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Abstract

With an aim to develop new curcumin inspired anaésyas potent anticancer agents, we
synthesized a series of4E)-1-phenyl-5-(3-phenylimidazo[1,d}pyridin-2-yl)penta-1,4-dien-
3-ones {2a-t) as tubulin polymerization inhibitors. An initidcreening was carried out to
evaluate their cytotoxic potential on a panel of sancer cell lines namely, cervical (HelLa),
gastric (HGC-27), lung (NCI-H460), prostate (DU-14%d PC-3) and breast (4T1), using MTT
assay. Among the compounds tested, compourgs 12r and 12t showed potent growth
inhibition and 12t {(1E,4E)-1-(3-(3,4-difluorophenyl)imidazo[1,3}pyridin-2-yl)-5-(2,4,6-
trimethoxyphenyl)penta-1,4-dien-3-one} being thestractive member of the series inhibited the
growth of all the tested cell lines with §¢values varying from 1.7 — 2.97 pM. Moreov&pt
showed promising cytotoxicity on PC-3, HGC-27 arelLB cell lines with 16, values of 2.11 +
0.27 pM, 2.21 £ 0.25 pM and 2.53 + 0.01 uM respetyi The results from aqueous solubility
test showed that compound2 and12t have 1.7 and 2.8 times more aqueous solubility tha
curcumin. Interestingly, the most active compou2t was found to be nearly 2 times more
selective on PC-3 cells as well as safe on normaldm prostate (RWPE-1) cells. In addition,
compound12t efficiently inhibited tubulin polymerization withCko value of 8.44 + 0.13 uM
and molecular modelling studies disclosed tt2it binds at the colchicine binding site of the
tubulin. Cell cycle analysis revealed thHit arrests PC-3 cells in G2/M phase in a dose
dependant manner. Further, treatment of PC-3 oglth 12t showed typical apoptotic
morphology, also led to the impairment of mitochaoald membrane potential (m) and

increased levels of reactive oxygen species (R@®pgether, the results from acridine



orange/ethidium bromide (AO-EB) and DAPI staininpdées, annexin V-FITC/propidium
iodide staining assay, analysis of mitochondriahmbeane potential (Bm) and reactive oxygen
species (ROS) levels undoubtedly demonstrated ritlection of apoptosis in PC-3 cells by

compoundl2t.

Keywords: Curcumin inspired analogues, imidazo[&)pyridine, cytotoxic, apoptosis, Claisen-

Schmidt condensation.
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1. Introduction

Natural products have traditionally been a mageificsource of novel medicinal leads, and their
contribution in drug discovery is uniquely pronoaddn the domain of cancer pharmacology,
where the fraction of the drugs derived from ndtpraducts amounts to 60% [1]. Curcumin
(1,7-bis(4-hydroxy 3-methoxy phenyl)-1,6-heptadid®®-dione or diferuloylmethaneligure

1, 1) is one of such natural products, obtained froenrthzomes of the plant TurmeriCyrcuma
longa) [2]. Curcumin was found to be a highly pleiotropnolecule that interacts with a diverse
variety of molecular targets and impede with midtigell signaling pathways, including
proliferation (HER-2, AP-1 and EGFR), angiogend$iEGF), apoptosis (activation of caspases
and down regulation of antiapoptotic gene produetsyl inflammation (NF-kB, TNF, IL-1, IL-

6, COX-2, and 5-LOX) [3-12]. Therefore it possesdivgerse range of biological activities such
as anti-carcinogenic [13], antioxidant [14], antmr [15], anti-angiogenesis [16], anti-
inflammatory [17], antithrombotic [18], antihepaigic [19], hypoglycemic [20] and
antihyperlipidaemic [21]. Additionally, numerousudies have shown that curcumin has
beneficial effects in the treatment of myocardiafarction, Alzheimer's disease, rheumatoid
arthritis, human immunodeficiency virus (HIV) syondre and psoriasis [22]. Further, curcumin
is non-toxic even at high dosages and has beegaaed as ‘generally recognized as safe’
(GRAS) by the National Cancer Institute [23,24]e$& multiple biological properties attracted
clinicians to investigate the therapeutic potentilcurcumin and nearly 65 clinical trials are
being carried out worldwide in order to accelertitis lead molecule from kitchen to clinic
[21,25,26]. Despite of the broad spectrum actigiaed safety profile, it is not yet approved as a



therapeutic agent because of its poor oral bioabditly, poor water and plasma solubility as
noticeable from the data of pharmacokinetic andripaaodynamics studies [23,24]. Hence,
there have been significant efforts to synthesizalagues of curcumin with a similar safety
profile, besides increased activity and improveal bioavailability and the process is quite on

the way of progress, with a huge number of sucsesse

Curcumin has substantially been used as a lead mamdpto design and synthesize analogs with
improved activity. The reported studies focusedmyabn modifications in the3-diketone
structure and aryl substitution pattern of curcurdia evident from the reported studies, fhe
diketone moiety of curcumin seems to be a spesiilestrate of a series of aldo-keto reductases
and can be metabolised rapidly vivo [27,28] whereas monoketone analogs generally have
improved pharmacokinetic profiles over curcumin.rbtwver, monoketone analoguésdure 1,
curcumin analogue®-7) containing 5/6 membered heterocycles such asagaime [29],
thiazole [30], imidazole [31], chromone [32] andiahe [33] moieties have been well studied in
the literature for their improved cytotoxic potendyan curcumin. Thus, the 1,5-
diaryl/diheteroaryl/arylheteroaryl penta-1,4-diefmi3 moiety portrayed by these compounds,
can be considered as an optimal scaffold for dgwetpnovel curcumin mimics/analogues as
potent anticancer agents. It is hence worthwhilengiigate extensive investigation of this

category of curcumin analogues as potential cytotagents.
<Insert Figure 1 here>

On the contrary, imidazopyridine is one of the imgot fused bicyclic 5-6 heterocycles, with a
wide range of biological activities such as antitum anti-apoptotic, hypnoselective,
antibacterial, antifungal, antiviral, antiprotozoal and anti-inflanatory. Furthermore,
imidazo[1,2a]pyridine is regarded as a “drug prejudice” moidtycause of its unavoidable
occurrence in numerous clinical drugs that inclugi@pidem, saripidem, olprinone, zolimidine,
rifaximin and drug candidates such as ND-09759 @R@3, which are at present in pre-clinical
and phase | clinical development respectively fdvetculosis Kigure 2) [34,35]. In recent
years, imidazopyridine/pyrimidine chalcones [36]pt#&nyl-imidazo[l,2a]pyridine analogues
(tubulin polymerization inhibitors) [37], sulfonyldrazone-substituted imidazo[la®pyridines
(PI3 kinase plld inhibitors) [38] and the other imidazo-[1a®pyridine derivatives acting on



Nek2 [39] and c-Met kinases [40figure 2) have been extensively studied in the literatore f
their excellent antitumor activity.

<Insert Figure 2 here>

Inspired by the synthetic feasibility and biologdicactivities of imidazo[l,2a]pyridine
derivatives, it would thus be considering benefitdasynthesize curcumin inspired imidazo[1,2-
alpyridine analogues, possessing a five-carbon dieninear linker attached to substituted
imidazo[1,2a]pyridine and phenyl motifs on either sides of itdaevaluate their anticancer
activity (Figure 3). In line with our interest in the development radvel curcumin inspired
analogues [33,41], herein we wish to report curcunmspired imidazo[l,2]pyridine
derivatives as tubulin polymerization inhibitors.

<Insert Figure 3 here>

2. Results and discussion
2.1. Chemistry

The target compounds EME)-1-phenyl-5-(3-phenylimidazo[1,d}pyridin-2-yl)penta-1,4-dien-
3-ones {2a-t) were synthesized by employing Claisen-Schmidtdeosation between (i) 3-
substituted imidazo[1,3}pyridine-2-carbaldehydell), and (ii) a substituted chalcon8) (as
depicted inScheme 1. Initially, chalcones 3) were prepared by NaOH-catalysed Claisen-
Schmidt condensation of appropriately substitutethzbldehydes1j with acetone [42] (a,
Scheme 1). The next core structural element, aldehytly (b, Scheme 1) was synthesized by
following a 5-step scheme, starting from 2-amineigige and ethylbromopyruvate to afford
ester intermediate6) [43]. Later, it was iodinated wittiN-iodosuccinimide [44] to form
intermediate7 and in the next step, it underwent Suzuki coupliitly different phenyl boronic
acids in the presence of Pd(BRiNa,CO;[45]to give intermediat®. Further, it was reduced to
the corresponding alcoholl@ by using LiAIH, [43] and then oxidized to the respective
aldehyde 11) in the presence of Dess-Martin periodinane [48hally, CH;ONa-catalysed
Claisen-Schmidt condensation of chalcoBeanhd aldehydel(l) furnished the target compounds
12a-t in moderate to very good yields @&heme 1) [47].

<lnsert Scheme 1 here>



All the synthesized compound42g-t) were unambiguously characterized by using FT-IR,
HRMS, *H and**C NMR spectroscopythe'H NMR spectrum ofi2a showed a sharp singlet of
methoxy protons ai 3.85 and rest all protons appeared in the rangeSaf0— 6.78. In the"*C
NMR spectrum ofl2a, the carbonyl and methoxy carbons appeared@ 489.0 and 55.4
respectively and the remaining carbons appearéoeimange ot 161.5—- 112.8. Nearly similar
patterns were noticed itH and **C NMR spectra of all the compound&24-t). The FT-IR
spectrum ofl2a showed a sharp band at 1651.8"cwhich confirmed the presence of ketone
functionality. The HRMS (ESI) ofia-t showed characteristic [M+H]corresponding peaks

equivalent to their molecular formulae.
2.2. Biological evaluation
2.2.1. Invitro anticancer activity

The newly synthesizedurcumin inspired imidazo[l,d8}pyridine analogues(12a-t) were
screened for theim vitro cytotoxicity against selected cancer cell lines. \@ervical (HelLa),
gastric (HGC-27), lung (NCI-H460), prostate (DU-14%d PC-3), breast (4T1) and one normal
human prostate epithelial cell (RWPE-1) wusing 3dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay [48]. Ti@&d (uM) values (concentration required to
cause 50% inhibition of the viability of cancerlsglof test compound$2a-t and the standard,

curcumin and vincristine sulphate are showm able 1.

In order to understand the structure-activity retahip (SAR), we used diversified substitutions
on the phenyl ring of the chalcone as well as thengl ring attached to the imidazo[1,2-
alpyridine moiety of these curcumin inspired analeguFrom the preliminary results, it is
evident that some of the synthesized compoundsbiatli moderate to potent cytotoxicity
against the tested cancer cell lines witlgglZalues in the range of 1.67 + 0.34 to 10.27 + 0.25
uM. From the close analysis dfable 1, it can be observed that compouri@s, 12e, 12n, 120,
12q, 12r, 12s and12t were the most active members of this series amdetmaining compounds
were almost inactive against the tested cell li@@smpoundd2a, 12b, 12d and12f carrying 3-
phenylimidazo[1,2a]pyridine moiety and 4-methoxy/2,4-dimethoxy/3,4rdithoxy/2,4,6-
trimethoxy substitutions respectively on the pheriglg of the chalcone were found to be

inactive on the cell lines screened 4§@alues of > 1QM), whereasl2c and12e possessing 2,5-



dimethoxy and 2,4,5-trimethoxy substitutions resipety exhibited potent cytotoxicity on
nearly all the cell lines examined withsfvalues ranging from 1.67 — 7.Q8/4. Surprisingly,
compoundsl2g, 12h, 12i and 12 which contain 3-(3-methoxy)phenylimidazo[lapyridine
moiety and 4-methoxy/2,4-dimethoxy/2,5-dimethox¢/@8imethoxy substitutions respectively,
did not show significant cytotoxicity at 1M. Similarly, compound42k, 12| and12m having
3-(4-methoxy)phenylimidazo[1,2}pyridine  moiety and 4-methoxy/2,4-dimethoxy/2,5-
dimethoxy substitutions respectively on the phengb of the chalcone were found to be
inactive. Interestingly, compound2n and 120 containing 3-(4-methoxy)phenylimidazo[1,2-
alpyridine moiety and 3,4-dimethoxy or 2,4,5-trimexly substitutions respectively on the
phenyl ring of the chalcone displayed consideraiytetoxicity with 1Gso values ranging from
3.64 — 9.41uM. Compoundl2p with 3-(3,4-difluoro)phenylimidazo[1,2}pyridine moiety and
4-methoxy substitution on the chalcone showeg € > 10uM, while 12q with 2,4-dimethoxy
group on the chalcone showed cytotoxicity in thegeaof 8.41 — 10.24M. Importantly, 12r,
12s and 12t holding 3-(3,4-difluoro)phenylimidazo[l&pyridine moiety and 2,5-
dimethoxy/3,4-dimethoxy/2,4,6-trimethoxy substituts respectively on the phenyl ring of the
chalcone displayed potent cytotoxicity on all tledl ines screened with Kgvarying from 1.71

— 6.35uM. Compoundl2r was active on all cell lines tested, especially3@ith I1Cso0f2.84 +
0.58 uM. Further, compound?2t, the most active member of the series exhibitedarkable
cytotoxicity on HelLa (2.53 + 0.04M), HGC-27 (2.21 + 0.2M), NCI-H460 (2.63 = 0.0uM),
DU145 (2.97 + 0.08M), PC-3 (2.11 £ 0.27tM) and 4T1 (1.71 £ 0.14M) cell lines.

<Insert Table 1 here>

The impact of substitution on chalcones and imiflg2ea]pyridine is interesting and the
following conclusions have been drawn from the dtrte-activity relationship (SAR) analysis

(Figure 4) of these compounds:

a. From the 1Go values, in general, it can be noted that the piasef electron donating (3-
methoxy or 4-methoxy) groups on the phenyl ringqated to imidazo[1,2}pyridine did not
produce the bioactive compound2g¢-m) with the exception for compound&n and12o.

b. Compounds without any substitution on the phemyg tinked to imidazo[1,Z]pyridine

and with mono or di or trimethoxy substitutions the chalconel@a, 12b, 12d and 12f) were



nearly inactive at 1QM, while compounds with 2,5-dimethox$2c) or 2,4,5-trimethoxy X2e)
substitutions showed significant cytotoxicity.

C. In general, compounds with electron withdrawingid¢fio) groups on the phenyl ring
attached to imidazo[l,2]pyridine (12g-t) were more potent, compount?p being the
exceptional case, than compounds having unsulestitphenyl or phenyl ring with electron
donating groups (methoxy): the order may be elactvibhdrawing > neutral > electron donating.
d. Additionally, most of the compounds containing dihoy or trimethoxy group on the

chalcone showed enhanced cytotoxicity than mondoxgtcompounds.

<Insert Figure 4 here>

By comparing the 16 values of compounds with that of curcumi@g, 12e, 12n-o, 12g-t were
considered as more potent than curcuniab(e 2). They are 1.8 to 6.5 times, 3.9 to 11.1 times,
and 2.1 to 8.9 times, respectively, more potent thacumin on human lung cancer cell line
(NCI-H460) and two human prostate cancer cell li{§/145 and PC-3). Further, the most
active compound?2t is 6.5 times, 11.1 times and 8.9 times more cyioton NCI-H460, DU-

145 and PC-3 cell lines, respectively, than cureumi
<Insert Table 2 here>

The aqueous solubility of the most active curcurmapired analogued?e and 12t was
measured in comparison to curcumin by making teaturated aqueous solutioims milli-Q
water [49]. The amount of compound solubilized vadgtermined spectrophotometrically by
scanning at 206 600 nm.Figure 5 shows the UV-visible spectra recorded for compaui
and12t. The results demonstrate ti2e and12t have 1.7 and 2.8 times more aqueous solubility

than curcumin.
<Insert Figure 5 here>

To find out the selectivity towards cancer cells most active compouritPt was tested on
normal human prostate epithelial cell line (RWPE!@)erestingly, compoundl2t was found to
be almost 2 times more selective for PC-3 cells gamed to normal RWPE-1 cells. The
promising cytotoxicity of compounii2t on PC-3 cells motivated us to investigate its affeat

cellular level.



2.2.2. Effect of compound 12t on tubulin polymerization

Tubulin is the principal component of the eukargotytoskeleton and function in several
crucial cellular processes including cell replioati As evident from the literature, chalcones
shows cytotoxic activity through the inhibition tfbulin polymerization, hence impede with
microtubule formation [50]. Moreover, chalcones andcumin analogues have a great structural
resemblance, thus, to investigate the correlatetwéen cytotoxicity of these compounds and
tubulin, compound2t was examined for its effects on tubulin polymeti@a in a cell-freen
vitro assay and nocodazole was chosen as the positelcdnitially, 12t was screened at 10
KM and % inhibition was found to be 51.8%. As degucin Figure 6, 12t efficiently inhibited
tubulin polymerization in a dose-dependent mannién ¥Cso value of 8.44 + 0.13iM. These
results stipulate that the indicative moleculamgédrof these curcumin analogues might be
tubulin.

<Insert Figure 6 here>
2.2.3. Cdll cycleanalysis

Most of the cytotoxic compounds elicit their growtiibitory effect either by arresting the cell
cycle at a specific checkpoint or by inducing apsf [51].1n vitro screening results disclosed
that compound2t showed significant cytotoxicity against PC-3 cellberefore, we examined
the effect of compound2t on cell cycle progression of PC-3 cells by usitgyfcytometry
analysis [52]. The PC-3 cells were treated withM. and 2uM of compoundl12t for 24 h and
stained with propidium iodide. The results fréfigure 7 clearly shows that the ratio of PC-3
cells in G2/M phase was increased from 33.1% irtrob(DMSO) to 44.6% at 1M and 55.8%
at 2uM of 12t. Concomitantly, there was reduction in the raficalls in GO/G1 phase in a dose
dependent manner. Henceforth, these results clealilyate that the treatment of PC-3 cells with
12t led to G2/M cell cycle arrest.

<Insert Figure 7 here>
2.2.4. Acridine orange-ethidium bromide (AO-EB) staining

The induction of apoptosis by chemotherapeutic &geas always been a preferred choice in the

development of new anticancer agents [53]. The hwiqgical changes induced by the most



active compound2t in PC-3 cells were further examined by using asedorange-ethidium
bromide (AO-EB) staining to differentiate the livepoptotic and necrotic cells [54]. AO-EB
staining method discerns the live cells from dealliscbecause AO permeates the intact cell
membrane and stains the cells green, while ethiditomide can stain only the cells with lost
membrane integrity in orange. Frdfigure 8, it can be inferred that the control cells extabit
normal morphology whereas compoui?t treated PC-3 cells were characterized by the early
signs of apoptosis such as condensed chromatinbbaibing of cell membrane at OV
concentration of compountPt. Apoptotic body formation, irregular distributiasf chromatin
that marginated into horse-shoe shaped nuclei asthuttive fragmentation of nuclei were
observed at 1M and 2uM respectively.

<Insert Figure 8 here>
2.2.5. Annexin V-FITC/Propidium iodide staining assay

In order to quantify the percentage of cells underg apoptosis by the treatment with
compoundl2t, Annexin V-FITC/propidium iodide dual staining agsvas carried out according
to the known procedure. This assay facilitatesdtection of live cells (Q1-LL; AWPH), early
apoptotic cells (Q2-LR; AV+/P)), late apoptotic cells (Q3-UR; AV+/PI+) and deadis (Q4-
UL; AV-/PI+). PC-3 cells were treated withy® and 4uM of compound12t for 24 h and
stained with Annexin V-FITC/propidium iodide. Asahn in Figure 9, the compoundL2t
increased the percentage of late apoptotic caitsn[f5.7% (control) to 27.9% (at 2M) and
48.3% (at 4uM)] which suggests that the compoutb&t induced apoptosis in PC-3 cells in a
dose dependent manner.

<Insert Figure 9 here>

2.2.6. DAPI staining

DAPI (4',6-Diamidino-2-phenylindole) is a nucledais that strongly binds to adenine-thymine
clusters of the minor groove of double-stranded DIAd thus it can visualize nuclear
morphological changes. DAPI stains the apoptotils ceright coloured because of the
condensed nucleus which is a characteristic featiepoptosis. Therefore, DAPI staining was
performed as per the procedure available in teeglitire to detect nuclear damage and chromatin

condensation induced by compoutizt in PC-3 cells. As shown in theigure 10, compound



12t treated PC-3 cells displayed condensed, fragmeaartdchorse-shoe shaped nuclei while the

untreated cells exhibited intact nucleus.

<Insert Figure 10 here>
2.2.7. Effect on mitochondrial membrane potential (D¥m)

Mitochondria are cellular power house of energy ahsb plays crucial role in apoptotic
processes. As evident from the literature, the dgntd mitochondrial membrane integrity, loss
or collapse of mitochondrial membrane potential araease of intracellular ROS levels are
closely connected processes that happen during@psps55]. Hence, we tested this possibility
by investigating the effect of compoufgt on D¥m of PC-3 cells using lipophilic cationic JC-1
dye [56]. Healthy polarised mitochondria exhibitddrto orange colour because of potential
dependent formation of J-aggregates, whereas deggalamitochondria emits green due to the
presence of J-monomers. PC-3 cells were treatdd2uM and 4.M of 12t for 24 h and stained
with JC-1 dye. As evident frorRigure 11, there was increment in depolarised cell popufatio
(P2) from 11.9% (control) to 23.67% (at M) and 52.30% (at 4M) in concentration
dependent manner. Hence, these results clearlyatedthat compountt induced cytotoxicity

through mitochondria dependent apoptosis.
<Insert Figure 11 here>
2.2.8. M easur ement of reactive oxygen species (ROS) levels

High levels of reactive oxygen species (ROS) causddative damage to mitochondrial
permeability transition pore leading to dissipatminmitochondrial membrane potential which
further leads to the initiation of intrinsic apoptocascade [57]. Hence, we evaluated the
elevation of intracellular reactive oxygen spedigscompoundl2t in PC-3 cells using DCFDA
staining method. Treatment with compoub#&t for 6 h resulted in significant increase in
DCFDA fluorescence compared to control cells, repnéing ROS accumulating property of
compounds Kigure 12), which indicates that compounds induced apopttisieugh ROS

generation.

<Insert Figure 12 here>



2.3. Molecular docking simulation study

To elucidate the binding mode and type of intecaxtiwith tubulin (PDB ID: 1SAQBS8], we
have performed molecular docking simulation stuavéh the most active compouri@t using
the GLIDE docking module of Schrédinger suite 2@1%9]. From the docking study, it was
observed that the top ranked conformation of comgdi2zt was well accommodated inside the
colchicine binding site of the tubulin. As shownFigure 13a, docking studies suggest that the
compound12t binds well in the colchicine-binding domain at t@-tubulin interface. More
detailed analysis of the inhibitor—tubulin compléigure 13b) revealed various hydrogen
bonding interactions that appear to play a key moléne binding mode. Compouri@t showed
four hydrogen bond interactions with the catalyticactive residues Asn101, Gly144, Val181
and Lys254. The nitrogen atom at N-1 position afdemo[1,2a]pyridine ring acts as hydrogen
bond acceptor and involved in the hydrogen boneraation with back bone NHof Val181 (d =
3.7 A). The oxygen atom of methoxy group at theosdcposition of chalcone phenyl moiety
established two hydrogen bond interactions witle sidain NH of Asn101 (d = 1.9 A) and main
chain NH of Gly144 (d = 3.5 A). Similarly, the oxygen atoof dienone linker showed a
hydrogen bonding interaction with the side chain,NHl Lys254 (d = 3.6 A). Additionally,
several hydrophobic interactions were observed éatmthe compouni2t and the active site
residues, e.g., Val74, Alal80, Vall81, Cys241, 1432l eu248, Ala250, Leu252, Leu255,
Met259, Val315, Ala316 and Val351 which stabilizes binding of the compount®t in the

colchicine-binding domain af/p-tubulin interface.

<Insert Figure 13 here>

To acquire further intuition, we demonstrated thpesimposition of co-crystallized ligand and
the best docked pose of compoudti in the colchicine binding site of B-tubulin interface. The
superimposition poses recommended fl2htoccupies the binding pocket in a similar fashien a
that of co-crystallized ligand and certainly thé,8;trimethoxy group 2t superimposes with
the trimethoxy phenyl moiety of colchicine as seenFigure 14. Overall, these molecular
docking simulation results provided us a rationadtification for why compound?2t had the
good tubulin polymerization inhibitory activity andome important directions for future

structural modifications.



<Insert Figure 14 here>

3. Conclusion

In the course of the development of potent cyt@agents, a series of some new curcumin
inspired imidazo[1,&]pyridine analoguesl@a-t) were synthesized and characterized by IR,
HRMS, 'H and*C NMR spectral data. Initially, these compoundsenevaluated for theiin
vitro cytotoxic potential on cervical (HeLa), gastricGB-27), lung (NCI-H460), prostate (DU-
145 and PC-3) and breast (4T1) cancer cell linesca@ normal human prostate (RWPE-1) cell
line using MTT assay. Among the compounds testethpoundsl?e, 12r and 12t exhibited
significant cytotoxicity andl2t [(1E,4E)-1-(3-(3,4-difluorophenyl)imidazo[l1,3}pyridin-2-yl)-
5-(2,4,6-trimethoxyphenyl)penta-1,4-dien-3-one] ngeithe most active member of the series
showed excellent antiproliferative activity on #ie tested cell lines, especially PC-3, HGC-27
and Hela (IGo of 2.11 + 0.27 pM, 2.21 + 0.25 pM, 2.53 + 0.01 pddpectively). Interestingly,
the most active compouri@t was found to be less cytotoxic on normal humarstate (RWPE-

1) cells and almost 2 times more selective on REH3. The results from aqueous solubility test
showed that compoundRe and 12t have 1.7 and 2.8 times more aqueous solubility tha
curcumin. Moreover, compouri®t efficiently inhibited tubulin polymerization withCk value

of 8.44 + 0.13 uM and molecular modelling studiescldsed thatl2t binds at the colchicine
binding site of the tubulin. Alsd2t arrests PC-3 cells in G2/M phase as evident fioencell
cycle analysis. Further, treatment of PC-3 cellhd2t displayed typical apoptotic morphology,
also led to the impairment of mitochondrial memleraotential (FmM) and increased levels of
reactive oxygen species (ROS). Overall, the re$udta acridine orange/ethidium bromide (AO-
EB) and DAPI staining studies, annexin V-FITC/pdipm iodide staining assay, analysis of
mitochondrial membrane potential {fiin) and reactive oxygen species (ROS) levels cdytain
demonstrated the induction of apoptosis in PC-& &gl compound.2t. In conclusion, curcumin
inspired imidazo[1,2&]pyridine analogues described in the present waordticate exciting

possibilities of developing new cancer therapeutiagheir structural modifications.

4. Experimental section

4.0. General



All the chemicals, reagents, starting materials aolyents were procured from commercial
suppliers and were used without further purificatid\nalytical thin layer chromatography
(TLC) was performed using MERCKpre-coated silica gel 60-F-254 (0.5 mm) aluminuaigs.
Visualization of spots on TLC plates was achievgdUy light. Wherever required, column
chromatography was performed with silica gel (60-b2esh) or neutral alumina. Ethyl acetate
and hexane were used as eluents. Melting pointg wieecked using Stuart digital SMP 30
melting point apparatus and were uncorrected. FTspRctra for all the compounds were
recorded on a Perkin Elmer instrument by using Afi&thod.'H and**C NMR spectra were
recorded on an Avance NMR instrument operated @tas@l 125 MHz respectively using tetra
methyl silane (TMS) as the internal referer€bemical shift values were given in ppm ahd
values were documented in Hertz. Spin multiplisitreere explained as s (singlet), d (doublet), t
(triplet), dd (doublet of doublet), g (quartet) anmd (multiplet). HRMS were obtained with
Agilent QTOF mass spectrometer 6540 series instntna@d were performed in the ESI

technique at 70 eV.

4.1. Synthetic procedures and spectral data

4.1.1. General synthetic procedure for the synthesis of chalcones 3

To a magnetically stirred solution of substitutezhipaldehydel; 1 mmol) in ethanol (3 mL)
were added 0.5 mL of acetone and 1 mL of 15% agué@mOH (1 mL) solution at 0 °C. The
reaction was allowed to stir at room temperatdlét tivas completed. The reaction mixture was
evaporated to dryness, extracted twice with etbgtate, the combined organic layers were dried
over anhydrous N&O, and concentrated under vacuum. The crude residige purified by
column chromatography (Silica gel, 60-120 mesh,i@tane/ethyl acetate) to afford the desired

chalcone ) in good to very good yields.
4.1.2. General synthetic procedure for the synthesis of 6

A solution of 2-amino pyridine4( 1 mmol) and ethyl bromopyruvats, (1.2 mmol) in ethanol
(15 mL) was stirred under reflux for 1 h, and caoricated in vacuo to remove the solvent. The
residue was partitioned between dichloromethanenfl) and saturated aqueous solution of
sodium carbonate (10 mL). The organic layer wasusgpd, dried over anhydrous JS&, and

concentrated under reduced pressure. The residsewdéied by column chromatography on



neutral alumina to afford imidazo[1dpyridine-2-carboxylic acid ethyl ester as a ligltown
solid (6) in good vyield.

4.1.3. General procedure for the synthesis of 7

N-lodosuccinimide (1.5 mmol) was added to a magakbyicstirred solution of imidazo[1,2-
a]pyridine-2-carboxylic acid ethyl este,(1 mmol) in dry CHCN (5 mL). The reaction mixture
was stirred at rt for 1 h. The filtrate was concatatd to remove the solvent, and the residue was
purified by column chromatography on neutral alumito afford ethyl 3-iodoimidazo[1,2-

alpyridine-2-carboxylate®) in moderate yield.

4.1.4. General procedure for the synthesis of 9

To a mixture of ethyl 3-iodoimidazo[l&pyridine-2-carboxylate®, 1 mmol) and Pd(PBh
(0.05 mmol) in dioxane (8 mL) was added the coweasing phenyl boronic acid (1.1 mmol)
followed by the addition of sodium carbonate (2 jnio water (2 mL). The reaction mixture
was heated at 75 °C with vigorous stirring undeérogien atmosphere, and the reaction was
monitored by TLC. After the aryl halidg)(was consumed completely, the reaction mixture was
concentrated to remove the solvent and then ertfasith dichloromethane (2 x 20 mL). The
combined organic extracts were washed with wat@m(®), dried over anhydrous B8O, and
concentrated to dryness under vacuo. The crudeupto®) was purified by column

chromatography on neutral alumina.
4.1.5. General procedure for the synthesis of 10

To a slurry of lithium aluminium hydride (2 mmol) anhydrous tetrahydrofuran (3 mL), which
was cooled to 0 °C, was added a solution of ethgidyimidazo[1,2a]pyridine-2-carboxylateq,

1 mmol) in anhydrous tetrahydrofuran (2 mL) dropwiéfter being stirred at 0 °C for 1 h, the
reaction was quenched by adding 1N aqueous solofityydrochloride (0.8 mL) slowly. After
being stirred for 10 min, the mixture was basifigdthe addition of saturated aqueous solution
of sodium bicarbonate (1 mL), and filtered througglite. The filter cake was washed with
dichloromethane (10 mL). The organic layer was s#pd and the aqueous layer was extracted
with dichloromethane (2 x 10 mL). The organic lay&rere combined, dried over anhydrous

NaSO, and concentrated under reduced pressure. The eesmhs purified by column



chromatography on neutral alumina to afford (34amgdazo[1,2a]pyridin-2-yl)methanol {0) in

moderate to good yields.

4.1.6. General procedure for the synthesis of 11

To a magnetically stirred solution @0 (1 mmol) in DCM (10 mL) at 6C were added water
(100 pL) and Dess-Martin periodinane (2.5 mmol)usedially. The reaction was monitored by
TLC until the alcohol was consumed. The reactiortane was filtered through a cartridge of
SiO, (eluting with E3O) and solvent was removed in vacuo. The residigepuafied by column
chromatography on neutral alumina to afford 3-amdiazo[1,2a]pyridin-2-carbaldehydel() in

moderate to good yields.

4.1.7. General procedure for the synthesis of 12a-t

To a stirred solution of chalcor#® (0.5 mmol) in ethanol (5 mL) was added 15% aqueous
CH3zONa (1-2 mL) solution and aldehydd (0.5 mmol) at O °C. The resulting solution was
stirred at room temperature till the reaction waspleted. The reaction mixture was evaporated
to dryness, partitioned between ethyl acetate aateérwthe combined organic layers were dried
over anhydrous N&Q, and concentrated under reduced pressure. The onade was purified
either by recrystallization in ethanol or by colustimomatography on neutral alumina to furnish

the final compound&2a-t in moderate to very good yields.

4.1.8. Spectral data

4.1.81. (1E,4E)-1-(4-methoxyphenyl)-5-(3-phenylimidazo[ 1,2-a] pyridin-2-yl)penta-1,4-dien-3-
one (12a)

Yellow solid, yield 73.1%; mp: 15453 °C; FT-IR (crit): 3047.4, 2932.3, 1651.8, 1620.5,
1510.8, 1450.3, 1352.2, 1249.9, 1096.5, 763HONMR (500 MHz, CD(J): 6 8.10 (d,J = 6.9
Hz, 1H), 7.77 (s, 1H), 7.73 (d,= 7.0 Hz, 2H), 7.66 (d} = 9.1 Hz, 1H), 7.63- 7.43 (m, 8H),
6.93 (d,J = 8.6 Hz, 2H), 6.88 (d] = 16.1 Hz, 1H), 6.78 (t] = 6.7 Hz, 1H), 3.85 (s, 3H}’C
NMR (125 MHz, CDC}): 6 189.0, 161.5, 145.5, 143.0, 139.1, 133.2, 13(BQ,11 129.5, 129.3,
127.7, 127.6, 126.3, 125.9, 125.1, 123.6, 117.8,4,1112.8, 55.4; HRMS (ESlv/z calcd for
CasH21N,0, 381.1598, found 381.1606 [M+H]



4.1.8.2. (1E,4E)-1-(2,4-dimethoxyphenyl)-5-(3-phenylimidazo[ 1,2-a] pyridin-2-yl)penta-1,4-dien-
3-one (12b)

Yellow solid, yield 68.7%; mp: 14142 °C; FT-IR (crit): 2935.0, 1644.6, 1600.7, 1503.2,
1454.9, 1348.8, 1290.9, 1094.7, 751H;:NMR (500 MHz, CDCJ): 6 8.10 (d,J = 6.9 Hz, 1H),
8.02 (d,J = 16.2 Hz, 1H), 7.74 (dl = 1.1 Hz, 2H), 7.66 (d] = 9.2 Hz, 1H), 7.58 (d] = 7.0 Hz,
2H), 7.54- 7.43 (m, 5H), 7.03 (d] = 16.2 Hz, 1H), 6.77 (] = 6.5 Hz, 1H), 6.53 (d] = 8.6, 2.2
Hz, 1H), 6.47 (dJ = 2.1 Hz, 1H), 3.89 (s, 3H), 3.85 (s, 3H)C NMR (125 MHz, CDGJ): &
189.6, 162.9, 160.2, 145.5, 139.2, 138.8, 132.8,813130.2, 129.5, 129.2, 127.6, 127.5, 126.4,
126.2, 125.7, 123.6, 117.7, 117.1, 112.7, 105.4,9%b.5, 55.4; HRMS (ESInvz calcd for
CoeH23N»05 411.1703, found 411.1712 [M+H]

4.1.8.3. (1E,4E)-1-(2,5-dimethoxyphenyl)-5-(3-phenylimidazo[ 1,2-a] pyridin-2-yl)penta-1,4-dien-
3-one (12c)

Yellow solid, yield 63.3%; mp: 12430 °C; FT-IR (crif): 2930.1, 1663.4, 1618.9, 1535.6,
1461.8, 1350.2, 1291.9, 1091.1, 7518:NMR (500 MHz, CDC}): ¢ 8.11— 8.07 (m, 1H), 8.04
(s, 1H), 7.75 (s, 2H), 7.67 (d= 9.2 Hz, 1H), 7.63 7.42 (m, 6H), 7.12 (d] = 3.0 Hz, 1H), 7.07
(d,J =16.3 Hz, 1H), 6.93 (dd, = 9.0, 3.0 Hz, 1H), 6.87 (d,= 9.0 Hz, 1H), 6.78 () = 6.8 Hz,
1H), 3.87 (s, 3H), 3.80 (s, 3HJ’C NMR (125 MHz, CDGCJ): § 189.5, 153.5, 153.2, 145.5,
139.1, 138.4, 133.4, 130.2, 129.5, 129.3, 128.2,612126.3, 125.9, 124.4, 123.7, 117.8, 117.6,
113.1, 112.8, 112.4, 56.0, 55.8; HRMS (ESt)z calcd for GgH3N.O; 411.1703, found
411.1709 [M+H].

4.1.8.4. (1E,4E)-1-(3,4-dimethoxyphenyl)-5-(3-phenylimidazo[ 1,2-a] pyridin-2-yl) penta-1,4-dien-
3-one (12d)

Yellow solid, yield 79.2%: mp: 10204 °C; FT-IR (crit): 2936.6, 1668.0, 1650.2, 1621.4,
1507.3, 1466.0, 1348.9, 1265.0, 1101.4, 75'HINMR (500 MHz, CDC)): ¢ 8.10 (d,J = 7.0
Hz, 1H), 7.79- 7.71 (m, 3H), 7.66 (d] = 9.1 Hz, 1H), 7.59 (1] = 7.3 Hz, 2H), 7.52 (dd} = 9.1,
7.9 Hz, 3H), 7.3% 7.27 (m, 1H), 7.19 (dd] = 8.3, 1.6 Hz, 1H), 7.14 (d,= 1.6 Hz, 1H), 6.89
(dd, J = 16.2, 8.2 Hz, 2H), 6.78 (§,= 6.8 Hz, 1H), 3.94 (s, 3H), 3.93 (s, 3HC NMR (125
MHz, CDCk): ¢ 188.9, 151.3, 149.2, 1455, 143.2, 139.0, 13338.2, 129.5, 129.3, 127.9,
127.7, 127.5, 126.3, 125.7, 125.5, 123.7, 123.7,8,1112.8, 111.1, 109.7, 56.0, 55.9; HRMS
(ESI): m/z calcd for GgH23N»03 411.1703, found 411.1712 [M+H]



4.1.85. (1EJ4E)-1-(3-phenylimidazo[ 1,2-a] pyridin-2-yl)-5-(2,4,5-trimethoxyphenyl) penta-1,4-
dien-3-one (12e)

Yellow solid, yield 73.5%; mp: 24246 °C; FT-IR (crit): 3046.2, 1657.3, 1601.0, 1505.1,
1447.6, 1349.3, 1284.1, 1094.7, 754H:NMR (500 MHz, CD.&)): 6 8.13—-8.02 (m, 2H), 7.75
(s, 2H), 7.66 (dJ = 9.2 Hz, 1H), 7.64 7.55 (m, 3H), 7.54 7.47 (m, 3H), 7.09 (s, 1H), 6.96 (d,
J=16.2 Hz, 1H), 6.78 (f] = 6.8 Hz, 1H), 6.51 (s, 1H), 3.94 (s, 3H), 3.903), 3.88 (s, 3H);
13C NMR (125 MHz, CDG)): § 189.4, 154.3, 152.3, 145.5, 143.2, 139.2, 13832,9, 130.2,
129.5, 129.2, 127.7, 127.6, 126.2, 126.0, 125.3,62117.7, 115.4, 112.7, 110.8, 96.7, 56.3,
56.2, 56.0; HRMS (ESIm/z calcd for G7H2sN204 441.1809, found 441.1813 [M+H]

41.86. (1E,4E)-1-(3-phenylimidazo[ 1,2-a] pyridin-2-yl)-5-(2,4,6-trimethoxyphenyl) penta-1,4-
dien-3-one (12f)

Yellow solid, yield 76.7%; mp: 20205 °C; FT-IR (crif): 2972.0, 1660.1, 1598.7, 1554.4,
1469.1, 1350.9, 1285.2, 1090.9, 752H;NMR (500 MHz, CDCJ): § 8.20 (d,J = 16.2 Hz, 1H),
8.10 (d,J = 6.9 Hz, 1H), 7.76 7.62 (m, 3H), 7.66 7.55 (m, 2H), 7.51 (d] = 7.3 Hz, 3H), 7.42
(d,J =16.2 Hz, 1H), 7.27% 7.20 (m, 1H), 6.76 (dd] = 9.8, 3.8 Hz, 1H), 6.12 (s, 2H), 3.88 (s,
6H), 3.85 (s, 3H)!*C NMR (125 MHz, CDG): § 190.5, 163.0, 161.6, 145.4, 139.4, 134.5,
132.1, 130.2, 129.4, 129.1, 127.7, 127.6, 127.3,0020126.1, 123.6, 117.7, 112.6, 106.4, 90.4,
55.7, 55.4; HRMS (ESInvz calcd for G7H2sN,04 441.1809, found 441.1813 [M+H]

4.1.8.7. (1E,4E)-1-(4-methoxyphenyl)-5-(3-(3-methoxyphenyl)imidazo[ 1,2-a] pyridin-2-yl)penta-
1,4-dien-3-one (129g)

Yellow solid, yield 64.8%; mp: 11314 °C; FT-IR (crit): 2969.6, 1647.1, 1599.9, 1509.7,
1422.1, 1346.0, 1288.4, 1091.7, 75418;NMR (500 MHz, CDCJ): 6 8.12 (d,J = 6.9 Hz, 1H),
7.81-7.67 (m, 3H), 7.66 (d] = 9.1 Hz, 1H), 7.56 (d] = 8.6 Hz, 2H), 7.50 (] = 7.9 Hz, 1H),
7.29-7.24 (m, 1H), 7.11 7.04 (m, 2H), 7.02 (s, 1H), 6.93 @= 8.6 Hz, 2H), 6.88 (d] = 16.1
Hz, 1H), 6.78 (tJ = 6.7 Hz, 1H), 3.88 (s, 3H), 3.85 (s, 3Jc NMR (125 MHz, CDG): ¢
189.0, 161.5, 160.3, 145.5, 143.0, 139.1, 133.2,613.30.1, 128.8, 127.6, 127.5, 126.3, 125.9,
125.1, 123.8, 122.5, 117.8, 115.7, 114.8, 114.2,71155.5, 55.4; HRMS (ESIji/z calcd for
CagHaaN,03 411.1703, found 411.1709 [M+H]



4.1.8.8. (1E,4E)-1-(2,4-dimethoxyphenyl)-5-(3-(3-methoxyphenyl )imi dazo[ 1,2-a] pyridin-2-
yl)penta-1,4-dien-3-one (12h)

Yellow solid, yield 76.4%; mp: 13840 °C; FT-IR (crif): 2972.2, 1662.4, 1597.5, 1505.4,
1466.1, 1335.1, 1275.2, 1099.4, 75£19;NMR (500 MHz, CDCJ): 6 8.12 (d,J = 6.9 Hz, 1H),
8.02 (d,J = 16.2 Hz, 1H), 7.8% 7.69 (m, 2H), 7.66 (d] = 9.1 Hz, 1H), 7.55 7.45 (m, 2H),
7.27-7.23 (m, 1H), 7.09 (d] = 7.5 Hz, 1H), 7.07 7.00 (m, 3H), 6.77 (d] = 6.8 Hz, 1H), 6.53
(dd,J = 8.6, 2.2 Hz, 1H), 6.47 (d,= 2.1 Hz, 1H), 3.89 (s, 3H), 3.87 (s, 3H), 3.853H); °C
NMR (125 MHz, CDCY): 6 189.5, 162.9, 160.3, 145.5, 139.2, 138.8, 1326,7, 130.5, 128.8,
127.3, 126.4, 126.2, 125.7, 123.8, 122.5, 117.7,111115.7, 114.8, 112.7, 105.3, 98.4, 55.5,
55.4; HRMS (ESI)m/z calcd for G7HpsN,04 441.1809, found 441.1813 [M+H]

4.1.8.09. (1E,4E)-1-(2,5-dimethoxyphenyl)-5-(3-(3-methoxyphenyl )imi dazo[ 1,2-a] pyridin-2-
yl)penta-1,4-dien-3-one (12i)

Yellow solid, yield 67.3%; mp: 17471 °C; FT-IR (crit): 2971.8, 1648.7, 1587.2, 1493.8,
1348.9, 1286.3, 1092.3, 750'% NMR (500 MHz, CDC}): ¢ 8.12 (d,J = 6.9 Hz, 1H), 8.06 (d,
J=16.3 Hz, 1H), 7.76 (q] = 15.3 Hz, 2H), 7.66 (d] = 9.1 Hz, 1H), 7.50 () = 7.9 Hz, 1H),
7.28-7.24 (m, 1H), 7.14 7.04 (m, 4H), 7.02 (s, 1H), 6.93 (dilz 9.0, 2.9 Hz, 1H), 6.86 (d,

= 9.0 Hz, 1H), 6.78 (&) = 6.8 Hz, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 3.803); :*C NMR (125
MHz, CDCk): ¢ 189.5, 160.3, 153.5, 153.2, 145.5, 139.1, 13838.4] 130.6, 128.8, 128.1,
127.5, 126.3, 125.9, 124.4, 123.8, 122.5, 117.8,5.1115.7, 114.9, 113.1, 112.7, 112.4, 56.0,
55.8, 55.4; HRMS (ESInvz calcd for G7H2sN,04 441.1809, found 441.1817 [M+H]

4.1.8.10. (1E,4E)-1-(3,4-dimethoxyphenyl)-5-(3-(3-methoxyphenyl )imi dazo[ 1,2-a] pyridin-2-
yl)penta-1,4-dien-3-one (12))

Yellow solid, yield 77.2%; mp: 17472 °C; FT-IR (crit): 2967.8, 1642.2, 1621.6, 1600.3,
1510.1, 1465.5, 1358.0, 1295.9, 1088.1, 75tH3NMR (500 MHz, CD(J): 6 8.11 (d,J=7.0
Hz, 1H), 7.80- 7.70 (m, 3H), 7.65 (d] = 9.2 Hz, 1H), 7.50 (tJ = 7.9 Hz, 1H), 7.28 7.24 (m,
1H), 7.19 (ddJ = 8.3, 1.4 Hz, 1H), 7.14 (s, 1H), 7.217.04 (m, 2H), 7.02 (s, 1H), 6.926.85
(m, 2H), 6.78 (tJ = 6.8 Hz, 1H), 3.94 (s, 3H), 3.93 (s, 3H), 3.883d); °C NMR (125 MHz,
CDCl3): 0 188.9, 160.3, 151.3, 149.2, 145.4, 143.2, 13933,.3 130.5, 128.7, 127.9, 127.5,



126.3, 125.7, 125.5, 123.8, 123.0, 122.5, 117.5,711114.8, 112.8, 111.1, 109.7, 56.0, 55.8,
55.4; HRMS (ESI)mVz calcd for GH2sN,0,4 441.1809, found 441.1818 [M+H]

4.1.8.11. (1E,4E)-1-(4-methoxyphenyl)-5-(3-(4-methoxyphenyl)imidazo[ 1,2-a] pyridin-2-
yl)penta-1,4-dien-3-one (12k)

Yellow solid, yield 63.7%; mp: 12428 °C; FT-IR (crit): 2988.5, 1654.7, 1590.0, 1509.5,
1347.2, 1300.1, 1249.9, 1081.9, 75613;:NMR (500 MHz, CDCJ): ¢ 8.06 (d,J = 6.9 Hz, 1H),
7.80—7.75 (m, 1H), 7.72 (s, 2H), 7.67 @ 8.9 Hz, 1H), 7.56 (d] = 8.7 Hz, 2H), 7.43 (d] =

8.4 Hz, 2H), 7.30- 7.27 (m, 1H), 7.13 7.08 (m, 2H), 6.93 (d] = 8.6 Hz, 2H), 6.87 (d] = 16.1
Hz, 1H), 6.79 (tJ = 6.8 Hz, 1H), 3.91 (s, 3H), 3.85 (s, 3HC NMR (125 MHz, CDGJ): &
189.0, 161.5, 160.4, 145.4, 142.9, 138.9, 133.4,613130.0, 128.5, 127.7, 126.1, 125.6, 125.2,
123.7, 119.6, 117.7, 115.0, 114.4, 112.6, 55.54;58RMS (ESI):nvVz calcd for GgH23N2O3
411.1703, found 411.1706 [M+H]

4.1.8.12. (1E,4E)-1-(2,4-dimethoxyphenyl)-5-(3-(4-methoxyphenyl )imi dazo[ 1,2-a] pyridin-2-
yl)penta-1,4-dien-3-one (12|)

Yellow solid, yield 69.5%: mp: 168466 °C; FT-IR (crit): 2988.2, 1644.4, 1590.0, 1503.2,
1455.6, 1345.6, 1289.5, 1091.5, 7625:NMR (500 MHz, CDCY): 6 8.02 (d,J = 17.5 Hz, 2H),
7.73— 7.40 (m, 6H), 7.25 7.18 (m, 1H), 7.10 (dJ = 7.3 Hz, 2H), 7.02 (d] = 16.0 Hz, 1H),
6.81- 6.72 (m, 1H), 6.53 (d] = 6.7 Hz, 1H), 6.47 (s, 1H), 3.91 (s, 3H), 3.893H), 3.85 (s,
3H); *C NMR (125 MHz, CDGJ): 6 189.6, 162.9, 160.3, 160.2, 145.3, 139.0, 13833.0,
132.1, 131.5, 130.7, 128.5, 128.4, 127.5, 126.8,8.223.6, 119.6, 117.7, 117.1, 115.0, 112.6,
105.3, 98.4, 55.5, 55.4; HRMS (EShvz calcd for G/H2sN20O4 441.1809, found 441.1815
[M+H] ™.

4.1.8.13. (1E,4E)-1-(2,5-dimethoxyphenyl)-5-(3-(4-methoxyphenyl )imi dazo[ 1,2-a] pyridin-2-
yl)penta-1,4-dien-3-one (12m)

Yellow solid, yield 63.0%; mp: 9®8 °C; FT-IR (crit): 2971.3, 1645.5, 1610.4, 1492.8, 1347.3,
1286.6, 1089.8, 753.8H NMR (500 MHz, CDCJ): ¢ 8.08 (d,J = 15.9 Hz, 2H), 7.8% 7.51 (m,
4H), 7.50- 7.30 (m, 3H), 7.15 7.03 (m, 3H), 6.93 (d] = 6.4 Hz, 1H), 6.86 (d] = 8.8 Hz, 1H),
6.82— 6.76 (m, 1H), 3.91 (s, 3H), 3.87 (s, 3H), 3.813H); 1*C NMR (125 MHz, CDG)): 6



189.5, 160.4, 153.5, 153.2, 145.4, 138.9, 138.3,613131.6, 128.2, 127.8, 126.1, 125.5, 124.4,
123.7, 119.5, 117.7, 117.5, 115.0, 113.1, 112.8,4,556.0, 55.8, 55.4; HRMS (EShvz calcd
for Co7H2sN204 441.1809, found 441.1813 [M+H]

4.1.8.14. (1E,4E)-1-(3,4-dimethoxyphenyl)-5-(3-(4-methoxyphenyl )imi dazo[ 1,2-a] pyridin-2-
yl)penta-1,4-dien-3-one (12n)

Yellow solid, yield 65.4%; mp: 11618 °C; FT-IR (crif): 2988.6, 1656.2, 1620.1, 1508.3,
1439.4, 1248.6, 1101.9, 7528) NMR (500 MHz, CDCY): ¢ 8.05 (d,J = 6.9 Hz, 1H), 7.76 (s,
1H), 7.73 (dJ = 2.9 Hz, 2H), 7.65 (d] = 9.1 Hz, 1H), 7.43 (d] = 8.6 Hz, 2H), 7.25 7.22 (m,
1H), 7.19 (dJ = 8.2 Hz, 1H), 7.16 7.07 (m, 3H), 6.92 6.85 (m, 2H), 6.77 (] = 6.7 Hz, 1H),
3.94 (s, 3H), 3.93 (s, 3H), 3.91 (s, 3H)c NMR (125 MHz, CDG): § 188.9, 160.4, 151.3,
149.2, 145.4, 143.1, 138.9, 133.5, 131.6, 127.9,812126.1, 125.6, 125.3, 123.7, 123.0, 119.5,
117.7, 115.0, 112.6, 111.1, 109.7, 56.0, 55.8,:58BMS (ESI): m/z calcd for G7H2sN20,
441.1809, found 441.1814 [M+H]

4.1.8.15. (1E,4E)-1-(3-(4-methoxyphenyl)imidazo[ 1,2-a] pyridin-2-yl)-5-(2,4,5-
trimethoxyphenyl)penta-1,4-dien-3-one (120)

Yellow solid, yield 63.8%; mp: 19495 °C; FT-IR (crif): 2971.0, 1658.7, 1606.0, 1507.5,
1463.7, 1349.2, 1282.8, 1090.3, 75119:NMR (500 MHz, CDC}): § 8.13— 8.05 (m, 2H), 7.83
—7.66 (m, 4H), 7.43 (d] = 8.5 Hz, 2H), 7.15 7.07 (m, 3H), 6.96 (d] = 16.2 Hz, 1H), 6.80 (t,

J = 6.8 Hz, 1H), 6.51 (s, 1H), 3.94 (s, 3H), 3.91G8H), 3.89 (s, 3H)**C NMR (125 MHz,
CDCly): ¢ 189.4, 160.4, 154.3, 152.3, 145.3, 143.3, 13938.2, 133.0, 131.6, 127.6, 126.0,
125.8, 125.7,123.7, 119.6, 117.7, 115.4, 115.2,611110.9, 96.7, 56.3, 56.2, 56.0, 55.4; HRMS
(ESI): vz caled for GgH,7N2Os 471.1914, found 471.1919 [M+H]

4.1.8.16. (1E,4E)-1-(3-(3,4-difluorophenyl)imidazo[ 1,2-a] pyridin-2-yl)-5-(4-
methoxyphenyl) penta-1,4-dien-3-one (12p)

Yellow solid, yield 71.9%:; mp: 1338 °C; FT-IR (crit): 2988.5, 1651.7, 1600.8, 1511.1,
1495.6, 1346.0, 1306.5, 1115.5, 752H:NMR (500 MHz, CDCY): § 8.02 (d,J = 6.9 Hz, 1H),
7.79— 7.64 (m, 4H), 7.56 (d] = 8.6 Hz, 2H), 7.44 7.28 (m, 3H), 6.94 (d] = 8.7 Hz, 2H), 6.89
(s, 1H), 6.84 (ddJ = 12.7, 6.0 Hz, 2H), 3.85 (s, 3H])3,C NMR (125 MHz, CDG): ¢ 188.8,



161.6, 145.6, 143.3, 139.5, 132.3, 130.1, 127.6,912126.6, 126.5, 125.1, 125.0, 124.5, 123.3,
119.2, 119.1, 118.8, 118.6, 117.9, 114.4, 113.24;3IRMS (ESI):m/z calcd for GsH19FN20,
417.1409, found 417.1406 [M+H]

4.1.8.17. (1E,4E)-1-(3-(3,4-difluorophenyl)imidazo[ 1,2-a] pyridin-2-yl)-5-(2,4-
dimethoxyphenyl)penta-1,4-dien-3-one (12q)

Yellow solid, yield 73.0%; mp: 19896 °C; FT-IR (crif): 2972.3, 1639.7, 1602.6, 1503.6,
1454.2, 1346.7, 1305.0, 1140.4, 75613:NMR (500 MHz, CDCJ): ¢ 8.06— 7.99 (m, 2H), 7.74
(d,J=15.2 Hz, 1H), 7.76 7.63 (m, 2H), 7.53 (dl = 8.6 Hz, 1H), 7.44 7.27 (m, 4H), 7.02 (d,
J=16.2 Hz, 1H), 6.82 () = 6.8 Hz, 1H), 6.53 (dd] = 8.6, 2.2 Hz, 1H), 6.47 (d,= 2.2 Hz,
1H), 3.90 (s, 3H), 3.85 (s, 3HJ’C NMR (125 MHz, CDGCJ): § 189.4, 163.0, 160.3, 145.6,
139.6, 139.1, 131.8, 130.8, 127.0, 126.9, 126.5,612124.9, 124.5, 123.2, 119.2, 119.1, 118.8,
118.6, 117.9, 117.0, 113.1, 105.4, 98.4, 55.5,;539RMS (ESI):nVz calcd for GeH21FN203
447.1515, found 447.1519 [M+H]

4.1.8.18. (1E,4E)-1-(3-(3,4-difluorophenyl)imidazo[ 1,2-a] pyridin-2-yl)-5-(2,5-
dimethoxyphenyl)penta-1,4-dien-3-one (12r)

Yellow solid, yield 79.7%; mp: 17479 °C; FT-IR (Crﬁ): 2988.3, 1667.5, 1617.8, 1493.4,
1349.1, 1289.6, 1092.9, 1025.9, 74812;:NMR (500 MHz, CDCJ): § 8.07 (d,J = 16.3 Hz, 1H),
8.03 (d,J = 6.9 Hz, 1H), 7.76 (dJ = 15.2 Hz, 1H), 7.70 7.65 (m, 2H), 7.44- 7.27 (m, 4H),
7.12 (d,J = 3.0 Hz, 1H), 7.06 (d] = 16.3 Hz, 1H), 6.94 (ddl = 9.0, 3.0 Hz, 1H), 6.87 (d,=

9.0 Hz, 1H), 6.83 (t) = 6.8 Hz, 1H), 3.87 (s, 3H), 3.81 (s, 3H)C NMR (125 MHz, CDCJ): 6
189.3, 153.5, 153.2, 145.6, 139.5, 138.7, 132.8,112126.9, 126.6, 126.5, 125.2, 124.5, 124.3,
123.3, 119.2, 119.1, 118.8, 118.6, 117.9, 117.3,21113.1, 112.4, 56.0, 55.8; HRMS (ESI):
m/z calcd for GgH21F2N2O3 447.1515, found 447.1522 [M+H]

4.1.8.19. (1E,4E)-1-(3-(3,4-difluorophenyl)imidazo[ 1,2-a] pyridin-2-yl)-5-(3,4-
dimethoxyphenyl)penta-1,4-dien-3-one (12s)

Yellow solid, yield 82.0%; mp: 18A82 °C; FT-IR (crif): 2959.0, 1658.2, 1617.3, 1508.1,
1469.7, 1347.6, 1285.2, 11078t NMR (500 MHz, CDCY): 6 8.03 (d,J = 6.9 Hz, 1H), 7.75 (d,
J=15.5 Hz, 2H), 7.7% 7.63 (m, 2H), 7.44 7.28 (m, 3H), 7.20 (ddl = 8.3, 1.5 Hz, 1H), 7.14



(s, 1H), 6.97- 6.87 (m, 2H), 6.84 (dd] = 12.7, 5.8 Hz, 2H), 3.94 (s, 3H), 3.93 (s, 3HE NMR
(125 MHz, CDCY): 9 188.7, 151.4, 149.2, 145.6, 143.5, 139.5, 1323,7, 126.9, 126.6, 126.3,
125.4, 125.2, 124.4, 123.3, 123.1, 119.2, 119.8,8,1118.7, 117.9, 113.2, 111.1, 109.7, 56.0,
55.8: HRMS (ESI)mVz calcd for GeHa1FoN20s 447.1515, found 447.1519 [M+H]

4.1.8.20. (1E,4E)-1-(3-(3,4-difluorophenyl)imidazo[ 1,2-a] pyridin-2-yl)-5-(2,4,6-
trimethoxyphenyl)penta-1,4-dien-3-one (12t)

Yellow solid, yield 67.5%; mp: 24@41 °C; FT-IR (crit): 2972.0, 1658.6, 1639.2, 1621.3,
1601.2, 1511.2, 1465.4, 1351.1, 1294.5, 1099.7.57%4 NMR (500 MHz, CDCY): 6 8.22 (d,J

= 16.2 Hz, 1H), 8.03 (d] = 6.8 Hz, 1H), 7.73 (d] = 15.3 Hz, 2H), 7.63 (d]l = 15.3 Hz, 1H),
7.49- 7.27 (m, 5H), 6.84 (t) = 6.6 Hz, 1H), 6.12 (s, 2H), 3.90 (s, 6H), 3.8631d); *C NMR
(125 MHz, CDCY): 6 190.3, 163.1, 161.7, 145.6, 139.8, 134.9, 13128,3], 127.0, 126.9, 126.8,
126.4, 124.7, 123.2, 119.2, 119.1, 118.7, 118.6,9,1113.1, 106.4, 90.4, 55.7, 55.4; HRMS
(ESI): mvz caled for G7H,3FN,04 477.1620, found 477.1625 [M+H]

4.2. Biological evaluation

4.2.0. Cdl cultures

The cervical (HelLa), gastric (HGC-27), lung (NCI-6®), prostate (DU-145, PC-3) and breast
(4T1) tumor cell lines were procured from Nationahter for Cell science (NCCS), Pune, India.
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetzolium bromide], trypsin-EDTA were
bought from Sigma Chemicals Co (St. Louis, MO). DMIERPMI 1640 medium, fetal bovine
serum were purchased from GIBCO-Invitrogen. The22and 96 well flat bottom tissue culture

plates were procured from Corning.
4.2.1. MTT assay

The anticancer activity of the compound2g-t) was determined by using MTT assay.-&.%
10°cells per well were seeded in 100 pL DMEM or RPMupplemented with 10% FBS in each
well of 96-well microculture plates and incubatest 24 h at 37 °C in a CGQOincubator.
Compounds, diluted to the desired concentrationsuiture medium, were added to the wells
with respective vehicle control. After 48 h of it@ation period, medium was discarded, 100 pL
of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl etrazolium bromide) (0.5 mg/mL)



containing medium was added to each well and tlaepl were incubated for 4 h. The
supernatant from each well was removed carefutlynfzan crystals were dissolved in 200 pL
of DMSO and the absorbance was recorded at 570 awelength with multimode plate reader

(Spectramax M4, Molecular devices, USA).
4.2.2. Evaluation of tubulin polymerization inhibitory activity

Tubulin polymerization kit was procured from Cyteton, Inc. (BKO11). To assess the effect
of compoundL2t on tubulin polymerization, a fluorescence baisedtro tubulin polymerization
assay was carried out according to the manufatsupeotocol and Nocodazole was used as
positive control. The reaction mixture having poecbrain tissue (2 mg/mL) in 80 mM PIPES at
pH 6.9, 2.0 mM MgCG), 0.5 mM EGTA, 1.0 mM GTP and glycerol in the praseand absence
of test compoundl@t, at final concentration of 10 uM) was prepared added to each well of
96-well plate. Tubulin polymerization was followedy a time dependent increase in
fluorescence due to the incorporation of a fluozese reporter into microtubules as
polymerization proceeds. Fluorescence emissiod@trn (excitation wavelength is 360 nm)
was measured using a Spectramax M4 Multi mode Mtate Detection Systenthe 1G, value
was calculated fronthe compound concentration required to inhibit 5@R&ubulin assembly in

comparison to control.
4.2.3. Cdl cycleanalysis

To examine the effect of compouiddt on cell cycle, cells were seeded in 12-well plaesa
density of 1 x 10 cells/mL and allowed to attach for 24 h. Cells evéreated with required
concentrations (LM and 2uM) of compoundl2t and incubated further for 24 h. The cells were
collected, washed and fixed in 70% ethanol in PB&@ °C. After leaving overnight, the fixed
cells were pelleted and stained with Propidium ded{25 pg/mL) in the presence of RNase A
(40 pg/mL) containing 0.1% Triton X-100 for 0.54t, 37 °C in dark, and about 10000 events

were analyzed using flow-cytometer (FACS verse t@e®ickinson, US).
4.2.4. Acridine orange/ethidium bromide (AO/EB) staining

The morphological changes induced in PC-3 cellsdippoundl2t were examined by Acridine
Orange/Ethidium Bromide (AO/EB) staining. PC-3 seNere grown in 24 well plates (25000



cells/well) for 24 h and were treated with @I, 1 uM and 2uM concentration of compound
12t for 48 h. After the incubation period, medium wdiscarded and cells were washed with
PBS and treated with 1Qg/mL of acridine orange and 10g/mL of ethidium bromide.
Morphological features were observed and photograplere taken immediately under
fluorescence inverted microscope (Model: Nikon,algpusing 488 nm excitation and 530 nm

emission at 200x maginification.
4.2.5. Annexin V binding assay

PC-3 cells (1 x 17 were seeded in 12 well plates amtbwed to grow overnight. Then, the
medium was replaced withedium containing compouri®t at 2uM and 4uM concentrations.
After 24 h of treatment, cells from the supernatamd adherent monolayer cells were harvested
by trypsinizationwashed with PBS at 3000 rpm. Then the cells vpeoeessed using Annexin
V-assay kit (FITC Annexin V ApoptosiBetection Kit, BD Pharmingen™) according to the
manufacturer'sprotocol. Further, flow cytometric analysis was fpened usinga flow-
cytometer (BD FACSVerse™, USA).

4.2.6. DAPI staining

PC-3 cells were seeded on 24 well plates at thsityest 25000 cells/well and allowed to adhere
overnight. Then, the cells were treated with 1 uM 2 uM concentration of compouddt for

48 h, washed with PBS and fixed with 4% neutrafdred formalin solution for 20 min. Again,
the cells were washed twice with PBS and permeauiliwith 0.2% triton-x for 5 min and
stained with DAPI (1 pg/mL) for 10 min at room teengture. Cells were examined for
morphological changes under fluorescence micros¢bfmel: Nikon, Japan) using 350 nm
excitation and 460 nm emission at 200x magnificatio

4.2.7. Measurement of mitochondrial membrane potential (MMP)

Mitochondrial membrane potential (MMP) was deteredirusing JC-1 dye as per method given
by Atulya et al., with minor modifications [49]. P& cells were cultured in 12 well plates at a
density of 1 x 10 cells/mL and allowed to grow overnight. Then, tiedls were treated with 2
uM and 4uM of compoundl?t for 24 h. After treatment, cells were treated Wit+1 (2 pM)



dye and incubated for 45 min in dark at @7in an incubator. Subsequently, cells were washed
twice with PBS, trypsinized and analyzed by flowtesyeter (BD FACSVerse™, USA).

4.2.8. Measurement of reactive oxygen species (ROS) levels

PC-3 cells were seeded in 12 well plates at a teasil x 16 cells/mL and allowed to adhere
for overnight. The cells were treated withu¥ and 2uM concentrations of compouri®t for

24 h. The medium was replaced with culture mediuntaining DCFDA dye (1QuM) and
incubated for 0.5 h at room temperature in darke Thorescence intensity from each sample
was analyzed at excitation wavelength of 488 nmemdssion wavelength of 530 nm by flow-

cytometer.

4.2.9. Computational methods

The 3D structure of compouri@t was built on Maestro Molecule Builder of SchrodngThe
built molecule was optimized using OPLS_2005 fdiietd in LigPrep module of Schrddinger
software. Docking procedure was followed usinggtamdard protocol implemented in Maestro,
version 9.9 and the compout#gt was docked against tle®lchicine binding site od/p-tubulin
interphase. The ligand —protein complex was andlyae interactions and the 3D pose of most

active compound2t was taken using Schrodinger and PyMOL v0.99.
4.2.10. Water solubility test

2 mg of curcumirf2e/12t was mixed with 2.0 mL of milli-Q water and the mixe was
vortexed for 5min, sonicated for 1 min, and incubated at 37 °C2# h. Then, the mixture was
centrifuged at 14,000 rpm for 15 min and the wdéser wasseparated and scanned in a

spectrophotometer at a wavelength range of 200-n64
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Table 1: In vitro anticancer activity (16 in uM)? of curcumin inspired imidazo[1,d}pyridine

analoguesia-t).

Table 2: Realative potency of curcumin inspired imidazofa]Ryridine analogues.

Figure 1. Structure of curcumin and its analogues.

Figure 2. Representative structures of some imidazofl®«idine drugs, drug candidates and
imidazo[1,2a]pyridine derivatives of biological interest.

Figure 3. Design of new curcumin inspired imidazo[BRyridine analogues as anticancer

agents.

Figure4. SAR analysis of curcumin inspired imidazo[B[pyridine analogues.

Figure5. UV-visible spectra of compound2e and12t.

Figure 6. Effect of compound?2t on tubulin polymerization.

Figure 7. Cell cycle analysis of PC-3 cells treated with (a) colntfb) compoundl2t at 1 uM
and (c) 2uM for 24 h using propidium iodide cell staining ed. All assays were done in
triplicate.



Figure 8. AO-EB staining of PC-3 cells treated with compourd. (a) DMSO treated cells
(control); (b, c and d) After 48 h of treatmentiw@t.5uM, 1 uM and 2uM of 12t respectively.

Figure 9. Annexin V-FITC/propidium iodide dual staining ags®C-3 cells were treated with
compoundl12t and stained with Annexin V-FITC/PI and examined &poptosis using flow-
cytometer. The 10,000 cells from each sample weaéyaed by flow cytometry. The percentage
of cells positive for Annexin V-FITC and/or Propidn iodide is reported inside the quadrants.
Cells in the lower left quadrant (Q1-LL: AV-/Pl-)ive cells; lower right quadrant (Q2-LR:
AV+/PI-): early apoptotic cells; upper right quadtdQ3-UR: AV+/PI+): late apoptotic cells and
upper left quadrant (Q4-UL: AV-/PI+): dead cells.

Figure 10. Nuclear morphology of PC-3 cells stained with DAPC-3 cells were treated with
compound12t (at 1uM and 2uM) for 48 h and stained witBAPI. The images were captured
with fluorescence microscope.

Figure 11. Effect of compoundl2t on mitochondrial membrane potentidl{m). PC-3 cells
were treated with 2M and 4uM of compoundl2t and stained with JC-1 and % populations of
the cells with healthy mitochondria and cells wd#polarized mitochondria in each sample were
analyzed by flow cytometer (BD FACSVerse™, USA).t®Davere mean + SEM of three
individual experiments. * P<0.05 when compared datml (One way ANNOVA followed by
Dunnet’s multiple comparison test).

Figure 12. Effect of compound?2t on intracellular Reactive Oxygen Species (ROS2IeWC-3
cells were treated with compouddt (at 1uM and 2uM) and stained with DCFDA and cells
were assessed using flow-cytometer. Data were meziEM of three individual experiments. *
P<0.05 ** P<0.01 *** P<0.001 vs. Ctrl when compar¢éa control (One way ANNOVA
followed by Dunnet’s multiple comparison test).

Figure 13. a) Docking model of the most potent compod@t (magenta colour stick with solid
surface) and b) its ligand-protein interactionstive colchicine binding site of/p-tubulin
interface (PDB ID: 1SAO0). The red dashed linesespnts hydrogen bonds.



Figure 14. Superimposition of co-crystallized ligand (greany best docked pose of compound
12t (magenta) in the colchicine binding siteodf-tubulin interface (PDB ID: 1SAO0).

Scheme 1: Synthesis of curcumin inspired imidazo[Bpyridine analogued2a-t; Reagents
and conditions: (i) 15% NaOH, ethanol, 0 =Qt, 2-3 h, 7185%. (ii) Ethanol, reflux, 1 h,
74.3%; (iii) NIS, rt, 1 h, 65.1%; (iv) Pd(PRh Na&COs;, dioxane:HO = 8:2, 75 °C, 26 h,
65-73%; (v) LiAlH4, THF, 0°C —rt, 1 h, 6771%; (vi) DMP, DCM, 0°C, 1 h, 6574%; (vii)
CH30ONa, ethanol, rt, 15 min, 682%.



Table 1: In vitro anticancer activity (16 in uM)? of curcumin inspired imidazo[1,d}pyridine

analoguesia-t).

Compound HeLA HGC-27 NCI-H460 DU-145 PC-3 471 RWPE-?
12a >10 >10 > 10 > 10 >10 >10 -
12b >10 >10 > 10 > 10 >10 >10 -
12¢ 5.51+0.10 7.08 £0.92 4.01+0.20 3.38+0.14 33M.02 3.38+0.06 -
12d >10 >10 > 10 > 10 >10 >10 -
12e 1.67 +0.34 5.38 +1.59 2.84+0.08 3.71+0.05 527.35 1.68 +0.03 -
12f >10 >10 > 10 > 10 >10 >10 -
129 >10 >10 > 10 > 10 >10 >10 -
12h >10 >10 >10 >10 >10 >10 -
12i >10 >10 > 10 > 10 >10 >10 -
12] >10 >10 > 10 > 10 >10 >10 -
12k >10 >10 > 10 > 10 >10 >10 -
121 >10 >10 > 10 > 10 >10 >10 -
12m >10 >10 > 10 > 10 >10 >10 -
12n 6.66 + 1.51 7.84+155 428 +0.28 4.00+£0.29 43®.14 5.61+0.13 -
120 9.41+0.6 8.77+0.16 552 +0.41 5.63+0.11 D37 4.69 £0.63 -
12p >10 >10 > 10 > 10 >10 >10 -

10.27 +
12q 8.41+0.31 025 9.53+0.17 8.46 +0.33 8.94+1.18 9.72+0.40 -
12r 4.93+0.05 6.35+0.02 3.11+0.19 419 +0.14 428.58 3.27 £0.07 -
12s 5.58 +0.15 3.38+0.59 3.01+0.11 4.87 £0.40 3%4.35 3.45+0.24 -
12t 2.53+0.01 2.21+0.25 2.63+0.05 2.97 +0.08 12D.27 1.71+0.11 ‘;21?

Curcumin N. D. N. D. 17.14 +0.72 33.12+1.91 18.71+1.06 N.D -

Vincristine

sulphate N. D. N. D. N. D. 71.83+6.01 28.11+2.42 N. D. -
(nM)

250% inhibitory concentration after 48 h of drugatreent and mean + SD of three individual experimgmgrformed in

triplicate.
®Human cervical cancer cell line.

“Human gastric cancer cell line.
4Human lung cancer cell line.
®Human prostate cancer cell line.
fMouse breast cancer cell line.

9Normal human prostate epithelial cells.

ND — Not determined.



Table 2: Relative potency of curcumin inspired imidazo[&]Ryridine analogues.

ICs0 of curcumin/IGo of compound

Compound NCI-H46C DU-14F PC-3°

Curcumir 1 1 1
12¢ 4.2 9.8 6.1
12¢ 6.C 8.C 6.€
12n 4c 8.2 5.1
120 3.1 5.C 2.6
12q 1€ 3. 2.1
12 5. 7. 6.6
125 5.7 6.€ 3.4
12t 6.5 11.1 8.C

&The relative potency of curcumin mimics was caltedaby dividing the |G, value of curcumin by that of each curcumin
mimic.

9Human lung cancer cell line.

®Human prostate cancer cell line.
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Figure 1. Structure of curcumin and its analogues.
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Figure 2. Representative structures of some imidazofl¥«idine drugs, drug candidates and
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Figure 3. Design of new curcumin inspired imidazo[Bpyridine analogues as anticancer

agents.
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Figure 4. SAR analysis of curcumin inspired imidazo[BJpyridine analogues.
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Figure5. UV-visible spectra of compound2e and12t.
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Figure 6. Effect of compound?2t on tubulin polymerization.
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Figure 7. Cell cycle analysis of PC-3 cells treated with (a) colntfb) compoundl2t at 1 uM
and (c) 2uM for 24 h using propidium iodide cell staining med. All assays were done in
triplicate.
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Figure 8. AO-EB staining of PC-3 cells treated with compout®d. (a) DMSO treated cells
(control); (b, c and d) After 48 h of treatmentiw.5uM, 1 uM and 2uM of 12t respectively.
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Figure 9. Annexin V-FITC/propidium iodide dual staining ags®C-3 cells were treated with
compoundl12t and stained with Annexin V-FITC/PI and examined &poptosis using flow-
cytometer. The 10,000 cells from each sample weatyaed by flow cytometry. The percentage
of cells positive for Annexin V-FITC and/or Propidn iodide is reported inside the quadrants.
Cells in the lower left quadrant (Q1-LL: AV-/Pl-)ive cells; lower right quadrant (Q2-LR:
AV+/PI-): early apoptotic cells; upper right quadtdQ3-UR: AV+/PI+): late apoptotic cells and
upper left quadrant (Q4-UL: AV-/PI+): dead cells.



(a) Ctrl

(b)12t—1 pM

(©) 12t — 2 pM

Figure 10. Nuclear morphology of PC-3 cells stained with DAPC-3 cells were treated with
compound12t (at 1uM and 2uM) for 48 h and stained witBAPI. The images were captured

using fluorescence microscope.
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Figure 11. Effect of compoundl2t on mitochondrial membrane potentidl¥{m). PC-3 cells
were treated with 2M and 4uM of compoundl2t and stained with JC-1 and % populations of
the cells with healthy mitochondria and cells wa#polarized mitochondria in each sample were
analyzed by flow cytometer (BD FACSVerse™, USA).t®Davere mean + SEM of three
individual experiments. *P<0.05 when compared tatd (One way ANNOVA followed by

Dunnet’s multiple comparison test).
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Figure 12. Effect of compound?2t on intracellular Reactive Oxygen Species (ROS3IeWwC-3
cells were treated with compouddt (at 1 uM and 2uM) and stained with DCFDA and cells
were assessed using flow cytometer. Data were meéaM of three individual experiments. *
P<0.05 ** P<0.01 ***P<0.001 vs. Ctrl when comparedcontrol (One way ANNOVA followed
by Dunnet’s multiple comparison test).



Chain A

Figure 13. a) Docking model of the most potent compoutai (magenta colour stick with solid
surface) andb) its ligand-protein interactions in theolchicine binding site of/p-tubulin
interface (PDB ID: 1SAOQ). The red dashed lines@sents hydrogen bonds.



Figure 14. Superimposition of co-crystallized ligand (greany best docked pose of compound
12t (magenta) in the colchicine binding siteodf-tubulin interface (PDB ID: 1SAOQ).
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Scheme 1: Synthesis of curcumin inspired imidazo[Bpyridine analogued2a-t; Reagents
and conditions: (i) 15% NaOH, ethanol, 0 =Qt, 2-3 h, 7185%. (ii) Ethanol, reflux, 1 h,
74.3%; (iii) NIS, rt, 1 h, 65.1%; (iv) Pd(PBlh N&COs, dioxane:HO = 8:2, 75 °C, 26 h,
65-73%; (V) LiAlH4, THF, 0°C —1t, 1 h, 6771%; (vi) DMP, DCM, Q0°C, 1 h, 6574%; (vii)
CH3ONa, ethanol, rt, 15 min, 682%.



Resear ch Highlights

* New series of curcumin inspired imidazo[ 1,2-a] pyridine analogues were synthesized.
 Anticancer activity was tested on six cancer cell lines and one normal cell line.

» Compound 12t effectively inhibited polymerization of tubulin in a cell-free assay.

* 12t induced apoptosis and cell cycle arrest in G2/M phase in PC-3 célls.

» 12t was aimost 2 times more selective on PC-3 cells compared to RWPE-1 cells.



