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Engineering another class of anti-tubercular lead: Hit to lead
optimization of an intriguing class of Gyrase ATPase
inhibitors
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Vats®, Perumal Y ogeeswari®, Dharmarajan Sriram®
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4BAE protein co-cyrstallized with ligand.
Optimized lead Compound 29.

GyrBassay (ICsp) : 2.5 uM
Supercoiling assay (ICs0): 3.12 pM
MTBMIC: 7.26 puM
Bioavailability %F: 71.17 + 3.20

A structure based medium throughput virtual screening of in house chemical library to identify novel
binders of Mycobacterium tuberculosis gyrase ATPase domain led to the discovery of a quinoline
scaffold. Initial hit isfurther optimized to study SAR and biological evaluation.
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Abstract:

A structure based medium throughput virtual scregntampaign of BITS-Pilani in house

chemical library to identify novel binders bfycobacterium tuberculosis gyrase ATPase domain

led to the discovery of a quinoline scaffold. [Rert medicinal chemistry explorations on the
right hand core of the early hit, engendered amidead demonstrating superior efficacy both in
the enzyme and whole cell screening assay. Thergradfinity shown at the enzyme level was
further corroborated by biophysical characterizatitechniques. Early pharmacokinetic
evaluation of the optimized analogue was encougagimd provides interesting potential for

further optimization.

Keywords: Medium throughput virtual screenintylycobacterium tuberculosis, DNA Gyrase,

differential scanning fluorimetry.
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1. Introduction:

Poor patient compliance and irrational prescriljngctices have ruined the effectiveness of the
currently available drug regime for tuberculosibeTemergence of the drug resistant strains and
TB co-infection in HIV/AIDS patient are other facsathat have made the treatment for TB more
challenging [1-3]. To combat these issues and tetmgture therapeutic needs, structurally

unique chemical entities that target new targetsypays are needed.

The druggability ofDNA Gyrase has been well established clinically a@sdinhibition has
shown catastrophic effect on bacterial cell growtid survival. DNA gyrase is an essential
enzyme that introduces negative supercoils into D4 regulates the superhelical state of the
bacterial chromosomes. The functional DNA gyraseyete exists as a heterotetramer with two
A subunits and two B subunits {B,). The A subunit (90 to 100 kDa, depending on thetérial
species) carries the breakage-reunion activewltereas the B subunit (70 to 90 kDa) promotes

ATP hydrolysis, providing sufficient amount of eggifor the DNA super coiling.

Unlike other bacterial genome DNA-gyrase is the Sofpe Il topoisomerase Mycobacterium
tuberculosis, making it more attractive from a drug discoveeygpective as it makes the enzyme
more vulnerable to inhibition and hence a novel Diykase lead can be effectively nurtured

into an anti-tubercular drug [4-7].

Flouroquinolones (FQs), that acts through the iibib of gyrA domain of DNA gyrase are the
most researched anti-tubercular DNA gyrase inhibjtavith two candidates (Moxifloxacin
[MXF] and Gatifloxacin [GAT] being trailed at Phal&of current anti-TB clinical portfolio [8-
10]. MXF has demonstrated promising activity agaimsth drug sensitive and drug resistant

strains of MTB and had shown indication of its uéeéss in reducing the length of TB treatment
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regimens in their earlyn vitro and murine studied 1-12]. However a recent meta-analysis for
clinical trials of MXF or GAT containing regimen &valuate their treatment efficacy and safety
as part of first line therapy of drug sensitivedrdulosis have indicated that MXF of GAT might
not have the ability to shorten treatment durafiorthe initial therapy for tuberculosis [13].

These coupled with prevalence of pre-existing taste to FQs suggest that, although
flouroquinolones could probably replace isoniazid the first line therapy of tuberculosis

because of their superior bactericidal activity andy also help in treating drug-resistant

tuberculosis but they are not going to revolutiertize treatment of tuberculosis. [14].

The ATPase domain; that makes the other half ottfanal gyrase heterotetramer @)
complex promotes ATP hydrolysis, providing suffitieamount of energy for the DNA super
coiling activity. In the absence of the ATP, DNArgye catalyzes only the relaxation of
supercoiled DNA but not the introduction of negatisupercoils. Depriving the enzyme the
source of energy via inhibition of GyrB domain shibstill exert the same phenotypic effect on
the bacterial viability to the one exhibited bydioquinolones, that inhibits the gyrA domain.
Moreover mutations in gyrase that confer resistandéuoroquinolones are outside the 43 kDa
N-terminal domain that is required for ATPase attivHowever, there has not been any
effective therapeutics developed against this tai@eTB. Thus inhibitors that target ATPase
domain, the focus of the present study may proveefigal to replace the fluoroquinolones
when resistance for that class of drug becomesarega-7, 15-20].

2. Results and Discussion
Combination of ligand based modeling and virtuaksning is an emerging concept in drug
design for identification of newer chemotypes ataative starting points for medicinal

chemistry SAR exploration. In the present work wpart the development of a novel class of
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anti-tubercular agent acting through the inhibitafrthe mycobacterial Gyrase ATPase domain
identified through structure based screening otidi® compound collection of BITS Pilani in
house database. Recent efforts from Astra Zenquartsethe identification of novel class of
pyrrolamides as potential Gyrase ATPase inhibiteith promising antimicrobial potency
againstMycobacterium tuberculosis H37Rv strain as well as 99 drug resistant, clinsalates of
Mycobacterium tuberculosis [16]. Reported crystal structure of tiycobacterium smegmatis
GyrB protein co-crystallized with most potent ligainom this study [Gyrase inhibitory ¥¢< 5
nM, PDB entry 4BAE] [16] retrieved from the Protddata Bank (www.rcsb.org) was utilized as
a structural framework in our docking exploratidosidentify newer chemotypes as putative
binders of Gyrase ATPase. Glide XP (extra prenjsimodule of Schrodinger 9.2 (Glide,
version 5.7, Schrodinger, LLC, New York, NY, 81 20121] was utilized for docking. An
initial validation of the active site pocket wagsfeemed by redocking the crystal ligand 2-[4-(3-
bromo-4-chloro-5-methyl-1H-pyrrole-2-amido)-3-metlypiperidin-1-yl]-4-(1-methyl-1H-1,2,4-
triazol-5-yl)-1,3-thiazole-5-carboxylic acid witlh¢ active site residues of tivycobacterium
smegmatis GyrB protein. Redocking results showed that thenpound exhibited similar
interactions Figure S1in supplementary information] as that of the orvaicrystal structure
which was further confirmed with RMSD of 1.45 Aater, BITS Pilani chemical library
consisting of little more than 3000 diverse compisunvere first subjected to a Glide based
Medium Throughput Virtual Screening (MTVS), a mathspecifically proven to discard
noticeable nonbinders with minimal computationatidi The molecules that came out of this
exercise were then subjected to a second roundtexirfg for medchem tractability based on
physicochemical parameters as predicted using QgkMPnodule of Schrodinger, LLC, and

undesirable chemical features. The basic goal isf dtrategy was to decrease the enormous
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virtual chemical space of small organic molecules tmanageable number of compounds that
could inhibit the protein with the highest chanoéead to a drug candidate. Four hundred eighty
ligands that satisfied the above criteria and tvege drug like were further flexibly re-docked
together with the crystal ligand using the more paotationally expensive Glide standard
precision (SP) scoring; this led to the selectiéri®0 compounds. To evaluate precisely the
binding interactions that these ligands maintaiimetthe active site cavity, the hits obtained from
Glide SP docking were further evaluated with GIXIE. The Glide XP combines accurate,
physics-based scoring terms and thorough sampding,the results gave scores ranging from
-5.01 to —7.10 kcal mot. Final short listing of possible hit compounds wmsed on visual
inspection of the important amino acid residueshm active site cleft involved in binding that
included hydrogen bonds to Asp79, Arg141 and Arg8@ hydrophobic interactions with Ala53,
llel71, Val49, Val77, Val50, Vall25, Met100, Val9ge84 and Vall23, analogues to the one
observed with the reported pyrrolamide ligand usedemplate in this study [PDB entry 4BAE,
Figure S1in supplementary information].

The selected hits retrieved from the BITS Pilartadase were then experimentally evaluated for
their in vitro Mycobacterium smegmatis ATPase inhibitory potency at a single concentratd

50 uM in triplicate by using malachite green baassay adapted to a 96-well plate format and
finally for a dose—-response estimation in more ilets described previously[19,22-24]. The
ATPase assay was performed Mycobacterium smegmatis DNA gyraseB protein due to the
low specific activity ofMycobacterium tuberculosis ATPase The use of théviycobacterium
smegmatis GyrB protein as a surrogate for the GyrB proteonTt Mycobacterium tuberculosis
has been well demonstrated in the literature [RBVobiocin, which has been previously

demonstrated to be a potent inhibitor of DNA GyiB] was used as a positive control in this
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study. Negative controls (0% inhibition) did nontain any inhibitory compounds. Compounds
were also tested in the presence of Brij-35, a nimméc detergent, to ascertain whether these
inhibitions were an artifact due to sequestratidnth® enzyme by drug aggregates. Other
artifacts, like auto absorbance of the drug, wése ailed out by nullifying its absorbance during
the reaction. The working outline utilized for idiéying the inhibitors has been depicted in
Figure 1 andthe lig. plot representation of the best six ligaiflits) together with their docking
scores, fitness and hydrogen bonding has beentddpid-igure 2.

Among the small number of hits identified Compourd [2-(4-(7-chloroquinolin-4-
yl)piperazin-1-yl)-N-(pyridin-2-ylmethyl)acetamide with gyr B inhibitory 1G, = 12.2 + 0.09
UM emerged as the most promising candidate. To hav&ructural insight into the orientation
and the possible binding interactions that thentwleculemaintained in the active site of the
protein that could possibly be exploited in the saduent hit expansion step to deliver more
potent and selective inhibitor, the ligand was wred in more detail. In the docking
explorations, Compountl exhibited a docking score of -6.26 kcal/fhaind was found to be in
the vicinity of the amino acid Ala53, Asp79, Vall28l49, llel71, Val77, Val98,Val99, Pro85,
Asn52, Glu56 and Gly83 amino acid residues (whghlso characterized to be the active site
pocket). A closer look at the interaction profilagtam of the moleculejgure 2, ligand 2 and
Figure S2in supplementary information] showed the quinoliiteogen (N-4) to be involved in

a prominent hydrogen bonding interaction with A€) @nalogues to the one observed in the
crystal ligand [PDB entry 4BAH;igure S1in supplementary information]. This interaction is
believed to be critical in retaining the actividm additional hydrogen bonding interaction was
observed between the pyridyl nitrogen on the rigdmid core and NHof His121.Furthermore

the compound was also found to be stabilized byhy@rophobic interaction with Vall125,
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Val49, llel71, Val77, Ala53, lle84, Val98, ValofaVall23 amino acid residues. However the
molecule failed to retain hydrogen bonding intamctwith Argl41l and the pi-stacking
interaction with Arg82 as observed in the referemmgstal structure; probably critical
interactions that might have reduced the potendh@imolecules in the present study compared
to the reference pyrrolamide ligand that exhibiteditro GyrB ICso in the nanomolar range.
Based on the findings from the protein-ligand iatéion of compound. in the active site of
protein, the following modification (and combinat® thereof) were explored in the first hit
expansion step (i) replacing the 7-chloro sub&duguinoline nucleus with a 7-€F-OCHs
substituted and a un- substituted quinoline careextending/reducing the chain length of the
amino-pyridyl nucleus on the right hand side (imroducing various aryl/heteroaryl nucleus of
varied chain length on the right hand core as asiples replacement for the 2-aminomethyl
pyridine nucleus.

Thus a series of 13 molecules were synthesized tisensynthetic protocol describedSoheme

1 in the first stage of hit expansion as steps tdwathe derivation of structure-activity
relationships and hit optimization.

The synthesized derivatives (cmad.2 — 14 were then evaluated for the GyrB inhibitory
potency using the previously described malachiteergrassay. Among the 13 derivatives
evaluated for their GyrB inhibitory potency, eigftmpounds showed an inhibitorysgf less
than 25 pM; out of which two compounds exhibitedsg inhibition of GyrB activity with 16
less than 10 uMTable 1]. Compound6 and13 emerged as the most promising leads with an
inhibitory 1Csp0f 9.1 £ 0.5 uM and 7.6 £ 0.7 uM respectively.

With respect to the structure-activity relationskipdy, the various substitutions attempted at the

C-7 position of the quinolone nucleus (cmpd4) was detrimental to bioactivity as none of the
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modified molecules showed any significant effecttbe GyrB activity. Docking experiments
revealed that unlike the chloro substituted anadothat oriented nicely into the hydrophobic
pocket, the various substitutions attempted atGkeé position changed the orientation of these
molecules (cmpd3—-4) completely, taking it out of the active site petkhereby loosing the
important hydrophobic interactions, a fatal deteanit of inhibitory potency. A similar trend
was also observed for un-substituted analogue (c)pms well. These findings emphasized the
importance of chloro group at this position; prifhyadue to the hydrophobic interaction that this
group maintained in the active site pocket.

With respect to the modifications attempted to usi@dmd the effect of chain length on the
aminopyridyl ring in activity determination (cmp8 - 6). It was found that an increase in chain
length by one carbon atom as in the case of contbbumas seen to significantly hamper the
activity, this as understood from the docking stsdivas due to the loss of two important
hydrogen bonding that the hit molecule (cmfjdmaintained with Asp79 and His 12Eidgure
S3in supplementary information]. However chopping tthain length of the aminopyridyl ring
by one carbon atom (as in compow)alid not have notable reduction in potency. The ke
could still hold on to the important interactiontlviAsp 79 observed in the active site pocket and
the additional hydrogen bond with His 141 outside &ctive site cavity, analogues to the one
observed in the hit molecule compouhdaccounting for its good GyrB inhibitory gof 9.1 +
0.5 uM.

Among the various aryl/heteroaryl substituted amidéempted in synthesis (cmpd.- 14);
compoundl3 emerged as the most promising lead with a Gyrhkbitdry ICsoof 7.6 £ 0.7 uM.
The binding analysis of this compounEiqure S4 in supplementary information] showed the

molecule oriented nicely into the active site cawit a pattern similar to the crystal ligand and
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was found to be involved in three hydrogen bondmeractions with Asp79, Argl41 and Arg82
amino acid residues, in addition to the hydrophdatieractions with the active site residues.
Keeping these findings in mind, a second subset syaghesized by introducing various
substituents on the right hand core of the 7-chib(piperazin-1-yl)quinoline nucleus that
mimicked the pyridyl nucleus (cmpil5—27) in the hit molecule compourid A furtherin vitro
GyrB evaluation of the synthesized molecules shothatl 9 out of 13 molecules tested under
these conditions showed d€less than 15 pMTable 1] with thiocarbamide (cmpd24) and
carbamide (cmpd25 derivatives emerging as most potent leads withGaaof 5.5 = 0.1 uM
and 6.1 + 1.3 uM respectively. A closer look at tihéeraction profile diagram of these
molecules [FiguresS5 in supplementary information] showed that molecudiented deeply into
the hydrophobic cavity in the active site pockedhibiting good fithess score and retaining the
critical hydrogen bonding interaction with Asp79 wsll as the non-polar interaction in the
hydrophobic pocket.

Based on these observations, another 18 derivaéi¥p®ring various aliphatic and aromatic
carbamide and thiocarbamide derivatives as the highd core of the 7-chloro-4-(piperazin-1-
yl)quinoline nucleus (cmpd28 — 45) were synthesized and evaluated for their GyrBbibdry
potency.In vitro characterization of these analogues revealed tilecues to exhibit good to
very promising GyrB inhibitory potency in the lowsticromolar range. Compourtd and 36,
the 4-fluorophenyl substituted thiocarbamide areldarbamide derivatives emerged as the most
promising optimized derivatives with a GyrB inhiiy ICsp0f 2.5 + 0.1 uM and 3.1 £ 0.2 uM
respectively. The docking studies [Figusé & S7in supplementary information] showed the
molecules to orient in a manner analogues to tivadal screening hit and also to that of the

second generation thiocarbamide/carbamide analogungsd. 24 and 25); retaining the critical

10
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interaction with Asp 79. The molecules nicely otezhinto the hydrophobic cavity and were
found to be stabilized there by hydrophobic inteaoas with Val49, Val, Ala53, llel71, Vall125,
and Val99 amino acid residues. A closer look at ititeraction pattern of the less active
analogue (cmpd34 ) [Figure S8 in supplementary information] in this class showedt the
introduction of the bulkier acetyl group at the gayosition of the right hand phenyl core
changed the orientation completely, thus the mdéedhough retained the hydrophobic
interaction but failed to maintain the hydrogen tiog interaction with Asp79 thus accounting
for the loss in activity.

The aliphatic thiocarbamide/carbamide derivativasgd. 42 - 45) attempted in synthesis also
turned out to be completely inactive. An in-silicovestigation into the same [Figu®9 in
supplementary information] revealed that the mdEswriented in a completely opposite
manner to the active analogues, throwing the ginaatucleus out of the pocket. Although, the
molecules still retained the interaction with Asp But this was rather observed with the right
hand carbamide and thiocarbamide NH and not wiehgthinoiline nitrogen (N-4) as in the case
of hit compoundl. Also these molecules failed in maintaining hydolpic interaction with
amino acid residues present in the active siteatem highlighting the presence of hydrophobic
ring on the right hand core as an important deteanti of inhibitory potency.

Thus the hydrogen bonding interaction with Asp i@9he active site pocket and the non polar
interactions retained in the hydrophobic cavitytioé active site could be considered as the
critical factors that drove the bioactivity.

Furthermore, the binding affinity of the most pdtenalogue was evaluated by measuring the
thermal stability of the protein—ligand complex ngsi biophysical differential scanning

fluorimetry experiments Rigure 3) using a previously demonstrated protocol [23-25].

11



251  Compound29 displayed a W shift of 4.TC (Ty = 48.TC) compared with the native proteingT
252 = 44°C), a repercussion of strong binding of the ligémthe protein and highly correlating with
253  its GyrB IGp0f 2.5 £0.1 uM.

254  All the synthesized molecules were also subjected number of secondary screenings that
255 included the Mycobacterium tuberculosis DNA supercoiling assay; followed bin vitro
256  evaluation of their antimycobacterial potency aafikty profile.

257  The DNA supercoiling assay would be an indirect sneament of their GyrB inhibitory potency
258  as any inhibition of ATPase activity conferred g tDNA GyrB subunit should also inhibit the
259  supercoiling activity performed by gyrA domain. Bhall the compounds were further evaluated
260 for their supercoiling inhibition studies usinylycobacterium tuberculosis DNA gyrase
261  supercoiling kit from Inspiralis (Inspiralis, Noreh) [26]. In general, a good correlation was
262  observed between the vitro GyrB potency andh vitro supercoiling activity Table 1]. The hit
263 molecule compound exhibited a supercoiling inhibitory kg of 6.25£0.8 uM. Out of 44
264 molecule studied, 35 molecules exhibited an inbiitlICso of < 25 uM, out of which 23
265 molecules exhibited an inhibitory 4gof < 10 uM and 12 molecules exhibited an inhibitt®yy
266 of < 5 uM [Table 1]. The optimized analogues Compowz@iand36 showed an Igof 2.7 +
267 0.14 pM and 3.125 = 0.9 pM, respectively well ctatiag with and GyrB inhibitory Ig of 2.5
268 0.1 uM and 3.1 +0.2 uM, respectively.

269  The antimycobacterial potency of these molecule®wealuated byn vitro MABA assay [27].
270  Out of the 44 molecules tested 33 molecules shawil less than 50 puM; out of which 16
271 molecules showed MIC less than 25 pM and 2 molscetdibited MIC less than 10 yuMdble
272 1]. The optimized analogues, compoun?&8 and 36 showed anin vitro Mycobacterium

273 tuberculosis MIC of 7.8 pM and 15.3 puM respectively synchrongziwell with their GyrB

12



274  inhibitory 1Csp0f 2.5 = 0.1and 3.1 + 0.2 uM and supercoilingol@f 2.7 + 0.14 and 3.125 £ 0.9

275  uM.

276  Finally the toxicity profile of all the compoundseve also tested against the mouse macrophage
277 RAW 264.7 cell lines at 100 pM concentration usiiid,5-dimethylthiazol-2-yl)-2,5-

278  diphenyltetrazolium bromide (MTT) assay [28]. Afle compounds displayed relatively good
279  safety profile except for the few nitro substitutathlogues that exhibited slight inhibition at this
280 tested concentration, with Compou38 exhibiting maximum inhibition of 42%, but can be
281 considered relatively insignificant at this stadeh® study as their gyrase inhibitorysiOwere

282  less than 2QuM.

283  that showed slight toxicity at the concentraticsted [Table 1].

284  Pharmacokinetic profile of potent analogue compoffdvas evaluated in male Wistar rats
285  following intravenous (1 mg/kg) and oral (20 mg/legdministration using a protocol as detailed
286 in the experimental section of supplementary infaron. Post to intravenous administration,
287  compound?9 exhibited favorable pharmacokinetic propertiedwtoderate distribution outside
288  of vascular system (0.99 L/kg) and low systemi@@ace Figure 5 andTable 2). Following
289  oral administrationKigure 5), compound29 was rapidly absorbed I~ 2h) and showed high
290 plasma exposure resulting fairly good oral bioadallty (68-75 %). From the oral profile, it is
291  evident that concentration levels of compow#iwere well above the Kg (~1.0 pg/ml) for
292  more than 6h. Such a high exposure could ensurapéetic effectiveness of the compound
293 against TB infections for extended duration. ltvsll known that the free drug concentration in
294 the blood influences pharmacokinetic and pharmacadyc properties of a molecule [29].
295 Therefore, we investigated protein binding abilitfyy compound29 in human and rat plasma

296  matrices. Compoun@9 showed extensive protein binding (> 90 %) acrbssspecies and the

13
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binding rate of compound9 with plasma protein was concentration-depend@ablg 2). In
order to predict metabolic clearance in humans,investigatedin vitro metabolic stability
profile of compound29 in human liver microsomes and extrapolated for &oinclearance
(CLpiood)- Microsomal stability study predicts slow hepatiearance (10.01 mL/min/kg) of
compound29 in humans. In conclusion, our studies demonstfaterable pharmacokinetic
properties of compoung9, encouraging furthein vivo studies and consideration of compound
29 as a suitable candidate to be worked out fromaapaceutical point of view as potential anti-

tubercular lead.

3. Conclusion
The present study describes the identification offeh structural motif from a medium
throughput virtual screening campaign of an in-Ro@00-member compound library for
Mycobacterium tuberculosis DNA gyraseB inhibitorsSynthesis and structure activity
relationship (SAR) studies around initial hit lexldeveral analogues, the most potent of which
displayed ann vitro gyrB inhibitory 1Gg value of 2.5 £ 0.1 uM. A correlation betwe@nvitro
gyrB inhibitory activity andin vitro antimycobacterial activity against the lab seusitH37Rv
strain of Mycobacterium tuberculosis has been destnated. A preliminary evaluation of
ADME parameters; demonstrated favorable pharmaetikiproperties of compoun#9 and
provides an important advance within the contexted antituberculosis chemotypes.

4. Experimental section:
4.1. Chemistry:

4.1.1. General:

All commercially available chemicals and solvenesrevused without further purification. TLC

experiments were performed on alumina-backed sgelad0 F254 plates (Merck, Darmstadt,

14
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Germany). Homogeneity of the compounds was mordtbsethin layer chromatography (TLC)
on silica gel 40 F254 coated on aluminum platesyalized by UV light and KMn©treatment.
Flash chromatography was performed on a Biotagersavith prepackaged disposable normal
phase silica columns. AlH and**C NMR spectra were recorded on a Bruker AM-300 (320
MHz, 75.12 MHz) NMR spectrometer, Bruker BioSpinrgoGermany. Chemical shifts were
reported in ppmd) with reference to the internal standard TMS. Slymals were designated as
follows: s, singlet; d, doublet; dd, doublet of dtets; t, triplet; m, multiplet. Molecular weights
of the synthesized compounds were checked by LCNI@®B series Agilent Technology.
Elemental analyses were carried out on an autonkdéish EA 1112 Series, CHN Analyzer
(Thermo). The purity of the final compounds wasmeed by HPLC (Shimadzu, Japan, (on
Phenomenex C8 (150 * 4.6 mm, 5um, 100 A) doubleamped RP-HPLC column)) and was
greater than 95%. 4,7-dichloroquinoline, the preourfor preparing compounds 5-45 was
procured from Sigma-Aldrich (Cas no: 86-98-6). Tgrecursor 4-chloroquinolinel-chloro-7-
(trifluoromethyl)quinoline, 4-chloro-7-methoxyquile utilized for generating compoungs3

and4 were synthesized utilizing the literature protof&i-32] respectively.

4.1.2. 7-Chloro-4-(piperazin-1-yl)quinoline: To a suspension of 4,7-dichloroquinoline (2.5g,
12.6 mmol) and potassium carbonate (2.1, 15.1 mnmolacetonitrile (20 mL) was added
piperazine (1.1g, 12.6 mmol) at°8D The reaction mixture was then heated t8C8for 1-2 h
(monitored by TLC and LCMS for completion), cooled30°C. The mixture was then filtered
through celite bed, and acetonitrile was evaporatechcuo. The resultant residue was diluted
with water (10 mL) and dichloromethane (20 mL) dhd layers separated. The aqueous layer
was re-extracted with dichloromethane (2 x 25 nilfje combined organic extract was washed

with brine, dried over sodium sulphate, and evaeoran vacuo. The resultant residue was the
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purified by column chromatography on neutral allenusing hexane:ethylacetate as eluent to
give 7-chloro-4-(piperazin-1-yl)quinoline (1.9g, 61.3%) as an off-white solidH NMR
(DMSO-dh): 61, 2.92 - 3.03 (M, 4H), 3.05 - 3.13, (m, 4H), 6.95Jd; 5.1Hz, 1H), 7.52 (dd] =

8.7 Hz,J = 1.8 Hz, 1H), 7.92 - 8.04 (m, 2H), 8.67 {c= 4.8 Hz, 1H)*C NMR (DMSO-@): sc.
156.7, 152.1, 149.6, 133.4, 128, 125.9, 125.5,3,2109.2, 52.8, 45.3. ESI-M8yz 248.1
(M+1)". Anal Calcd for GsH14CINs; C, 63.03; H, 5.70; N, 16.96; Found: 62.99; H,75.8l,
16.93

4.1.3. Methyl 2-(4-(7-chloroquinolin-4-yl)piperazir1-yl)acetate:To a suspension of 7-chloro-
4-(piperazin-1-yl)quinoline (2.5g, 10 mmol) and g&gium carbonate (1.66 g, 12 mmol) in
acetonitrile (20 mL) was added methylbromoacet&té3( g, 10 mmol) at 3C. The reaction
mixture was then heated to%Dfor 1h (monitored by TLC and LCMS for completipepoled

to 30C. The mixture was then filtered through celite badd acetonitrile was evaporated in
vacuo. The resultant residue was diluted with wated dichloromethane, and the layers
separated. The agueous layer was re-extractediwittoromethane (2 x 40 mL). The combined
organic extract was washed with brine, dried owelitan sulphate, and evaporated in vacuo The
resultant residue was the purified by column chrtogr@phy on neutral alumina using hexane:
ethylacetate as eluent to giveethyl 2-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)acetate
(2.23g, 67.6%) as an off-white soltH NMR (DMSO-&): 6. 2.73-2.82 (m, 4H), 3.01 — 3.12
(m, 4H), 3.36 (s, 2H), 3.68 (s, 3H), 6.98 (d= 5.1Hz, 1H), 6.93 — 8.61 (m, 4HJC NMR
(DMSO-&;): oc. 170.3, 156.5, 151.9, 149.7, 133.3, 128.1, 123,3, 121.5, 108.9, 57.1, 55.3,
53.9, 51.2. ESI-MSnwz 320.1 (M+HJ. Anal Calcd for GeH1sCIN3O2; C, 60.09; H, 5.67; N,

13.14; Found: C, 60.15; H, 5.64; N, 13.11
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4.1.4. 2-(4-(7-Chloroquinolin-4-yl)piperazin-1-yl)a@etic acid: To a solution of methyl 2-(4-(7-
chloroquinolin-4-yl)piperazin-1-yl)acetate (1.5g74nmol) in THF:HO:CH;OH system (1:1:1)
was added lithium hydroxide (0.3 g, 7.1 mmol) & .0The reaction mixture was slowly warmed
to 30C then stirred at 3C for 3-4h (monitored by TLC and LCMS for completjo The
reaction mixture was then cooled t&0and acidified to a pH of 3-4 with 1N HCI. and raxted
with dichloromethane (3 x 50mL). The combined orgaxtract was successively washed with
water and brine, dried over sodium sulphate, andpensated in vacuo to giv@-(4-(7-
chloroquinolin-4-yl)piperazin-1-yl)acetic acid (0.7g, 49%) as white solidH NMR (DMSO-
de): on 2.63 — 2.69 (m, 4H), 2.98 — 3.09 (M, 4H), 3.242¢3), 6.97 — 8.63 (m, 5H) 12.1 (s, 1H).
13C NMR (DMSO-@): dc. 175.8, 156.9, 151.8, 149.3, 133.6, 127.8, 126,68, 121.1, 109, 60.6,
55.6, 54.1. ESI-MSwz 304.1 (M-HJ. Anal Calcd for GsH16CIN3O»; C, 58.92; H, 5.27; N,
13.74; Found: C, 58.87; H, 5.24; N, 13.78.

4.1.5. General procedure for the synthesis of amid#erivatives (1 —14: To a solution of 2-(4-
(7-sub:quinolin-4-yl)piperazin-1-yl)acetic acid mmol) in dry dichloromethane (3 mL) was
added triethyl amine (1.5 mmol) and correspondimine (1 mmol) at €. Propylphosphonic
anhydride (2 mmol) was then added drop wise tar¢laetion mixture and the reaction mixture
was stirred at 3T for 6h, (monitored by TLC & LCMS for completioriJhe reaction mixture
was washed with water (2 mL), brine (2 mL), driedeo anhydrous sodium sulphate and
evaporated in vacuo to give the desired productegioned below

4.15.1. 2-(4-(7-Chloroquinolin-4-yl)piperazin-1-y)-N-(pyridin-2-ylmethyl)acetamide (1):
The compound was synthesized according to the algereeral procedure using 2-(4-(7-
chloroquinolin-4-yl)piperazin-1-yl)acetic acid (6g 0.82mmol), pyridin-2-ylmethanamine

(0.089g mmol, 0.82mmol), triethylamine (0.125g, 3L.&xmol), propylphosphonic anhydride
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388 (0.51g, 1.6mmol) to afford (0.25g, 75%) as off white solid. M.p: 155-15C. 'H NMR
389 (DMSO-a): dy. 2.56 - 2.69 (m, 4H), 3.07 — 3.16 (m, 4H), 3.362(d), 4.51 (s, 2H), 6.93 (d,=
390 5.2Hz, 1H), 7.24 — 8.64 (m, 9H)°C NMR (DMSO-d): éc. 171.4, 156.9, 155.8, 152.7, 150.2,
391 149.3, 140, 136.9, 132.6, 128.6, 125.8, 124.3,11221.2, 109.6, 60.3, 52.3, 47.6, 45.9 ESI-MS
392 Mz 396.1 (M+H). Anal Calcd for GiH.,CINsO; C, 63.71; H, 5.60; N, 17.69; Found: C, 63.66;

393 H,5.63; N, 17.74.

394 4.15.2. 2-(4-(Quinolin-4-yl)piperazin-1-yl)-N-(pyidin-2-ylmethyl)acetamide (2): The
395 compound was synthesized according to the abovergleprocedure using 2-(4-(quinolin-4-
396 yl)piperazin-1-yl)acetic acid (0.25g, 0.92mmol), rigyn-2-yimethanamine (0.099g mmol,
397  0.92mmol), triethylamine (0.139g, 1.38 mmol), prigiypsphonic anhydride (0.41g, 1.8mmol) to
398 afford 2 (0.23g, 69.7%) as off white solidH NMR (DMSO-&): dy. 2.49 - 2.57 (m, 4H), 3.01 —
399 3.11 (m, 4H), 3.32 (s, 2H), 4.47 (s, 2H), 6.98Jct 5.1 Hz, 1H), 7.24 — 8.64 (m, 10HyC
400 NMR (DMSO-d): oc. 171.1, 157.3, 156, 151.6, 148.9, 140.4, 139%9.6l 130, 128.7, 128.2,
401 127, 124.3, 121.1, 114.9, 60.1, 52.6, 47.8, 463I-MS m/z 362.1 (M+H). Anal Calcd for

402  CyH23NsO; C, 69.78; H, 6.41; N, 19.38; Found: 69.84; BGSN, 19.34

403 4.1.5.3. 2-(4-(7-Trifluoromethyl quinolin-4-yl)piperazin-1-yl)-N-(pyridin-2-
404  ylmethyl)acetamide (3): The compound was synthesized according to thevealpeneral
405 procedure using 2-(4-(7-trifluoromethyl quinolinypiperazin-1-yl)acetic acid (0.25g,
406  0.74mmol), pyridin-2-yimethanamine (0.08g mmol, 4imol), triethylamine (0.11g, 1.11
407  mmol), propylphosphonic anhydride (0.32g, 1.4mntol)afford 3 (0.18g, 58%) as off white
408  solid.*H NMR (DMSO-dy): dn. 2.52 - 2.63 (m, 4H), 3.04 — 3.17 (m, 4H), 3.2924d), 4.51 (s,
409  2H), 7.08 (d,J = 5.2 Hz, 1H), 7.32 — 8.78 (m, 9HY’C NMR (DMSO-d): éc. 171.3, 157.7,

410 156.2, 152.9, 148.8, 147.9, 139.8, 132.7, 129.8,812126.5, 124.3, 124.1, 121.8, 121, 120.4,
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59.9, 52.4, 47.9, 46. I-MB8Vz 430.2 (M+HJ. Anal Calcd for GoH2,F3NsO; C, 61.53; H, 5.16; N,

16.31; Found C, 61.48; H, 5.17; N, 16.27.

4.1.5.4. 2-(4-(7-Methoxy quinolin-4-yl)piperazin-1yl)-N-(pyridin-2-ylmethyl)acetamide (4):
The compound was synthesized according to the atpeweral procedure using 2-(4-(7-methoxy
quinolin-4-yl)piperazin-1-yl)acetic acid (0.25g,88mmol), pyridin-2-ylmethanamine (0.09g
mmol, 0.83mmol), triethylamine (0.13g, 1.3 mmol)iopylphosphonic anhydride (0.37g,
1.6mmol) to afford4 (0.24g, 75%) as off white solidH NMR (DMSO-a): dy. 2.46 - 2.55 (m,
4H), 2.98 — 3.09 (m, 4H), 3.34 (s, 2H), 3.86 (s),3H49 (s, 2H), 6.73 (d,= 5.1 Hz, 1H), 7.27 -
8.78 (m, 9H)."*C NMR (DMSO-@): dc. 170.9, 156.9, 156, 152.1, 150.9, 148.9, 14736,9,
126.4, 123.8, 123.3, 121.3, 117.6, 116.2, 107.9,56Q2, 52.3, 47.6, 46.1. ESI-M#&z 392.1
(M+H)". Anal Calcd for G;H2sNsO,; C, 67.5; H, 6.44; N, 17.89; Found C, 67.45; Hi66.N,

17.93.

4.1.5.5. 2-(4-(7-Chloroquinolin-4-yl)piperazin-1-yJ-N-(2-(pyridin-2-yl)ethyl)acetamide (5):
The compound was synthesized according to the alggreeral procedure using 2-(4-(7-
chloroquinolin-4-yl)piperazin-1-yl)acetic acid (6@, 0.82mmol), 2-(pyridin-2-yl)ethanamine
(0.2g mmol, 0.82mmol), triethylamine (0.125g, 1r26ol), propylphosphonic anhydride (0.51g,
1.6mmol) to affords (0.25g, 73.5%) as off white solitH NMR (DMSO-a): o4, 2.54 — 2.62 (m,
4H), 3.06 — 3.19 (m, 6H), 3.27 (s, 2H), 3.63J(t 7.1 Hz, 2H), 6.93 (d] = 8.1Hz, 1H), 7.24 -
8.67 (m, 9H).*C NMR (DMSO-@): dc. 170.6, 158.1, 157.6, 152.3, 149.8, 147.9, 13E38,7,
129.6, 129, 125.9, 123, 122.6, 121.2, 109.3, 66226, 47.9, 40.9, 35.8. ESI-M&/z 410.1
(M+H)". Anal Calcd for G;H,4CINsO; C, 64.46; H, 5.90; N, 17.09; Found: C, 64.415194; N,

17.13.
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4.15.6. 2-(4-(7-Chloroquinolin-4-yl)piperazin-1-y)-N-(pyridin-2-yl)acetamide (6): The
compound was synthesized according to the aboveergerprocedure using 2-(4-(7-
chloroquinolin-4-yl)piperazin-1-yl)acetic acid (&, 0.82mmol), pyridin-2-amine (0.77g,
0.82mmol), triethylamine (0.125g, 1.23 mmol), prighysphonic anhydride (0.51g, 1.6mmol) to
afford 6 (0.2g, 63%) as solidH NMR (DMSO-d): 5. 2.59 — 2.71 (m, 4H), 3.08 — 3.16 (m, 4H),
3.31 (s, 2H), 7.01 (dJ = 5.2 Hz, 1H), 7.28 — 8.71 (m, 9HFC NMR (DMSO-@): éc. 168.7,
157.8, 152.6, 151.5, 149.9, 146.4, 139.2, 133.9,812129, 125.9, 124.7, 122.7, 115.4, 109.4,
62.9, 52.8, 47.6. SI-M&vz 382.1 (M+H). Anal Calcd for GoH2oCINsO; C, 62.91; H, 5.28; N,

18.34,; Found: C, 62.86; H, 5.32; N, 18.28.

4.1.5.7. N-Benzyl-2-(4-(7-chloroquinolin-4-yl)piperazin-1-ylacetamide (7): The compound
was synthesized according to the above generalegwe using 2-(4-(7-chloroquinolin-4-
yl)piperazin-1-yl)aceticacid (0.25g, 0.82mmol), pknethanamine(0.088g mmol, 0.82mmol),
triethylamine (0.125g, 1.23 mmol), propylphosphoaithydride (0.51g, 1.6mmol) to affofd
(0.279, 84%) as solidH NMR (DMSO-d): oy, 2.49 — 2.56 (m, 4H), 2.96 — 3.08 (m, 4H), 3.23
(s, 2H), 4.21 (s, 2H), 6.93 (d,= 5.1 Hz, 1H), 7.16 — 8.59 (m, 10HfC NMR (DMSO-d): Jc.
171.3, 157.2, 152.4, 149.8, 138.2, 133.1, 129.8,62128.8, 127.1, 126.8, 125.8, 122.3, 109.2,
59.2, 52.4, 47.4, 43.2. ESI-M®z 395.1 (M+HJ. Anal Calcd forC,,H23CIN,O; C, 66.91; H,

5.87: N, 14.19; Found: C, 66.95; H, 5.91; N, 14.23.

4.1.5.8. 2-(4-(7-Chloroquinolin-4-yl)piperazin-1-y)-N-phenylacetamide (8) The compound
was synthesized according to the above generalegwe using 2-(4-(7-chloroquinolin-4-
yl)piperazin-1-yl)acetic acid (0.25g, 0.82mmol)jlae (0.076g mmol, 0.82mmaol), triethylamine
(0.125g, 1.23 mmol), propylphosphonic anhydrid&10, 1.6mmol) to affor® (0.14g, 45%) as
solid.'H NMR (DMSO-@): 4. 2.53 — 2.61 (m, 4H), 3.07 — 3.16 (m, 4H), 3.372(), 6.89 (d]
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456 =5.1 Hz, 1H), 7.13 — 8.62 (m, 10HL NMR (DMSO-@): dc. 168.3, 157.6, 152.7, 149.6, 138.3,
457  133.3,129.8,129.2, 128.8, 127.9, 126.2, 122.8,61209.6, 63.4, 52.6, 47.8. ESI-M$z 381.1
458  (M+H)". Anal Calcd for GH,:CIN,O; C, 66.22; H, 5.56; N, 14.71; Found: C, 66.275t59; N,

459  14.75.

460 4.1.5.9. 2-(4-(7-Chloroquinolin-4-yl)piperazin-1-y)-N-(thiophen-2-ylmethyl)acetamide (9):
461 The compound was synthesized according to the algmresral procedure using 2-(4-(7-
462  chloroquinolin-4-yl)piperazin-1-yl)acetic acid (6& 0.82mmol), thiophen-2-ylmethanamine
463  (0.093g mmol, 0.82mmol), triethylamine (0.125g, 3L.&imol), propylphosphonic anhydride
464  (0.51g, 1.6mmol) to affor@ (0.21g, 64%) as pale brown solftH NMR (DMSO-d;): 5y, 2.49 —
465 2.56 (M, 4H), 2.91 — 3.03 (m, 4H), 3.23 (s, 2HN5(s, 2H), 6.83 — 8.49 (m, 9HYC NMR
466 (DMSO-d): oc. 171.1, 157.4, 152.8, 149.7, 141.1, 133.2, 1228, 127.2, 126.6, 125.8, 125.3,
467 122.9, 109.8, 59.8, 52.7, 47.6, 42.8. ESI-M& 401.3 (M+H). Anal Calcd for GoH,;CIN4OS;

468 C,59.91; H, 5.28; N, 13.97; Found: C, 59.86; 255N, 13.91.

469 4.1.5.10. 2-(4-(7-Chloroquinolin-4-yl)piperazin-1-§)-N-(furan-2-ylmethyl)acetamide (10)
470 The compound was synthesized according to the algmreeral procedure using 2-(4-(7-
471 chloroquinolin-4-yl)piperazin-1-yl)aceticacid(0.258%82mmol), furan-2-ylmethanamine (0.079g
472 mmol, 0.82mmol), triethylamine (0.125g, 1.23 mmabropylphosphonic anhydride (0.51g,
473 1.6mmol) to affordl0 (0.19g, 59%) as solidH NMR (DMSO-&): dy. 2.57 — 2.64 (m, 4H),
474  2.97 — 3.07 (m, 4H), 3.27 (s, 2H), 5.23 (s, 2HR36- 6.46 (M, 2H), 6.89 (d,= 5.2 Hz, 1H),

475 7.39 — 8.59 (m, 6H)**C NMR (DMSO-@): éc. 170.8, 157.2, 152.7, 149.9, 146.3, 141.8, 133.4,
476  129.8, 129, 125.8, 122.6, 110.3, 110.1, 109.753%, 47.2, 36.8. ESI-M8Vz 385.2 (M+H].

477  Anal Calcd for GgH»1CIN4O,; C, 62.42; H, 5.50; N, 14.56; Found: C, 62.375t55; N, 14.52.
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4.15.11. 2-(4-(7-Chloroquinolin-4-yl)piperazin-1-§)-N-(5-nitrothiazol-2-yl)acetamide (11)
The compound was synthesized according to the alggreeral procedure using 2-(4-(7-
chloroquinolin-4-yl)piperazin-1-yl)acetic acid (8¢, 0.82mmol), 2-amino-5-nitrothiazole
(0.093g mmol, 0.82mmol), triethylamine (0.125g, 3L.&xmol), propylphosphonic anhydride
(0.51g, 1.6mmol) to afford1 (0.24g, 68.6%) as solidH NMR (DMSO-a): . 2.61 — 2.73 (m,
4H), 3.06 — 3.16 (m, 4H), 3.31 (s, 2H), 6.890d; 5.1Hz, 1H), 7.32 — 8.61 (m, 6HC NMR
(DMSO-): dc. 168.7, 162.8, 157.6, 152.8, 150.1, 147.6, 13633.3, 130.2, 129.3, 126.1,
122.8, 109.6, 64.1, 52.9, 47.8. ESI-M# 433.2 (M+H). Anal Calcd for GgH:7CINsOsS; C,

49.94; H, 3.96; N, 19.41; Found: C, 49.88; H, 319119.37.

4.15.12. 2-(4-(7-Chloroquinolin-4-yl)piperazin-1-)-N-(6-nitrobenzo[d]thiazol-2-
yl)acetamide (12) The compound was synthesized according to theelgeneral procedure
using  2-(4-(7-chloroquinolin-4-yl)piperazin-1-ylytic  acid (0.25g, 0.82mmol),6-nitro
benzofllthiazol-2-amine  (0.16g mmol, 0.82mmol), triethylime (0.125g, 1.23 mmol),
propylphosphonic anhydride (0.51g, 1.6mmol) to mffé2 (0.32g, 81%) as soliddH NMR
(DMSO-dk): 6. 2.56 — 2.64 (m, 4H), 3.01 — 3.09 (m, 4H), 3.272(), 6.96 (d, J = 5.1 Hz, 1H),
7.26 — 8.82 (m, 8H)"*C NMR (DMSO-@): dc. 175.4, 168.8, 158.3, 157.8, 152.8, 150, 143.8,
133.2, 131.6, 130.1, 129.1, 125.8, 122.3, 121.8,611117.6, 109.8, 63.8, 52.7, 47.6. ESI-MS
m/z 483.2 (M+HY. Anal Calcd for GH;sCINgOsS; C, 54.71; H, 3.97; N, 17.40; Found: C,

59.77; H,4.02; N, 17.45.

4.1.5.13.N-(4-Acetylphenyl)-2-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)acetamide (13) The

compound was synthesized according to the aboveergerprocedure using 2-(4-(7-
chloroquinolin-4-yl)piperazin-1-yl)acetic acid (8@, 0.82mmol), 1-(4-aminophenyl)ethanone
(0.11g mmol, 0.82mmol), triethylamine (0.125g, 1.88nol), propylphosphonic anhydride

22



501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

(0.51g, 1.6mmol) to afford3 (0.28 g, 80%) as solidH NMR (DMSO-d): 4, 2.46 — 2.54 (m,
4H), 2.58 (s, 3H), 2.96 — 3.05 (m, 4H), 3.372d), 6.93 (dJ = 5.1 Hz, 1H), 7.29 — 8.63 (m,
8H). *C NMR (DMSO-d): dc. 189.3, 168.7, 157.6, 152.7, 149.8, 141.8, 13633,3, 129.8,
128.9, 128.7, 125.8, 122.8, 121.3, 109.7, 63.8,52.3, 26.1. SI-M$Vz 423.3 (M+H). Anal

Calcd for GaH23CINJO,; C, 65.32; H, 5.48; N, 13.25; Found: C, 65.395t51; N, 13.28

4.1.5.14. N-(2-Chloro-5-(trifluoromethyl)phenyl)-2-(4-(7-chloroquinolin-4-yl)piperazin-1-
yl)acetamide (14) The compound was synthesized according to theealgeneral procedure
using 2-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)etic acid (0.25g, 0.82mmol), 2-chloro-5-
(trifluoromethyl) benzenamine (0.16g mmol, 0.82mmdtiethylamine (0.125g, 1.23 mmol),
propylphosphonic anhydride (0.51g, 1.6mmol) to o@ffl4 (0.25g, 64%) as solidH NMR
(DMSO-): d4. 2.51 — 2.59 (m, 4H), 2.99 — 3.07 (m, 4H), 3.3723), 6.99 (d, J = 5.2 Hz, 1H),
7.27 - 8.61 (m, 8H)**C NMR (DMSO-@): éc. 169.1, 157.9, 152.6, 150, 138.1, 133.5, 129.8,
129.6, 129.4, 129.1, 126.1, 125.9, 124.3, 122.8,912117.9, 109.7, 64.2, 52.9, 47.8. ESI-MS
m/z 484.2 (M+H). Anal Calcd for GH1sCl.FsN4O; C, 54.67; H, 3.96; N, 11.59; Found: C,

54.71; H, 4.01; N, 11.63.

4.1.6. General procedure for the synthesis of amidg#erivatives (15 — 20 To a solution of 7-
chloro-4-(piperazin-1-yl)quinoline (1 mmol) in ddichloromethane (3 mL) was added triethyl
amine (1.5 mmol) and corresponding acid (1 mmoblP°&. propylphosphonic anhydride (2
mmol) was then added drop wise to the reactionurexéind the reaction mixture was stirred at
3@ for 6h (monitored by TLC & LCMS for completion) h& reaction mixture was washed with
water (2 mL), brine (2 mL), dried over anhydrouslism sulphate and evaporated in vacuo to

give the desired product as mentioned below.
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41.6.1. (4-(7-Chloroquinolin-4-yl)piperazin-1-ylf1H-indol-2-yl)methanone (15): The
compound was synthesized according to the abovesrglemprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), indolecarboxylic acid (0.16g 1 mmol),
triethylamine (0.15 g, 1.5 mmol), propylphosphoaithydride (0.64g, 2 mmol) to afforth
(0.33g, 84.6%) as off white solitH NMR (DMSO-d): 5. 3.29 — 3.33 (m, 4H), 3.96 — 4.09 (m,
4H), 6.91 — 8.72 (m, 10H), 10.91 (bs, 1HjC NMR (DMSO-d): éc. 162.3, 155.8, 152.6,
149.8, 139.6, 133.7, 133.3, 131.6, 129.8, 128.9,812122.7, 121.5, 120.9, 119.4, 114.2, 110.8,
109.9, 51.6, 43.2. ESI-MBVz 391.2 (M+HYJ. Anal Calcd for G;H14CIN4O; C, 67.60; H, 4.90;

N, 14.33; Found C, 67.55; H, 4.95; N, 14.37.

4.1.6.2. (4-(7-Chloroquinolin-4-yl)piperazin-1-yl)b-fluoro-1H-indol-2-yl)methanone (16):
The compound was synthesized according to the abeweral procedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 5-fluettl-indole-2-carboxylic acid (0.18g 1
mmol), triethylamine (0.15 g, 1.5 mmol), propylppbsnic anhydride (0.64g, 2 mmol) to afford
16 (0.269, 78.8%) as off white solid. M.p: 229-281 'H NMR (DMSO-d;): 4. 3.23 — 3.29 (m,
4H), 3.98 — 4.12 (m, 4H), 6.86 (s, 1H), 7.03 — 712 2H), 7.34 — 7.48 (m, 2H), 7.55 — 7.62 (m,
2H), 7.98 — 8.03 (m, 1H), 8.12 — 8.18 (m, 1H), 8-78.76 (m, 1H)**C NMR (DMSO-g): Jc.
161.9, 156, 152.1, 149.6, 133.7, 132.7, 131.5, 128,9, 126.8, 126, 121.3, 113.3, 112.1, 111.8,
109.6, 105.6, 104.2, 51.8, 42.9. ESI-Mf 409.2 (M+H). Anal Calcd for G,H1sCIFN,O; C,

64.63; H, 4.44; N, 13.70, Found, C, 64.69; H, 4M]113.75.

4.1.6.3. (4-(7-Chloroquinolin-4-yl)piperazin-1-ylf5-chloro-1H-indol-2-yl)methanone (17):
The compound was synthesized according to the abeweral procedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol),5-chlotél-indole-2-carboxylic acid (0.2g 1 mmol),
triethylamine (0.15 g, 1.5 mmol), propylphosphoarthydride (0.64g, 2 mmol) to affordr
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(0.32g, 74.4%) as off white solitd NMR (DMSO-a): oy, 3.27 — 3.32 (m, 4H), 3.93 — 4.03 (m,
4H), 6.89 — 8.68 (m, 9H), 10.71 (bs, 1#C NMR (DMSO-@): dc. 162.3, 156.4, 152.3, 149.8,
136.4, 133.6, 133.3, 132.5, 129.6, 128.7, 125.8,912122.7, 122.4, 121.9, 114.3, 113.8, 109.6,
51.9, 43.1. ESI-MSWz 426.1 (M+HJ. Anal Calcd forCyH1sClLN4O; C, 62.13; H, 4.27; N,

13.17; Found C, 62.17; H, 4.31; N, 13.22.

4.1.6.4. (4-(7-Chloroquinolin-4-yl)piperazin-1-yl{5-methoxy-1H-indol-2-yl)methanone
(18): The compound was synthesized according to tbeeageneral procedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol),5-metheXiy-indole-2-carboxylic acid (0.19g 1
mmol), triethylamine (0.15 g, 1.5 mmol), propylppbsnic anhydride (0.64g, 2 mmol) to afford
18 (0.29g, 69%) as off white solidd NMR (DMSO-a&): dy. 3.26 — 3.31 (m, 4H), 3.86 (s, 3H),
3.99 — 4.09 (m, 4H), 6.83 — 8.56 (m, 9H), 10.89, (bd). *C NMR (DMSO-@): dc. 162.1,
156.4, 152.4, 149.8, 136.4, 133.6, 133.1, 132.8,6120128.7, 125.8, 124.9, 122.7, 122.4, 121.9,
114.3, 113.8, 109.8, 51.9, 43.1. ESI-Mfx 421.11 (M+H]J. Anal Calcd forC,3H2:CIN4O; C,

65.63; H, 5.03; N, 13.31; Found C, 65.56; H, 50713.26.

4.1.6.5. (4-(7-Chloroquinolin-4-yl)piperazin-1-yl){H-pyrrol-2-yl)methanone (19): The
compound was synthesized according to the abovesrglemprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 1H-pyH®-carboxylic acid (0.11g 1 mmol),
triethylamine (0.15 g, 1.5 mmol), propylphosphoaithydride (0.64g, 2 mmol) to affortb
(0.26g, 76.5%) as off white solitd NMR (DMSO-d): 6. 3.31 — 3.37 (m, 4H), 3.96 — 4.03 (m,
4H), 6.79 — 8.71 (m, 9H}’C NMR (DMSO-@): éc. 161.8, 156.6, 152.3, 149.7, 133.5, 129.8,
128.6, 126.5, 125.7, 122.3, 120.7, 110.3, 109.8,31062, 42.8. ESI-M3Wz 341.1 (M+HY}.

Anal Calcd forCygH17,CIN4O; C, 63.44; H, 5.03; N, 16.44; Found C, 63.494198; N, 16.47.
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568 4.1.6.6. (4-(7-Chloroquinolin-4-yl)piperazin-1-yl)pyridin-2-yl)methanone  (20): The
569 compound was synthesized according to the aboveergerprocedure using 7-chloro-4-
570  (piperazin-1-yl)quinoline (0.25g, 1 mmol), picoknacid (0.12g 1 mmol), triethylamine (0.15 g,
571 1.5 mmol), propylphosphonic anhydride (0.64g, 2 Mno afford 20 (0.27g, 71.4%) as off
572 white solid."H NMR (DMSO-d): dy. 3.26 — 3.32 (m, 4H), 3.99 — 4.10 (m, 4H), 7.06 X
573 5.2Hz, 1H), 7.39 — 8.89 (m, 8H)°C NMR (DMSO-d): éc. 161.9, 156.8, 156.1, 152.1, 149.8,
574 147.6, 137.1, 133.4, 129.8, 128.7, 126.4, 125.2,312121.8, 109.3, 51.7, 42.9. ESI-M$z
575  353.1 (M+H). Anal Calcd for GgH;7CIN4O; C, 64.68; H, 4.86; N, 15.88; Found C, 64.77; H,

576  4.89; N, 15.82.

577 4.1.7. General procedure for the synthesis of N-ajkderivatives (22 & 23:

578 To a solution of 7-chloro-4-(piperazin-1-yl)quinad (1 mmol) in dry dichloroethane (6 mL)
579 was added the corresponding aldehyde (1.1 mmeBhly activated 3 A molecular sieves (0.25
580 @) and catalytic amount of acetic acid. The reactitixture was stirred at 30 for 6 h and
581 filtered through celite bed (under,Nitmosphere). The solvent was removed under reduced
582 pressure and residue further diluted with dry meohg6 mL) and cooled to°C. Sodium
583 triacetoxy borohydride (1.5 mmol) was added (porticise) and the reaction was stirred atG30
584 for 6 h (monitored by TLC & LCMS for completion faompletion). The solvent was then
585 removed under reduced pressure and the residuediith water (5 mL) and extracted with
586  dichloromethane (10 mL). The aqueous phase wasddckcted with dichloromethane (2 x 10
587 mL) and dried over sodium sulphate. The combineghmmic phases were concentrated under
588 reduced and residue purified by column chromatdgragsing hexane: ethylacetate as eluent to

589 give the desired product in good yield.
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4.1.7.1. 4-(4-((H-Indol-3-yl)methyl)piperazin-1-yl)-7-chloroquinoline (22): The compound
was synthesized according to the above generaleguwe using 7-chloro-4-(piperazin-1-
yhquinoline (0.25g, 1 mmol), indole-2-carboxaldedey(0.16g, 1.1mmol), to affor22 (0.23g,
60.5%) as buff coloured solidH NMR (DMSO-d): 4, 2.59 — 2.64 (m, 2H), 3.12 — 3.19 (m,
4H), 3.56 (s, 2H), 7.06 — 8.63 (m, 10H), 9.78 (bd). 1°C NMR (DMSO-@): éc. 155.9, 152.5,
149.6, 136.9, 133.4, 129.9, 128.6, 127.5, 125.2,812122.3, 121.4, 119.3, 118.2, 111.9, 110.7,
109.8, 55.6, 51.8, 43.2. ESI-M&z 377.2 (M+HJ. Anal Calcd for GH»:CIN,; C, 70.11; H,

5.62; N, 14.87; Found C, 70.19; H, 5.67; N, 14.91.

4.1.7.2. 4-(4-((H-Pyrrol-2-yl)methyl)piperazin-1-yl)-7-chloroquinoli ne (23): The compound
was synthesized according to the above generaleguwe using 7-chloro-4-(piperazin-1-
yhquinoline (0.25g, 1 mmol), 1H-pyrrole-2-carbodhyde(0.1g, 1.1mmol), to affo2B (0.25g,
75.7%) as buff coloured solidH NMR (DMSO-d): dy, 2.61 — 2.67 (m, 4H), 3.13 — 3.19 (m,
4H), 3.72 (s, 2H), 5.76 — 5.86 (m, 2H), 6.79 — 8®B8 7H).*C NMR (DMSO-d): éc. 156.4,
152.5, 150, 133.6, 130.2, 129.8, 128.6, 126.1,71227.3, 109.6, 108.3, 107.2, 56.9, 51.9, 42.7.
ESI-MSm/z 327.1 (M+HY). Anal Calcd for GgH19CIN4; C, 66.15; H, 5.86; N, 17.14; Found C,

66.19; H, 5.83; N, 17.21.

4.1.8. General procedure for the synthesis oN-alkyl derivatives (21, 26 & 27%: To a
suspension of 7-chloro-4-(piperazin-1-yl)quinoliiienmol) and potassium carbonate (1.5mmol)
in acetonitrile was added the corresponding allgjide (1mmol) at 34C. The reaction mixture
was then heated to %D for 1h (monitored by TLC and LCMS for completicemd cooled to
30°C. The mixture was then filtered through celite et acetonitrile was evaporated in vacuo.

The resultant residue was diluted with water amthldromethane, and the layers separated. The
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aqueous layer was re-extracted with dichlorometl{@8ne5 mL). The combined organic extract
was washed with brine, dried over sodium sulphateevaporated in vacuo.

41.8.1. 4-(4-((H-Benzo[d]imidazol-2-yl)methyl)piperazin-1-yl)-7-chbroquinoline (21):
The compound was synthesized according to the abeweral procedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), potassiucarbonate (0.21g, 1.5mmol) and 2-
(chloromethyl)-H-benzofljimidazole (0.17g, 1 mmol) to affordl (0.21g, 55.2%) as solid.
M.p: 230-231°C. *H NMR (CDCH): dn. 2.72 — 2.81 (m, 4H), 3.07 — 3.18 (m, 4H), 4.472(),
6.97 (d,J = 5.2 Hz, 1H), 7.23 — 8.47 (m, 8HJC NMR (CDCE): 6c.157.6, 152.6, 149.8, 141.2,
139.3, 133.4, 129.8, 129.1, 125.7, 123.1, 122.5,411109.9, 63.3, 54.2, 49.3. ESI-M$%z
378.1 (M+H)Y. Anal Calcd for GH,CINs C, 66.75; H, 5.33; N, 18.53; Found C, 66.83; H,

5.39; N, 18.49.

4.1.8.2. 7-Chloro-4-(-4-(5-nitrothiazol-2-yl)pipeazin-1-yl)quinoline (26): The compound
was synthesized according to the above generaleguwe using 7-chloro-4-(piperazin-1-
yhquinoline (0.25g, 1 mmol), potassium carbona®@®2{g, 1.5mmol) and 2-chloro-5-
nitrothiazole(0.17g, 1 mmol) to affob (0.29g, 76.3%) as orange soltti NMR (DMSO-a):

Su. 3.21 — 3.28 (m, 8H), 6.97 (d,= 5.1 Hz, 1H), 7.53 (dd] = 8.8 Hz,J = 2.4 Hz, 1H), 7.86 (s,
1H), 8.11 — 8.67 (m, 3H}:3C NMR (DMSO-@): dc. 157.6, 154.3, 152.7, 150.1, 147.3, 136.4,
133.6, 130, 129, 126, 122.3, 109.6, 47.3, 43.6.-NESImVz 376.1(M+H). Anal Calcd for

C16H14CINsO,S C, 51.13; H, 3.75; N, 18.63; Found C, 51.06; 1893N, 18.68.

4.1.8.3. 4-(4-(7-Chloroquinolin-4-yl)piperazin-1-1)-7-nitrobenzolc][1,2,5]oxadiazole (27):
The compound was synthesized according to the abeweral procedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), potassicarbonate (0.21g, 1.5mmol) and 4-chloro-
7-nitrobenzolc][1,2,5]oxadiazole (0.2g mmol, 1 minta afford27 (0.27g, 65.8%) as dark red
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solid. '"H NMR (DMSO-d): dn. 3.23 — 3.29 (m, 4H), 3.56 — 3.63 (m, 4H), 6.97Jd; 5.1 Hz,
1H), 7.26 — 7.41 (m, 2H), 7.83 (s, 1H), 8.06 — §(#l 3H).*C NMR (DMSO-@): éc. 157.8,
152.6, 149.8, 143.7, 140.6, 137.9, 133.8, 133.9,912129, 126.3, 123.3, 122.8, 109.6, 98.4,
45.4, 44.8. ESI-MSwz 411.1 (M+H). Anal Calcd for GoH1sCINgOs; C, 55.55; H, 3.68; N,

20.46; Found C, 55.61; H, 3.63; N, 20.49.

4.1.9. General procedure for the synthesis of urahlourea derivatives (24, 25, 28-45)To a
solution of 7-chloro-4-(piperazin-1-yl)quinoline ¢hmol) in dry dichloromethane (3 mL) was
added triethyl amine (1.5 mmol) and the correspandsocyanate/isothiocyanate (1 mmol) at
0°C and the reaction mixture was slowly warmed t8C30and stirred at 3@ for 6-8 h
(monitored by TLC & LCMS for completion). The remet mixture was washed with water (2
mL), brine (2 mL), dried over anhydrous sodium salig and evaporated in vacuo to give the
desired product as mentioned below

4.1.9.1. N-Benzyl-4-(7-chloroquinolin-4-yl)piperazine-1-carbdhioamide (24): The
compound was synthesized according to the abovesrglemprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), benzglisiocyanate (0.159 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affo@b (0.33g, 82.5%) as off white solidH NMR
(DMSO-a); 6y, 3.21 — 3.32 (m, 4H), 4.03 — 4.11 (m, 4H), 4.72@), 7.03 (dJ = 5.1 Hz, 1H),
7.21 — 8.69 (m, 10H)>C NMR (DMSO-@): sc. 181.2, 157.8, 152.3, 149.7, 140.3, 133.7, 129.6,
128.5, 128.2, 127.1, 126.6, 125.8, 121.9, 109.85,90.6, 47.6. ESI-M$Vz 397.2 (M+HY).

Anal Calcd for GiH21CINSS; C, 63.54; H, 5.33; N, 14.11; Found C, 63.47587; N, 14.15.

4.1.9.2. N-Benzyl-4-(7-chloroquinolin-4-yl)piperazine-1-carbaxamide (25): The compound
was synthesized according to the above generalegue using 7-chloro-4-(piperazin-1-

yh)quinoline (0.25g, 1 mmol), benzylisocyanate G311 mmol) and triethylamine (0.15 g, 1.5
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mmol) to afford24 (0.25g, 65.8%) as off white solid. M.p: 143-1%5. 'H NMR (DMSO-d):
Su. 3.06 — 3.19 (m, 4H), 3.58 — 3.67 (M, 4H), 4.29)¢, 5.7 Hz, 2H), 7.04 (d] = 5.1Hz, 1H),
7.15 — 7.35 (m, 6H), 7.56 (dd= 8.8 Hz,J = 2.4 Hz, 1H), 7.99 (d] = 2.1 Hz, 1H), 8.09 (d] =
9 Hz, 1H), 8.72 (dJ = 4.8 Hz, 1H)*C NMR (DMSO-@): 4c.157.5, 156.2, 152.2, 149.6, 140.9,
133.6, 128.1, 128, 127, 126.4, 126, 125.8, 12114,5] 109.6, 51.7, 50.3, 43.5. ESI-M$z
381.1 (M+HY). Anal Calcd for G;H»:CIN4O; C, 66.22; H, 5.56; N, 14.71; Found C, 66.29; H,

5.61; N, 14.75.

4.1.9.3. 4-(7-Chloroquinolin-4-yl)-N-phenylpiperame-1-carbothioamide (28): The
compound was synthesized according to the abovesrglemprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), phenglisiocyanate (0.14g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affo@8 (0.27g, 71%) as solidH NMR (DMSO-a&): d.
3.27 — 3.36 (m, 4H), 4.13 — 4.23 (m, 4H), 6.87 728(m, 11H).2*C NMR (DMSO-@): Jc.
181.6, 157.7, 152.3, 149.6, 138.6, 133.5, 129.9, 128.6, 128.1, 126.3, 125.8, 121.8, 109.3,
51.3, 47.6. ESI-MSwz 383.1 (M+HJ. Anal Calcd for GoH1oCIN4S: C, 62.73; H, 5.00; N,

14.63; Found C, 62.66; H, 4.96; N, 14.58.

4.1.9.4.  4-(7-Chloroquinolin-4-yl)-N-(4-fluorophenl)piperazine-1-carbothioamide (29):
The compound was synthesized according to the abeweral procedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 4-flugieenylisothiocyante (0.15g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affo9 (0.31g, 77.5%) as solid. M.p: 203-266. 'H
NMR (DMSO-d): 6. 3.25 — 3.34 (m, 4H), 4.16 — 4.24 (m, 4H), 7.06)(&,5.1 Hz, 1H), 7.10 —
7.19 (m, 2H), 7.29 — 7.36 (m, 2H), 7.58 (dd; 9 Hz,J = 2.1 Hz, 1H), 8.01 (d] = 2.1 Hz, 1H),
8.14 (d,J = 9 Hz,1H), 8.73 (dJ = 5.1 Hz, 1H), 9.47 (s, 1H}*C NMR (DMSO-g): Jc. 181.9,
157.6, 155.7, 152.2, 149.6, 137.2, 133.6, 128.1,71227.6, 126.2, 125.9, 121.3, 114.8, 114.5,
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109.6, 51.2, 47.8. ESI-M®/z 401.3 (M+H). Anal Calcd for GoH1sCIFN,S: C, 59.92; H, 4.53;

N, 13.98; Found C, 59.85; H, 4.47; N, 14.04.

4.1.9.5. 4-(7-Chloroquinolin-4-yl)-N-(4-chloropheml)piperazine-1-carbothioamide (30):
The compound was synthesized according to the abeweral procedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 4-chlpienylisothiocyanate (0.17g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affod® (0.31g, 73.8%) as solidH NMR (DMSO-d;): .
3.29 — 3.37 (m, 4H), 4.13 — 4.24 (m, 4H), 6.67 #38(m, 10H).2*C NMR (DMSO-@): Jc.
181.7, 157.8, 152.5, 149.4, 136.2, 133.4, 132.6,513129.4, 128.8, 128.4, 125.8, 122.1, 109.8,
51.1, 47.5. ESI-MSwz 418.1 (M+1). Anal Calcd for GoH1sCIoN4S: C, 57.56; H, 4.35; N,

13.42; Found C, 57.62; H, 4.38; N, 13.36.

4.1.9.6. 4-(7-Chloroquinolin-4-yl)-N-(4-nitropheny)piperazine-1-carbothioamide (31): The
compound was synthesized according to the abovesrglerprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 4-nittegnylisothiocyanate (0.18g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affofd (0.34g, 79%) as solidH NMR (DMSO-a): d.
3.32 —3.38 (m, 4H), 4.17 — 4.25 (m, 4H), 6.79699m, 10H). **C NMR (DMSO-4): dc. 182,
157.8, 152.4, 149.7, 144.3, 143.2, 133.6, 129.8.612126, 124.6, 123.9, 122.3, 109.6, 51.2,
47.9. ESI-MSm/z 428.3 (M+HYJ. Anal Calcd for GyH1sCINsO,S: C, 56.14; H, 4.24; N, 16.37,;

Found C, 56.11; H, 4.19; N, 16.31.

4.1.9.7. 4-(7-Chloroquinolin-4-yl)-N-(4-methoxypheyl)piperazine-1-carbothioamide (32):
The compound was synthesized according to the abeweral procedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 4-metlypkenylisothiocyanate (0.17g, 1 mmol) and

triethylamine (0.15 g, 1.5 mmol) to affo8® (0.32g, 76.2%) as solidH NMR (DMSO-a): dy.
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3.19 — 3.27 (m, 4H), 3.86 (s, 3H), 4.09 — 4.184i1), 6.46 — 6.99 (m, 5H), 7.27 — 8.76 (m, 5H).
13C NMR (DMSO-@): dc. 181.8, 158.8, 157.6, 152.3, 149.8, 133.7, 12128,7, 127.2, 125.8,
122, 113.6, 112.4, 109.8, 56.3, 51.3, 47.8. ESI-M& 413.2 (M+H). Anal Calcd for

C21H21CIN4OS: C, 61.08; H, 5.13; N, 13.57; Found C, 61.015H8; N, 13.62.

4.1.9.8. 4-(7-Chloroquinolin-4-yl)-N-p-tolylpiperazine-1-carbothioamide (33): The
compound was synthesized according to the abovesrglerprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), tolylikwocyanate (0.15g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affod® (0.33g, 82.5%) as solidH NMR (DMSO-d): .
2.29 (s, 3H), 3.23 — 3.29 (m, 4H), 4.13 -4.21 (id),46.46 -7.08 (m, 5H), 7.29 -8.83 (m, 5H).
¥C NMR (DMSO-d): éc. 181.5, 157.3, 152.8, 149.4, 136.9, 135.7, 13®9,6, 128.9, 128.6,
126.1, 125.7, 121.8, 109.8, 50.9, 47.5, 21.6. ESliMz 397.1 (M+H)Y. Anal Calcd for

C21H21CINSS: C, 63.54; H, 5.33; N, 14.11; Found C, 63.6; 285N, 14.07.

4.1.9.9. N-(4-Acetylphenyl)-4-(7-chloroquinolin-4-yl)piperazine-1-carboxthioamide (34):
The compound was synthesized according to the abeweral procedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 4-acetyenylisothiocyanate (0.18g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affo8d (0.36g, 83.7%) as solidH NMR (DMSO-d): d.
2.64 (s, 3H), 3.24 — 3.31 (m, 4H), 4.13 - 4.18 4i), 6.72 — 6.97 (m, 3H), 7.29 — 8.91 (m, 7H).
3¢ NMR (DMSO-@): Jc. 191.2, 181.7, 157.4, 152.7, 150, 141.7, 13633.4, 130, 128.9,
128.6, 125.8, 125.6, 121.6, 109.7, 51.2, 47.8,.26SI-MSm/z 425.3 (M+H). Anal Calcd for

C22H21CIN4OS: C, 62.18; H, 4.98; N, 13.18; Found C, 62.254194; N, 13.13.

4.1.9.10. 4-(7-Chloroquinolin-4-yl)-N-phenylpiperaine-1-carboamide(35): The compound

was synthesized according to the above generalegue using 7-chloro-4-(piperazin-1-
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yh)quinoline (0.25g, 1 mmol), phenylisocyanate @11 mmol) and triethylamine (0.15 g, 1.5
mmol) to afford35 (0.27g, 72.9%) as solidH NMR (DMSO-&): dy. 3.19 — 3.26 (m, 4H), 3.61
—3.69 (M, 4H), 7.07 (dl = 5.1Hz, 1H), 7.17 — 8.67 (m, 10H}*C NMR (DMSO-@): éc. 157.6,
155.3, 152.7, 149.2, 138.7, 133.2, 128.8, 128.8,112127.6, 126.1, 121.9, 121.3, 109.7, 50.7,
43.1. ESI-MSm/z 367.2 (M+H). Anal Calcd for GoH1oCIN4O: C, 65.48; H, 5.22; N, 15.27;

Found C, 65.57; H, 5.18; N, 15.31.

4.1.9.11. 4-(7-Chloroquinolin-4-yl)-N-(4-fluorophayl)piperazine-1-carboxamide (36): The
compound was synthesized according to the abovesrglemprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 4-flugieenylisocyanate (0.14g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affod® (0.31g, 79.5%) as solidH NMR (DMSO-d): .
3.17 — 3.23 (m, 4H), 3.61 — 3.67 (m, 4H), 7.01X(d,5.1Hz, 1H), 7.21 — 8.72 (m, 9HFC NMR
(DMSO-&;): oc. 158.1, 157.6, 155.1, 152.4, 149.6, 134.3, 13B2B.4, 128.7, 125.8, 121.7,
119.6, 114.8, 109.9, 50.6, 43.4. ESI-Mfx 385.3 (M+H). Anal Calcd for GoH1sCIFN4O: C,

62.42; H, 4.71; N, 14.56; Found C, 62.37; H, 4]8714.64.

4.1.9.12. 4-(7-Chloroquinolin-4-yl)-N-(4-chloropheyl)piperazine-1-carboxamide(37): The
compound was synthesized according to the abovesrglerprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 4-chlptenylisocyanate (0.15g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affo8&F (0.29g, 72.5%) as solidH NMR (DMSO-a): oy,
3.21 —3.29 (m, 4H), 3.67 — 3.74 (m, 4H), 6.99(d,5.2Hz, 1H), 7.34 — 8.81 (m, 9HFC NMR
(DMSO-&): oc. 157.9, 155.1, 152.8, 149.4, 136.8, 133.7, 1328,6, 129, 128.7, 126, 122.2,
119.9, 109.6, 50.4, 43.3. ESI-M8z 402.1 (M+H). Anal Calcd for GoH1gCIoN4O: C, 59.86;

H, 4.52; N, 13.96; Found C, 59.79; H, 4.54; N, 24.0
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4.1.9.13. 4-(7-Chloroquinolin-4-yl)-N-(4-nitropheryl)piperazine-1-carboxamide (38): The
compound was synthesized according to the abovesrglemprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 4-nittegnylisocyanate (0.16g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affo® (0.3g, 73.1%) as solidH NMR (DMSO-d): 5.
3.29 — 3.37 (m, 4H), 3.69 — 3.77 (m, 4H), 7.34898m, 9H).**C NMR (DMSO-d): sc. 157.8,
155.3, 152.9, 149.8, 145.3, 142.9, 133.8, 130,92826.2, 123.7, 122.8, 120.3, 109.8, 50.9,
43.6. ESI-MSmz 412.1 (M+H). Anal Calcd for GoH1gCINsOs: C, 58.33; H, 4.41; N, 17.00;

Found C, 58.41; H, 4.37; N, 16.95.

4.1.9.14. 4-(7-Chloroquinolin-4-yl)-N-(4-methoxyphanyl)piperazine-1-carboxamide (39):
The compound was synthesized according to the abeweral procedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 4-metlypkenylisocyanate (0.15g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to affod® (0.27g, 67.5%) as solidH NMR (DMSO-d): .
3.13 — 3.19 (m, 4H), 3.59 — 3.67 (m, 4H), 3.863(), 6.93 — 8.79 (m, 10H}°C NMR (DMSO-
dg): oc. 158.1, 157.7, 155.1, 152.6, 149.4, 133.6, 13129,9, 128.7, 125.7, 122.8, 119.7, 113.8,
109.6, 55.3, 50.3, 43.1. ESI-M8Zz 397.3 (M+H). Anal Calcd for G;H21CIN4O;: C, 63.55; H,

5.33; N, 14.12; Found C, 63.48; H, 5.36; N, 14.17.

4.1.9.15. 4-(7-Chloroquinolin-4-yl)-N-p-tolylpiperazine-1-carboxamide(40): The compound
was synthesized according to the above generaleguwe using 7-chloro-4-(piperazin-1-
yhquinoline (0.25g, 1 mmol), tolylisocyanate (0gl3L mmol) and triethylamine (0.15 g, 1.5
mmol) to afford40 (0.29g, 76.3%) as solidH NMR (DMSO-d&): 64, 2.37 (s, 3H), 3.18 — 3.26
(m, 4H), 3.59 — 3.64 (m, 4H), 6.97 @z= 5.1Hz, 1H), 7.24 — 8.67 (m, 9HFC NMR (DMSO-

ds): oc. 157.6, 154.9, 152.3, 149.1, 136.7, 135.9, 13830, 128.9, 128.4, 126, 122.1, 120.8,
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109.8, 50.4, 43.3, 21.3. ESI-M8Zz 381.2 (M+HJ. Anal Calcd for GH:CIN4O: C, 66.22; H,

5.56; N, 14.71; Found C, 66.32; H, 5.51; N, 14.65.

4.1.9.16. N-(4-Acetylphenyl)-4-(7-chloroquinolin-4-yl)piperazine-1-carboxamide (41): The
compound was synthesized according to the abovesrglerprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), 4-acetyénylisocyanate (0.16g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) to afford (0.3g, 73.2%) as solidH NMR (DMSO-d): dn.
2.59 (s, 3H), 3.24 — 3.31 (m, 4H), 3.64 — 3.72 4i), 7.06 (dJ = 5.1Hz, 1H), 7.36 — 8.82 (m,
9H). *°C NMR (DMSO-d): dc. 193.2, 157.3, 155.3, 152.7, 149.8, 142.9, 13633 4, 130.2,
128.7, 128.5, 126, 122.3, 120.8, 109.7, 50.6, £%2. ESI-MSmWz 409.2 (M+H). Anal Calcd

for CyH21CIN4O2: C, 64.62; H, 5.18; N, 13.70; Found C, 64.53; H55N, 13.63.

4.1.9.17. 4-(7-Chloroquinolin-4-yl)-N-ethylpiperame-1-carbothioamide (42): The
compound was synthesized according to the abovesrglerprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), ethylismcyante (0.087g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) toto affo#® (0.2g, 58.8%) as pale yellow solitH NMR
(CDCly): 6. 1.32 (t,J = 7.2Hz, 3H), 3.31 — 3.38 (m, 4H), 4.13 — 4.27 @Hl), 6.96 (d,J =
5.1Hz, 1H), 7.31 — 8.73 (m, 4H)*3C NMR (CDCE): Jc. 181.1, 157.6, 152.7, 149.6, 133.7,
129.8, 128.7, 126.1, 122.4, 109.7, 51.4, 47.6,,463%. ESI-MS1/z 335.1 (M+H)". Anal Calcd

for CieH19CIN4S C, 57.39; H, 5.72; N, 16.73; Found C, 57.47; 95N, 16.68.

4.1.9.18.  4-(7-Chloroquinolin-4-yl)-N-isopropylpigrazine-1-carbothioamide (43): The
compound was synthesized according to the abovesrglerprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol), propgthiocyante (0.1g, 1 mmol) and

triethylamine (0.15 g, 1.5 mmol) toto affod8 (0.23g, 65.7%) as pale yellow soltH NMR
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(CDCly): 6y, 1.11 (d,J = 6.9Hz, 6H), 3.34 — 3.41 (m, 4H), 4.18 — 4.26 GH), 4.49 (m, 1H),
7.02 (d,J = 5.1 Hz, 1H), 7.34 — 8.73 (m, 4HYC NMR (CDC}): dc. 181, 157.8, 153, 150,
133.6, 129.8, 128.9, 125.8, 122.3, 109.8, 51.%,517.4, 22.9. ESI-M&Vz 349.1 (M+H). Anal

Calcd for G/H21CIN,S: C, 58.52; H, 6.07; N, 16.06; Found C, 57.456181; N, 15.99.

4.1.9.19. 4-(7-Chloroquinolin-4-yl)-N-ethylpiperame-1-carboxamide (44): The compound
was synthesized according to the above generalegue using 7-chloro-4-(piperazin-1-
yhquinoline (0.25g, 1 mmol), ethylisocyante (0.02gmmol) and triethylamine (0.15 g, 1.5
mmol) to afford44 (0.19g, 59.4%) as solidt NMR (CDCk): dy. 1.17 (t, J = 7.1 Hz, 3H), 3.19
— 3.29 (m, 6H), 3.61 — 3.67 (m, 4H), 6.97 Jd= 5.1Hz, 1H), 7.34 — 8.73 (m, 4HFC NMR
(CDCly): oc. 158.1, 157.6, 152.6, 149.7, 133.7, 129.8, 1282h.6, 122.3, 109.7, 50.6, 43.4,
33.7, 13.3. ESI-MSnw/z 319.1 (M+HJ. Anal Calcd for GgH1sCIN,O: C, 60.28; H, 6.01; N,

17.57; Found C, 60.39; H, 5.96; N, 17.61.

4.1.9.20. 4-(7-Chloroquinolin-4-yl)-N-isopropylpirazine-1-carboxamide (45): The
compound was synthesized according to the abovesrglemprocedure using 7-chloro-4-
(piperazin-1-yl)quinoline (0.25g, 1 mmol),isoproggcyante (0.085g, 1 mmol) and
triethylamine (0.15 g, 1.5 mmol) toto affo#b (0.16g, 48.5%) as pale yellow solitH NMR
(CDCL): 64, 1.37 (d, J = 6.7 Hz, 6H), 3.16 — 3.22 (m, 4H),83-53.66 (m, 4H), 4.19 (m, 1H),
6.93 (d, J = 5.1Hz, 1H), 7.36 — 8.69 (m, 4HL NMR (CDCE): dc. 157.6, 157.3, 152.6, 149.7,
133.6, 129.8, 128.6, 125.8, 122.7, 109.6, 50.42,481.8, 21.7, ESI-M&Vz 333.1 (M+HJ. Anal

Calcd for G7/H21CIN4O: C, 61.35; H, 6.36; N, 16.83; Found C, 61.27; H, 6, 16.89.

4.2. Biological evaluation

4.2.1 Mycobacerium smegmatis gyrase ATPase assay:
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Being the gyrase enzyme catalytic site the gyrad@Bain performs the ATPase assay with the
sole GyrB subunit. The assay was performed iml30eaction volume for 120 min at 25°C in
reaction buffer containing 60 mM HEPES-KOH pH 2230 mM potassium glutamate, 200 mM
KCI, 2 mM magnesium chloride, 1 mM DTT, 2% Glyceré% DMSO, 0.001% BriJ, 0.65 mM
ATP, 40 nM GyrB as previously published method [28;21]. All the test compounds were
diluted in 4% DMSO to about eight concentrationstfe determination of 1§5. ATPase assay
was performed in V-shaped 96-well plates (Polystgrantreated). Initially 15 pL of 2x assay
buffer containing purified GyrB enzyme and substratix were placed in the assay well
followed by 1 pL of test compound, subsequentlygheyme reaction was initiated by adding
14 pL of MgC} solution, as metal ion triggers the enzyme. Tlaetien was allowed to proceed
for 120 min at room temperature. At the end, 20pdlachite green reagent (Bioassay systems)
was added to quench the reaction and incubated2@omin to determine the inorganic
phosphates (Pi) released when measured at 635 nelength against the blank absorbance. In
this assay, novobiocin was considered as positovgral and moxifloxacin as the negative

control.

4.2.2.1n vitro Mycobacterium tuberculosis MABA assay:

The compounds were further screened for theivitro antimycobacterial activity againi.
tuberculosis H37Rv by microplate Alamar blue assay method [B3]efly, the inoculum was
prepared from fresh LJ medium re-suspended in 7HBe8ium (7H9 broth, 0.1% casitone,
0.5% glycerol, supplemented oleic acid, albumirxtdese, and catalase [OADC]), adjusted to a
McFarland tube No. 1, and diluted 1:20; 100 ul wssd as inoculum. Each drug stock solution

was thawed and diluted in 7H9-S at four-fold theafihighest concentration tested. Serial two-
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fold dilutions of each drug were prepared direatlya sterile 96-well microtiter plate using 100
pl 7H9-S. A growth control containing no antibio&iad a sterile control were also prepared on
each plate. Sterile water was added to all peranetells to avoid evaporation during the
incubation. The plate was covered, sealed in plasdigs and incubated at°87in normal
atmosphere. After 7 days incubation, 30 ml of alabtae solution was added to each well, and
the plate was re-incubated overnight. A change alorcfrom blue (oxidised state) to pink
(reduced) indicated the growth of bacteria, andvih€ was defined as the lowest concentration

of drug that prevented this change in color.

Supporting information: Supporting information contains the details relgag the protocol
utilised for cloning and purification of protienugercoiling assay, docking and interaction

profile of compounds, toxicity evaluation, DSF espeents and pharmacokinetics.
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a.piperazine, K;CO;, CH;CN, 80°C; b.(i).methylbromoacetate, K,COs;, CH;CN, 60°C, (ii).LiOH, THF:H;O:CH,OH, 30°C; c.
amine,propylphosphonic anhydride, triethylamine, DCM, 30°C (for cmpd.5-14); d.carboxylic acid, propylphosphonic anhydride,
triethylamine, DCM, 30°C (for cmpd.15-20); e. alkyl halide, K;CO3, CH;CN, 80°C (for cmpd.21, 26-27); f. i. aldehyde, AcOH (cat.), EDC ii.
NaCNBH,, (for cmpd. 22-23); g. isocyanate/isothiocyanate,triethylamine,DCM, 30°C (for cmpd.24-25, 28-45).

Scheme 1 Synthetic protocol utilized for developing thesdmed ligands.
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EN]UEN

=
w2
-]
>
»e
2T

Y
E:JO O

/

®

N
/Cfﬁ Yy oD D Cﬁj
~ e ~
N Cl N Cl N
Cmpd.1-4 Cmpd.5-14 Cmpd. 15-27 Cmpd. 28 - 41 Cmpd. 42 - 45
969 Subset 1 Subset 2 Subset 3
Subset 1
GyrB Supercoiling MIC Cytotoxicity
Cmpd. R assay (IGoy assay (IGy) (UM)°® (% inhib: at
(uM)* (uM)" H 100 pmy
1 Cl 12.2+0.09 6.25+0.8 31.57 36.42
2 H >75 >75 138.33 23.53
3 CK >75 >75 116.43 51.24
4 OCH; 51.6+£3.1 63.2+4.3 63.86 33.53
GyrB Supercoiling MIC Cytotoxicity
Cmpd. R: assay (IGoy assay (IGg) M¢ (% inhib: at
(uM)® (uM)° H 100 pmy
X
5 _ 30.4+3.2 12.5+1.7 61 26.32
N
X
6 | 9.1#0.5 6.125+1.2 17.71 25.42
N
7 ©\/o 23.812.5 12.5+1.1 63.3 15.34
8 @\ 33.1+4.1 28.312.7 35.52 26.24
9 @\/G 14.8+1.3 6.125+0.6 31.2 33.42
S
10 / \ 16.2+1.29 5.3310.7 325 21.14
@)
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N
11 OZN)[J\: 14.6+2.1 6.125+2.1 31.2 11.34
S
12 OzNQP 16.1+2.1  6.125+1.3 25.8 23.65
S)\o
0
13 7.620.7 3.125+0.3 14.5 29.53
CF4
14 31.3+4.1 12.5+2.4 24.2 24.66
Cl
Subset 2
GyrB Supercoiling MIC Cytotoxicity
Cmpd. R: assay (IGy assay (IGg) M¢ (% inhib: at
(uM)® (uM)" H 100 pMy’
A\ 0
15 w 8.53+1.2 3.125+0.8 15.99 34.65
H
F 0
16 \©\/I\>—<> 13.6£1.6 6.125+2.1 15.29 23.26
H
Cl 0]
A\
17 N 10.3+1.6 12.1+3.1 14.7 29.77
H
I
o o}
18 m 24.34.3 26.1+3.7 29.7 16.35
N
H
A\ o)
19 m 14.2+1.6 6.125+0.8 18.33 34.23
H
A 0
20 / 11+0.7 3.125+0.4 35.42 23.65
=N
N
21 N\>_\ 32.6x1.4 25+2.7 27.3 34.76
H
22 8.3+2.6 1.82+0.5 16.25 22.23
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A\
23 Eh 16.9+2.3 4.15+1.6 76.55 12.56
H
H
24 STN 5.5+0.1 2.7+0.8 15.75 19.76
H
25 OTN 6.1+£1.3 3.125+0.5 17.66 25.21
26 S\(O 9.6:22.1  6.125+17 33.2 35.11
02N \ |N .0xZ. . xl. . .
NO,
27 : 10.31£2.6 3.125+0.3 7.26 37.23
o
Subset 3
GyrB assay Supercoiling Cytotoxicity(%
Cmpd. X R, (ICs0) assay (1Go) MIC (uM) © inhib:at 100
(um)® (um)® uM)¢
28 S H 4.1240.3 3.125+0.8 16.32 16.54
29 S F 2.5+0.1 2.710.4 7.8 23.87
30 S Cl 10.7+1.3 8.5+1.1 30 34.23
31 S NO, 6.8+0.9 3.125+1.1 14.32 39.87
32 S OCH; 11+2.2 19.3+3.4 30.27 23.12
33 S CH; 13.8£2.4 25+4.8 62.98 15.76
34 S CcoChH 27+3.2 >25 58.8 27.23
35 O H 7.6+0.8 12.5+1.2 17.03 30.90
36 O F 3.1+0.2 3.125+0.9 15.27 17.56
37 O Cl 9.9+3.2 16.31+4.2 31.5 26.23
38 O NO, 9.2+1.3 8.5+2.1 30.35 41.76
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39 0] OCH; 21.1+31 12.5+0.3 31.5 25.34

40 O CH; 16+3.5 12.5£2.7 32.8 33.87
41 O COCH 18.8+3.3 14.9+2.4 30.6 26.23
42 S GHs 40.6+4.2 >25 74.6 21.87
43 S CH(CH),  40.4+35 >25 71.6 36.33
44 O CHs 45.3+5.1 >25 156.8 26.98
45 0] CH(CH), 43.9+4.7 >25 154.9 34.43
Novobiocin 0.046+10 0.180+3.9 nd nd
Isoniazid nd nd 0.66 nd
Rifampicin nd nd 0.23 nd
Ofloxacin nd nd 2.16 nd

970  *Mycobacterium smegmatis GyrB ATPase activity;"Mycobacterium tuberculosis DNA Gyrase super coiling
971 activity, “in vitro Mycobacterium tuberculosis activity, At 100 uM against RAW 264.7 cells, nd: indicates no
972 determined.

973

974

975

6.12 3.12 1.56

976

977  Figure 3: Inhibitory profile ofMycobacterium tuberculosis DNA Gyrase supercoiling activity by
978  compound?9.

979
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Figure 4. DSF curves for compoun@9 (protein-ligand complex, blue curve) showing an

increase in the thermal shift of 4G when compared to the native GyrB protein (redeur
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996 Figure 5: Mean plasma concentration-time profile of compo@8dollowing intravenous and

997 oral administration to male Wistar raEsach point represents measD (n = 5).

998 Table 2 Pharmacokinetic parameters of compo@8dollowing intravenous (1 mg/kg) and oral

999  administration (20 mg/kg) to rats.

Pharmacokinetic

parameters Unit Intravenous Oral
AUC h*ng/mL 1240.66 £ 90.45 18759.93 £ 1256.39
AUC . h*ng/mL 1354.69 £ 93.45 19283.49 £+ 1498.56
Comax ng/mL 2906.67+ 308.24
T max h 2.20 (1-4)
Ty h 2.04 +0.09 -
Clotal L/h/kg 0.80 £0.05 -
vd L/kg 0.99 £ 0.08 -
Bioavailability (% F) ] - 71.17 +3.20
1000 Values represent mean = SD (n = BJalues are given in range.
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1001  Table 3.Protein binding ability of compourizd in rat and human plasma matrices.

Plasma protein binding

Concentration Rat Human

(ng/ml)

100 93.5+1.8 92.2+15

2500 94.8+2.1 93.6+1.8

5000 954+1.9 94.3+2.2
1002 Plasma protein binding was determined by ultrasfiion
1003 methodalies represent mean + SD (n = 3).

1004
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Highlights:

* We report a new class of small molecule inhibitbrMx tuberculosis gyrase ATPase
domain

» A structure based medium throughput virtual scregdentified an initial hit compound
1.

* Hit expansion, leads compouf8 as potent GyrB inhibitory I§gof 2.5 £ 0.1 uM.
* The molecules exhibited promising in-vitro MTB pots.

* The binding affinity of the inhibitor towards theyB domain was re-ascertained by
DSF.



