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Scaffold-hopping of bioactive flavonoids: Discovery of aryl-pyridopyrimidinones as potent
anticancer agents that inhibit catalytic role of topoisomerase-lla
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ABSTRACT: A strategy of scaffold-hopping of bioactive natupabducts, flavones and
isoflavones, leading to target-based discoveryatémt anticancer agents has been reported
for the first time. Scaffold-hopped flavones, 2{afif-pyrido[1,2-a]pyrimidin-4-ones and the
scaffold-hopped isoflavones, 3-aryl-pyrido[BRyrimidin-4-ones were synthesizeth Pd-
catalyzed activation—arylation methods. Most of t@mpounds were found to exhibit
pronounced human topoisomerase(HTopolk) inhibitory activities and several compounds
were found to be more potent than etoposide (a @lT@pnhibiting anticancer drug). These
classes of compounds were found to be hTepsélective catalytic inhibitors while not
interfering with topoisomerase | and interactedhwidNA plausibly in groove domain.
Cytotoxicities against various cancer cells, lowic¢dy in normal cells, and apoptotic effects
were observed. Interestingly, compared to parewbfies/isoflavones, their scaffold-hopped
analogs bearing alike functionalities showed sigaift/enhanced hTopaeHinhibitory and
cytotoxic properties, indicating the importanceaohatural product-based scaffold-hopping

strategy in the drug discovery.

1. Introduction

Scaffold-hopping [1,2] of bioactive template/drugr fdrug-design to develop novel
molecules with desired properties is an importaémattesgy. Moreover, the new molecule with
changed core becomes patentable. Several exampldsug development by scaffold-

hopping are known, development of tramadol from phore being one of the earliest



[2].The discovery of vardenafil from sildenafil [34nd celecoxib and rofecoxib from Dup
697 [4] are certainly amazing. Imigliptin [5], a BRV inhibitor, developed by such strategy
is currently under clinical trials of type-2 diabstmellitus.

Natural products (NPs) have played a valuable rolethe drug discovery and
development [6—8]. Newman and Cragg [9] reported iththe case of cancer around 79% of
FDA-approved drugs during a period of 1981-2010 eiteer natural products or their
based/mimicked-compounds. NPs are chosen througilutenary process via lead
optimization to interact with various enzymes/pnage and thus represent biologically
relevant regions of the vast chemical space [18kdite the immense importance, to the best
of our knowledge, there is no precedence for apptin of scaffold-hopping in the anti-
cancer drug discovery utilizing natural productdsad.

In our anticancer research program for drug disgoyEl-13] we considered flavones
and isoflavones as valuable templates. They dis@aficancer activities by various
mechanisms [14Flavopiridol, a semisynthetic flavones analog, agsCDK9 inhibitor, is
FDA-approved orphan drug for acute myeloid leukemiminoflavone as a prodrug is in
phase | clinical trials for solid tumours. Flavohssflavones that inhibit topoisomerase Il
among other mode of anticancer activities are agrc fisetin, genistein, orobol,
kaempferol, myricetin and morin [15,16]. To ourgise, literature survey revealed that there
is no report of scaffold—hopping/modulation of tenes and isoflavones in the discovery of

anticancer agents.
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Figure 1: Design of new compounds

We were interested on scaffold-hopping of flavoaes isoflavones with consideration of
incorporating the structural features of imidazaghiyres that we have previously explored as

potent human DNA topoisomerase: l(hTopoll)-catalytically inhibiting anticancer agents



[11]. In addition, the imidazopyridine motif is @ent in the marketed drugs, such as
zolpidem and zolimidine [17]. We speculated 2-agytd 3-aryl-#4-pyrido[1,2-a]pyrimidin-
4-ones as potential hTopaHinhibiting anticancer agents (Figure 1).

2. Results and Discussion

2.1. Chemistry

In transition-metal-catalyzed cross couplings, #aloration of drug/privileged
scaffolds as feasible substrates [18] and theyzadlarylations via C-O bond cleavage using
phenol derivatives [19,20] as electrophiles altewea to aryl halides have gained
importance. Recently, we have developed a new appréor the synthesis of 2-aryH4
pyrido[1,2-a]pyrimidin-4-ones from pyridopyrimidin-2,4-dionesiav Pd-catalyzed enolic
C-0 bond activatiorarylation [21] (Figure 2a). Keeping in view, theustural features of
Topo ll-inhibiting flavonoids, a series of invesignal compounds with relevantly
substituted aryl moieties at C2-position ofH-pyrido[1,2a]pyrimidin-4-ones were
synthesized.

In the direction of direct arylation via C-H bondtigation of biologically-important
scaffold, recently, we have developed a regiosele€d-catalyzed Ag(l)-assisted direct C3-
H activation-arylation of pyrido[1,2}pyrimidin-4-ones with bromo/iodo-(hetero)arenes to
prepare relevantly substituted 3-aryl-pyrido[&a]pyrimidin-4-ones (Figure 2b) [22].
Following this method, relevant C3-aryl-substitutédipyrido[1,2-a]pyrimidin-4-ones were
synthesized.

To have closer structural resemblance of investigat compounds to naturally-
occurring topo ll-inhibiting flavones and isoflaves) (poly)hydroxylated 2- or 3-aryl
substituted H-pyrido[1,2a]pyrimidin-4-ones were prepared via HBr (48% aqueeou
solution)-mediated ether cleavage [23] of corresiiognmethoxy derivatives (Figure 2c).

To evaluate the effectiveness staffold-hopping concepin the topoisomerase i
inhibitory activities of flavonoids, several flaves and isoflavones were prepared. These
compounds with alike substitutions completely mirthie structures of investigated potent
topo ll-inhibiting 2-arylpyridopyrimidiones and 3ydpyridopyrimidinones, such that a
comparison in their activities can be made. Thrieyohes C1-3) matching with 2-
arylpyridopyrimidinones 3ce), and four isoflavones Q1-7) matching with 3-
arylpyridopyrimidinones@d, 6e, 6n, 60), were prepared following literature reported P,
synthetic routes (Figure 2d).



Figure 2a: Synthesis of 2-arylpyridopyrimidinones®? ! Figure 2b: Synthesis of 3-arylpyridopyrimidinones®? E Figure 2c: Synthesis of (poly)hydroxyaryl

! substituted-pyridopyrimidinones®?
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Figure 2: Synthetic route for the 2/3- arylpyridopyrimidiresy and parent compounds (flavones and
isoflavones)

2.2. Biological Studies

Synthesized compounds were investigated for th®lityato inhibit hTopoll and for
the mode of action. A screening kit purchased ffbopoGEN, Inc. (Columbus, OH) was
used. The screening protocols as provided by tipplign and reported in literature [11—

13,26,27] with changed concentration as per owrlirement were followed.

2.2.1 Inhibition of hTopoll a-mediated kDNA decatenation

The compounds (series 3 and series 6) as welleasphrent compound€(-7) were
screened for the inhibitory activities of hTopothediated decatenation of kinetoplast DNA
(kKDNA). The decatenation of kDNA by hTopallresults in the formation of small
minicircles. The extent of hTopallinhibition was measured by comparing the amount of
decatenated products formed in the presence amt@bdsf inhibitor (Figure 3). Many of the



synthesized compounda, 3ce, 3m, 30, 3s, 6¢-f, 6n, 60, 6q, 6t, 6u, Gmd C1-7 were
found to be relatively more potent than EtoposidenTopolb-inhibiting anticancer drug)
against hTopodl.
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Figure 3: a) Inhibition of hTopold-mediated kDNA decatenation: kDNA was treated wifopollo in the

absence or presence of 1AM etoposide (E) or investigated compounds; b) Qfieation of decatenation
products.

0.8

0.6

0.4

0.2

s@ 290y
8oE T Eo~~c

compounds (100 um)

Relative decatenation of KDNA
(=]
E —

3] e—

3a |e—

3b

<
o

Investig

3¢ —
3d  Ie—
3¢ e—

3f

30 Ie—

3p

3s I—
3t

Ot j—
6u I —

3j
3k
31
6f m—
6g
6h

o
ool

6b

= Y ol en
e O o VOO
ated

F’
Cs
C6
C7

2.2.2. Cytotoxic potential of selected compounds tancer cells

The cytotoxic potential of selected compourgts, @Gece, 3m, 30, 3s, 6¢-f, 6n, 60, 64,
6t, 6u, 6W) as well as the parent compoun@4.{7) were investigated by a MTT assay using
kidney cancer cells (HEK-293) and normal monkeynkig epithelial cells (Vero). Etoposide
was used as positive control. The cells were tdeatgth compounds in increasing
concentrations for 48 h and then MTT assay wasopedd. All the compounds showed a
characteristic cytotoxic profile in both the ceflsable 1). A dose dependent decrease of cell
viability was noted in cells and more growth inlidm was noted in HEK-293 compared to

Vero cells at the same concentration (Figure 4).



Table 1: 1C50 values in HEK-293 and Vero cells

Compounds LGy (uM) HEK- LCso (uM) Vero Compounds LCs (UM)  LCsq (UM)
293 HEK-293 Vero

3a 17 2.4 50£1.5 60 726 60 +2.7
3c 15.5+2.3 52+1.4 6q 3x21 6025
3d 9+1.8 46+2.5 6t 9+1.6 38+2.0
3e 8+1.2 60+2.1 6u 2+13 50+1.9
3m 320 48 +1.8 6w 624 52+2.6
30 24+15 47.5+2.1 C1 8+x1.6 48 +1.3
3s 13+1.6 32+1.4 Cc2 12+1.6 52+1.3
6¢C 15+2.3 48 + 2.3 C3 85+1.6 45+1.3
6d 3+0.3 40+2.1 C4 10+1.3 50+1.3
6e 19+25 38+14 C5 12+1.2 52+15
of 9+21 46+1.3 C6 8+1.2 48+1.3
6n 35+1.2 44+1.9 Cc7 12+1.6 42 +1.6
Etoposide 22+15 55+1.5

Next, the cytotoxicity of selective potent composr@m, 30, 6d, 6u, 6nand 6q)
were tested in other cancer cells, lung (A-549al ¢H-357), colon (HCT-116), cervical

(HeLa), and breast (MCF-7) (Table 2a).
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Figure 4: Viability of cells in HEK-293 and Vero cells. Compnds3m, 30, 6d, 6u, 6n and6q were found to

be relatively highly cytotoxic to HEK-293 cells cpared to Vero cells.
In these cells, significant toxicity with ¥g(concentration at which 50% cell death in

culture was observed) ranging from 1.5 toM were observed. To determine the potential of



the compounds in long term cytotoxic effect eveteraénd of treatment, a clonogenic cell
survival assay using HEK-293 cells was performeab(& 2b). A dose dependent decrease in
colony formation was observed in investigated commols. The LG, values (concentration at
which fifty percent cell death in culture was oh&at) indicated that they were more potent

than etoposide with 5-10 fold higher activities.

Table 2:
a) IC50 (uM ) of compounds in MTT assay b) LC50 (UM )n
clonogenic assay using
Compound MCF-7 Hela A-549 HCT-116 H-357 HEK-293
3m 25+0.2 3+0.2 2.4+0.3 3.5+0.2 25+0J2 261
30 18+0.2 2+0.3 21+0.2 25+0.2 2.3+0J2 2.9
6d 3.0£03 28+0.2 21+0.2 3.2+0.2 3+0.2 181
6u 2+0.2 15+0.2 2.8+0.2 3+0.2 3 +0.3 243
6n 4+0.2 3+0.3 25+0.3 25+0.3 28+03 26.x
6q 2+0.2 1.5+0.2 2+0.2 3+0.2 3+0.2 3.8+0.7
Etoposide 20+x0.1

For further studies of properties and mode of actthe compound30 and6d were
then selected as representative examples, onegiaoimseries, based on their overall superior
effects of hTopold-inhibitory activities, cytotoxicities and anti-clogenic potential.

2.2.3. Inhibition of hTopol-mediated DNA relaxation

The compounds3o and 6d were screened for inhibition of hTopol-mediated
relaxation of negatively supercoiled DNA. In thegence of compounds almost no inhibition
of DNA-relaxation was observed as compared to cathetin (Figure 5a). Hence,
investigated compounds of 100 uM concentratiomdidact as hTopol inhibitors.

Next, mode of action for hTopallinhibition was studied.

a) SC DNA b) SC DNA Investigated ) Investlgated
Topo I Topo 11 compounds (100 pM) compounds (100 pM
- + C 30 6d -+ E Cl C2 C3 C43m 30 6d 6n 6u SC EtBr E 30 6d

Nck
Lin

Rel—*

Nek+Rel_, « Nokikl
Lin—*
sc—

Figure 5: a) hTopol-mediated DNA relaxation assay (Negagiwelpercoiled DNA was treated with hTopol in
the absence/presence of 100 uM camptothecin (@vastigated compounds). b) hToppIDNA cleavage
complex assay (Negatively supercoiled DNA (pUCl@swreated with hTopalland immediately incubated
with 100 uM etoposide or investigated compoundsRNA intercalation assay using SC DNA (pUC19)

2.2.4. hTopolle-DNA cleavage complex formation
A hTopolla poisons e.g. etoposide stabilizes a Topoll-cleal®dA complex

(cleavage complex) which generally appears as dibaad (Lin)[11]. In the presence of



selected active compoun@d -4, 3m, 30, 6d, 6n and6u (100 uM) no such linear band was
observed (Figure 5b). It indicates that the inggged compounds with upto 100 uM did not
act as hTopod poisons.
2.2.5. DNA-binding

The binding of ligand with DNA takes place eithey DNA intercalation or by
groove binding[28].
DNA intercalation

DNA intercalators like ethidium bromide (EtBr) reda the movement of SC DNA in
the gel electrophoresis. In the presence of etdppsompoun@o or compoundd, no such
retardation of DNA movement was observed (Figurg Saggesting the non-intercalating
nature of the investigated compounds.

Mode of DNA-binding
In order to check the specificity of the compouri@s, 30 and 6d) towards the

DNA, anin vitro DNA-ligand binding assay was carried out (Figuaeg). In principle, pure
DNA provides maximum absorbance at 260 nm, howevken a ligand binds to the DNA,
the absorbance decreases. In our experiment, ibbserved that pure DNA, which gave an
exact spectrum with,ax 260 nm, on treatment with investigated compourfdei@easing
concentrations showed hypochromism in the absorpfitiis indicates possible binding of
the compounds to the DNA. The results were valildig taking EtBr (a known DNA

intercalator) as a positive control [29].
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Figure 6: a) DNA-binding of compoun8m; b) compound3o; ¢) compoundsd; d) EtBr; e) CD based ligand-
DNA binding of compounds EtBBo and6d.



The absorption spectrum of individual compound Yeasd to be different from EtBr-DNA
absorption spectra, indicating the occurrence opolbfiromism due to interaction of
compound with the DNA, not due to property of tleenpound itself. The binding constant
(Kd) were were found to be 2.43 x $04%, 3.4 x 10° M* and 2.5 x 18M™ for compounds
3m, 30 and6d respectively (Figure 7).

a) b) <)

12 12

1 1
08 Ky=2.43 X 106 M 08
Do Do6

Ky=3.4 X 105 M2 Ky=2.5 X 10°M*
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Figure 7: a) Graph showing the binding constang)(&f compound3m. b) Graph showing the binding constant
of compound3o. ¢) Graph showing the binding constant of compad&shd

In addition, circular dichroism (CD) spectral arsa$y was performed to measure the
conformational changes in the DNA duplex structwe to binding with compoundo and

6d (Figure 4e). The CD spectra showed that bandgat2n (due to base stacking) and at
245 nm (due to the B-conformation of DNA) did ndiaage significantly in the presence of
the tested compound8d and6d), while EtBr (a well-known DNA intercalator) used a
positive control showed changes in the absorptpatisa (shape and absorbance) [29]. The
DNA-ligand interaction studies all together signityat the investigated compounds may

interact with DNA through groove binding and notDMA intercalation.

2.2.6. Apoptosis measured by DAPI-nuclear staining

To study the cytotoxicity of investigated compoundgaused due to possible
apoptosis, a fluorescence assay was performed R} which binds only to the nucleus
of the cells and not to the cytoplasm. HEK-293 cellere treated with compour8b of
various concentrations and then stained with DARdrpto observe under microscope. A
dose dependent increase of deformation, shrinkagebabble shaped nuclei in comparison
with untreated cells was noted. More than 5 foldtéased apoptotic nuclei were noted at 5

1M of compoundo (Figure 8a and 8b).
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Figure 8: DAPI-stained nuclei of HEK-293 cells after treatrneith compoundo: a) Images were taken under
a fluorescence microscope at 40X magnificationlésbar 10uM). Images 1, 2, 3, and 4 represent cells treated
with compound3o of 0, 1, 2.4 and .M, respectively; b) Bar diagram showing the numbkapoptotic and
non-apoptotic nuclei.

2.2.7. Apoptosis measured by annexin V-FITC/PI duataining in HEK 293 cells

To further confirm the apoptosis and different @sasf apoptosis a more sensitive
and reliable assay was carried out by sorting #lks @after annexinV-FITC/PI dual stain.
Annexin-V/FITC binds to living cells, whereas Paists apoptotic cells. The distribution of
cells in Q1, Q2, Q3 and Q4 represent the normaly epoptotic, apoptotic and late apoptotic
cells, respectively (Figure 9). In treating thelsekith compound3o, a dose dependent
increase in total apoptotic cells (early apoptetiapoptotic + late apoptotic cells) was noted.
More than 22 percent total apoptotic cells wereedat nM of compound3o, which was

significantly higher compared to untreated cell&)1
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Figure 9: Analysis of Annexin V —FITC/PI stained cells aftezatment with compoungb in HEK-293 cells
2.2.8. Inhibition of invasiveness of cancer cells

Cancer cells invade easily into the matrix of bamsetmmembrane. The effect of

compound3o in the invasive property was measured by matigélinvasion assay. It was

noted that with increase in concentration of conmak@o the percentage of cell invaded into



the matrix decreased in comparison with untreatetls.c A 5 fold decrease in the
invasiveness was observed in 5 uM of compaoBmavith respect to untreated cells (Figure
10).
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Figure 10: Assay for matrigel invasion in HEK- 293 cell fosrapound 3o: Histogram showing the number of
cell invaded into the matrix.

The comparison of topoisomerase |l inhibitory antipoliferative activities of investigated
potent scaffold-hopped analogs with the pareniit@s and isoflavones led to the interesting
findings. To our glad, the scaffold-hopped analofysoflavones §d-e, 6n, 60) were found

to be superior compared to parent isoflavon@4-7) in both of topo Il inhibitory and
antiproliferative activities, and more potent thetoposide. Although less active than their
parent compound<C(-3), the scaffold-hopped analogs of flavon8s-€) were found to be
significantly potent in topo Il inhibitory and aptpliferative activities and higher efficacious
compared to etoposide. In addition, these scaffiolped analogs belong to the new

molecular motifs (2/3-arylpyrido[1,2}pyrimidinone) that are outside the patent issues.

3. Conclusion

The present study represents for the first timea#fsld-hopping strategy of bioactive
natural product in the anticancer drug discovergsd®l on scaffold-hopping of flavones and
isoflavones with consideration of the structurar@rketed relevant drugs and the anticancer
agents previously explored by us, 2-arid-gyrido[1,2-a]pyrimidin-4-ones and 3-arylH4-
pyrido[1,2-a]pyrimidin-4-ones were considered as potential folapinhibitors. They were
synthesized by Pd-catalyzed C-O activation—arytatemd arene C—H bond arylation
approaches, respectively. These compounds founekhdit significant topoisomerase Il
inhibitory and anticancer activities. Compourdds 3ce, 3m, 30, 3s, 6¢-f, 6n, 60, 6q, 6t, 6u,

6w showed higher topo Il inhibition and cytotoxicgi¢han etoposide (a topo ll—inhibiting



anticancer drug), while they are relatively lesgidoto normal cells. These compounds
inhibited the topo ll-activity by blocking the ctic role of hTopolbt. in DNA-process while
not interfering with topoisomerase | and interactath DNA plausibly in groove domain.
Compounds 3m, 30, 6d, 6u, 6rand6q) were found to be cytotoxic in other cancer cells,
lung, oral, colon, cervical, and breast cancersca#l well. These compounds inhibited the
invasiveness as well as clonogenic properties aicexa cells. They showed their
cytotoxicities by apoptosis.

An appealing attribute of this scaffold-hoppingasgy is that the analogs compared
to the parent flavones and isoflavones, bearingkealifunctionalities showed
significant/superior hTopadtinhibitory and cytotoxic properties. Taken all étiger, these
suggest the importance of scaffold-hopping appraachis class of compounds. The present
study will certainly encourage for the medicinakohstry programme of such NPs-based

scaffold-hopping strategy in accomplishing rapidgldiscovery.

4. Experimental
4.1. Chemistry
4.1.1. General considerations

All reactants and reagents were obtained from camialesource and used without
further purification. Bruker Avance [11-400 (400 MiHspectrometer was used for recording
'H NMR andC NMR spectra were measured on a Bruker Avancd00-(100 MHz)
spectrometer with complete proton decoupling. Datae reported as follows: chemical
shifts in ppm from tetramethylsilane as an inters@ndard in CDGICD;OD/DMSO-Us
integration, multiplicity (s = singlet, d = douhlet= triplet, q = quartet, m = multiplet, td =
triplet of doublet, dt = doublet of triplet, ddddeublet of doublet of doublet, br = broad), and
coupling constants (Hz). The Infrared (IR) speatexe recorded on a Perkin Elmer FTIR
with ATR & IR Microscope spectrometer. High-resabmt mass spectra (HRMS) were
performed on Bruker maxis Q-TOF. Elemental analysese done on Elementar Vario EL
spectrometer. Melting points determined are uncbtece Analytical HPLC was used to

determine the purity of the compounds and the pwés found to be greater than 95%.
4.2.1.Typical experimental procedure for the synth&s of 2-aryl-4H-pyrido[1,2-
aJpyrimidin-4-ones (3a-r):[21]
A mixture of the #-pyrido[1,2-a]pyrimidin-4-one (1 mmol), and ¥CO; (2.5 eq) in

1,4-dioxane (2 mL) and 4 (1 mL) taken in a round-bottomed flaakdp-TsClI (1.3 eq) was
added to it. The mixture was stirred under operfaitlh at rt (25-28 °C). The boronic acid



(1.2 eq) and Pd(PRh (3 mol %) were subsequently added and the mixta®heated at 100
°C under open air. Upon completion of reactionreicated by TLC (1-1.5 h), the resultant
mixture was cooled to rt and extracted with EtORx25 mL). The combined organic
solution was washed with water (2x5 mL) and brihe5(mL), dried with anhyd. N&O;,
and concentrated under reduced pressure. The catbromatographic purification of crude
mass was performed on neutral alumina using EtO&xahe (30-40%) as eluting solvent
afford the arylated product8&tr).

For spectral data and scanned spectra of compounddc-e, 3gr, see Guchhait, S. K;;
Priyadarshani, G. Synthesis of 2-arylpyridopyrimamhes, 6-aryluracils, and tri-and
tetrasubstituted conjugated alkenes via pd-catdlgm®lic C—O bond activation—arylatiah.
Org. Chem2015 80, 6342-6349.

Characterization data for 2-aryl-4H-pyrido[1,2-a]pyrimidin-4-ones (3a, 3b, 3f, 3i):
2-(3,4-Dimethoxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (3a):[30] White solid, 259
mg, 92%, m.p. 168-170 °GH NMR (400 MHz,CDCl): §9.05 (ddd,J = 7.0 Hz,J = 0.9 Hz,
J=0.9 Hz, 1H), 7.75-7.67 (m, 4H), 7.12-7.09 (m)16198 (d,J = 8.4 Hz, 1H), 6.87 (s, 1H),
4.01 (s, 3H), 3.95 (s, 3H) ppfiC NMR (100 MHz, CDGJ): §161.5, 158.6, 151.6, 151.3,
150.9, 149.1, 136.1, 129.8, 127.3, 126.6, 120.6,9.111.0, 110.1, 98.9, 56.0, 55.9 ppm; IR:
vmax 3072, 3004, 1678, 1638, 1486, 1269, 1134, 1022; dARMS (ESI)m/z calcd. for
C16H15N203 [M+H] * 283.1082, found: 283.1074.

2-(3,5-Dimethoxyphenyl)-H-pyrido[1,2-a]pyrimidin-4-one (3b): White solid, 253 mg,
90%, m.p. 160-162 °CH NMR (400 MHz,CDCl3): 69.07 (dddJ=7.2HzJ=1.2HzJ=
1.2 Hz, 1H), 7.76-7.74 (m, 2H), 7.24 @= 2.3 Hz, 2H), 7.16-7.13 (m, 1H), 6.88 (s, 1H),
6.60 (dd,J = 2.3 Hz,J = 2.3 Hz, 1H), 3.88 (s, 6H) ppm’C NMR (100 MHz, CDG)): J
161.9, 161.1, 158.6, 150.9, 139.4, 136.1, 127.3812A.5.2, 105.4, 103.0, 100.4, 55.5 ppm,;
IR: vmax 3110, 2939, 1670, 1632, 1457, 1439, 1152, 1063; ¢HRMS (ESI)m/z calcd. for
C16H15N203[M+H] " 283.1082, found: 283.1073.

2-(3-Methoxyphenyl)-H-pyrido[1,2-a]pyrimidin-4-one (3f): White solid, 232 mg, 92%,
m.p. 176-178 °C!H NMR (400 MHz,CDCls): 69.06 (dddJ=7.1 Hz,J=1.0 Hz,J=1.0
Hz, 1H), 7.74-7.73 (m, 2H), 7.66-7.63 (m, 2H), 7(¢d,J = 8 Hz,J = 7.8 Hz, 1H), 7.14-
7.10 (m, 1H), 7.03 (ddd] = 8.2 Hz,J = 2.5 Hz,J = 0.9 Hz, 1H), 6.90 (s, 1H), 3.90 (s, 3H)
ppm;13C NMR (100 MHz, CDG): 6161.9, 160.0, 158.6, 150.9, 138.8, 136.1, 1298,3,
126.8, 119.8, 116.6, 115.2, 112.6, 100.3, 55.4 dRMymax 3082, 2995, 1670, 1639, 1442,



1253, 1037 cil; HRMS (ESI) m/z calcd. for GsHiaN,O, [M+H]* 253.0977, found:
253.0974.

2-(4-Hydroxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (3i): [30] Off-white solid, 174 mg,
73%, m.p. >200 °C*H NMR (400 MHz, DMSOds): J10.06 (s, OH), 8.92 (dddJ = 7.1
Hz,J=0.7 Hz,J = 0.7 Hz, 1H), 8.07 (d] = 8.8 Hz, 2H), 7.93 (ddd,= 8.8 Hz,J = 6.7 Hz, J

= 1.6 Hz, 1H), 7.69 (dd] = 8.7 Hz,J = 0.8 Hz, 1H), 7.29 (ddd] = 8.2 Hz, J= 6.9 Hz,J =
1.3 Hz, 1H), 6.89 (dJ = 8.8 Hz, 2H), 6.85 (s, 1H) ppiC NMR (100 MHz, DMSOde): &
160.8, 160.5, 158.1, 151.0, 137.9, 129.5, 127.7,32126.5, 116.2, 115.9, 97.2 ppm; IR:
vmax 3277, 2832, 1658, 1630, 1450, 1239, 1015 crARMS (ESI) m/z calcd. for
C14H11N202 [M+H] * 239.0821, found: 239.0816

4.2.2. Typical experimental procedure for the syntbsis of 3-aryl-4H-pyrido[1,2-
a]pyrimidin-4-ones (6a-s)[22]

Pyridopyrimidinone (1 mmol), ¥CO; (3 mmol, 414 mg, 3 eq), AGO; (1 mmol, 275 mg, 1
eq), PCy (0.2 mmol, 56 mg, 0.2 eq), Pd(OACP.1 mmol, 22 mg, 0.1 eq) were weighed in
air to a sealed tube equipped with magnetic sgrbar. PivOH (1 mmol, 0.12 mL, 1 eq) and
bromoarene (2 mmol, 2 eq) were added to the tube.tlbe was back filled with argon and
toluene (3 mL) and water (1 mL) were added. Thetune<was heated at 110 °C for 18-24 h
until complete consumption of the substrate asceted by TLC. The resultant mixture was
cooled to rt and concenterated under reduced pees3ine mixture was extracted with
EtOAc (2x50 mL) and washed with 10% aqueous ammaoiation (3x20 mL). The
combined organic solution was washed with wateb (@) and brine (1x5 mL), dried with
anhyd. NaSQ,, and concentrated under reduced pressure. Thenookthromatographic
purification of crude mass was performed on silge partially de-acidified by passing
triethylamine (1-2 mL) using EtOAc-hexane (25-40%g eluting solvent to afford the
arylated productg-s).

For spectral data and scanned spectra of compound6as, see:Guchhait, S. K;
Priyadarshani, G. Pd-Catalyzed Ag (I)-promoted @aation of pyrido [1,2a] pyrimidin-4-
ones with bromo/iodo-arenes. Org. Chem2015 80, 8482-8488.



4.2.3.Typical experimental procedure for the synth&s of (poly)hydroxyaryl substituted-
pyridopyrimidinones (3s-t, 6t-w):[23]

The methoxy compound (1.5 mmol) was taken into 48 (7 mL) and refluxed at 100 °C.

The reaction was continued until complete consuonpdif the starting material as monitored
by TLC (3-5 h). The mixture was cooled to room temgpure and neutralized with 0.1 N
NaOH. Solids were collected and purified by neulamina column chromatography using

5% methanol in dichloromethane.

Characterization data for compounds 3s, 3t, 6t-w:
2-(3,4-Dihydroxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (3s):[30] Light yellow solid,
129 mg, 34%, m.p. >200 °CH NMR (400 MHz, DMSOedg): 59.04 (d,J = 6.4 Hz, 1H),
8.23 (dd,J = 7.4 Hz,J = 6.4 Hz, 1H), 7.94 (d] = 8.3 Hz, 1H), 7.56-7.41 (m, 3H), 6.92 (,
= 8.1 Hz, 1H), 6.77 (s, 1H) ppm’C NMR (100 MHz, DMSOdg): & 157.2, 156.7, 149.8,
149.3, 146.1, 141.8, 128.6, 124.6, 122.5, 120.8,411116.4, 115.1, 97.9 ppm; IRzax 3544,
3407, 1659, 1615, 1277, 1134 ¢nHRMS (ESI)m/z calcd. for G4H10N,OsNa [M+Na]*
277.0589, found: 277.0580

2-(3,5-Dihydroxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (3t): Light brown solid, 110
mg, 29%, m.p. >200 °GH NMR (400 MHz,DMSO-ds): §8.94 (d,J = 6.5 Hz, 1H), 7.96
(ddd,J = 8.6 Hz,J = 6.7 Hz,J = 1.5 Hz, 1H), 7.71 (d] = 8.7 Hz, 1H), ), 7.33 (ddd,= 8.1
Hz,J=6.9 Hz,J = 1.3 Hz, 1H), 7.01 (d] = 2.2 Hz, 2H), 6.72 (s, 1H), 6.40 (db= 2.2 Hz,J

= 2.1 Hz, 1H) ppm¥C NMR (100 MHz, DMSOd,): J 161.4, 159.6, 158.1, 150.9, 138.8,
138.1, 127.4, 126.6, 116.6, 105.7, 105.6, 98.8 pBnymax 3286, 3113, 1668, 1634, 1164
cm®; HRMS (ESI)m/z calcd. for G4H1:N,03[M+H] * 255.0770, found: 255.0763.

3-(3,4-Dihydroxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (6t): Yellow solid, 87 mg,
23%, m.p. 160-162 °CH NMR (400 MHz,DMSO-dg): 09.08 (dddJ = 7.2 Hz,J = 1.4 Hz,
J=0.8 Hz, 1H), 9.06 (s,aH), 9.00 (s, OH), 8.50 (s, 1H), 7.93 (ddd,= 8.4 Hz,J = 6.7
Hz,J= 1.6 Hz, 1H), 7.71 (dd] = 8.7 Hz,J = 1.1 Hz, 1H), ), 7.39 (ddd,= 8.2 Hz,J=7.0
Hz,J=1.2 Hz, 1H), 7.34 (d] = 2.2 Hz, 1H), 7.10 (dd}= 8.2 Hz,J = 2.2 Hz, 1H), 6.80 (d,
J = 8.2 Hz, 1H) ppm**C NMR (100 MHz, DMSOdg): J156.4, 152.0, 150.1, 145.6, 145.3,
136.8, 127.6, 126.5, 125.8, 119.9, 117.0, 116.8,9.02C) ppm; IRvmax 3219, 2941, 1682,
1486, 1282, 1016 cm HRMS (ESI)m/z calcd. for G4H11N203 [M+H] ™ 255.0770, found:
255.0762.



3-(3,5-Dihydroxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (6u): Yellow solid, 72 mg,
19%, m.p. >200 °C*H NMR (400 MHz,DMSO-ds): §9.13 (d,J = 6.9 Hz, 1H), 8.53 (s, 1H),
8.11 (dd,J = 7.6 Hz,J = 7.5 Hz, 1H), 7.81 (d) = 8.7 Hz, 1H), ), 7.52 (ddl= 7.0 Hz, J =
6.7 Hz, 1H), 6.68 (dJ = 1.9 Hz, 2H), 6.25 (dd] = 1.9 Hz, J = 1.9 Hz, 1H) ppm*°*C NMR
(100 MHz, DMSO¢k): 6158.7 (3C), 155.9, 149.6, 139.4, 135.6, 128.5,4,2118.1, 115.8,
107.0, 102.6 ppm; IRvmax 3310, 3098, 1675, 1038 EmMHRMS (ESI)m/z calcd. for
CiaH10N,0sNa[M+Na]* 277.0589, found: 277.0584.

3-(4-Hydroxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (6v): Yellow solid, 189 mg, 53%,
m.p. >200 °CH NMR (400 MHz,DMSO-ds): §9.61 (s, DH), 9.08 (d,J = 6.6 Hz, 1H),
8.53 (s, 1H), 7.93 (dd,= 7.5 Hz,J = 7.2 Hz, 1H), 7.72-7.66 (m, 3H), 7.39 (dds 6.4 Hz,J

= 6.3 Hz, 1H), 6.84 (dJ = 7.9 Hz, 2H) ppm**C NMR (100 MHz, DMSOds): J 157.4,

156.5, 152.0, 150.2, 136.8, 129.9, 127.6, 126.5,42117.0, 115.9, 115.6 ppm; Ikmnax

3300, 3068, 1654, 1628, 1444, 1217 crAIRMS (ESI)m/z calcd. for G4H11NoO, [M+H]™

239.0821, found: 239.0805

3-(3-Hydroxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (6w): Yellow solid, 160 mg, 45%,
m.p. >200 °C*H NMR (400 MHz,DMSO-ds): 69.50 (s, DH), 9.10 (ddJ = 7.2 Hz,J= 0.6
Hz, 1H), 8.56 (s, 1H), 7.97 (ddd= 8.7 Hz,J=6.7 Hz,J= 1.5 Hz, 1H), 7.73 (d] = 8.8 Hz,
1H), 7.42 (dddJ = 8.2 Hz,J = 7.0 Hz,J = 1.4 Hz, 1H), ), 7.31-7.30 (m, 1H), 7.26-7.20 (m,
2H), 6.75 (ddd,J = 7.4 Hz,J = 2.0 Hz,J = 0.6 Hz, 1H) ppm*°*C NMR (100 MHz, DMSO-
ds): 0 157.6, 156.3, 152.9, 150.7, 137.5, 136.1, 129279, 126.5, 119.4, 117.3, 115.7,
115.5, 114.9 ppm; IRvmax 3300, 3105, 1678, 1632, 1483, 1255 crIRMS (ESI)m/z
calcd. for G4H1gN,O-Na[M+Na]* 261.0640, found: 261.0634.

4.2.4. Synthesis and characterization data of flaves (C1-C3):

The control compounds were synthesized followhegliterature reported method [21].
2-(Benzof][1,3]dioxol-5-yl)-4H-chromen-4-one (C1)[31] White solid, 143 mg, 54%, m.p.
198-200 °C;'H NMR (400 MHz,CDCl;+DMSO-dg): 08.18 (ddJ = 7.9 Hz,J = 1.6 Hz, 1H),
7.70 (dddJ=8.6 Hz,J=7.2 Hz,J = 1.7 Hz, 1H), 7.55 (d] = 8.4 Hz, 1H), 7.51 (dd} = 8.3
Hz,J = 1.8 Hz, 1H), 7.42 (ddd, = 8.0 Hz,J = 0.9 Hz,J = 0.9 Hz, 1H), 7.37 (d] = 1.8 Hz,
1H), 6.94 (d,J = 8.2 Hz, 1H), 6.70 (s, 1H), 6.08 (s, 2H) ppHC NMR (100 MHz,
CDCl3+DMSO-dg): 6178.2, 163.0, 156.0, 150.6, 148.4, 133.7, 12525.4], 125.1, 123.7,
121.4, 117.9, 108.7, 106.3, 106.2, 101.9 ppm;viRx 2992, 1642, 1446, 1244, 1024 tm



MS (ESI)m/z289 (M + N4d); Anal. Calcd. for GgH1004: C%, 72.18; H%, 3.79; Found: C%,
72.42; H%, 3.68.

2-(3,4,5-Trimethoxyphenyl)-4H-chromen-4-one (C2)[32] White solid, 140 mg, 45%, m.p.
159-161 °CH NMR (400 MHz,CDCly): 08.23 (ddJ = 7.9 Hz,J = 1.5 Hz, 1H), 7.71 (ddd,
J=8.6 Hz,J= 1.6 Hz,J = 1.3 Hz, 1H), 7.59 (d] = 8.4 Hz, 1H), 7.43 (ddl= 7.9 Hz,J = 7.2
Hz, 1H), 7.14 (s, 2H), 6.77 (s, 1H), 3.96 (s, 6BP4 (s, 3H) ppm**C NMR (100 MHz,
CDCl3): 0178.3, 163.3, 156.2, 153.6, 141.2, 133.7, 12726,71, 125.3, 123.9, 118.1, 107.4,
103.8, 61.0, 56.4 ppm; IRmax 2936, 1636, 1606, 1243, 1123 ¢nMS (ESI)m/z335 (M +
Na’); Anal. Calcd. for GgH1¢0s: C%, 69.22; H%, 5.16; Found: C%, 69.31; H%, 5.37.

2-(4-Methoxyphenyl)-4H-chromen-4-one (C3)[33] White solid, 169 mg, 67%, m.p. 158-
160 °C:*H NMR (400 MHz,CDCl): §8.22 (ddJ = 7.9 Hz,J = 1.6 Hz, 1H), 7.88 (d] = 8.9
Hz, 2H), 7.68 (ddd) = 8.6 Hz,J=7.1 Hz,J = 1.7 Hz, 1H), 7.54 (ddl = 8.4 Hz,J = 0.6 Hz,
1H), 7.40 (dddJ =8.0 Hz,J= 1.0 Hz,J = 1.0 Hz, 1H), 7.02 (d] = 8.9 Hz, 2H), 6.74 (s, 1H),
3.88 (s, 3H) ppm**C NMR (100 MHz, CDG)): 0178.4, 163.4, 162.4, 156.2, 133.6, 128.0,
125.7, 125.1, 124.0, 123.9, 117.9, 114.5, 106.5 ppm; IR:vmax 3050, 2992, 1645, 1265,
1122, 1024 ciy; MS (ESI)m/z275 (M + N&); Anal. Calcd. for GeH1,0s: C%, 76.18; H%,
4.79; Found: C%, 76.46; H%, 4.71.

4.2.5. Synthesis and characterization data of isaffones (C4-C7):

The control compounds were synthesized following literature reported method[30]. 3-
lodo-4H-1-benzopyran-4-one was synthesised following ttegature report. 3-lodoH-1-
benzopyran-4-one (1 mmol, 272 mg)GOs (3 mmol, 414 mg, 3 eq), boronic acid (1.2 eq)
and Pd(PP{); (0.1 mmol, 115 mg, 10 mol %) were taken in a rebottom flask and 1,4-
dioxane (3 mL) and ¥ (0.5 mL) were added to the mixture. The mixtussweated at 110
°C for 18-24 h until complete consumption of thdstuate as indicated by TLC. It was
cooled to rt and concenterated under reduced pees3ihe mixture was extracted with
EtOAc (2x50 mL) and washed with water (2x5 mL) dmthe (1x5 mL), dried with anhyd.
NaSO, and concentrated under reduced pressure. Thenoathromatographic purification
of crude mass was performed on silica gel usingAgt@exane (25-40%) as eluting solvent
to afford the isoflavone<C@d-C7).

3-(3,4,5-Trimethoxyphenyl)-4H-chromen-4-one (C4):0ff-white solid, 193 mg, 62%, m.p.
117-119 °C:*H NMR (400 MHz, CDC}): §8.32 (dd,J = 8.0 Hz,J = 1.6 Hz, 1H), 8.05 (s,



1H), 7.70 (ddd,) = 8.6 Hz,J = 7.1 Hz,J = 1.7 Hz, 1H), 7.50 (d] = 7.8 Hz, 1H), 7.45 (ddd),
=8.0 Hz,J= 1.0 Hz,J = 1.0 Hz, 1H), 6.80 (s, 2H), 3.90 (s, 6H), 3.883H) ppm¥*C NMR
(100 MHz, CDCY¥): 0176.3, 156.1, 153.3, 153.0, 138.3, 133.7, 12728,41, 125.3, 124.5,
118.1, 106.3, 60.8, 56.2 ppm; IR;ax 3069, 2976, 1644, 1118 &mMS (ESI)m/z335 (M +
Na’); Anal. Calcd. for GsH160s: C%, 69.22; H%, 5.16; Found: C%, 69.49; H%, 5.17.

3-(4-Methoxyphenyl)-4H-chromen-4-one (C5)[25] White solid, 118 mg, 47%, m.p. 140-
142 °C;*H NMR (400 MHz,CDCl): 08.31 (d,J = 8.0 Hz, 1H), 7.99 (s, 1H), 7.67 (d#i=
8.2 Hz,J = 7.3 Hz, 1H), 7.51 (d] = 8.7 Hz, 2H), 7.45 (d] = 8.4 Hz, 1H), 7.42 (dd] = 7.8
Hz, J = 7.3 Hz, 1H), 6.98 (dJ = 8.7 Hz, 2H), 3.84 (s, 3H) ppm°C NMR (100 MHz,
CDCl3): 0176.4, 159.7, 156.2, 152.5, 133.5, 130.1, 128,11, 125.0, 124.5, 124.1, 118.0,
114.0, 55.3 ppm; IRimax 3007, 2954, 1626, 1245, 1181 ¢nMS (ESI)m/z275 (M + N&);
Anal. Calcd. for GgH1203: C%, 76.18; H%, 4.79; Found: C%, 76.47; H%, 4.76.

3-(4-Methylphenyl)-4H-chromen-4-one (C6)[34] White solid, 118 mg, 50%, m.p. 156-158
°C; 'H NMR (400 MHz,CDCly): §8.31 (dd,J = 8.0 Hz,J = 1.6 Hz, 1H), 8.00 (s, 1H), 7.67
(ddd,J = 8.6 Hz,J = 7.1 Hz,J = 1.7 Hz, 1H), 7.48-7.45 (m, 3H), 7.41 (ddds 8.0 Hz,J =
1.0 Hz,J = 1.0 Hz, 1H), 7.25 (d) = 7.8 Hz, 2H), 2.39 (s, 3H) ppriC NMR (100 MHz,
CDCl3): 0176.3, 156.2, 152.8, 138.1, 133.5, 129.2, 1288,8], 126.4, 125.4, 125.2, 124.6,
118.0, 21.3 ppm; IRmax 3008, 1633, 1276, 1112 ¢mMS (ESI)m/z259 (M + N&); Anal.
Calcd. for GeH1202: C%, 81.34; H%, 5.12; Found: C%, 81.24; H%, 5.10.

3-(Naphthalen-1-yl)-4H-chromen-4-one (C7)[35] White solid, 114 mg, 42%, m.p. 122-124
°C; 'H NMR (400 MHz,CDCl): 8.36 (ddJ = 7.9 Hz,J = 1.4 Hz, 1H), 8.03 (s, 1H), 7.94-
7.89 (m, 2H), 7.76-7.72 (m, 2H), 7.57-7.43 (m, Gpm;**C NMR (100 MHz, CDGCJ): J
176.5, 156.5, 154.2, 133.8, 133.7, 132.5, 129.8,22128.4, 128.3, 126.6, 126.4, 126.0,
125.7, 125.5, 125.40, 125.37, 124.5, 118.2 ppmyiR: 3043, 1637, 1464, 1116 cmms
(ESI) m/z 295 (M + N4); Anal. Calcd. for GgH1,0,: C%, 83.81; H%, 4.44; Found: C%,
83.54; H%, 4.41.

4.3. Biology
Synthesized compounds were investigated for thdiitya to inhibit human DNA
topoisomerase dl (hTopolk) and for the investigation of mode of action. Aesning kit

purchased from TopoGEN, Inc. (Columbus, OH) wasduséhe screening protocols as



provided supplier and reported in literature[11363,were followed. The concentrations of

the reagents were varied according to need of xpgrenents.

4.3.1. hTopolla-mediated DNA decatenation assay

In hTopollk-mediated DNA decatenation assay, kinetoplast DMBNA) was used as a
substrate. All the reactions were carried out ircrmicentrifuge tubes on ice. Reaction
mixture contains 4 units of purified hTopae]l150 ng of catenated kDNA, and 1M
investigated compound or standard drug (dissolve@®@MSO) were combined in freshly
prepared 5x complete reaction buffer. The finalwmoé of reaction mixture was brought to 20
uL with distilled HO. In the standard assay method, the order of iaddior assay
components was 40, 5x complete buffer (buffer A: 0.5 M Tris-HCI (p8), 1.5 M sodium
chloride, 100 mM magnesium chloride, 5 mM dithieitwl, 300 ug of bovine serum
albumin/mL and buffer B: 20 mM ATP in water), kDNAgllowed by either test compound
or standard drug and finally hTopellThe reaction mixture was incubated at 37 °C for 3
min. Further the reaction was stopped with 10% SDiwed by digestion with proteinase
K then incubated at 37 °C for 15 min. Topologicainis of kDNA were determined by
running 1% agarose gel electrophoresis in TriseaedEDTA (TAE) buffer containing 0.5
ug/mL ethidium bromide and further de-stained withtev for 20 min. The bands of KDNA
and decatenated products were visualized by GelBEXonager (BioRad, U. S. A.) and the
products were quantified by using ImageLab (BioRad)

4.3.2. hTopolla-mediated DNA relaxation assay

In relaxation assay, a hot spot sequence for hTemointaining supercoiled plasmid (pRYG)
was used as a substrate. In the reaction mixtdi@mMiog components were added, freshly
prepared 5x complete buffer (A: 0.5M Tris- HCIl,pH .50 M sodium chloride, 100 mM
magnesium chloride, 5 mM dithiothreitol, 34§ of bovine serum albumin/mL and buffer B:
20 mM ATP in water), 250 ng of supercoiled pHOTlJdoed by either test compound or
etoposide (10uM) and finally topoisomerase Il (4 units). The finslume of reaction
mixture was brought to 20L with distilled HO. Relaxation was carried out at 37 °C for 30
min. The reaction was stopped with addition of 1@B®BS followed by digestion with
proteinase K and further incubated at 37 °C fomib. Electrophoresis was performed in a
1% agarose gel in TAE buffer without ethidium brdmi Further the gel was stained with
ethidium bromide (0.5ug/mL) for 15 min, de-stained with water for 20 miand
photographed using Gel Doc EZ imager (BioRad, UA.$.of the quantification of products
was carried out using ImageLab (BioRad).



4.3.3. Cleavage complex assay

Cleavage complex assay was performed using nebasiw&ll circular supercoiled plasmid
(pHOT) as a substrate, following above mentioned protadolhe relaxation assay with
modification that 8 units of hTopall was added 3-5 min before the addition of the
compound. Cleavage complex formation was startethdiybating reaction mixture at 37 °C
for 20 min and stopped with 10% SDS, followed bgedition with proteinase K with
subsequent incubation at 45 °C for 30 min. Aftetitaoh of the loading buffer, the reaction
was heated at 70 °C for 2 min. Electrophoresis peaformed in a 1% agarose gel in TAE
buffer containing ethidium bromide (Ogg/mL). Further the gel was de-stained with water
for 20 min and photographed using Gel Doc EZ imdBe&Rad, U. S. A.).Quantification of
the products was carried out using ImagelLab (BigRad

4.3.4. DNA-intercalation assay

In this assay, 250 ng plasmid (pUC19) was incubated7 °C for 20 min with ug/ mL
ethidium bromide, 100uM standard drug (etoposide) or investigated comgdsun
Electrophoresis was carried out in a 1% agarosengeAE buffer without ethidium bromide.
Further the gel was stained with ethidium bromidé (1g/mL) for 15 min, de-stained with
water for 20 min, and photographed using Gel Doar&Zger (BioRad, U. S. A.).

4.3.5. Topo I-mediated relaxation assay

Negatively supercoiled DNA (pRYG) was used as assabe in Topol mediated DNA
relaxation assay. Reaction mixture contained fsepheépared 5x complete buffer (100 mM
Tris—HCI pH 7.9, 10 mM EDTA, 1.5 M NaCl, 1% Bovin8erum Albumin, 1 mM
Spermidine and 50% glycerol), 250 ng of pRYG, fokml by either test compound or
standard drug camptothecin (100 uM) and finallyoiepmerase | (4 units). The final volume
of reaction mixture was brought to 20 with distilled H20. Reaction mixture was incubdte
at 37 °C for 30 min and was quenched with the audibf 10% SDS followed by digestion
with proteinase K at 37 °C for 15 min. Electroptsiseof the each sample was carried out in
1% agarose gel in TAE buffer without ethidium brdmi Gel was stained with ethidium
bromide (0.5 pg/mL) for 15 min. Further, the gelswbe-stained with water for 20 min and
photographed using Gel Doc EZ imager (BioRad, LA.%.

4.3.6. CD based drug-DNA binding study

Reaction mixture for CD spectroscopic study wastaomg 50 mM Tris-HCI buffer of pH
7.5, compound solution (1QM) and CT-DNA solution (500 pg/mL), incubated at°Z5for
2h. The CD spectra of the CT-DNA solution (500 pigfmecorded in the presence and



absence of investigated compounds and ethidium ideof100 uM). EtBr (10QuM) was
used as a positive control (known DNA intercalataggent CD spectroscopic measurements
were carried out at 25 °C with cuvette having platigth 1 mm using CD spectrometer
(Jasco J-815) with the sensitivity of 100 millidegrand in continuous scanning mode with a
speed of 100 nm/min; band-width was 1 nm and thmb=r of accumulations was three.
Scans were taken from 220 to 340 nm[37,38].

4.3.7. Measurement of Drug -DNA interaction using V-Vis spectrophotometer

To measure the drug —DNA binding interaction a UM-\bsorption spectrophotometric
study was carried out with 1 cm path length quenzette using UV-Vis spectrophotometer;
(UV-2450 Shimadzu). The spectra were scanned invetheelength range 220-340 nm. Stock
solutions of the compounds (3m, 30 and 6d) wer@gresl in DMSO. This stock of each
compound was diluted to various concentrationsGm® Tris-HCI/NaCl buffer (pH 7.5).
For this assay a fixed concentration of DNA wasduse 50ng/mL. The drug DNA solutions
were incubated for 1 h in 37°C incubator to allbe tormation of drug-DNA complex. Then
the absorption spectra for different concentratimese taken within the wave length range
220-340 nm[29].

4.3.8. Calculation of binding constant (k)

The binding isothermb] for 3m, 30 and6d was calculated by following formula:

0= (Ao- A) (Ao - Ad),

Here, A is the absorbance of DNA in the absence of comgpaain260 nm, Ais the
absorbance of DNA in the presence of any concenrtradnd A is the absorbance of DNA at
a concentration for which maximum binding took glakky was calculated that is correspond

to the half saturation point and the reciprocakgfwas given by I§ (binding constant).

4.3.9. MTT assay

The anchorage dependant cell viability of the itigasional compounds, etoposide and
parent compounds were measured using MTT cell hiyakassay.Briefly, exponentially
growing cells (8000-10,000cells/well) were seeded96 well flat bottom tissue culture
plates. Then cells were treated with increasingcentrations of the compounds for 48 h
prior to harvest. Then media was aspirated and @hehce with 1XPBS. Then 0.05% MTT
solution was added to each well and incubated ifC3for 5 h to allow formation of
formazan crystals. The formazan crystals were tiedoby adding 100 puL of 0.2% NP-40
detergent solution and incubated in dark for 1 he Tcolour intensity was measured

spectrophotometrically at 570 nm by using microplegader (Mithras LB 940, Berthold,



Germany). The data obtained were presented grdlyhiaa percent viability against
concentrations. The fifty percent viability @ was obtained from the graph. Each data

point was calculated in triplicate and all the gssaere performed at least thrice[11].

4.3.10. Clonogenic assay

The colony forming ability of cells after exposumethe compounds were measured using a
well-defined assay known as colony forming assaglonogenic assay. BrieflHEK 293
cells (500/well) in 80-90% confluent were seeded grown for 24 h. Then cells were treated
varied concentrations of the compounds for 48 renThedia was aspirated and replaced
with the fresh media and allowed to grow for 6 daysen plates were washed twice with 1X
PBS and followed by stainied with 0.2% crystal eidior 1 h. After washing with water and
air drying the plate, the colonies were countede ®ata were calculated and graphically
represented as percent survival against concesrigatiEach data point was calculated in

triplicate and all the assays were performed &t lmee times[39].

4.3.11. Detection of apoptotic nuclei by DAPI stain

Apoptotic nuclei after treatment with compound 3aswdetermined using DAPI saining
method. Briefly ~1 x 10cells were seeded in 40-mm dishes. After reachi@g8@%
confluency, cells were treated with increasing emi@tion of compound 30 (0—10M) for
48 h. Cells were washed with ice-cold PBS and fiwxét ice-chilled acetone: methanol (1:1)
for 10 min at -20°C. Fixed cells were washed with cold PBS followed by incubation with
the DAPI and 1h in dark. Excess DAPI was removeddpeated washing with chilled 1x
PBS, and the samples were observed under fluoresaaitroscope (Nikon, Tokyo, Japan)
at 40x magnification. The data provided here aremfrone of three independent

experiments[39].

4.3.12. Matrigel invasion assay

Matrigel invasion assay was carried out to studyathility of cells invade through the matrix.
This assay was carried out with little modificationthe protocol described by Moussestu
al. 2014. For this assay a matrix was prepared invalbcell culture plate using egg albumin
after carefully taking the albumin inside laminaold and allowed to settle down by heating
it in a hotpot at 65°c temperature. The cells weeded above the matrix and allowed to
grow for next 24 hour. Cells were treated with @aging concentration of compound for 48
hours. After the required time period media werscdided followed by washing with 1X

PBS. Cells were stained with 0.2% crystal viold@eafixing with 4% para formaldehyde.



Excess stains were washed with 1X PBS and invadixhies were counted using colony

counter. Data were the replica of three independgperiments[40].

4.3.13. Annexin-V/FITC/PI dual staining

Annexin-V/FITC/PI dual staining is used to detdw tistribution of cells in early apoptotic,

late apoptotic and necrosis phases. For this asstlg, were seeded in a 6 well cell culture

plate at a density of 1 x1@ells per well. 70-80 percent confluent cells weeated with

varying concentrations of compound 3o for 48 h.T ke cells were harvested, washed and

stained with Annexin-V/FITC and Pl according to mfacturer's protocol (Sigma) and

finally sorted by FACS and data were analysed b§ le&€press 5.0 software. Data given here

is representative of one of three independent axjeaits[39].

4.3.14. Statistical analysis:

e Statistical significance was determined by pairtedest (*p<0.05), (**p<0.005),
(***p<0.001).



Abbreviations
hTopolla, Human topoisomeraseotl kDNA, Kinetoplast DNA; Nck, Nicked; Rel, Relaxed;
Lin, Linear; SC, Supercoiled; TAE, Tris-acetatetEDTA; MTT, 3-(4,5-Dimethylthiazol-2-yl)-

2,5-diphenylte-trazolium bromide.
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3b: 'H NMR
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3b: *C NMR
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3f: °C NMR
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H NMR
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‘IH NMR
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3s:%C NMR
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H NMR
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3t: °C NMR
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6t: °C NMR
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6v: 1°C NMR
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'H NMR
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6w: 1°C NMR
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C1:'H NMR

in a mixture of CDCl; and DMSO-ds  (9:1)
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C1: ’%C NMR

in @ mixture of CDCls and DMSO-ds (9:1)
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‘1H NMR
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C2: 1°%C NMR
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‘1H NMR
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C3: 1°C NMR
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‘1H NMR
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C5: 1°C NMR
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C6: 'H NMR
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C6: 1°C NMR
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‘1H NMR
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C7: °C NMR
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Scanned HPLC chromatogram of representative compouds:

1. 3c

Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 25 3.lcd
T Admin
:skg253
:skg 253
13
:5uL
- skg 25 3.lcd
1 50 AcN50 water20miniml.lcm

Default.lcr
©12/22/2015 6:50:54 PM
1 12/22/2015 7:10:57 PM

<Chromatogram>
C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 25 3.lcd
mAU
S PDA Multi 1
12507 ﬂ:
1000 ‘
750 ‘
500 ‘
250 |
i \ 2
0] _,___q___‘_____gftmggﬂ ; T )
D.O‘ ‘2‘.5‘ - I5‘.0‘ o I?!SI o I10‘.0‘ o ‘12‘.5‘ o ‘15‘.0‘ o ‘17‘.5I o
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 7.127 10303482 1286641 99.125 99.561
2 16.906 90968 5672 0.875 0.439
Total \ 10394450 | 1292313 | 100.000 | 100.000



2.3d

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 25 4 3.lcd

Acquired by :Admin

Sample Name > sur 709

Sample ID :sur 709

Vail # 21

Injection Volume :5uL

Data File Name :skg 254 3.lcd

Method File Name : 50 AcN50 water20miniml.lcm
Batch File Name :

Report File Name : Default.lcr

Data Acquired 1 12/22/2015 3:56:43 PM
Data Processed 1 12/22/2015 4:11:51 PM
<Chromatogram>

C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 25 4 3.lcd

mAU
"§ PDA Multi 1
750—_ ‘
500- “
250—_ "
o Fe L
O.OI o I2!5I o IS!OI - I7!5I - I16.0I - I1£.5I _l
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 3.003 27507 5377 0.441 0.614
2 3.485 21219 4798 0.340 0.548
3 5.796 6192269 865730 99.219 98.838
Total 6240996 875905 100.000 100.000




3. 3e

Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 26\skg 26 2.lcd

Acquired by : Admin
Sample Name . skg 26 2
Sample ID . skg 26 2
Vail # 12

Injection Volume :5uL

Data File Name . skg 26 2.lcd

Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

Default.ler

- 50 AcN50 water20miniml.lcm

1 12/23/2015 4:32:39 PM
1 12/23/2015 4:52:41 PM

<Chromatogram>
C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 26\skg 26 2.lcd
mAU
| 1§ PDA Multi 1
1 I
2000+ ”
- f
] I
_ ‘ \
1000 ‘ |
| i
ﬁ g i
0 ,frﬁ;u_fj._ \ |
0.0‘ I I2!5‘ 5!0 I ‘7!5 o ‘10‘.0‘ o I12|.5‘ I I15|.0‘ ‘17}.5‘ I .
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height%
1 7912 18210 2211 0.054 0.079
2 10.998 34002148 2814571 99.946 99.921
Total \ 34020358 | 2816782 | 100.000 100.000




4. 30

Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 25 7 1.lcd

- Admin

:skg2571

:skg2571

o4

5uL

:skg 257 1.led

- 60 AcN40 water20miniml.lcm

Default.ler
:12/23/2015 12:03:55 PM
©12/23/2015 12:23:57 PM

<Chromatogram>
C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 25 7 1.lcd
mAU
] l‘% PDA Multi 1
1500;
1000{ H
500—_ H
] |
] |
0 P IR
00 25 s 75 100 125 180 175 '.
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal# Ret. Time Area Height Area % Height %
1 5.459 8110 1447 0.051 0.079
2 8.333 15769761 1822470 99.949 99.921
Total | 15777871 | 1823917 | 100.000 | 100.000



5. 6d

==== Shimadzu LCsolution Analysis Report ====

Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 26\skg 26 4 3.lcd
- Admin

:skg 2643

:skg2643

o1

5uL

: skg 26 4 3.lcd

: 50 AcN50 water20miniml.lem

Default.lcr
1 12/23/2015 4:57:29 PM
:12/23/2015 5:17:31 PM

<Chromatogram>
C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 26\skg 26 4 3.lcd
mAU
] ] PDA Multi 1
2000 3
: |
1500-] H
] 1
1000~ | \
] ‘ |
500 |
] § | ‘\I
o N _
0.0I I2[5I I5[0I I IT‘.S o ‘10‘.OI I I12‘.5I I I15‘.0I I17‘.5 .
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal# Ret. Time Area Height Area % Height%
1 8.200 703341 57358 2.749 2.609
2 9312 24886233 2141139 97.251 97.391
Total 25589574 | 2198497 | 100.000 | 100.000



6. 6N

Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 26\skg 26 20 2.Ilcd
- Admin
:skg 26 20 1
- skg 26 20 1
:3
5uL
1 skg 26 20 2.led
- 50 AcN50 water20miniml.lem

Default.lcr
1 12/23/2015 4:06:56 PM
1 12/23/2015 4:26:59 PM

C:\LabSolutions\Data\NEHA H\garima\LC data file\skg 26\skg 26 20 2.Icd

mAU
4000 8 PDA Multi 1
E N
3000
2000 |‘
] |
i |
] i
1000 M
1 |
o] s
0.0 25 5.0 75 10.0 125 15.0 175 ‘
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height % |
1 8.559 300454 31251 0.657 0.776 |
2 13.080 45465495 3996431 99.343 99.224
Total \ 45765949 4027682 | 100.000 | 100.000




7. 60

Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

Shimadzu LCsolution Analysis Report

C:\LabSoclutions\Data\NEHA H\garima\LC data file\skg 26\skg 26 21.Icd
T Admin

1 skg 26 21

. skg 26 21

14

:5uL

1 skg 26 21.lcd

: 50 AcN50 water20min1ml.lem

Default.lcr
1 12/23/2015 6:56:31 PM
1 12/23/2015 7:21:34 PM

<Chromatogram>
C:\LabSoclutions\Data\NEHA H\garima\LC data file\skg 26\skg 26 21.Icd
mAU
1 8 PDA Multi 1
1 |3
1000+ |F
750 ‘ ‘
500+ |
E 1
250 | |
: |
0 i ~ — - I _;T;‘I_ A . 7l I
0 5 10 15 20
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal# Ret. Time Area Height Area % Height %
1 13.825 17904229 1147471 97.304 97.726
2 17.515 496056 26705 2.696 2.274
Total | 18400286 | 1174175 100.000 | 100.000



8.C2

==== Shimadzu LCsolution Analysis Report ====

Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Data\NEHA H\garima\LC data file\control 25 n 26\skg 25 ¢3 1.lcd
: Admin
:skg25c¢3
:skg 25 ¢3
12
5uL
:skg25¢31.lcd
- 50 AcN50 water20miniml.lem

Default.lcr
:12/23/2015 7:57:58 PM
:12/23/2015 8:18:02 PM

<Chromatogram>

C:\LabSolutions\Data\NEHA H\garima\LC data file\control 25 n 26\skg 25 ¢3 1.lcd

mAU
R fg PDA Multi 1
750] “
500—_
250 ‘ ‘
: | 2
] A &
0 — - TI \ ‘_,];L.___ —
0.0 2!5 5[0 7‘.5 1d.0 12‘.5 15‘.0 1T|.5 ‘
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height % |
1 8.014 8231024 879205 97.965 98.713
2 15.479 170987 11459 2.035 1.287
Total | 8402011 890664 | 100.000 | 100.000



9.C3

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\NEHA H\garima\LC data file\control 25 n 26\skg 25 c1 1.lcd
Acquired by - Admin

Sample Name :skg 25 ¢l

Sample ID cskg 25 ¢t

Vail # 1

Injection VVolume 5uL

Data File Name :skg 25 c1 1.lcd

Method File Name 1 50 AcN50 water20miniml.lem
Batch File Name :

Report File Name - Default.ler

Data Acquired 1 12/23/2015 7:34:06 PM
Data Processed ©12/23/2015 7:54:09 PM
<Chromatogram>

C:\LabSolutions\Data\NEHA H\garima\LC data file\control 25 n 26\skg 25 c¢1 1.lcd

mAU
1 g PDA Multi 1
] qm,
: |
1000 “
500; ‘ ‘
] \ |
| 1
1 || ~
0 ——— —
0.0‘ I I2[5‘ ‘SIOI ‘7!5‘ I I‘IO‘.O‘ - ‘12|.5I - I15|.0I I I'IT|.5I - .
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 9.429 14483448 1357158 99.243 99.499
2 17.782 110419 6837 0.757 0.501

Total | 14593867 1363995 | 100.000 | 100.000



10. C4

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\NEHA H\garima\LC data file\control 25 n 26\skg 26 ¢3 1.lcd

Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

: Admin

: skg 26 ¢c3

:skg 26 c3

03

c5uL

1 skg 26 ¢3 1.led

1 50 AcN50 water20miniml.lcm

Default.lcr
1 12/23/2015 9:09:51 PM
1 12/23/2015 9:29:55 PM

C:\LabSolutions\Data\NEHA H\garima\LC data file\control 25 n 26\skg 26 ¢3 1.lcd

mAU
] 5 PDA Multi 1
2000 ”m
1500-] “
1000
500- |‘
] | g
0: - — T 3
00 25 50 75 10 125 150 175 |
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Pealc# Ret. Time Area Height Area % Height % |
1 8.257 21035367 2215978 99.832 99.893 |
2 14.640 35456 2370 0.168 0.107
Total | 21070824 2218348 100.000 | 100.000



11. C7

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\ANEHA H\garima\LC data file\control 25 n 26\skg 26 ¢4 1.lcd

Acquired by - Admin
Sample Name 1 skg 26 c4
Sample ID 1 skg 26 c4
Vail # 4
Injection Volume :5uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

Default.lcr
2 12/23/2015 9:57:08 PM
©12/23/201510:27:12 PM

- skg 26 c4 1.lcd
- 50 AcN50 water20min1ml.lcm

C:\LabSolutions\Data\ANEHA H\garima\LC data file\control 25 n 26\skg 26 c4 1.lcd

mAU
B N PDA Multi 1
750 p;_
] ||
500~ ‘
250; ‘ ‘
] |
i o | \
1 =1 I
L S —
0 é 1b 1|5 2|0 2‘5 ‘
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 8.025 12933 1412 0.104 0.177
2 14.722 12451661 794653 99.896 99.823
Total | 12464594 | 796065 | 100.000 | 100.000




Research Highlights

* Represents an unprecedented target-based scaffold-hopping of NPs, flavonoids.

e 2/3-Arylpyridopyrimidinones were synthesized via Pd-catalyzed activation—arylation.
e Compounds were potent hTopolla-selective catalytic inhibitors.

e Interaction with DNA in groove domain was identified

» Afforded significant/higher activities than etoposide, flavones and isoflavones.



