mg, 89%); mp = 84-85 °C;
'H NMR (DMSO-d) §: 7.82 (d,J = 7.6 Hz, 2H), 7.21 (dJ = 7.6 Hz, 2H), 5.85-5.63 (brs, 4H),
4.06 (t,J = 9.6 Hz, 2H), 2.81-2.78 (m, 2H), 2.60 (s, 3H),22321 (m, 5H), 2.13-2.03 (m, 1H),
1.85-1.82 (m, 2H), 1.62-1.45 (m, 2H), 1.41-1.30 Pi), 1.29-1.11 (m, 2H), 0.97 (d= 6.4 Hz,
3H); °C NMR (DMSO4ds) &: 165.2, 162.8, 160.5, 159.9, 148.1, 143.4, 1326,3, 115.3, 66.5,
55.7, 51.9, 50.1, 34.6, 26.2, 25.7, 25.1, 18.61,186.6; MS Kn\2); 428 (M", 23.61%); Anal.
Calc. for: G,H3:NgOS (428): C, 61.65; H, 7.53; N, 19.61%; Found: C,98; H, 7.67; N,
19.85%.

4.1.7.7. 2-(1-(4-Methyl-2-(4-(3-(3-methylpiperidint-yl)propoxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (69)Orange solid (157 mg, 91%); mp = 98-102 °C;
H NMR (DMSO-<) &: 7.94 (d,J = 8.1 Hz, 2H), 7.06 (d] = 8.2 Hz, 2H), 5.65 (brs, 4H), 4.08 (t,
J = 8.0 Hz, 2H), 2.80-2.76 (m, 2H), 2.68 (s, 3H),3(5, 3H), 2.42-2.38 (m, 4H), 1.92-1.41 (m,
7H), 0.85 (d,J = 7.2 Hz, 3H):*C NMR (DMSO+g) &: 162.8, 160.4, 159.9, 148.1, 143.4, 134.5,
127.7,126.4, 115.3, 66.6, 62.0, 55.2, 54.0, 3&111, 26.7, 25.5, 20.0, 18.6, 16.6; MB4); 428
(M*, 100%); Anal. Calc. for: §H3NgOS (428): C, 61.65; H, 7.53; N, 19.61%; Found: C84&;

H, 7.78; N, 7.76%.

4.1.7.8. 2-(1-(4-Methyl-2-(4-(3-(4-methylpiperidint-yl)propoxy)phenyl)thiazol-5-yl)
ethylidene) hydrazine-1-carboximidamide (70).Yellow solid (159 mg, 92%); mp = 132-133
°C: 'H NMR (DMSO-ds) 5: 7.82 (d,J = 8.8 Hz, 2H), 7.02 (d] = 8.8 Hz, 2H), 5.73-5.63 (brs,

4H), 4.06 (t,J = 7.8 Hz, 2H), 2.79-2.74 (m, 2H), 2.56 (s, 3H),2(8 J = 8.2 Hz, 2H), 2.30 (s,



3H), 1.91-1.81 (m, 4H), 1.65-1.45 (m, 5H), 0.82 J& 6.4 Hz, 3H)*C NMR (DMSOde) 5:
162.7, 160.4, 159.9, 148.0, 143.3, 134.6, 127.8,412115.3, 66.6, 55.1, 53.9, 34.4, 30.9, 26.8,
22.3, 18.6, 16.5; MS1(\2); 428 (M, 26.21%); Anal. Calc. for: £H3NsOS (428): C, 61.65; H,
7.53; N, 19.61%; Found: C, 61.87; H, 7.75; N, 19643

4.1.7.9. 2-(1-(4-Methyl-2-(4-(3-(4-methylpiperaziri-yl)propoxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (71).Yellow solid (152 mg, 88%); mp = 108-111
°C: 'H NMR (DMSO-d) &: 7.82 (d,J = 9.2 Hz, 2H), 7.02 (dJ = 9.2 Hz, 2H), 5.71-5.59 (brs,
4H), 4.06 (t,J = 7.2 Hz, 2H), 2.67 (s, 3H), 2.56 (s, 3H), 2.42%(&, 10H), 2.15 (s, 3H), 1.89-
1.85 (m, 2H):C NMR (DMSO4e) &: 162.8, 160.4, 159.8, 148.1, 143.4, 134.5, 1272B.4,
115.3, 66.5, 55.2, 54.7, 53.1, 46.2, 26.6, 18.65;1dS (M\z); 429 (M’, 100%); Anal. Calc. for:
C21H31N7OS (429): C, 58.71; H, 7.27; N, 22.82%; Found: €85; H, 7.40; N, 22.71%.
4.1.7.10. 2-(1-(4-Methyl-2-(4-(3-morpholinopropoxyhenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (72).Yellow solid (163 mg, 94%); mp = 205-207 °& NMR
(DMSO-dg) &: 11.43 (brs, 1H), 7.86 (d,= 9.1 Hz, 2H), 7.66 (brs, 3H), 7.07 @= 9.1 Hz, 2H),
4.11 (t,J = 6.3 Hz, 2H), 3.67-3.55 (m, 4H), 2.64-2.59 (m, PRIBS (s, 3H), 2.42 (s, 3H), 2.1-
1.89 (m, 2H):**C NMR (DMSO+e) &: 165.3, 160.8, 156.3, 152.7, 147.7, 130.0, 12825,9,
115.5, 66.1, 65.2, 54.5, 52.7, 30.1, 24.8, 18.6; (Mi%); 416 (M, 100%); Anal. Calc. for:
CaoH28N60O,S (416): C, 57.67; H, 6.78; N, 20.18%; Found: C9%7H, 6.89; N, 20.43%.
4.1.7.11. 2-(1-(4-Methyl-2-(4-(3-thiomorpholinopropxy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (73).Orange solid (146 mg, 85%):; mp = 178-179 *@;:NMR
(DMSO-dg) &: 7.82 (d,J = 8.7 Hz, 2H), 7.01 (dJ = 8.7 Hz, 2H), 5.66 (brs, 2H), 5.47 (brs, 2H),
4.05 (t,J = 6.6 Hz, 2H), 2.65 (s, 3H), 2.64-2.55 (m, 6H),2237 (m, 4H), 2.29 (s, 3H), 1.89-

1.85 (m, 2H):¥*C NMR (DMSO4g) §: 162.7, 160.4, 160.0, 147.9, 143.2, 134.7, 12¥2B.4,



115.3, 66.5, 55.4, 55.1, 27.6, 26.2, 18.6, 16.5; (M); 432 (M’, 100%); Anal. Calc. for:
CaoH28N60S, (432): C, 55.53; H, 6.52; N, 19.43%; Found: C835H, 6.79; N, 19.70%.
4.1.7.12. 2-(1-(2-(4-(3-(Azepan-1-yl)propoxy)pheny#i-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (74).Orange solid (144 mg, 83%); mp = 113-114 *@;:NMR
(DMSO-dg) &: 7.82 (d,J = 11.6 Hz, 2H), 7.01 (dl = 11.6 Hz, 2H), 5.91-5.61 (brs, 4H), 4.06Jt,
= 11.2 Hz, 2H), 2.59 (s, 3H), 2.55 (s, 3H), 2.382(m, 6H), 1.87-1.83 (m, 2H), 1.64-1.68,
8H); 1°C NMR (DMSO+g) &: 162.7, 160.5, 160.1, 147.9, 143.1, 134.6, 12128,3, 115.3, 66.5,
56.0, 45.6, 28.4, 27.5, 27.0, 18.6, 16.5; M%&z); 428 (M', 100%); Anal. Calc. for: £H3NsOS
(428): C, 61.65; H, 7.53; N, 19.61%; Found: C, @119, 7.81; N, 19.47%.

4.1.7.13. 2-(1-(4-Methyl-2-(4-(3-(octahydroisoquidm-2(1H)-yl)propoxy)phenyl)thiazol-5-
yl)ethylidene)hydrazine-1-carboximidamide (75).0Orange solid (136 mg, 80%); mp = 58-59
°C; 'H NMR (DMSO<g) &: 7.82 (d,J = 9.6 Hz, 2H), 7.02 (dJ = 9.6 Hz, 2H), 5.73-5.61 (brs,
4H), 4.05 (t,J = 8.4 Hz, 2H), 2.55 (s, 3H), 2.35 (t= 8.4 Hz, 2H), 2.29 (s, 3H), 1.90-1.20 (m,
18H); **C NMR (DMSO4dg) &: 162.8, 160.4, 159.9, 148.1, 143.3, 134.5, 128%,.7, 115.3,
66.4, 65.3, 56.0, 45.6, 27.2, 25.0, 20.7, 19.72,198.6, 16.6; MSn\z2); 468 (M', 24%); Anal.
Calc. for: GsHzeNgOS (468): C, 64.07; H, 7.74; N, 17.93%; Found: €,36; H, 7.98; N,
18.14%.

4.1.7.14. 2-(1-(2-(4-(4-(Azetidine-1-yl)butoxy)phe)-4-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (76).Orange solid (256 mg, 83%):; mp = 105-107 *@;:NMR
(DMSO-dg) &: 8.02 (d,J = 8.7 Hz, 2H), 7.01 (dJ = 8.7 Hz, 2H), 5.83 (brs, 4H), 4.18 {t= 7.2
Hz, 2H), 3.87 (tJ = 7.2 Hz, 2H), 3.09-2.97 (m, 2H), 2.67 (s, 3H), 2(543H), 1.98-1.61 (m,

8H): ®C NMR (DMSOde) &: 162.7, 160.4, 160.0, 147.9, 143.3, 134.6, 12128,3, 115.3, 68.0,



55.7, 54.0, 27.1, 25.2, 23.5, 18.6, 16.55; MBz(, 400 (M, 29.84%); Anal. Calc. for:
CooH28NgOS (400): C, 59.97; H, 7.05; N, 20.98%; Found: @HB; H, 7.53; N, 21.49%.

4.1.7.15. 2-(1-(4-Methyl-2-(4-(4-(pyrrolidin-1-yl)lutoxy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (77).Orange solid (154 mg, 89%); mp = 96-97 °&; NMR
(DMSO-dg) &: 7.79 (d,J = 8.0 Hz, 2H), 6.99 (d] = 8.0 Hz, 2H), 5.69 (brs, 2H), 5.57 (brs, 2H),
4.01 (t,J = 6.8 Hz, 2H), 2.53 (s, 3H), 2.41-2.38 (m, 6H),72(8, 3H), 1.75-1.72 (m, 2H), 1.65-
1.63 (m, 4H), 1.57-1.54 (m, 2HY*C NMR (DMSO4e) &: 162.7, 160.4, 160.0, 147.9, 143.3,
134.6, 127.7, 126.3, 115.3, 68.0, 55.7, 54.0, 24512, 23.5, 18.6, 16.55; M®\2); 414 (M,
27.84%); Anal. Calc. for: £H3oN6OS (414): C, 60.84; H, 7.29; N, 20.27%; Found: €08; H,
7.43; N, 20.41%.

4.1.7.16. 2-(1-(4-Methyl-2-(4-(4-(thiazolidin-3-yhutoxy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (78).Orange solid (150 mg, 87%); mp = 93-95 °&; NMR
(DMSO-dg) 5: 7.80 (d,J = 8.8 Hz, 2H), 7.00 (d] = 8.8 Hz, 2H), 5.70-5.62 (brs, 4H), 4.03Jt
7.2 Hz, 2H), 3.28 (s, 2H), 2.98 (t= 6.4 Hz, 2H), 2.75 (t) = 6.2 Hz, 2H), 2.53 (s, 3H), 2.36-
2.30 (m, 2H), 2.27 (s, 3H), 1.78-1.73 (m, 2H), 11585 (m, 2H)*C NMR (DMSO+) &: 162.9,
160.5, 159.8, 148.2, 143.5, 134.3, 127.7, 126.8,3.167.9, 60.7, 57.9, 51.8, 29.3, 26.8, 25.3,
18.6, 16.6; MS1(\2); 432 (M, 49.86%); Anal. Calc. for: £H.eNsOS, (432): C, 55.53; H, 6.52;
N, 19.43%; Found: C, 55.76; H, 6.81; N, 19.28%.

4.1.7.17. 2-(1-(2-(4-(4-@-Imidazol-1-yl)butoxy)phenyl)-4methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (79).Orange solid (139 mg, 80%); mp = 171-173 ¢ NMR
(DMSO-dg) &: 7.81 (d,J = 8.4 Hz, 2H), 7.63 (s, 1H), 7.18 (s, 1H), 7.01J¢, 8.4 Hz, 2H), 6.88
(s, 1H), 5.75 (brs, 4H), 4.03 (= 6.6 Hz, 2H), 2.55 (s, 3H), 2.29 (s, 3H), 1.8911(M, 6H);*°C

NMR (DMSO-) 6: 162.8, 160.3, 159.8, 148.2, 143.4, 137.7, 13428,8, 127.7, 126.4, 119.7,



115.4, 67.5, 46.0, 45.5, 27.7, 26.1, 18.6, 1648l. Calc. for: GoH2sN70S (411): C, 58.37; H,
6.12; N, 23.83%; Found: C, 58.60; H, 6.38; N, 22669

4.1.7.18. 2-(1-(4-Methyl-2-(4-(4-(piperidin-1-yl)btoxy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (80).Orange solid (163 mg, 94%): mp = 109-112 *@;:NMR
(DMSO-dg) &: 7.81 (d,J = 5.8 Hz, 2H), 7.01 (dJ = 5.8 Hz, 2H), 5.70 (brs, 2H), 5.57 (brs, 2H),
4.03 (t,J = 6.6 Hz, 2H), 2.59 (s, 3H), 2.58-2.55 (m, 2H),2(8, 3H), 2.29-2.24 (m, 4H), 1.72-
1.69 (m, 2H), 1.57-1.55 (m, 2H), 1.49-1.45 (m, 4HB8-1.36 (M, 2H)}3C NMR (DMSOds) &:
162.7, 160.4, 160.0, 148.0, 143.3, 134.6, 127.%,312115.3, 68.0, 58.5, 54.4, 27.0, 26.0, 24.6,
23.2, 18.6, 16.5; MS{\2); 428 (M", 47.88%); Anal. Calc. for: £H3NOS (428): C, 61.65; H,
7.53; N, 19.61%,; Found: C, 61.89; H, 7.66; N, 19454

4.1.7.19. 2-(1-(4-Methyl-2-(4-(4-(2-methylpiperidirl-yl)butoxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (81)Orange solid (159 mg, 92%); mp = 76-77 °C;
H NMR (DMSO-dg) &: 7.81 (d,J = 9.2 Hz, 2H), 7.01 (dJ = 9.1 Hz, 2H), 5.80-5.55 (brs, 4H),
4.04 (t,J = 6.6 Hz, 2H), 2.80-2.62 (m, 2H), 2.55 (s, 3H),2(8, 3H), 2.26-2.23 (m, 2H), 2.18-
2.02 (m, 1H), 1.74-1.68 (m, 2H), 1.57-1.50 (m, 4HBO0-1.19 (M, 4H), 0.99 (d,= 6.2 Hz, 3H);
13C NMR (DMSO«) &: 162.7, 160.4, 160.0, 148.0, 143.3, 134.5, 12728.3, 115.3, 68.0,
62.0, 58.3, 53.9, 33.2, 31.1, 27.0, 25.5, 23.20,208.6, 16.5; MSn\z); 442 (M', 11.07%);
Anal. Calc. for: GsH34NgOS (442): C, 62.41; H, 7.74; N, 18.99%; Found: £68; H, 7.85; N,
18.76%.

4.1.7.20. 2-(1-(4-Methyl-2-(4-(4-(3-methylpiperidirl-yl)butoxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (82).Orange solid (163 mg, 95%); mp = 115-116
°C: 'H NMR (DMSO-ds) 5: 7.81 (d,J = 8.4 Hz, 2H), 7.00 (d] = 8.4 Hz, 2H), 5.77-5.66 (brs,

4H), 4.01 (tJ = 5.7 Hz, 2H), 2.74-2.59 (m, 4H), 2.56 (s, 3H),2(8, 3H), 2.30-2.23 (m, 2H),



1.77-1.62 (m, 4H), 1.56-1.36 (m, 5H), 0.81 Jcs 8.0 Hz, 3H)*C NMR (DMSO4g) &: 162.7,
160.4, 160.0, 148.0, 143.3, 134.5, 127.7, 126.8,31168.0, 62.0, 58.3, 53.9, 33.2, 31.1, 27.0,
25.5, 23.2, 20.0, 18.6, 16.5; MB\g); 442 (M, 72.90%); Anal. Calc. for: SH34NsOS (442): C,
62.41; H, 7.74; N, 18.99%; Found: C, 62.68; H, 719018.78%.

4.1.7.21. 2-(1-(4-Methyl-2-(4-(4-(4-methylpiperidirl-yl)butoxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (83)Orange solid (163 mg, 95%); mp = 98-100 °C;
H NMR (DMSO-d) §: 7.95 (d,J = 9.2 Hz, 2H), 7.01 (dJ = 9.2 Hz, 2H), 5.89-5.60 (brs, 4H),
4.02 (t,J = 7.2 Hz, 2H), 2.80-2.79 (m, 2H), 2.56 (s, 3H),®2(8, 3H), 2.27-2.25 (m, 4H), 1.83-
1.78 (m, 2H), 1.75-1.67 (m, 2H), 1.58-1.52 (m, 4H22-1.08 (m, 1H), 0.88 (d,= 7.6 Hz, 3H);
13C NMR (DMSO«) 5: 162.7, 160.4, 159.9, 151.3, 148.0, 134.5, 12728.3, 115.3, 68.0,
58.2, 53.8, 34.5, 30.9, 29.5, 27.0, 23.3, 22.3,186.5; MS Kn\2); 442 (M', 7.99%); Anal. Calc.
for: C3H3aN6OS (442): C, 62.41; H, 7.74; N, 18.99%; Found: €56; H, 7.98; N, 18.85%.
4.1.7.22. 2-(1-(4-Methyl-2-(4-(4-(4-methylpiperazii-yl)butoxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (84).Yellow solid (162 mg, 94%); mp = 100-102
°C: 'H NMR (DMSO-de) &: 7.81 (d,J = 8.4 Hz, 2H), 7.01 (d] = 8.4 Hz, 2H), 5.78-5.65 (brs,
4H), 4.01-3.94 (m, 2H), 2.56 (s, 3H), 2.51 (s, 3RIN8-2.15 (M, 10H), 2.13 (s, 3H), 1.72-1.55
(m, 4H);*C NMR (DMSO4d) 8: 162.7, 160.4, 160.0, 147.9, 143.2, 134.6, 1212B,3, 115.3,
68.0, 57.8, 55.2, 53.1, 46.2, 27.0, 23.1, 18.65;16S (M\z); 443 (M, 100%); Anal. Calc. for:
CooH33N70S (443): C, 59.56; H, 7.50; N, 22.10%; Found: €78; H, 7.63; N, 21.89%.

4.1.7.23. 2-(1-(4-Methyl-2-(4-(4-morpholinobutoxy)penyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (85).Orange solid (165 mg, 96%); mp = 125-128 *8;NMR
(DMSO-ds) &: 7.81 (d,J = 8.7 Hz, 2H), 7.01 (d] = 8.7 Hz, 2H), 5.68 (brs, 4H), 4.04 Jt= 6.6

Hz, 2H), 3.55 (tJ = 7.8 Hz, 4H), 2.55 (s, 3H), 2.33-2.31 (m, 6H),2(®, 3H), 1.77-1.72 (m,



2H), 1.59-1.57 (m, 2H)*C NMR (DMSO+) 5: 162.8, 160.4, 148.0, 143.4, 134.5, 130.0, 127.7,
126.3, 115.3, 67.9, 66.6, 58.2, 53.7, 29.5, 26297,218.6, 16.6; MSnf\2); 430 (M, 100%);
Anal. Calc. for: GiH3oNgO2S (430): C, 58.58; H, 7.02; N, 19.52%; Found: C798H, 7.25; N,
19.34%.

4.1.7.24. 2-(1-(4-Methyl-2-(4-(4-thiomorpholinobutgy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (86).Yellow solid (148 mg, 86%); mp = 104-105 °& NMR
(DMSO-dg) &: 7.79 (d,J = 8.8 Hz, 2H), 6.99 (d] = 8.8 Hz, 2H), 5.70-5.62 (brs, 4H), 4.01J&
6.2 Hz, 2H), 2.60-2.55 (m, 8H), 2.53 (s, 3H), 2(83 = 6.8 Hz, 2H), 2.27 (s, 3H), 1.73-1.66 (m,
2H), 1.58-1.52 (m, 2H)-*C NMR (DMSO+g) §: 162.7, 160.4, 159.9, 148.0, 143.3, 134.5, 127.7,
126.3, 115.3, 68.0, 58.4, 55.0, 27.7, 26.9, 22886,116.5; MS 1f\2); 446 (M', 9.17%); Anal.
Calc. for: GiH3NeOS, (446): C, 56.47; H, 6.77; N, 18.82%; Found: C,786.H, 6.94; N,
18.69%.

4.1.7.25. 2-(1-(2-(4-(4-(Azepan-1-yl)butoxy)phenyf-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (87).Orange solid (151 mg, 88%); mp = 110-112 *8;:NMR
(DMSO-dg) &: 7.82 (d,J = 8.8 Hz, 2H), 7.02 (d] = 8.8 Hz, 2H), 5.77 (brs, 4H), 4.04 Jt= 8 Hz,
2H), 2.56 (s, 3H), 2.31 (s, 3H), 1.89-1.85 (m, 4H){7-1.70 (m, 6H), 1.56-1.23 (m, 8HfC
NMR (DMSO-) 6: 162.9, 160.5, 159.8, 148.2, 143.5, 134.3, 12¥2B,3, 115.3, 68.0, 57.5,
55.2, 28.2, 26.9, 25.1, 18.6, 16.6; Mi8\); 442 (M, 100%); Anal. Calc. for: gH34NsOS
(442): C, 62.41; H, 7.74; N, 18.99%; Found: C, 62H, 7.82; N, 18.78%.

4.1.7.26. 2-(1-(4-Methyl-2-(4-(4-(octahydroisoquinim-2(1H)-yl)butoxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (88).Orange solid (143 mg, 84%); mp = 111-114
°C: 'H NMR (DMSO-ds) 5: 7.82 (d,J = 8.4 Hz, 2H), 7.02 (d] = 8.4 Hz, 2H), 5.73-5.67 (brs,

4H), 4.03 (t,J = 8.0 Hz, 2H), 2.83-2.70 (m, 2H), 2.56 (s, 3H),®(8, 3H), 2.30-2.26 (m, 4H),



1.88-1.45 (m, 7H), 1.23- 0.83 (m, 9HFC NMR (DMSO4dg) &: 162.8, 160.4, 159.8, 148.1,
143.4, 134.4, 127.7, 126.3, 115.3, 68.0, 60.4,,58113, 33.0, 30.6, 27.0, 26.4, 26.1, 23.2, 18.6,
16.6; MS (n\2); 482 (M, 13.39%); Anal. Calc. for: £gH3sNsOS (482): C, 64.70; H, 7.94; N,
17.41%; Found: C, 64.97; H, 8.15; N, 17.63%.

4.1.7.27. 2-(1-(2-(4-((5-(Azetidin-1-yl)pentyl)oxyphenyl)-4-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (89).Orange oil (268 mg, 87%JH NMR (DMSO-d) &: 7.98
(d, J = 9.3 Hz, 2H), 7.03 (dJ = 9.3 Hz, 2H), 5.87 (brs, 4H), 4.05 {t= 6.3 Hz, 2H), 3.19-3.11
(m, 2H), 2.68 (s, 3H), 2.49 (s, 3H), 1.77-1.12 @Hl), 0.92-0.83 (M, 4H); MSnf\2); 414 (M,
100%); Anal. Calc. for: gH3NgOS (414): C, 60.84; H, 7.29; N, 20.27%; Found: C88; H,
7.85; N, 21.44%.

4.1.7.28. 2-(1-(4-Methyl-2-(4-((5-(pyrrolidine-1-yipentyl)oxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (90).Yellow solid (154 mg, 89%); mp = 161-163
°C: 'H NMR (DMSO-g) &: 11.44 (brs, 1H), 10.65 (brs, 1H), 7.86 J& 9.3 Hz, 2H), 7.78 (brs,
2H), 7.07 (dJ = 9.2 Hz, 2H), 4.05 () = 6.4 Hz, 2H), 2.59 (s, 3H), 2.51-248 (m, 6H), 2(82
3H), 2.00-1.20 (m, 10H)**C NMR (DMSO4de) &: 165.4, 161.0, 156.3, 152.6, 147.7, 130.0,
128.1, 125.6, 115.5, 67.9, 54.0, 53.1, 28.4, 2832, 18.6, 18.5; MSnf\2); 428 (M, 100%);
Anal. Calc. for: G,H3.NgOS (428): C, 61.65; H, 7.53; N, 19.61%; Found: €88; H, 7.65; N,
19.54%.

4.1.7.29. 2-(1-(4-Methyl-2-(4-((5-(thiazolidin-3-ypentyl)oxy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (91).Yellow solid (146 mg, 85%); mp = 135-138 °& NMR
(DMSO-dg) &: 7.86 (d,d = 9.1 Hz, 2H), 7.78 (brs, 4H), 7.07 @= 9.1 Hz, 2H), 4.05 (1) = 6.4

Hz, 2H), 3.29 (s, 2H), 2.59 (s, 3H), 2.51-248 (H)42.42 (s, 3H), 2.00-1.20 (m, 8H); MBIG);



446 (M, 7.70%); Anal. Calc. for: §H3oNsOS, (446): C, 56.47; H, 6.77; N, 18.82%; Found: C,
56.75; H, 6.94; N, 18.59%.

4.1.7.30. 2-(1-(2-(4-(5-"-Imidazol-1-yl)pentyl)oxy)phenyl)-4-methylthiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (92).Yellow solid (151 mg, 87%); mp = 183-185
°C; 'H NMR (DMSO-dg) &: 11.56 (brs, 1H), 9.20 (s, 1H), 7.85 (o= 8.7 Hz, 2H), 7.81 (s, 1H),
7.80 (brs, 3H), 7.69 (d,= 5.7 Hz, 2H), 7.04 (d] = 8.7 Hz, 1H), 4.23 (t} = 6.6 Hz, 2H), 4.04 (t,
J=6.1 Hz, 2H), 2.58 (s, 3H), 2.43 (s, 3H), 1.9171(B, 2H), 1.79-1.75 (m, 2H), 1.49-1.40 (m,
2H); MS (M\2); 425 (M', 28.25%); Anal. Calc. for: £H2;N;OS (425): C, 59.27; H, 6.40; N,
23.04%; Found: C, 59.40; H, 6.58; N, 22.87%.

4.1.7.31. 2-(1-(4-Methyl-2-(4-((5-(piperidin-1-yl)pntyl)oxy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (93).Yellow solid (167 mg, 97%); mp = 178-179 °& NMR
(DMSO-dg) &: 11.55 (brs, 1H), 10.40 (brs, 1H), 7.86 J& 8.6 Hz, 2H), 7.77 (brs, 2H), 7.07 (d,
J = 8.6 Hz, 2H), 4.05 (t) = 7.6 Hz, 2H), 3.40-3.38 (m, 2H), 3.01-2.96 (m, 2B)B4-2.77 (m,
2H), 2.60 (s, 3H), 2.44 (s, 3H), 1.77-1.68 (m, 6H}8-1.38 (M, 6H)**C NMR (DMSOds) &:
165.4, 161.0, 156.2, 152.7, 147.8, 130.0, 128.5,712115.5, 67.8, 56.0, 52.3, 28.5, 23.2, 23.1,
22.8, 21.9, 18.5; MSnf\2); 442 (M, 100%); Anal. Calc. for: §HsNsOS (442): C, 62.41; H,
7.74; N, 18.99%; Found: C, 62.59; H, 7.85; N, 18673

4.1.7.32. 2-(1-(4-Methyl-2-(4-((5-(2-methylpiperidi-1-yl)pentyl)oxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (94)Yellow solid (161 mg, 94%); mp = 89-91 °C;
H NMR (DMSO-dg) &: 7.82 (d,J = 9.2 Hz, 2H), 7.02 (d] = 9.2 Hz, 2H), 5.74- 5.6(brs, 4H),
4.01 (t,J = 7.2 Hz, 2H), 2.77-2.7%m, 1H), 2.55 (s, 3H), 2.30 (s, 3H), 2.22-2(19, 2H), 2.05-
2.02(m, 2H), 1.75- 1.74m, 2H), 1.55- 1.1§m, 10H), 0.98 (d,] = 7.2 Hz, 3H);**C NMR

(DMSO-dg) 6: 165.4, 161.0, 156.3, 152.6, 147.7, 134.6, 128257, 119.6, 115.5, 67.9, 58.6,



52.0,51.2, 31.3, 30.2, 28.6, 23.3, 22.9, 22.26,1B7.6; MS n\2); 456 (M’, 7.66%); Anal. Calc.
for: Co4H3eN6OS (456): C, 63.12; H, 7.95; N, 18.40%; Found: &3&; H, 8.17; N, 18.63%.
4.1.7.33. 2-(1-(4-Methyl-2-(4-((5-(3-methylpiperidi-1-yl)pentyl)oxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (95).Yellow solid (162 mg, 95%); mp = 130-133
°C: 'H NMR (DMSO-dg) &: 11.41 (brs, 1H), 10.35 (brs, 1H), 7.86 Jd; 8.4 Hz, 2H), 7.71 (brs,
2H), 7.07 (dJ = 8.4 Hz, 2H), 4.06 (1) = 6.2 Hz, 2H), 3.47-3.30 (m, 4H), 3.00- 2.90 (m,)2H
2.59 (s, 3H), 2.42 (s, 3H), 2.00- 1.89 (m, 2H),7:.8.71 (m, 7H), 1.55-1.45 (m, 2H), 0.89 {d;
6.6 Hz, 3H);"*C NMR (DMSO+) 5: 165.4, 161.0, 156.3, 152.6, 147.8, 130.0, 12825.7,
115.5, 67.8, 57.7, 56.3, 51.9, 30.5, 29.0, 28.51,2&.7, 19.0, 18.6, 18.5; M&\); 456 (M,
20.74%); Anal. Calc. for: £H3sNeOS (456): C, 63.12; H, 7.95; N, 18.40%; Found: &286; H,
8.19; N, 18.23%.

4.1.7.34. 2-(1-(4-Methyl-2-(4-((5-(4-methylpiperidi-1-yl)pentyl)oxy)phenyl)thiazol-5-yl)
ethylidene)hydrazine-1-carboximidamide (96).Yellow solid (164 mg, 96%); mp = 138-139
°C: 'H NMR (DMSO-dg) &: 7.82 (d,J = 7.2 Hz, 2H), 7.01 (dJ = 7.2 Hz, 2H), 5.74 (brs, 2H),
5.62 (brs, 2H), 4.02-3.97 (m, 2H), 2.80Jt 9.6 Hz, 2H), 2.56 (s, 3H), 2.31 (s, 3H), 2.2321.7
(m, 8H), 1.56-1.07 (m, 7H), 0.88 (@= 6 Hz, 3H);**C NMR (DMSO4s) &: 162.7, 160.5, 160.0,
147.9, 143.2, 134.6, 127.7, 126.3, 115.3, 68.1,58.9, 34.5, 30.9, 29.0, 26.7, 24.0, 22.3, 18.6,
16.5; MS (n\z2); 456 (M", 100%); Anal. Calc. for: §H3eNeOS (456): C, 63.12; H, 7.95; N,
18.40%; Found: C, 63.40; H, 7.69; N, 18.17%.

4.1.7.35. 2-(1-(4-Methyl-2-(4-((5-(4-methylpiperani 1-yl)pentyl)oxy)phenyl)thiazol-5-yI)
ethylidene)hydrazine-1-carboximidamide (97).Yellow solid (156 mg, 91%); mp = 180-183
°C: 'H NMR (DMSO-dg) &: 7.81 (d,J = 5.7 Hz, 2H), 7.01 (dJ = 5.7 Hz, 2H), 5.74-5.59 (brs,

4H), 4.01 (tJ = 6.6 Hz, 2H), 2.55 (s, 3H), 2.38- 2.23 (M, 10HRD(s, 3H), 2.21 (s, 3H) 1.75-



1.71 (m, 2H), 1.45- 1.41 (m, 4HJ°C NMR (DMSO+4) &: 162.7, 160.5, 160.0, 147.9, 143.2,
134.6, 127.7, 126.3, 115.3, 68.1, 58.6, 55.2, 5862, 28.9, 26.5, 23.9, 18.6, 16.5; M8\%);
457 (M, 22.25%); Anal. Calc. for: HssN-,OS (457): C, 60.36; H, 7.71; N, 21.42%; Found: C,
60.49; H, 7.85; N, 21.27%.

4.1.7.36. 2-(1-(4-Methyl-2-(4-((5-morphlinopentyl)®y)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (98).Yellow solid (160 mg, 93%); mp = 181-183 °& NMR
(DMSO-dg) &: 7.85 (d,J = 7.9 Hz, 2H), 7.01 (d] = 7.9 Hz, 2H), 5.78-5.59 (brs, 4H), 4.02J&
6.2 Hz, 2H), 3.55-3.50 (m, 4H), 3.47-3.40 (m, 6B1B8 (s, 3H), 2.26 (s, 3H), 1.79-1.45 (m, 6H);
¥C NMR (DMSO4g) &: 162.7, 160.4, 160.0, 147.9, 143.2, 134.6, 12726.3, 115.3, 68.0,
66.6, 58.6, 53.8, 28.9, 26.1, 23.8, 18.6, 16.5; \); 444 (M', 100%); Anal. Calc. for:
CooH3oNgO,S (444): C, 59.43; H, 7.25; N, 18.90%; Found: C7B69H, 7.41; N, 19.13%.
41.7.37. 2-(1-(4-Methyl-2-(4-((5-thiomorphlinopentl)oxy)phenyl)thiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (99).Orange solid (139 mg, 81%); mp = 119-121 *8;:NMR
(DMSO-dg) &: 7.81 (d,J = 7.8 Hz, 2H), 7.01 (d) = 7.8 Hz, 2H), 5.73-5.59 (brs, 4H), 4.01J&
6.3 Hz, 2H), 2.58 (s, 3H), 2.55-2.49 (m, 8H), 2(893H), 1.75-1.70 (m, 4H), 1.48-1.44 (m, 4H);
13C NMR (DMSO4) &: 162.7, 160.5, 160.0, 147.9, 143.2, 134.6, 12728.3, 115.3, 68.1,
58.8, 55.1, 28.9, 27.6, 26.1, 23.8, 18.6, 16.5; (f); 460 (M’, 100%); Anal. Calc. for:
C22H32NeOS, (460): C, 57.36; H, 7.00; N, 18.24%; Found: C597H, 7.16; N, 18.05%.
4.1.7.38. 2-(1-(2-(4-((5-(Azepan-1-yl)pentyl)oxy)@myl)-4-methylthiazol-5-yl)ethylidene)
hydrazine-1-carboximidamide (100).White solid (145 mg, 85%); mp = 181-182 °& NMR
(DMSO-dg) &: 7.81 (d,J = 8.8 Hz, 2H), 7.01 (d] = 8.8 Hz, 2H), 5.74-5.63 (brs, 4H), 4.01J&
6.4 Hz, 2H), 2.55 (s, 3H), 2.54-2.51 (m, 4H), 2(40 = 6.8 Hz, 2H), 2.29 (s, 3H), 1.74-1.42 (m,

10H), 1.43-1.42 (m, 4HYC NMR (DMSOdg) §: 162.7, 160.5, 160.0, 147.9, 143.2, 134.6,



127.7,126.3, 115.3, 68.1, 57.9, 55.3, 29.0, ZB/#4, 27.0, 23.8, 18.6, 16.5; MB\§); 456 (M,
11.46%); Anal. Calc. for: £H3sNeOS (45): C, 63.12; H, 7.95; N, 18.40%; Found: C263H,
8.13; N, 18.19%.

4.1.7.39. 2-(1-(4-Methyl-2-(4-((5-(octahydroisoquulin-2(1H)pentyl)oxy)phenyl)thiazol-5-
yl)ethylidene)hydrazine-1-carboximidamide (101)Orange solid (147 mg, 87%); mp = 72-74
°C: H NMR (DMSO-<) &: 7.82 (d,J = 8.7 Hz, 2H), 7.02 (dJ = 8.7 Hz, 2H), 6.05-5.97 (brs,
4H), 4.02 (tJ = 6.3 Hz, 2H), 2.95-2.77 (m, 2H), 2.56 (s, 3H), 2329 (m, 2H), 2.31 (s, 3H),
2.05- 1.95 (m, 2H), 1.76-0.87 (m, 18HJC NMR (DMSO4s) &: 163.4, 160.6, 159.9, 149.1,
144.4, 133.4, 127.8, 126.2, 115.3, 68.0, 59.9,,381D, 41.5, 32.8, 30.4, 29.2, 26.4, 26.1, 23.8,
22.5, 18.6, 17.1; MSnf\2); 496 (M', 100%); Anal. Calc. for: &HsoN¢OS (496): C, 65.29; H,

8.12; N, 16.92%,; Found: C, 65.43; H, 8.24; N, 6.53%

4.2. Microbiological assays

4.2.1. Bacterial strains, mammalian cell lines, aittiotics and compounds.Bacterial strains
used in this study were obtained from Biodefens® Bmerging Infections Research Resources
Repository (BEI Resources) and the American Typdtu@a Collection (ATCC). Human
colorectal adenocarcinoma (Caco-2) cell line andrimeu macrophage (J774) cells were
purchased from American Type Culture Collection @XI). Linezolid (Chem-impex
International, Wood Dale, IL, USA) and vancomyciydiochloride (Gold Biotechnology, St.
Louis, MO, USA), were purchased from commercialdas. Phenylthiazole compounds were
prepared in a stock concentration of 10 mg/mL in&M

4.2.2. Determination of the antibacterial activity (MICs and MBCs) of the new
phenylthiazole compounds againstStaphylococcus aureus and other multidrug-resistant

Gram-positive bacterial species.The broth microdilution method was utilized to tteke



antibacterial activity of the new phenylthiazolengmounds against a panel of clinically-
importantS. aureus strains and Gram-positive bacteria according &g ghidelines outlined by
the Clinical and Laboratory Standards Institute $0L36], see Sl for more details.

4.2.3. In vivo Pharmacokinetics. Pharmacokinetic studies were performed in maleenai

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

Committee guidelinesOral dosing (5 mg/kg) was administered by oral gavage in a vehicl
containing 40% PEG 400, and 60% water. Blood sasnwiere collected over a 24-hour period
post dose into Vacutainer tubes containing EDTA-KRlasma was isolated, and the
concentration of tested compound in plasma wasrméeted with LC/MS/MS after protein
precipitation with acetonitrileNon-compartmental pharmacokinetic analysis wasoperéd on
plasma concentration data to calculate pharmact&iparameters as described in a previous
report [37].

4.2.4. Killing kinetics of compounds 6, 9, 14nd 12 against MRSA.The test was performed
against MRSA USA400, as described previously [B3iefly, 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.

4.2.5.1n vitro cytotoxicity analysis against human colorectal cH. Testedphenylthiazoles
were assayed for potential cytotoxicity againstieman colorectal adenocarcinoma (Caco-2) cell
line, as described previously [38]. Briefly, testmmmpounds were incubated with caco-2 cells
for 2 and 24 hours. Then, cells were incubated WKRS 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenylHzetrazolium) reagent for 3-4 hours before

measuring absorbance values (QJp



4.2.6. MRSA biofilm eradication assessmentTested compounds were examined for their
ability to eradicate pre-formed, well establishectune staphylococcal biofilm using the
microtiter plate biofilm formation assay as desedtn previous reports [39, 40].

4.2.5. Intracellular infection of J774 cells with MRSA. The ability of tested compoun@s 9
and vancomycin (at 2 x MIC and 4 x MIC) to reduge burden of intracellular MRSA USA400
inside murine macrophage (J774) cells was evaluegedported elsewhere [41, 42].

Supporting information. The supporting information is available free bage on the journal
website. The experimental details lofvitro cytotoxicity assessment against J774 cells and in
vivo PK, and'H and**C NMR spectra of all new described compounds.
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The lead compounds 1b and 1c are obese with bad physicochemical properties and poor
PK profiles

Derivatives with small cyclic amines at the lipophilic part are with good physicochemical
properties

Compound 8 is a good candidate for biofilm-related infections (S. epidermidis and S.
aureus)

At non-toxic concentrations, compound 8 generated 98% reduction of intracellular
MRSA

Compound 8 is well absorbed, and maintained a therapeutic plasma concentration for

more than 12 h
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