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Graphical Abstract

Multidrug resistance in cancer is an unmet chakeagd drawback for the failure of many
chemotherapeutic drugs. Search for targeted, eféecirug with minimum toxicity is an
urgent need. An attempt has been made to explaechiemosensitizing ability of 2,4-
dimethylacridones with alkyl side chain containsgpstituting tertiary amines at the end of
the side chain. Considering the structural featuegsired for the MDR reversal activity, 2,4-
dimethylacridone with propyl and butyl side chaontaining various tertiary amino groups
like morpholinyl, piperidinyl, N-methyl piperazinyN,N-diethylamino, N-diethanolamin@;
hydroxylethyl piperazino at the terminus of theyalkide chain have been synthesized,
characterized and screened for anticancer and MB&uHation activity.
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Cytotoxicity profile of active compounds

Compound ICso(UM) £SD  ICs0(uM) £ SD  Vinblastine Fold
Code MCF7 MCF7/ADR  ICs0(nM) £ SD potentiation
MCF7/ADR
12e 4 +0.05 521 +0.13 3.11 £ 0.06 Complete

12f 2+0.03 2.56 £0.05 1.25 +0.05 Complete
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Abstract:

Drug resistance in cancer is an unmet medical @hgd and a major drawback for the failure of
many chemotherapeutic drugs. Search for targefézttiee drug with minimum toxicity is an
urgent need. Acridone which is an alkaloid derwathas been attributed as molecule in
reversing drug resistance in cancer cells for @ lome now. In the present investigation, an
attempt has been made to explore the chemosengitahility of 2,4-dimethylacridones with
alkyl side chain containing terminally substitutéeitiary amino groups. Considering the
structural features required for the MDR reversetivity, acridone derivatives have been
synthesized with propyl and butyl side chain cantgy morpholinyl, piperidinyl, N-
methylpiperazinylN,N-diethylamino,N-diethanolaminoN-[(B-hydroxylethyl)|piperazino at the
terminus of the alkyl side chain. cLogP valuestfa synthesized compounds ranged from 2.96
to 4.72 for the propyl derivatives and 3.41 to 5fd5the butyl derivatives. All the compounds
were screened against breast cancer sensitive NMHDIE? resistant MCF7/ADR cell lines.
Compoundsl2e and 12f have shown better cytotoxicity profiles withsyof 4 + 0.05 and 2 +
0.03 pM against MCF7 cells, 5.21 + 0.13 and 2.56.85 pM against MCF7/ADR cells.
Photolabeling studies with*Hi]-azidopine and molecular docking studies haventified that
2,4-dimethylacridones have potential to modulate #+gp mediated multidrug resistance.
Docking studies identified that compounds have sh&avorable interactions with P-gp. QSAR
equation was derived for cytotoxicitys molecular descriptors of acridone derivatives. tBes
models with good predictive ability have been gatest with very high square correlation
coefficient (R) values of 0.889, 0.964 and 0.983.

Keywords: Acridones, Chemosensitizers, Drug Resistancesd’faansfer Catalysis (PTC),

Molecular Docking

1. Introduction:

The major goal of oncology scientists is to desigreffective anticancer agent which is not only
sensitive in normal cancer cells but also againsig desistant cancers. In principle, drug
resistance in cancer treatment has remained asnpediment to successful chemotherapy.
Thirty years of research in cancer and its multidresistance has identified a myriad of
mechanism in which tumor cells efflux chemotherajgeagents. Chemotherapy is baffling the

cancer scientists all over the world, and it hasobee evident that resistance exists against every
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effective anticancer drug including the recentliroduced drugs [1-4]. Therefore, the ability to
predict and alter or block the drug resistance maeigm in cancer is likely to improve the

therapeutic index. Acquired drug resistance hasieccommon due to the overexpression of
one or more energy-dependent transporters P-gyltaipfABCBL1 that eject anticancer agents
out of cells, which contribute to the failure ofechotherapy. Another important factor is delivery
of anticancer drug to the target tissue which may ¥rom patient to patient. Penetration of the
drug into tumor cells protected by different medbars like altered pH or tumor vasculature,
increased hydrostatic pressure is a major taslenflat reasons for the failure of these drugs
against cancer are attributed due to low affinttyor specificity and low bioavailability at the

tumor site [5-7].

Acronycine a natural alkaloid was isolated from thegk of Acronychia baurri in 1948 [8].
Acronycine has shown promising activity against evispectrum of cancers in lab animals.
Glyfoline, alkaloid fromGlycosmis citrifolia was found to be potent molecule with aRol6f 2.2

MM in HL60 cells [9]. Tricyclic heterocyclic systeracridone has shown interesting applications
in the area of cancer by multi-targeting mechanjsansimalarial, drugs acting on CNS with well
identified mechanism and still being explored asaative pharmacophore for various activities
[10-15].

Several targets such as DNA toposiomerases andiPidinase C (PKC) which play vital roles
for the normal functioning of cells such as sigmahsduction, regulatory mechanisms, etc., have
been tried for intervening the tumor progressiod aretastasis [16]. Of the several classes of
anticancer agents, acridones are an interestings.cldumerous research groups have been
working on the medicinal chemistry and the bioladji@spects of acridones as chemotherapeutic
agents due to their unique properties. Literateneals that the acridone alkaloids and their
synthetic derivatives possess a wide range of ficdd activities like anticancer, MDR
modulators, etc [17]. The acridone derivatives undmical development are amsacrinB, (
anilinoacridine derivative asulacrine (or CI-921), (N-[(2-dimethylamino)ethyl]acridine-4-
carboxamide (DACA)J), triazoloacridones (fzos4and Gs335) and imidazoacridones (€31 6)
(Figure 1) [18]. Literature shows that substitution off and 4" position in acridone ring show
good cytotoxicity [19]. Based on this developmestshstitution of methyl groups at th& 2nd

4™ positions of the acridone ring has been carried amd this may result in the increased



lipophilicity, which may improve the binding affityi of acridone based derivatives to ABCBL1 in
reversing drug resistance. Previously, the authesgarch group has reported the synthesis and

screening methods of various acridone derivatigedrag resistant modulators [19].

Several studies have identified that the drug gfflump P-gp is one of the responsible factors
for promoting multidrug resistance in tumor celisdaalso for altering the pharmacokinetic
properties of the drugs [20]. ABCBL1 belongs to shperfamily of ATP-binding cassette (ABC)
transporters which is encoded by tMDR1 gene. The protein contains 1280 amino acids
arranged in two homologous halves of 610 aminosamithed together by linker of 60 amino
acids chain, each half with six transmembrane sempsefollowed by the nucleotide-binding
domain. The exact mechanism of action and its seigctowards efflux of drugs have not been
identified yet. X-ray crystallography studies hadentified that the protein has large flexible
binding cavity within the domain [21]. A lot of egpments have been carried out on these
aspects a new direction has been given to the studgridones and cancer cytotoxicity and drug

resistance mechanism by the author since two dedaég

Previously the author’s group performed molecutackihg studies of chloroacridone derivatives
against calmodulin-dependent cAMP phosphodiestetasedentify the possible binding
interactions. Calmodulin plays vital role in redig protein kinase activity and other cellular
processes. Studies identified that intracelluldcicen concentration was greater in resistant cells
than non-resistant celldlso calmodulin inhibitors play significant role bgterfering cellular
drug accumulation [22]. In the present investigatioauthors have designed 2,4-
dimethylacridones to evaluate MDR reversal actiagainst cancer sensitive and resistant cell
lines. A lot of data has been accumulated only dfte establishment of ABCB1 structure. As of
now, not much literature exists about the bindirgmdin with acridones and ABCB1. The
authors have tried to compare the same and hoadt@one structural modification has proven

to give more cytotoxic drugs and also in reversingg resistance in tumor cells.
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Figure 1. Molecular structures of acridone derivatives urdi@ical development

2. Results & Discussion:

2.1Chemistry:

2,4-Dimethylacridone derivatives were synthesizeger general method outlinedScheme 1
The synthesis of title compounds begins with Ullmaondensation of 2-halobenzoic aci) (
and 2,4-dimethylaniline8) to form 2-[(2,4-dimethylpheny)amino]benzoic a¢8). The starting
materials were added in round bottomed flask, mixell in isoamyl alcohol and refluxed in the
presence of copper powder and anhydrous potassamomate. Compoun® was further
cyclized with polyphosphoric acid where 2,4-dimé#icyidone (0) was obtained in high yield
(86-90 %).N-alkylation i.e., propyl and butyl side chain wataehed to compound 10 by the
principle of Phase Transfer Catalysis (PTC) in ggigdlds. Later nucleophilic substitution f
alkylated acridones i.e.N'%-chloropropyl and N'°-chlorobutyl 2,4-dimethylacridone with

difference secondary amines was performed in amgdpotassium carbonate.
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(iif) 6N KOH, 1-bromo-3-chloropropane/1-bromo-4-chdbutane, PTC, RT, 24h; (iv),EOs;,
Kl, R-H, reflux, 6h.

Scheme 1:Synthesis of 2,4-dimethylacridone derivatives



N-alkylation of acridone can be performed in stricyhydrous conditions in the presence of
strong bases like NaN+br NaH because of weakly basic nature of ringogen. The reaction of
acridone 10) in anhydrous aniline with chlorobromo alkanesttie presence of strong base
NaNH, under reflux yielded respectivBl®(chloroalkyl) acridones 1(1-12. However, N-
alkylation requires vigorous experimental condifiomith very low yield. But by the applying
the principle of Phase Transfer Catalysis (PTC) mound 10 readily undergoed-alkylation
with better yields.N-alkylation can be performed at room temperaturestiying acridone
derivative and alkylating agent i.e., 1-bromo-3echpropane or 1-bromo-4-chlorobutane in a
two phases of tetrahydrofuran and 6N aqueous KOilthénpresence of tetrabutylammonium
bromide. Previous step yields 10-(3-chloropropyl}) (or 10-(4-chlorobutyl) acridonel®) in
good vyields. Later, iodide-catalysed nucleophilidostitution of intermediates with various
secondary amines like morpholine, piperidine, pidme, N-methylpiperazine, N,N-
diethylamine, N-diethanolamine and-hydroxyethyl piperazine by refluxing in anhydrous
potassium carbonaiie acetonitrile yielding the title compoundkl@-f and12 a-f) as free bases
(Table 1).

All the synthesized compounds were purified by ooluchromatography packed with silica gel
and purified compounds were characterized'llyand **C NMR and Mass spectral methods

(Supplementary Material).



Table 1. Physical data of acridone derivatives

O o)

z
]

10 11(a-f) 12(a-f)
Compound R Molecular Molecular  Melting Yield
Code Formula Weight Point°C) %
10 -H CisH13NO 223.27 318 68
11 -Cl CigH1sCINO  299.79 158 46
11 N 0 CooH26N0 350.45 159 58

a - 2211261232 .
__/
11b
—N CasH2gN20 348.48 168 33
1llc /T \
—N N—CHj Co3H29N3O 363.50 152 59
__/
11d /
—N CooHoeN,O 336.47 182 42
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2.2Biological Activity:

2.2.1 Cytotoxicity studies:

2.2.1.1In vitro cytotoxicity of acridones in human MCF7 and MCF7/ALR cells

Newly synthesizedN**-substituted 2,4—dimethylacridone derivatives weneened foiin vitro

anticancer activity in human sensitive MCF7 andistaat MCF-7/ADR cells. Each value

represents the mean of recordings in triplicate rsdlts were shown ifable 2 & Figure 2

and expressed as d6.e., concentration required for 50% inhibition grbwth of cells treated

with respect to cells which are untreated.

Table 2. Cytotoxicity of acridone derivatives on human MC&w MCF7/ADR cells and
the potentiation of vinblastine cytotoxicity in druesistant MCF7/ADR cells.
Compound ICs0(UM) = IC50(UM) + Vinblastine Fold
Code sD? sp? ICs0(nM) £ Potentiation
MCF7 MCF7/ADR sD?
MCF7/ADR
10 79+0.12 82.1 £ 0.97 27.12 £0.19 14
11 ND ND ND ND
1la 59.16 +0.22 65.3+0.76 19.9+0.11 6.4
11b 58 +0.17 61.7 £ 0.69 17 £0.08 7.17
1llc 50.21 £ 0.36 53.5+0.43 17.2£0.13 4.75
11d 29.11 +0.18 34.2 +0.28 14.2 £0.08 10.48
lle 19.1 £0.09 22.8+0.15 11.22 £0.05 9.7
11f 12 +0.04 151 +0.11 8 +£0.03 16.74
12 ND ND ND ND
12a 20+£0.12 21.8+0.19 4 +0.03 Complete
12b 30.10+0.19 36.3+0.22 5+0.02 -
12c 1450+0.09 16.2+0.31 10+£0.11 -
12d 8.3+£0.03 9.1 +£0.09 4.05+0.02 Complete
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12e 4 +0.05 5.21+0.13 3.11 £ 0.06 Complete

12f 2+0.03 2.56 £0.05 1.25+£0.05 Complete

Vinblastine 3+0.01nM 69.0+0.2nM -- --

Note: At IC1o concentration, the modulators were able to reveingg resistance completely in
MCF-7/ADR cancer cells.

ND= Not Determined

a- Results are average of triplicate analysis

Cytotxicity data of acridone derivatives
100
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Figure 2. Experimental 1Gyof acridone derivatives against MCF7 and MCF7/ARR kines

Antiproliferative activity of title compounds i.eN'°-2,4-dimethylacridone derivatives were
evaluated on human breast adenocarcenoma MCFiire=llResults suggests that chemical
nature of the secondary amine attached to alky sithin of acridone plays a critical role and
can be considered as pharmacophoric feature for citetoxicity. 1Go value of 2,4-
dimethylacridone compoundO is 79 + 0.12 puM, found least active among the lsgsized
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compounds indicating that side chain of acridonessential for cytotoxicity. Considering the
tumor physiology, structural features and physieocital properties like lipophilicity, pKa,
acridones with propyl and butyl side chain withnéral secondary amines have been
synthesized and screened with an aim of obtainioignd compounds. Title compounds of
acridones with propyl side chaus butyl side chain have shown appreciable resuldsadso the
study clearly proved that increase in distance friw@ acridone ring and secondary amine
enhanced the anti-proliferative activity and hydvolpicity. Acridones with propyl side chain
have shown anticancer activity in the range @b(M) 59.16 + 0.22 to 12 + 0.04 and acridones
with butyl side chain in the range of 30.10 £ Otd92 + 0.03. In the series of acridones with
propyl side chain with secondary amines as morpkibl(11g), piperidinyl (1b) and N-
methylpiperazinyl 110 have displayed less cytotoxicity at 59.16 + 0.22,+ 0.17 and 50.21 +
0.36. Compoundlld with secondary amin@&,N-diethylamine and compountile with N-
diethanolamine have improved the selectivity wigtotoxicity at 29.11 + 0.18 and 19.1 £ 0.09.
Moreover in the series of acridone with propyl sif@in series witlfi-hydroxyethyl piperazine
(11f) as secondary amine found more favorable withGpgdf 12 + 0.04. Among the series,
acridones containing substituent such as butyl siain with secondary amines &s
hydroxyethyl piperazinel@f), N,N-diethanolamine126e), N,N-diethylamine {2d) have exerted
better cytotoxicity at 16p 2 £ 0.03, 4 + 0.05, 8.3 + 0.03 pM respectivelalfle 2). Similar to
the propyl side chain series, compounds with beige chain containing secondary amines
morpholinyl @2a), piperidinyl @2b) and N-methyl piperazine 12c) were found less active
against MCF7 with lggof 20 + 0.12, 30.10 £ 0.19 and 14.50 + 0.09. Conmaldlef, acridone
containing butyl alkyl side chains with terminaldeaf B-hydroxyethyl piperazine was found to
be potent among the series. Interestingly, hydrogxglip containing secondary amines attached
to alkyl side chain of acridones have shown poteamdl increased the cytotoxicity. These
observations revealed th@thydroxyethyl piperazine as secondary amine is nédefor
anticancer activity and presence of hydroxyl sulbs&td secondary amines enhance the activity.
The cytotoxicity of 2,4-dimethylacridone derivatsrevere screened against drug resistant
MCF7/ADR cell line to compare the cytotoxicity anthe I1G, values at micromolar
concentration range were presentedable 2 Acridones with secondary amines at the terminal
end of propyl side chain have exhibitedsdGtM) in the range of 82.1 £ 0.97 to 15.1 + 0.11.

Similarly acridones with secondary amines and bsigeé chain have shown 4§QuM) in the
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range of 21.8 + 0.19 to 2.56 = 0.05. Also compod@chave shown less cytotoxicity against
MCF7/ADR with an 1Go(uM) of 82.1 + 0.97 indicating that side chain ssential. Furthermore
acridones having propyl side chain with secondamyinas such as morpholinyl11a),
piperidinyl (L1b) andN-methylpiperazinyl 119 have displayed reduced cytotoxicity among the
series with an 16 (uM) values of 65.3 £ 0.76, 61.7 = 0.69, 53.5 = 0.43peesively.
Comparatively acridones with butyl side chain hahiewn potential cytotoxicity against both
MCF7 and MCF7/ADR cell lines suggesting length infleschain have profound impact. From
the study, compound$2f, 12e and 12d have exhibited good cytotoxicity profile among the
derivatives with an 165 (uM) of 2.56 + 0.05, 5.21 + 0.13 and 9.1 + 0.09 respebti Compound
12f having B-hydroxyethyl piperazine as secondary amine wittylbside chain have shown
significant and highest cytotoxicity against bo#nsitive and resistant MCF7 and MCF7/ADR
cell lines with an 1G, (uM) of 2 + 0.03 and 2.56 + 0.05. Moreover among theesesf acridones
with propyl side chain, compountiLf acridone withp-hydroxyethyl piperazine as secondary
amine and propyl side chain have shown good cyicitgxwith ICso (M) of 15.1 + 0.11. This
highlights the chemical nature of secondary amiagsignificant role for cytotoxicity ang+
hydroxyethyl piperazine is essential, acridone withydroxyethyl piperazine as secondary

amine can be taken as promising hit compound fitinéu design of safe and potent compound.

On the other hand, acridones were found more semstt MCF7 rather than drug resistant
MCF7/ADR cell line. Multidrug resistance in MCF7/A/D is mediated through many
transporters like P-gp or Breast Cancer Resist&@notein (BCRP). Cytotoxicity profile of title
compounds against MCF7/ADR indicates that 2,4-daylatridones have the ability to inhibit
MDR modulation activity mediated through P-gp pumgcording to literature, acridones are
studied much as P-gp inhibitors and to a lesseengéxif other pump inhibitors of MRP family.
Also it is reported that acridones exhibit anticanand anti-MDR activity and is might be
through DNA intercalation property [23]. ComparisoinlCso values of acridones against MCF7
and MCF7/ADR, clearly identifies that drug resistann MCF7/ADR cell line is mediated
through overexpression of many pumps like P-gp @aBt Cancer Resistance Protein (BCRP)
and acridones are not substrates of all the putnpsrestingly title compounds have shown
similar and good cytotoxicity profile against MCRDR cell line, suggesting that 2,4-
dimethylacridones might have ability to modulate RiDmediated by P-gp. Furthermore
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compounds were screened to identify the abilitytitkd compounds to modulate vinblastine
cytotoxicity against MCF7/ADR cell line.

2.2.1.2 Sensitization of drug resistant MCF7 cellgy 2,4-dimethylacridones:

In an attempt to discover novel and potent MDR nhatdus, the 2,4-dimethylacridones were
evaluated in drug-resistant cancer cell lines. Aithe study was to investigate the ability of
titte compounds to modulate the vinblastine cytatibx against MCF-7/ADR cells and to
correlate the structure of acridones with MDR rsaéractivity. Both doxorubicin and vinca
alkaloids- vincristine and vinblastine are poteptotoxic agents and substrates of P-gp [24].
According to Tseng et al.,, compounds daunomycin\andlastine have shown igvalues of
7.12 £ 0.42 uM and 0.0106 £0.004 uM against MCFMRAE2II line [25]. Photolabelling studies
against MCF7/ADR cell line too identified that viabtine is potent cytotoxic agent and also
highly specific to P-gp [26]. Hence, for the sesition study of acridones against MCF7/ADR
cell line we have used highly competitive bindingostrate vinblastine. Cells were treated
continuously with different concentrations of viabsline ranging from 0-100 nM for 7 days in
the absence or presence ofdConcentration of title compounds as MDR modulatdte 1G
value of vinblastine in combination with title cooynds against MCF-7/ADR cells was
observed in the range of 1.25 = 0.05 to 27.12 ® M. Each value represents the mean of

recordings in triplicate and results were tabulatetiable 2

Multidrug resistance is majorly responsible for tiadure of many drugs in the therapy of
numerous cancers. Screening of compounds on dnsitise and resistant cancer cell lines is
the fundamental model to evaluate the behavioromipounds, to test the hypothesis and to
improve the efficacy [27]. To identify the mechanisnd resistance modulating ability, title
compounds were screened against cancer sensittveeaistant MCF7 and MCF7/ADR cell
lines. Fold potentiation of acridones was calcuaatgth respect to 16 values of MCF7/ADR
relative to MCF7 cell line. Comparative study tendify the ability of 2,4-dimethylacridones as
MDR modulators in potentiation of cytotoxicity ofmblastine revealed that compounti®a,
12d, 12e & 12fdemonstrated the greatest effdotvitro data of acridones were summarized in
Table 2 Both the series of acridone derivatives have shappreciable results. Interestingly
acridones with butyl side chain series have disgldyetter cytotoxicity profile in resistant cell

line MCF7/ADR compared to propyl side chain seriesight be because of improved
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hydrophobicity. Moreover, acridones containing setay amines as morpholiné2g), N,N-
diethylamine 1{2d), N-diethanolaminel2e andp-hydroxyethyl piperazinel@f) were able to
completely reverse MDR modulation because of hylobjcity and basicity. In the absence of
2,4-dimethylacridone derivatives as modulating #geminblastine has shown d€value of
about 3.2 + 0.12 nM against MCF7 and 69.3 = 0.02 alyhinst MCF7/ADR cell lines
respectively. This study identified that naturesafrounding tertiary amine and length of alkyl
side chain for 2,4-dimethylacridones have showrfgumad impact on cytotoxicity, ability to

modulate in drug resistant cell line.

The presence d¢f-hydroxyethyl piperazine as secondary amine wasdanteresting, has shown
ICsp0f 12 + 0.04 puM with propyl side chaiiif), 2 £ 0.03 uM with butyl side chairlZf)
against human MCF7 cell line andsHof 15.1 + 0.11 uM with propyl side chain and 2.56.85
UM with butyl side chain against MCF7/ADR cell lin€soof 8 £ 0.03 nM with propyl side
chain and 1.25 = 0.05 nM with butyl side chain agahMCF7/ADR cell line with vinblastine at
ICi0concentration of modulators. Among the series dtd2methylacridones, compounds with
butyl side chain have shown better cytotoxicity fiieo compared to propyl side chain.
Comparison of length of alkyl side chaim cytotoxicity, more interesting thing observed was
acridones with butyl side chain have shown completersal of resistance against MCF7/ADR
cell line with vinblastine at 1¢ concentration of modulator, irrespective of secopdanine
attached. Results suggests that length of alkgl sidhin plays a critical role and essential for the
acridones in reversal of MDR mediated through franer ABCB1. Evidence to that is
increased cytotoxicity against MCF7/ADR cell lineazridones with butyl side chain i.e., long

lipophilic group might be helping in interaction membrane bound transporter P-gp.
2.2.2 Photolabeling studies with fH]-Azidopine

Photoaffinity labelling of P-glycoprotein is the dbeand frequently used method to identify
whether the compound has ability to be a P-gp satiestin general, compounds which can
compete for the active binding site of transportexsponsible for multidrug resistance with
azidopine will block the photolabelling. For exampldrugs like vincristine, vinblastine or
verapamil has the ability to completely block thading of photolabelled azidopine with the
active site of P-gp [28]. In the present studyidientify the possible mechanism and strength of

inhibition, competition between’Hi]-azidopine and the 2,4-dimethylacridones was ofeskt
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Literature suggests that KB-VI cells are also ohehe multidrug resistant variant which can
exhibits high level resistance to colchicine, Adngin or vinblastine mediated through P-
glycoprotein compared to MCF7/ADR cells. Experingnstudy identified that multidrug
resistant KB cell lines have amplified two rela@NA sequences which are homologous to the
Chinese hamster mdr gene. Also resistant KB cabslihave exhibited high specificity to

vinblastine which can be photoactivated to quarthfy affinity of acridones to P-gp [29-31].

Bruggemann et al., experimental study identifiedt tR-gp from human KB cells with high
concentration of colchicine contains valine residtigposition 185 and with high concentration
of vinblastine or Adriamycin retains glycine resédat position 185. These two cell lines show
different pattern of binding for vinblastine ancatly suggests that amino acid residue at 185
position is essential for binding or transport oigs by P-gp. Hence, we have performed
azidopine photolabelling of title compounds withIMeown, selective and potent modulator of

P-gp verapamil [32].

Table 3. Interaction of acridones with P-gp by photolabelivith [*H]-Azidopine

Compound Percentage of

Code control (%)
10 33
11 28
1lla 26
11b 34
11c 46
11d 36
1lle 40
11f 52
12 36
12a 36
12b 42
12c 43
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12d 54

12e 55

12f 58

Verapamil 61
(Std.)

Our experiment identified that all the synthesizedhpounds have shown appreciable results by
competing with azidopine at the active site of emoti.e., P-gp and is identified with reduced
photoaffinity (Table 3). Observation of the experimental results suggdss acridone with
butyl side chain have displayed better competitlan that of acridones with propyl side chain
might be because of hydrophobicity. Photolabelbhgdies identified that verapamil has shown
better competition than all of the title compounds. attempt has been made to identify the
structure activity relationship of 2,4-dimethylatohes with propyl and butyl side chain and
MDR modulation ability. Butyl series of acridoneavie shown appreciable results compared to
propyl series. To further identify the effect okglside chain length, we are planning for pentyl
and hexyl alkyl side chain of title compounds. Ri&ssauggests that MDR modulation of 2,4-

dimethylacridones might be mediated through P-gpsjporter mechanism.
2.3 Computational Studies:
2.3.1In silico prediciton of physicochemical properties

Physicochemical properties of tittle compounds Haaen predicted virtually based on theoretical
approaches to identify the compounds which viotate optimum parameters required for the
drug likeness and anti-proliferative activity. Ldg values obtained were quite different,
acridones with propyl side chain ranging from 2t874.42 and acridones with butyl side chain
ranging from 2.84 to 4.68. All the title compourtdsse passed for Lipinski’s rule of five, which
increases the scope for the extension of activepoomds tan vivo screening. Descriptors like
Polar Surface Area (PSA), QPlogP o/w (Predictecaromiwater partition coefficient), pKa,
QPPCaco (Predicted apparent Caco-2 permeabilityrifsec), QPlogBB (Predicted brain/blood
partition coefficient), QPPMDCK (Predicted appar®tidCK cell permeability in nm/sec) were
calculated and results were giverTiable 4.
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Lipophilicity is one of the fundamental moleculaoperty and important parameter in the design
of drugs. Especially lipophilicity plays a majoidean the anticancer activity, but there are potent
and active molecules which exhibit anticancer agtiwith low lipophilicity and high molecular
weight [33-37]. In the present study, we have daled the logP by Schrodinger software to
identify the relationship of lipophilicity of acrithes and anticancer activity. Here, the series of
acridone derivatives contains propyl and butyl bldge chain with tertiary amines as essential
pharmocophoric structures for cytotoxicity like mbolinyl, piperidinyl, N-methylpiperazinyl,
N-diethylamino, N-diethanolamino N-[(B-hydroxylethyl)]piperazino, etc. Compound 10N4-
piperidinobutyl)-2,4-dimethylacridone12b) was identified most lipophilic and 10-(8H
diethanolamino] propyl)-2,4-dimethylacridon#1@ less lipophilic. Both the compounds were
not active and thus, the lipophilicity of the titttmpounds seems to contribute anticancer

activity to some extent.

Table 4. Molecular descriptors of acridone derivatres

O o)

lla-f 12a-f
Compound R Mol. Wt.  PSA pKa QPlog QPP  QPlogBB QPP

Code Po/w Caco MDCK
1lla Morpholinyl 350.46 45.084 7.26 3.278 900.68 0.272 88.29
11b Piperidinyl 348.48 35.8 9.4 4426  910.09 0.257 394,
11c N-methyl 363.50 41806 8.2 3.115 195.82 0.586 103.92

piperazinyl
11d N-diethyl amino 336.47 33.741 9.8 4.18 913.66 0.161 496.41
1lle N-diethanol 368.47 75.6 9.0 2.37 168.91 -0.838 80.06
amino

11f N-[(B- 393,52 61.293 7.9 2.583 78.09 -0.041 38.47
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hydroxyethyl)]

piperazino
12a Morpholinyl 364.48  45.12 7.8 3.677 897.108 0.195 ©6.88
12b Piperidinyl 362.51 35.101 10.3 4.684 876.67 0.178 74.42
12c N-methyl 377.52 41837 10.7 3.521 194.901 0.499 103.39
piperazinyl
12d N-diethyl amino 350.50 34.061 10.7 4.623 927.261 0.085 504.405
12e N-diethanol 382.50 76.298 9.3 2.847 171.02 -0.979 81.14
amino
12f N-[(B- 40755 63.592 8.4 2.915  59.904 -0.266 28.88
hydroxyethyl)
piperazino

pKa is also one of the important and fundamentaperty to be considered for the design of
effective anticancer compounds. Charge of the nutdece., pKa is related to many properties
like solubility, permeability, distribution, protebinding, metabolism, excretion, etc. Physiology
of tumor and pKa of the molecule are essential Wwhicturn effects the cellular uptake and
retention of compounds [38]. In silico method waspéyed to predict the pKa of acridones by
ACD labs/pKa DB software and observed in the raof§.26-10.7 [39-43]. Substitution of
acridones with secondary amines have great impapka and makes the molecule exist in both
ionized and unionized forms. Experimental detertomaof pKa for selected anticancer drugs
have identified that majority of drugs have pKathe range of 8 to 10. In comparison of pKa
with in vitro cytotoxicity of acridone derivatives, active compds12f, 12e, 12d, 11have pKa
values 8.4, 9.3, 10.7, 7.9. Poor correlation waseoked between anticancer activity and pKa.
Experimental observation might give a better catreh and present study suggests that pKa is
one of the essential parameter to be consideredefign of effective anticancer agent, might not

be sole property.

Molecular weight and polar surface area of compsundre in the range of 336.47 to 407.55
and 33.74 to 76.29, optimum with respect to nunabdrydrogen bonding donors and acceptors.
Other descriptors like QPPCaco which predicts phgaeent permeability across the Caco-2 cell
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membrane which represents the gut-blood barrieutjiv non-active transport were calculated.
Recommended values of QPPCaco as per software2&rpcor permeability and >500 is more
permeability. None of the title compounds have p@arco permeability and 6 out of 12
compounds have more than 900. QPlogBB represeatbrdin/blood partition coefficient and
QPPMDCK represents the apparent permeability actbes MDCK cells which can be
considered as good mimic for Blood Brain BarrieBE by non-active transport. In summary,
Qikprop predictions suggests that 2,4-dimethylamrel with propyl or butyl chain and
substitution of various secondary amines have aptinparameters for anticancer activity and

can be considered as lead molecule for further ficatipns.
2.3.2 Molecular docking

To identify the potential structural features fgtatoxicity and interaction at active site of P-gp,
molecular docking studies have been performed. ©omgs have shown better hydrogen
binding interactions and are comparable to contnolecules. Along within vitro results,
docking studies too confirmed that alkyl side chaiessential for anticancer activity and length
of alkyl side chain, chemistry of secondary amiteyp crucial role for efficient binding at the
active site. Studies revealed that H-bonding ardtdphobic interactions are the key factors for
binding with P-gp. Molecular docking results indiog docking score, energy, interacting
residues at the binding site of P-gp were summadrireTable 5 Along with that binding
interactions i.e., docked poses of least and nsteacompounds were representedrigure 3

andFigure 4.
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Figure 3.

ACCEPTED MANUSCRIPT

2D interaction diagram of compoud@ with P-gp
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Figure 4b. 2D interaction diagram of compoud@ewith P-gp
Figure 4. 2D interaction diagram of compounds with P-gp

Binding interactions of all the 12 compounds wenalgzed and identified that unsubstituted
acridonelO was found with least score indicating that sidairchs essentialHigure 3). Binding
interactions of compound2e at the active binding site of P-gp shows that kib#h hydroxyl
groups of secondary aming-diethanolamine has formed hydrogen bonds with Gdudhd
GIn357, nitrogen of amine found interacting withu@b6 and Gly379. Presence of two hydroxyl
groups in the secondary amine might have improliedinding affinity at the active site of P-gp
and displayed good docking score -6.426 kcal/molergy the series. Similarly compoufde
acridone with propyl side chain containidrdiethanolamine has exhibited better binding
affinity with docking score -6.389 kcal/mole. Twagydroxyl groups of compound formed

24



hydrogen bonding with Glu356 and GIn357, nitrogénNediethanolamine with Gly379%-n
stacking of acridone ring with Tyr352.

The binding interactions of the active compoub®f i.e., acridone with butyl side chain
containing B-hydroxy piperazine fromn vitro cytotoxicity shows that hydroxyl group of
secondary amine forms hydrogen bonding with Ser3B%pgen of secondary amine with
Asp353 and oxygen of acridone ring with Thr3&4g(re 4&8). Molecular docking score of
compoundl2f is -5.324 kcal/mol. The binding interaction ofigsetcompoundL2d i.e., acridone
with butyl side chain containinly-diethylamino shows that nitrogen of secondary anfomens
hydrogen bonding with Glu356 and Gly379. Compouhtisand12e with top ranking docking
score have shown similar binding interactions W&m357, Glu356 and Gly379. Moreover
active compounds ah vitro results have not shown similar binding interactiavith that of

compoundd leandl2e

The binding interactions of compouri@c i.e., acridone with butyl side chain containiNg
methyl piperazine have displayed least molecularkith score -3.964 kcal/mol shows that
nitrogen of secondary amine forms hydrogen bongiitly Glu356 and Gly379%-n stacking of
acridone ring with Tyr352. Present study identiftb@t chemical nature of secondary amine
substituted at the end of alkyl chain plays anmsaserole in cytotoxicity and MDR modulation.
12eandl1lehave shown better docking scores comparetRfand11f. 12e and11le have the
common secondary amineN-diethanolamine whereas12f and 11f with N-[(B-
hydroxyethyl)]piperazine. Compound®e (Figure 4b)with highest docking score of -6.426
might be because of presence of two hydroxyl grafgecondary amine improved the binding
interactions at the target site ah?f the most active compound with docking score -5.8Cthe
active site of P-gp. Similarly compouddehave shown docking score -6.389 might be because
of secondary amine. Poor correlation was observeivden the predicted log P of title
compounds and in vitro cytotoxicity. To further @stigate the mechanism, experimental
determination of lipophilicity might help in bettenderstanding. Interestingly title compounds
have shown better interactions than potent and webbwn P-gp modulator verapamil.
Experimental and molecular studies clearly suggtss acridones with alkyl side chain and
hydroxyl substituted secondary amine are essefdramultidrug resistance (MDR) reversing

agents.
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Table 5.

)

A

O N O

Molecular docking results of acridones with theyéd protein P-gp

O
O N O
H

O

10 11a-f 12a-f
Compound R Glide SP Glide SP Amino acid
Code Score  emodel residues in
interaction
1lla Morpholinyl -4.688 -60.097  Thr384, Asp353
11b Piperidinyl -4.364 -51.356  Thr384, Glu356
1llc N-methyl piperazinyl -4.484 -56.669  Tyr352, Glu356,
Gly379
11d N-diethyl amino -4.493 -50.986  Gly379, Glu356
1lle N-diethanol amino -6.389 -69.655  Tyr352, Gly379,
Glu356, GIn357
11f N-[(B-hydroxyethyl)]  -4.809 -70.699  Thr384, Glu356
piperazino
12a Morpholinyl -4.791 -60.478  Tyr352, Asp353,
Glu356
12b Piperidinyl -4.722 -58.556  Tyr352, Glu356
12c N-methyl piperazinyl -3.964 -52.468  Tyr352, Glu356,
Gly379
12d N-diethyl amino -4.394 -56.913  Tyr352, Glu356,
Asp353
12e N-diethanol amino -6.426 -73.943  GIn357, Glu356,
Gly379
12f N-[(B-hydroxyethyl)  -5.324 -77.199 Thr384, Asp353,
piperazino Ser355
Std. Verapamil -4.054 -67.145  Asp353, Tyr352
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2.3.3QSAR descriptors

Correlation of the molecular descriptors and biaah activity is essential to identify and

understand the Structure Activity Relationship (§4#4-50]. Can be achieved by considering
the most significant and minimum molecular desoriptfor the anticancer activity to get a best
fit. A good number of online tools are available dalculate the molecular descriptors i.e.,
chemical descriptors like surface area, volumergghadipole moment and molecular property

descriptors like lipophilicity.
2.3.3.1 Exploring and Selection of descriptors

All the 12 acridone derivatives were prepared langard protocol using Ligprep module and
submitted to Qikprop module for the prediction oblatular descriptors. Data pertaining to
compounds with ID and name of structure were comgpas the software. Under the section of
dependent variable i.e., activity, results obtaifredh thein vitro cytotoxicity screening against
MCF7 were expressed in the form of log(B(Cfor convenience. The next critical step is
selection of essential descriptors to simplify ttega and to build a strong model which can
identify the safe and potent molecule. From theadg¢nerated by the Qikprop module of
Schrodinger, 15 descriptors [log P, pKa, moleculaight, hydrogen bonding acceptors (HbA),
hydrogen bonding donors (HbD), square of dipole mwindivided by the molecular volume
(dip”2/V), Van der Waals surface area of polaragén and oxygen atoms and carbonyl carbon
atoms (PSA), total solvent accessible surface iaraagstroms using a probe with 1.4radius
(SASA), hydrophobic component of the SASA- satwatarbon and attached hydrogen
(FOSA), hydrophilic component of the SASA- SASANNO, H on heteroatoms and carbonyl C
(FISA), = component of SASA- carbon and attached hydrogé®A(R total solvent-accessible
volume in cubic angstroms using a probe with 1%aflius (volume), globularity descriptor-
(4nr?)/(SASA) (glob), PM3 calculated lonization poteftinegative of HOMO energy (IP) and
PM3 calculated Electron affinity- negative of LUMEnergy (EA)] were shortlisted for building
a QSAR model. The abbreviations and descriptiomotecular descriptors were taken from the

Qikprop user manual of Schrodinger software.
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BuildQSAR software offers two ways for selectionsoifitable descriptors to generate a QSAR
equation. One way is to randomly select the desusp build a model and validate by
identifying the values correlation coefficient RdaR?. BuildQSAR program has an option to
search, compare and build a best model with onfevéovariables using two approaches i.e.,
systematic search and genetic algorithm based lsedtds method identifies the potential
molecular descriptors and also better model carsdlected from the value of correlation
coefficient R. Additionally, this method has anioptto do cross-validation by Leave-One-Out
(LOO) method and also not to show “Not Predictalmieddels. The other way is to plot a graph
and identify the degree of correlation between ddpat variables i.e., biological activity and

independent variables called molecular descrigtik

Better model can be designed by identifying theemisal molecular descriptors. Building a
model with the selection of few molecular descripteéannot identify or predict the active
molecule, similarly with large number of descrigtavill shows errors and generates a model
with less accuracy [52]. Taking that into considiera BuildQSAR software has an option to
correlate maximum five variables by both systematid genetic algorithm based search and
helps to identify the significant molecular destoig for building a better model. The quality
and accuracy of the model can be identified frora tbllowing characteristics correlation
coefficient (R), high squared correlation coeffiti¢R?), high Fischer's value (F-test), standard
error of estimate (s), statistical significance %4 with Fischer’s statistic- F value (p), cross
validated squared correlation coefficient’(&tandard deviation of sum of squared error of
prediction ($resg, Standard deviation of error of prediction (SDEPhe predictive ability of
model can be identified from the value of correlatcoefficient R and &i.e., higher the value
most accurate, highest F value or lowest standasdation. From the results obtained by
systematic search of four and five variables, Rugalvas in the range of 0.901 to 0.937.
Analyzing the results shows that pKa, FOSA, FISKA volume and dip"2/V were essential
descriptors. Similarly by genetic algorithm basedrsh has shown R values in the range of
0.946 to 0.977. The genetic algorithm based seheash shown better correlation coefficient
values with 0.977 and 0.966 with five variables &n@46 with four variables. And the
significant variables from genetic algorithm weog P, pKa, HbA, IP, PISA, dip"2/V.

2.3.3.2 Building QSAR model
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Previous step identified the potential and sigaific molecular descriptors by two approaches
i.e., systematic search and genetic algorithm bas=mich. Based on the six molecular
descriptors identified from systematic search aedegjc algorithm based approaches, model 1
and model 2 were generated. Furthermore by contpihia descriptors from model 1 and model
2, model 3 was built with nine variableFaple 6). The biological activity and identified
descriptors from the respective models were subdhitb BuildQSAR program to generate
QSAR equation by the approach of Multiple LineagRssion (MLR) analysisT@ble 7, Table

8, Table 9. The equations obtained from the respective nsogele shown ifable 11 For the
generated models, software gives predicted activégidual activity i.e., difference between
observed and predicted activity and standard dewiadf residual activity. Also provides the
correlation analysis of observed activity predicted activity for all the three generated eied
(Figure 5, Figure 6, Figure 7. Best correlation was observed for all the thremlels generated

by software with minimum deviation3gble 10).

Table 6. Molecular descriptors of QSAR models

S. No. No. of descriptors Molecular descriptors
Model 1 06 pKa, FOSA, FISA, PISA, volume, dip"2/V
Model 2 06 log P, pKa, HbA, IP, PISA, dip"2/V
Model 3 09 log P, pKa, HbA, IP, volume, FOSA, FISR]SA,
dip”2/V

Table 7. Molecular descriptors data submitted to build lelod

Compound code log(1/ICsp) pKa FOSA FISA PISA Volume  dip"2/V

11a 1.772 7.260 385.00846.212 214.717 1164.610 0.022
11b 1.763 9.400 416.72645.736 214.7171210.045 0.023
1llc 1.700 8.200 428.25952.496 211.8151249.937 0.020
11d 1.464 9.800 392.81945.557 209.6141176.229 0.031
1lle 1.282 9.000 332.330122.866 209.450 1212.221 0.044
11f 1.079 7.900 415.27994.596 211.2821308.793 0.041
12a 1.301 7.800 417.41746.394 215.9321225.708 0.015
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12b 1.478 10.300 434.668 47.449 212.8511254.774 0.028
12c 1.161 10.700 463.986 52.714 215.0271311.894 0.020
12d 0.919 10.700 430.885 44.880 213.8421242.559 0.027
12e 0.602 9.300 381.130122.296 215.019 1292.345 0.016
12f 0.301 8.400 438.003106.743 213.849 1375.778 0.021
Correlation Analysis
20 | (& dimethylacridonesbgs —&— Best fitline |
1.9 |
S 10}
=
05}
00 1 1 1
0.0 0.5 1.0 1.5 20
Y(calc)

Figure 5: Correlation analysis of predicted and observetbiical activity of Model 1

Table 8 Molecular descriptors data submitted to build lela2l

Compound code log(1/ICsq) logP pKa  PISA HbA dip"2/V IP
1la 1.772 3.278 7.260 214.7176.200 0.022 8.320
11b 1.763 4.426 9.400 214.7174.500 0.023 8.271
1lic 1.700 3.115 8.200 211.8156.500 0.020 8.297
11d 1.464 4,180 9.800 209.6144.500 0.031 8.138
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1lle 1.282 2.370 9.000 209.4507.900 0.044 8.155

11f 1.079 2.583 7.900 211.2828.200 0.041 8.131
12a 1.301 3.677 7.800 215.9326.200 0.015 8.324
12b 1.478 4.684 10.300 212.851 4.500 0.028 8.154
12c 1.161 3.521 10.700 215.027 6.500 0.020 8.301
12d 0.919 4.623 10.700 213.842 4.500 0.027 8.155
12e 0.602 2.847 9.300 215.0197.900 0.016 8.304
12f 0.301 2.915 8.400 213.8498.200 0.021 8.172

Correlation Analysis

00 [ ©  dimethylacridonesbas —&— Bestfitline

15}
®
S 10}
=

05}

00 1 1 1

0.0 0.5 1.0 1.5 2.0
Y(calc)

Figure 6: Correlation analysis of predicted and observetbiical activity of Model 2

Table 9. Molecular descriptors data submitted to build gldgl

Comp. code log(l/IG,) logP  pKa FOSA FISA PISA Volume HbA dip™2/V 1P

11a 1.77: 3.27¢ 7.26( 385.00¢( 46.21: 214.71° 1164.611 6.20( 0.02% 8.32(
11b 1.76¢ 4.42¢ 9.40C 416.72¢ 45.73t 214.71° 1210.04! 4.50( 0.02: 8.27]
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11c 1.70( 3.115  8.20C 428.25¢ 52.49¢ 211.81! 1249.93 6.50( 0.02( 8.297
11d 1.46¢ 4.18( 9.80C 392.81¢ 45,557 209.61¢ 1176.22' 4.50( 0.031 8.13¢
11e 1.28: 2.37C  9.00C 332.33( 122.8¢ 209.45( 1212.22. 7.90( 0.04¢ 8.15¢
11f 1.07¢ 2.58: 7.90C 415.27¢ 94.59¢ 211.28: 1308.79: 8.20( 0.041 8.131
12a 1.301 3.677 7.80C 417.41° 46.39: 215.93. 1225.70¢ 6.20( 0.01¢ 8.32¢
12b 1.47¢ 4.68¢ 10.30( 434.66¢( 47.44¢ 212.85. 1254.77. 4.50( 0.02¢ 8.15¢
12c 1.161 3.521 10.70C 463.98t 52.71: 215.02° 1311.89: 6.50( 0.02( 8.301
12d 0.91¢ 4.62: 10.70C 430.88! 44.88( 213.84. 1242.55' 4.50( 0.027 8.15¢
12e 0.60z2 2.847 9.30C 381.13( 122.2¢ 215.01¢ 1292.34! 7.90( 0.01¢ 8.30¢
12f 0.301 2,91t 8.40C 438.00: 106.7¢ 213.84¢ 1375.77¢ 8.20( 0.021 8.172
Correlation Analysis
- [ & dimethylacridonesbas —&— Bestfitline
o)
15 | C?
d

3 10 +

: 30

05}

0.0 1 1 1

0.0 0.5 1.0 15 20
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Figure 7: Correlation analysis of predicted and observetbiical activity of Model 3
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Table 10 Residual Table of QSAR models

Comp. Model 1 Model 2 Model 3
code  Activity Activity Activity Activity Activity Activity Activity Activity Activity

(obs) (calc) (res) (obs) (calc) (res) (obs) (calc) (res)

1lla 1.772 1.753 0.019 1.772 1.663 0.109 1.772 1.677 990.0
11b 1.763 1.808 -0.045 1.763 1.763 0.000 1.763 1.793 .03
1llc 1.700 1.618 0.082 1.700 1.650 0.050 1.700 1.741 0410.
11d 1.464 1.648 -0.184 1.464 1.517 -0.053 1.464 1.446 .018)
1lle 1.282 1.112 0.170 1.282 1.322 -0.040 1.282 1.313 .0310
11f 1.079 1.192 -0.113 1.079 1.091 -0.012 1.079 1.0820.003
12a 1.301 1.259 0.042 1.301 1.455 -0.154 1.301 1.383 .0820
12b 1.478 1.194 0.284 1.478 1.381 0.097 1.478 1.380 980.0
12c 1.161 1.029 0.132 1.161 1.072 0.089 1.161 1.132 290.0
12d 0.919 1.164 -0.245 0.919 0.991 -0.072 0.919 1.0060.087
12e 0.602 0.682 -0.080 0.602 0.701 -0.099 0.602 0.579 .02
12f 0.301 0.362 -0.061 0.301 0.216 0.085 0.301 0.290 0110.

Table 11 QSAR equations for respective models

S. No. QSAR equation

Model 1 log(1/1Gg) = - 0.1697 (+ 0.1878) pKa + 0.0878 (+ 0.0936) ROS0.0823 (+
0.0958) FISA - 0.0399 (+ 0.1451) PISA - 0.0514 (@312) Volume + 9.8022
(£ 34.8679) dip 2/V + 33.5783 (+ 38.8613)

Model 2 log(1/1Gp) = + 1.3337 (+ 1.6461) log P - 0.1718 (+ 0.126Kpp 0.2153 (+
0.1934) PISA + 0.3443 (+ 0.7572) HbA + 56.1967 @m®53) dip 2/V +
10.5961 (+ 6.1440) IP - 46.7823 (+ 31.0711)

Model 3 log(1/1Gg) = + 0.1108 (+ 4.9092) log P - 0.2059 (+ 0.3158pp 0.0479 (=
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0.2578) FOSA - 0.0436 (+ 0.2371) FISA - 0.1418 (4137) PISA + 0.0330
(+ 0.1632) Volume - 0.5695 (+ 3.5258) HbA + 72.79286.3054) dip 2/V +
12.0199 (+ 15.9472) IP - 82.7725 (+ 187.7604)

2.3.3.3 Analyzing QSAR model

Study was performed by taking respective descipamd three QSAR models were generated.
All the three models have shown very good cormemtoefficients 0.943, 0.982 and 0.992.
From theTable 12it can be identified that Model 3 is showing vérgh R value 0.992. Among
the three models produced, Model 2 can be consldesdest one with 0.982 and 0.964 as R and
R?values. In comparison with other constituents, M@dis showing least standard deviation (s)
and p value as 0.128 and 0.0018, highest F &wiQes as 22.541 and 0.757. Similarly, Model
2 is showing least SPress and SDEP values as @r384.225 among the three models. Also
Model 2 was generated with six molecular descriptwhereas Model 3 was built with nine
descriptors. The present QSAR identified that foidone derivatives to exhibit cyctotoxicity
against MCF7 cell line, molecular descriptors log @dKa, HbA, IP, PISA, dip"2/V were
essential. Results of the study gain possible imsig/hich governs cytotoxic activity and might

help in identifying the suitable, potent and s&ierapeutic hits.

Table 12 Analysis of QSAR models

S. No Constituents of QSAR model
n R R s F p s} SPress SDEP

Model1 12 0.9430.889 0.226 6.700 0.0272 0.377 0.536 0.361
Model 2 12 0.9820.964 0.128 22.541 0.0018 0.757 0.334 0.225
Model 3 12 0.9920.983 0.138 13.177 0.0725 0.385 0.841 0.359

3  Experimental:

3.1 Materials & Methods:

All the chemicals utilized for the present studyrev@urchased from the producers such as

Sigma-Aldrich, VWR International and Fischer etggre used without further processing like
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purification. Solvents were used directly unlessciied. All the reactions were carried out strict
anhydrous conditions by passing §as and progress of reactions was monitored by Tayer
Chromatography using silica gel 6Qsicoated of analytical grade from Merck. All the ditl
compounds were purified by passing through colummomatography packed with silica gel of
230-400 mesh, 60 %of Merck using the solvent system chloroform/methaf®:1). Melting
point of the compounds was determined on Tempial $tage and are uncorrected. Pure
compounds were characterized by recording UV speagitiShimadzu-UV-1601 in methanol as
solvent,"H-NMR and**C-NMR were recorded in Bruker drx 500 MHz Fouriemisform NMR
spectrometer in DMSOgdhs solvent and tetra methyl silane as internaldstad. Chemical shifts
relative to deuterated solvent were expressed iits peer million (ppm). Chemical information
like molecular weight of title compounds was deteed by obtaining ESI-MS spectroscopy
using methanol as solvent. MS/MS spectra of saledtagments were obtained for the

confirmation of drug structure.

3.2 Chemistry: Synthesis of 2,4-dimethyIN'-substituted acridones

3.2.1 Ullmann’s condensation [53]: Preparation of }(2,4-dimethylphenyl)amino]benzoic

acid (9)

o-chlorobenzoic acid (5 g, 0.032 mol), 2,4-dimethylanilir(3.97 ml, 0.032 mol) and copper
powder (0.2 g) were mixed well in 30 ml of isoamjdohol and anhydrous,R0O; (4.41 g) was
added to it. Then the contents were mixed and f@ptefluxing on oil bath for 6 hrs. The
isoamyl alcohol was removed under vacuum and poungal hot distilled water (1 litre),
acidified with conc. HCI. The precipitate of crudeas filtered and washed with hot distilled
water. Later crude acid was neutralized with agONa boiled with activated charcoal and
filtered. Compound was precipitated out by acidificn with conc. HCI, washed with hot
distilled water and recrystallized from aqueousharbl gave light yellow solid (yield 27.02 %,
mp 175°C).

3.2.2 Cyclization ofcompound 9 to 2,4-dimethylacridone (10)

To compound (6 g) in a 250-mL round bottom flask (RBF), polgsphoric acid (PPA) (60 g)
was added. The contents of the flask were mixed avel kept for heating on water bath at 100

°C for 3 hrs. Appearance of yellow color in the Kasdicated completion of cyclization. The
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reaction mixture was transferred into hot distillgdter (1 L) and collected. The produdO)

was recrystallised from HOAc.

Yield: 68%; mp: 318C: H-NMR (500 MHz, [D]JDMSO): 7.1-8.4 (m, Ar-H, 6H), 8.22 (d, 1H,
H8, J = 8 Hz), 2.37 (s, 3H, C#l, 2.52 (s, 3H, Ch), 10.56 (s,1H, NH)**C-NMR (100 MHz,
[De]DMSO): 20.66 (G- CHs), 17.75 (G- CHs), 178.54 (G), 142.12 (Go.Ca), 138.80 (G, Co),
136.55 (G), 131.68 (), 130.67 (G), 126.94 (G), 121.92 (G), 119.75 (G), 118.52 (G), 116.97
(C2)'; MS (ESI): m/z: 224 [M+H]

3.2.3 Synthesis oN'%-alkylated acridonesvia Phase Transfer Catalysis (PTC)
3.2.3.1 10-(3N-chloropropyl)-2,4-dimethylacridone (11)

To compoundl10 (1 g, 0.0021 mol) in tetrahydrofuran (20 mL), 6NOK (25 mL) and
tetrabutylammonium bromide (0.74 g) was added hadeaction mixture was continued stirring
at room temperature for 30 min. To it, 1-bromo-®obpropane (0.2 mL, 0.0021 mol) was
added dropwise and reaction mixture was stirred2fbhrs at RT. The solvent was evaporated
under vacuum and the aqueous portion was extragtedCHCL; (3X20 mL). All the portions of
organic layers were pooled, washed with distilledter and dried (anhyd. BBO,) and the
solvent was evaporated to give the crude produ.résidue was further chromatographed with

silica gel gave pure compoudd as yellow solid.

Yield: 46%; mp: 158C; 'H-NMR (500 MHz, [DJDMSO): 7.1-8.3 (m, 6H, Ar-H), 8.3 (d, 1H,
H8,J = 8 Hz), 2.31 (S, 3H, C#), 2.66 (S, 3H, Ch) 10.42 (s,1H, NH), 2.16 (m, 2H, HI), 4.08 (t,
2H, HK), 3.56 (t, 2H, Hm), 2.35-2.89 (s, 2-CH3JCNMR (100 MHz, [R]DMSO): 18.84 (G-
CHa), 21.67 (G- CHa), 25.15 (G), 178.52 (), 142.12 (Go Cs), 139.82 (G, Co), 134.64 (G),
133.61 (G), 130.68 (), 126.04 (G), 124.22 (G), 121.75 (G), 119.46 (G), 117.01 (G), 65.32
(Ce, C), 59.12 (G, C), 55.81 (G), 52.43 (Gy); MS (ESI): m/z: 299.11 [M+H]

3.2.3.2 10-(3N-morpholinopropyl)-2,4-dimethylacridone (11a)

10-(3-N-chloropropyl)-2,4-dimethylacridoné&1) (1 g, 0.0021 mol) was dissolved in ACN (30
mL) to which KI (1.38 g) was added along with,GOs (2.29 g) and refluxed for 30 min. Then
morpholine (1.04 mL) was added to the reaction unextand subjected to reflux for additional 20

hrs. The contents in the flask were cooled, dilutétt distilled water and extracted with CHCI
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(3X20 mL). All the portions of organic layers wetembined, washed with distilled water and
dried (anhyd. N£50O,) and the solvent evaporated to give the produoila$he oily residue was
further purified by packing column chromatographyhwsilica gel and free base obtained was

dissolved in acetone and treated with etherealtdl@enerate stable HCI salt bia.

Yield: 58%; mp: 159C; 'H-NMR (500 MHz, [Q)DMSO): 7.10-8.71 (m, Ar-H, 6H), 8.22 (d,
1H, H8,J = 8 Hz), 2.41 (s, 6H, 2G| 2.61-2.73 (m, 8H, Hc, Hd, He, HI), 3.44-4.20 @H|, Ha,
Hb, Hk, Hm);*C-NMR (100 MHz, [R]DMSO): 178.45 (C9), 143.90 (C9', C8'), 142.01 (C10
C4'), 135.92 (C7), 127.28 (C3), 131.61 (C5), 12905), 124.48 (C1), 122.25 (C8), 118.95
(C2), 115.65 (C4), 53.02 (Ck), 52.28 (Cm), 57.14,(Cb), 64.38 (Cc, Cd), 27.30 (Cl), 22.94
(C2-CHy), 23.81 (C4—-CH3); MS (ESI): m/z: 351.67 [M+}+P24, 146.

3.2.3.3 10-(3N-piperidinopropyl)-2,4-dimethylacridone (11b)

The procedure employed fifiawas replicated with 1 g dfl, 1.56 g of KI, 2.6 g of KCOs;and
1.2 ml (0.35 mol) of piperidine. The oily residueasvfurther purified by packing column
chromatography with silica gel and free base obthwas dissolved in acetone and treated with

ethereal HCI to generate stable HCI salt bib.

Yield: 33%; mp: 166'C; *H-NMR (500 MHz, [QJDMSO): 7.03-8.16 (m, Ar-H, 6H), 8.21 (d,
1H, H8,J = 8 Hz), 2.12-2.41 (s, 2-GH6H), 2.84-2.91 (m, HHm4H), 3.32-4.10 (M, K Hy, Ha,
Hp, He, Ha, 12H); *C-NMR (100 MHz, [R]DMSO): 17.94 (G, CHs), 21.85 (G- CHs), 26.03
(Cy), 177.95 (G), 141.91 (Go Ca), 139.56 (G, Co), 138.81 (G), 137.22 (), 131.15 (Q),
123.06 (G), 121.31 (G), 119.34 (G), 118.91 (G), 116.80 (@), 64.52 (G, Cu), 58.45 (G, ),
52.32 (G), 23.97 (G); MS (ESI): m/z: 349.11 [M+H] 291, 224, 211.

3.2.3.4 10-(N-methylpiperazino)propyl-2,4-dimethylacridone (11c)

The procedure employed féda was replicated with 1 g df1,1.13 g of KI, 2.18 g of KCO;
and 1.22 mL (0.34 mol) dfl-methylpiperazine. The oily residue was further foedi by packing
column chromatography with silica gel and free bab&ined was dissolved in acetone and
treated with ethereal HCI to generate stable HElosd 1c.

Yield: 59%; mp: 152C; *H-NMR (500 MHz, [Q})DMSO): 7.12-8.26 (m, Ar-H, 6H), 8.22 (d,
1H, H8,J = 8 Hz), 1.76-1.79 (s, 6H, 2GH 2.05-2.47 (m, 10H, Hc, Hd, He, HI and Hm), 2.47-
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2.81 (m, 8H, Ha and Hb, Hk and HAYC-NMR (100 MHz, [R]DMSO): 178.65 (C9), 143.72
(C9', C8), 141.14 (C10', C4'), 135.07 (C1), 134@4), 127.39 (C3), 126.61 (C5), 124.21 (C6),
122.36 (C8), 118.82 (C2), 117.85 (C4), 55.97 (Gd.54 (Cm), 48.41 (Ca), 46.04 (Ch), 44.32
(Cc, Cd), 28.53 (Ce), 26.28 (Cl), 24.76 (C2—CH3,48 (C4A-CH3); MS (ESI): m/z: 365.31
[M+H]", 351, 224, 215.

3.2.3.5 10-(34N-diethylamino]propyl)-2,4-dimethylacridone (11d)

The procedure employed fadawas replicated with 1 g dfl, 1.45 g of potassium iodide, 2.42
g of potassium carbonate and 1.17 mL (0.35 molNdf-diethylamine. The oily residue was
further purified by packing column chromatographiyhwsilica gel and free base obtained was

dissolved in acetone and treated with etherealtdl@enerate stable HCI salt bid.

Yield: 30%; mp: 137°C; 'H-NMR (500 MHz, [QJDMSO): 7.12-8.27 (m, Ar-H, 6H), 8.22 (d,
1H, H8,J = 8 Hz), 1.74-1.76 (s, 2-GH6H), 3.12-4.31 (m, 8H, Ha and Hb, Hk and Hm)g82.1
(m, 2H, HI), 2.81 (s, 6H, 2-C§ 1.11-1.40 (m, 6H, Hc, HdJ*C-NMR (100 MHz, [R]DMSO):
178.15 (C9), 143.61 (C9', C8'), 143.77 (C10', C#34.52 (C1), 131.71 (C7), 124.29 (C3),
127.91 (C5), 126.93 (C6), 121.99 (C8), 119.52 (@2Y.35 (C4), 56.09 (Ck), 55.91 (Cm), 65.50
(Ca, Cb), 7.48 (Cc, Cd), 31.02 (Cl), 24.19 (C2-GHE®).59 (C4-CH3); MS (ESI): m/z: 363.25
[M+H]*, 224, 211, 158, 144.

3.2.3.6 10-(34N-diethanolamino]propyl)-2,4-dimethylacridone (11e)

The procedure employed f@da was replicated with 1 g dfl, 1.52 g of Kl, 1.52 g of KCO;
and 2.0 mL (0.35 mol) af,N-diethanolamine. The oily residue was further pedfby packing
column chromatography with silica gel and free bab&ined was dissolved in acetone and
treated with ethereal HCI to generate stable HElodd 1e.

Yield: 56%; mp: 193C; *H-NMR (500 MHz, [Q]DMSO): 7.25-8.24 (m, 6H, Ar-H); 8.23 (d,
1H, H8,J = 8 Hz), 1.74-1.79 (s, 2-GH6H), 4.71 (s, 2H, He, Hf), 3.73 (m, 6H, Hc and, Hik),
3.46 (m, 2H, Hm), 2.76 (m, 4H, Ha, Hb), 1.61-1.7d, (2H, HI); **C-NMR (100 MHz,
[Dg]DMSO): 178.27 (C9), 143.51 (C9', C8'), 143.69 (CID4"), 135.54 (C1), 131.76 (C7),
123.26 (C3), 127.91 (C5), 124.95 (C6), 123.79 (AR.54 (C2), 119.35 (C4), 57.09 (CK),
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57.71 (Cm), 65.53 (Ca and Cb), 8.36 (Cc and CABBICI), 23.29 (C2-CH3), 22.67 (C4—
CH3); MS (ESI): m/z: 394.78 [M+H]

3.2.3.7 10-(3N-[(p-hydroxyethyl)piperazino]propyl)-2,4-dimethylacridone (11f)

The procedure employed f@da was replicated with 1 g dfl, 1.64 g of Kl, 2.73 g of KCOs

and 1.37 mL (0.35 mol) di-hydroxyethyl piperazine. The oily residue was fiert purified by
packing column chromatography with silica gel arekfbase obtained was dissolved in acetone
and treated with ethereal HCI to generate stableddICof11f.

Yield: 52%; mp: 223C; *H-NMR (500 MHz, [Q]DMSO): 7.23-7.86 (m, 6H, Ar-H), 8.22 (d,
1H, Ar—H8,J = 4 Hz), 3.01-3.52 (m, 14H, Ha, Hb, Hc, Hd and Hk,and Hm), 2.23 (t, 2H,
HI), 2.56- 3.01 (s, 6H, 2CH, 4.16 (s, 1H, OH)**C-NMR (100 MHz, [R]DMSO): 177.63 (C9),
145.05 (C9', C8'"), 142.40 (C10', C4'), 135.07 (CT), 128.12 (C3), 127.43 (C5), 124.32 (C6),
122.41 (C8), 119.56 (C2), 115.77 (C4), 59.15 (66,74 (Ck, Cm), 49.40 (Ca, Ch), 42.69 (Cc,
Cd), 29.55 (Ce), 27.83 (Cl), 25.54 (C2—}+23.48 (C4—Ch); MS (ESI): m/z: 394.15 [M+H]

3.2.3.8 10-(4N-chlorobutyl)-2,4-dimethylacridone (12)

2,4-dimethylacridonelQ) (1 g, 0.0021 mol) was dissolved in tetrahydrofu¢20 mL) and to it

was added 6N KOH (25 mL) and tetrabutylammoniuonbde (0.78 g) . The reaction mixture
was continued stirring at room temperature for 30. Mo it 1-bromo-4-chlorobutane (0.24 mL,
0.0021 mol) was added dropwise and the reactiontungxwas stirred for 24 hrs at RT. The
solvent was evaporated under vacuum and the aqyeotisn was extracted with CHE(3X20

mL). All the portions of organic layers were comdgily washed with distilled water and dried
(anhyd. NaSOQy) and the solvent was evaporated to give the cprdduct. The residue was

further chromatographed with silica gel gave pumpoundl?2 as yellow solid.

Yield: 52 %; mp: 134C; *H-NMR (500 MHz, [QJDMSO): 7.0-7.6 (m, 6H, Ar—H, J = 8.3),
8.22 (d, 1H, H8,J = 8.2 Hz), 2.07 (m, 2H, HI), 3.74-4.21 (t, 4H, Hkd Hn), 1.64-2.25 (m, 4H,
HI, Hm), 2.41-2.9 (s, 2CH); **C-NMR (100 MHz, [R]DMSO): 177.67 (C9), 144.45 (C9', C8),
143.01 (C10', C4'), 132.59 (C1), 131.25 (C7), 12903), 127.11 (C5), 124.45 (C6), 122.83
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(C8), 116.11 (C2), 114.23 (C4), 54.84 (Ck), 51.Ch) 25.28 (Cl), 24.26 (Cm) 21.53 (C2—
CH3), 21.14 (C4—CH); MS (ESI): m/z: 313.52 [M+H]

3.2.3.9 10-(4N-morpholinobutyl)-2,4-dimethylacridone (12a)

10-(4-N-chlorobutyl)-2,4-dimethylacridondd) (1 g, 0.0021 mol) was dissolved in ACN (30
mL) to which Kl (1.55 g) was added along with,GO; (2.59 g) and refluxed for 30-40 min.
Then morpholine (1.05 mL) was added to the reactiokture and subjected to reflux for
additional 20 hrs. The contents in the flask weoeled, diluted with distilled water and
extracted with CHGI(3X20 mL). All the portions of organic layers waerembined, washed with
distilled water and dried (anhyd. p&0,) and the solvent evaporated to give the produdilas
The oily residue was further purified by packinduron chromatography with silica gel and free
base obtained was dissolved in acetone and treatecthereal HCI to generate stable HCI salt
of 12a.

Yield: 58%; mp: 148C; *H-NMR (500 MHz, [DJDMSO): 6.82— 7.75 (m, 6H, Ar—H, J = 4.2),
8.42 (d, 1H, H8,J = 4 Hz), 3.51-4.22 (m, 4H, Hc, Hd), 2.91-3.25 @H, Ha and Hb, Hk and
Hn), 1.81—2.54 (m, 4H, Hm, HI), 2.82 (s, 6H, 2 {LH°C-NMR (100 MHz, [R]DMSO): 179.55
(C9), 144.78 (C9', C8'"), 142.35 (C10', C4), 131(@%), 130.97 (C7), 128.08 (C3), 127.27 (C5),
124.29 (C6), 122.23 (C8), 116.64 (C2), 114.66 (GE81 (CK), 52.29 (Cn), 46.74 (Ca, Cb))
62.39 (Cc, Cd), 25.48 (Cl, Cm) 23.07 (C2—CH3), 91(Z4—-CH3); MS (ESI): m/z: 365.47
[M+H] ™.

3.2.3.10 10-(4N-piperidinobutyl)-2,4-dimethylacridone (12b)

The procedure employed f@2a was replicated with 1 g df2, 1.41 g of Kl, 2.36 g of KCO;3
and 1.05 ml (0.35 mol) of piperidine. The oily st was further purified by packing column
chromatography with silica gel and free base obthwas dissolved in acetone and treated with
ethereal HCI to generate stable HCI salt 2ib.

40



Yield: 52%; mp: 162C; *H-NMR (500 MHz, [Q]DMSO): 7.01- 7.64 (m, 6H, Ar-H, J = 8.3),
8.42 (d, 1H, H8,) = 8.4 Hz), 3.41-4.33 (m, 8H, Ha and Hb, Hk and,Hn$1-2.34 (m, 8H, Hc
and Hd, HI and Hm), 2.01 (m, 2H, He), 2.36-2.91 Gkl, 2 CH): *C-NMR (100 MHz,
[Dg]DMSO): 177.15 (C9), 144.38 (C9', C8'), 142.07 (CID4"), 135.58 (C7), 128.81 (C1),
126.95 (C5), 122.04 (C6), 120.75 (C3), 119.92 (A8%.34 (C2), 114.71 (C4), 54.32 (Ck, Cn),
47.43 (Cl, Cm), 61.29 (Ca, Ch), 54.35 (Cc, Cd)pBYCe), 23.18 (C2—CH3), 21.34 (CA—CH3);
MS (ESI): m/z: 363.65 [M+H]

3.2.3.11 10-(4N-methylpiperazino)butyl-2,4-dimethylacridone (12c)

The procedure employed féPa was replicated with 1 g df2,1.43 g of Kl, 2.38 g of KCO;
and 1.0 mL (0.34 mol) di-methylpiperazine. The oily residue was further fiedi by packing
column chromatography with silica gel and free bab&ined was dissolved in acetone and
treated with ethereal HCI to generate stable HElo$d 2c.

Yield: 59%: mp: 189C; 'H-NMR (500 MHz, [DDMSO): 6.81— 7.62 (m, 6H, Ar—H, J = 8.2),
8.23 (d, 1H,J = 8 Hz), 4.31 (m, 8H, Ha, Hb Hc, Hd), 2.94 (m, 6#&, Hk, Hn), 2.01-2.53 (m,
4H, HI, Hm) 2.81- 3.14 (s, 6H, 2 CH3C-NMR (100 MHz, [RJDMSO): 179.56 (C9), 144.37
(C9', C8'), 142.04 (C10', C4'), 135.43 (C1), 131@8), 128.07 (C3), 127.09 (C5), 124.34 (C6),
122.88 (C8), 116.06 (C2), 114.14 (C4), 54.96 (G®.53 (Cn), 44.69 (Ca, Cb, Cc, Cd), 23.34
(Ce), 25.09 (Cl), 22.05 (Cm) 21.61 (C2-CH3), 21(@4#—CH3); MS (ESI): m/z: 378.22
[M+H] ™.

3.2.3.12 10-(4¥§-diethylamino]butyl)-2,4-dimethylacridone (12d)

The procedure employed f@2a was replicated with 1 g df2, 1.57 g of Kl, 2.62 g of KCOs
and 1.3 mL (0.35 mol) oN,N-diethylamine. The oily residue was further purified packing
column chromatography with silica gel and free bab&ined was dissolved in acetone and
treated with ethereal HCI to generate stable HElofd 2d.

Yield: 58%; mp: 172C; *H--NMR (500 MHz, [DJDMSO): 6.91-7.54 (m, 6H, Ar—H, J = 4.2),
8.26 (d, 1H, Ar—H8, = 4.1 Hz), 4.21 (t, 2H, HK), 3.06 (m, 6H, Ha, HidaHn), 2.03 (m, 4H,
HI, Hm) 2.21, 2.75 (s, 6H, 2 CH3Y)C-NMR (100 MHz, [JDMSO): 179.63 (C9), 144.96 (C9',
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C8'), 142.39 (C10', C4"), 135.02 (C7), 127.34 (Ci34.15 (C5), 128.13 (C6), 124.32 (C3),
122.32 (C8), 116.76 (C2), 114.77 (C4), 47.61 (@6)84 (Cn), 51.76 (Ca,s Cb), 9.84 (Cc, Cd),
25.59 (Cl, Cm), 23.14 (C2—-G}) 22.59 (C4—Chk); MS (ESI): m/z: 351.23 [M+H]

3.2.3.13 10-(4#-diethanolamino]butyl)-2,4-dimethylacridone (12e)

The procedure employed f@Pawas replicated with 1 g df2,1.8 g of Kl, 2.8 g of KCO; and

1.2 mL (0.35 mol) ofN-diethanolamine. The oily residue was further padfby packing column
chromatography with silica gel and free base okthwas dissolved in acetone and treated with
ethereal HCI to generate stable HCI salt 2¢.

Yield: 52%; mp: 142C; *H-NMR (500 MHz, [QJDMSO): 7.23-8.45 (m, 6H, Ar-H); 8.25 (d,
1H, Ar—H8,J = 8 Hz), 1.75-1.79 (s, 2- CH3, 6H), 4.72 (s, 2k &hd Hf), 3.41 (m, 6H, Ha, Hb
and Hn), 2.23 (m, 4H, HI, HM)*CNMR (100 MHz, [Q]DMSO): 177.41 (C9), 141.57 (C9',
C8), 140.39 (C10', C4), 135.61 (C7), 125.53 (Cl34.12 (C5), 126.53 (C6), 124.37 (C3),
122.56 (C8), 117.79 (C2), 116.77 (C4), 48.61 (@4)22 (Cn), 54.75 (Ca,s Ch), 10.84 (Cc, Cd),
22.63 (Cl, Cm), 24.36 (C2-CH3), 20.81 (C4—CH3); {&SI): m/z: 383 [M+H].

3.2.3.14 10-(4N-[(p-hydroxyethyl)piperazino]butyl)-2,4-dimethylacridone (12f)

The procedure employed f@2a was replicated with 1 g df2, 1.57 g of Kl, 2.62 g of KCOs

and 2.1 ml (0.35 mol) op-hydroxyethyl piperazine. The oily residue was tiert purified by
packing column chromatography with silica gel arekfbase obtained was dissolved in acetone
and treated with ethereal HCI to generate stableddITof 12f.

Yield: 52%; mp: 142C; *H-NMR (500 MHz, [Q]DMSO): 6.83-7.41 (m, 6H, Ar—H, J = 8.2),
8.16 (d, 1H, H& = 8.4 Hz), 3.72-4.15 (m, 9H, Hc, Hd, He, HK), 2(@1, 2H, Hn), 1.71-1.94
(m, 4H, HI and Hm), 2.15 (t, 2H, Hf), 2.62, (s, 62CHs); *C-NMR (100 MHz, [R]DMSO):
177.54 (C9), 144.67 (C9', C8"), 142.13 (C10', C2#34.95 (C1), 135.08 (C7), 126.06 (C3),
125.52 (C5), 122.27 (C6), 119.52 (C8), 116.69 (A2%.64 (C4), 56.52 (Cf), 49.46 (Ce), 46.73
(Ck, Cn), 25.49 (Cc, Cd), 23.52 (Ca, Cb), 23.07, @h), 22.16 (C2—CH3), 21.67 (C4—-gH
MS (ESI): m/z: 408.12 [M+H]

3.3 Screening of acridone derivatives against Bre€ancer Cells:

42



Cytotoxic activity of acridones was determined frtme sulforhodamine B (SRB) assay which
measures the protein content of cells [54]. MCHI& were grown in RPMI 1640 supplemented
with 2 nM glutamine and fetal calf serum (10%) a& %, CQ (5%) and air (95%).
Logarithmically growing cells were collected by ggmizing and washed with buffered saline,
transferred to fresh cultured medium. Cell countwmgs done, transferred to 96-well culture
plates and kept in incubator for 24 hrs to allow &tachment. Then the cells were observed
under microscope and treated with varying concéatra of acridone derivatives. After 48 hrs,
survival percentage of cells was determined byoshidfidamine B (SRB) binding assay. Cell
survival was determined by quantifying the quantdy SRB from the measurements of
absorbance at 540 nm of each well compared witltoinérol wells. Control wells were treated
with an equivalent amount of solvent i.e., ethaims®d to prepare dilutions of test compounds is
added. Each dilution of title compound was addettiplicate and 1Gyvalues i.e., concentration
of acridones required to inhibit protein synthesias calculated by taking mean of triplicate

readings.

3.4 Sensitization of resistant MCF-7/ADR cells byaidone derivatives

The drug resistant variant MCF-7/ADR cells werevgnon RPMI 1640 supplemented with 2
nM glutamine and fetal calf serum (10%) at’87 CQ, (5%) and air (95%). Resistance to MCF7
cells was acquired by exposing to doxorubicin (MR cells). For consistent expression of
MDR1 gene, MCF7/ADR cells were maintained in thesence of doxorubicin. Logarithmically
growing cells were collected by trypsinizing andsiwed with buffered saline, transferred to
fresh cultured medium. Cell counting was done,dfemed to 96-well culture plates and kept in
incubator for 24 hrs to allow for attachment. Thiea cells were observed under microscope and
treated with varying concentrations of acridoneivdgives with varied concentrations of
vinblastine (0-15 nM) for 48 hrs. After 48 hrs, @ual percentage of cells was determined by
sulforhodamine B (SRB) binding assay. Cell surviwals determined by quantifying the SRB
from the measurements of absorbance of each welpaced with the control wells. MDR
modulation activity of acridones in combination lmitinblastine can be identified by calculating
the 1Govalues and comparing with 46bf vinblastine alone. Control wells were treatedhvan
equivalent amount of solvent i.e., ethanol usedrépare dilutions of test compounds is added.

The reversal index of acridones (MRP1 antagonismnedovas calculated as per the percentage
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of surviving MCF-7/ADR cells in the absence of Vextine/the percentage of surviving MCF-
7/ADR cells in the presence of vinblastine.

3.5 Competition for [°H]-Azidopine at active site of P-glycoprotein
3.5.1 Photoaffinity Labeling

Competition assay at the active site of P-gp wagopred on membrane of KB-V1 cells.
Resistance to KB-VI cells was acquired by expostginblastine. For consistent expression of
MDR1 gene, KB-VI cells were maintained in the preseof vinblastine. Cell membrane of cells
was isolated from the cells of MDR variant KB-V1 geer protocol described [55].
Photolabelling of target protein P-gp was done byimg with 100 nM of fH] azidopine with
modulators[11(a-f), 12(a-f)] at their 1G, concentration in buffer with composition of su@os
(250 mM) and Tris HCI (10 mM) of pH 7.4 at 36 with final volume of 150 uL. Control was
prepared without the addition of modulators. Afteixing all the components, samples were
kept for incubation in dark for 20 minutes. Thee $amples were irradiated under germicidal
UV light (GE Germicidal Lights, G30T8, 30 Wattsy 20 minutes.

3.5.2 SDS - PAGE and Autoradiography

Photolabeled proteins were separated under redooeditions using buffer system by one
dimensional 5-15% SDS-PAGE technique [56]. Later glel was stained with coomassie blue
and destained, soaked for 30 min in Amplify (AmarshCorp.) and kept for drying under
vacuum at 75'C. After drying, gels were developed by exposindilta at -70°C for two to
three days. Radioactive bands were scanned andifigchiby integrating with chromatography

recorder.

3.6 Computational Studies:

3.6.1 Insilico prediciton of physicochemical properties

Physicochemical properties of the synthesized tilsmpounds were calculated using QikProp
module of Schrodinger software. The compounds west drawn in 2D, prepared using
Schrodinger’s LigPrep module as per standard potéoll the minimized structures were

loaded into QikProp module and predicted the plogtiemical properties.
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3.6.2 Molecular docking

To identify the interactions of 2,4-disubstitutedridones with the P-gp, molecular docking
studies were performed using Glide version 5.9hwdefault settings. The protein’'s X-ray
crystallographic structure was retrieved from thetg@n data bank (PDB ID: 1MV5) and

optimized by using OPLS2005 force field. All thentlyesized 2,4-dimethylacridone derivatives
in our laboratory were prepared and optimized udirgPrep 2.6 [57]. Receptor grid was

generated at the active site and docking studie® werformed by following the standard
protocol [58]. Individual docked poses were inspdctmanually to observe the binding
interactions of ligands with protein. All the molgar docking studies were performed on a Dell
Inspiron laptop running Windows 7- 64 bit operatisygstem and Intel i3 core processor 2.27
GHz, 3 GB RAM.

3.6.3 QSAR descriptors

Quantitative Structure Activity Relationship is omé the important and extensively used
computational program to predict the anticanceiviggtand identify the relationship between
the molecular descriptors and biological activi§9]. All the chemical structures of title
compounds were drawn and minimized by standardopobtusing Ligprep module of
Schrodinger. After preparation of ligands, moleculdescriptors were predicted by the
Schrodinger’s Qikprop module. Qikprop generatesiiado46 physically relevant descriptors to
predict the drug likeness properties of the compsurSelected descriptors of the acridone
derivatives were used to build a QSAR model by oheghe best method, Multiple Linear
Regression (MLR) analysis [60]. Study was performsithg Build QSAR software [51].

4 Conclusions:

In summary, titte compounds'®-substituted-2,4-dimethylacridone derivatives weneatiseiszed

by employing the principles of Ullmann condensati@amd phase transfer catalysis.
Antiproliferative activity was evaluated againsthsensitive and resistant cancer cell lines and
SAR studies were reported. Present study illusdrétat 2,4-dimethylacridones were potential

modulators of MDR mediated through P-gp. The stmattfeatures of these compounds included
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acridone which is tricyclic and hydrophobic with efectron-donating methyl groups &f 2nd

4™ positions with an alkyl side chain of length thoeefour and ended with tertiary amines. The
influence of propyl and butyl side chain betweee #tridone ring and the tertiary amine was
examined. Butyl chain was found to be optimum foe biological activity. Selectivity of
acridones with butyl side chain was observed towassistant cancer cells and interestingly
acridone with secondary amirfzhydroxyethyl piperazine was found active among title
compounds. The results of the present investigaiiemtified the factors contributingy™-
substituted-2,4-dimethylacridone derivatives fototgxicity were length of alkyl side chain and
chemical nature of secondary amine attached. €@lapounds with tertiary amines containing
hydroxyl group as substituent have enhanced cyitwtgxn both cancer sensitive and resistant
cells. QSAR study too has identified the significarolecular descriptors which contribute the
cytotoxicity. Best regression equation was obtaineith significant correlation between
predicted and observed cytotoxicity values by rplétiinear regression (MLR) analysis. Hence,
it is worthwhile to consider 2,4-dimethylacridorelaad and can be exploited for further design

and development of the safe and potent MDR modidato
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Highlights

A new series of 2,4-dimethylacridones with propyl and butyl side chain containing

terminally substituted tertiary amines have been synthesized

Compounds were evaluated against drug sensitive and resistant cell lines
Compounds 12e and 12f have exhibited good cytotoxicity profile against both MCF7
and MCF7/ADR cdll lines

Molecular Docking studies too supported the experimental observations

QSAR equation was derived using BuildQSAR programme to identify the molecular
descriptors



