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ABSTRACT

Many coumarin derivatives have been reported ts@ss antimicrobial and antiproliferative activityn view of
this series of 3-(2-amino-6-substituted pyrimidiy2H-chromen-2-one derivatives and 3-[3-(suhs&t
amino)propanoyl]-2H-chromen-2-one derivatives wsyathesised and characterized by FTR;NMR and ESI-
MS spectrometry. Molecular docking was carried autepidermal growth factor receptor protein, a gdacyet for
many cancers using Autodock vina. In vitro antimidal studies were carried out on two gram-positrganisms
viz. Bacillus Subtilis and Staphylococcus Aureud &mo gram-negative organisms viz. Escherichia Cuoid
Pseudomonas Aeruginosa. In vitro cytotoxicity stadivere carried out on HelLa cell lines. CompoumdmfPYR
series possess moderate antimicrobial and antifaative activity. PYR10, was found most active ragsd
synthesised compounds.

Keywords: Coumarin, pyrimidine, antimicrobial, HeLa celldis, Autodock Vina.

INTRODUCTION

Chromenones are important class of bioactive mdédscgonsisting of chromen-2-ones, commonly called a
coumarins and chromen-4-ones comprising of flavoisedlavones, flavanoids and their derivativesra@henones
possess derivatives possess diverse pharmacologatalities including antitumor [1, 2], antivascul§3],
antimicrobial [4,5], antioxidant [6], TNF-a inhiloit [7], antifungal [8], anticoagulant[9], antispaslytic [10,11],
estrogenic [12,13], antiviral[14], anthelminthic5]1 anti-HIV [16], antitubercular [17, 18], antiflammatory [19,
20], herbicidal [21], analgesic [22] and anticorsauit [23,24] activity. Protein tyrosine kinases KBY are key
mediators of the cellular signalling cascade wipeliforms key roles in diverse biological procedges growth,
differentiation, metabolism and apoptosis [25]. flee classified as receptor tyrosine kinases (RTd&l non
receptor tyrosine kinases (NRTKs). RTK's like epidal growth factor receptor (EGFR), vascular endlidh
growth factor receptor (VEGFR), fibroblast growtitfor (FGF), platelet derived growth factor (PDGRH nerve
growth factor (NGF) have been identified as targetgarious cancers. Genistein, a soya isoflavaneell known
protein tyrosine kinase (PTK) inhibitor which infilbEGFR autophosphorylation at 2.6 uM concentraftg, 27].
Genistein also possess topoisomerase |l and adiokiactivity [28, 29]. Coumarin derivatives likeEhnetin have
been identified as EGFR-PTK inhibitors [30]. In wieof this series of 3-substituted coumarin deriedi were
synthesized. Heteroaryl ring and acyclic heteromatmontaining chain at'3 position of coumarin has been
investigated in current work as shown in FigureCbmputer docking technique helps in finding the am@ant
binding modes of ligand with its target protein.eTénalysis of important interactions like hydrodemds formed
with important residues, hydrophobic interactioasilitate drug design process. In the present papereport the
synthesis, characterization and docking studie¥-sifibstituted Coumarin derivatives. The antiprddifeve activity
of synthesized compounds was investigated on Helldimes (human cervical adenocarsinoma cell liigsSulfo
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Rhodamine B (SRB) assay. The antimicrobial activitgs investigated on two gram-positive organisnis
Bacillus Subtilis and Staphylococcus Aureuand two gram-negative organisnwz. Escherichia Coli and
Pseudomonas Aeruginasa@he results of docking studies, antimicrobialiagt and antiproliferative activities of
synthesised compounds are reported in this paper.
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Figure 1: Rational behind synthesis of 3-substituted coumarins
MATERIALSAND METHODS

Materials

The reagents used for synthesis were of laboragoage and solvents were of analytical grade obdainem
Thomas Baker and Loba Chemie respectively. Theimggttoint of the compound was determined by opémillaay
method, expressed in °C. The reactions were meuitby preparative TLC's from Merck with the solvegstem
chloroform: methanol in the ratio of 9:1. Infra Regpectra were recorded on Shimadzu FT-IRAffinity-1
spectrophotometer by KBr pellet technique and amessed in cih *H-NMR spectra were recorded on Bruker
Avance 300 MHz FT-NMR spectrophotometer using C{3l solvent and TMS as internal standard. The aami
shifts are expressed ihppm and splitting patterns are designated asgleti d: doublet; g: quartet; m: multiplet.
Mass spectra were recorded using Waters Quatr@fetdrospray Mass Spectrophotometer. Scheme 1 épkts
the strategy adopted to synthesize the compounds.
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Scheme of synthesis1: Synthesis of 3-(2-amino-6-substituted pyrimidin-4-yl)-2H-chromen-2-one derivatives; (i) Ethylacetoacetate,
piperidine, stirring; (i) 0.2 ml piperidine, 90°C, stirring; (iii) Ethanol, Reflux, 5-6 hrs
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p-COOH Fh, o-COOH Ph, 4-Br 2-COOH Ph, 2,6 dimethyl Ph, o-OCH,

Scheme of synthesis 2: Synthesis of 3-[3-(substituted amino)propanoyl]-2H-chromen-2-one derivatives; (i) Ethylacetoacetate, Piperidine,
gtirring; (ii) Parafor maldehyde, substituted amines, conc. HCI, absolute ethanol, reflux 3-4 hrs

Synthesis

General procedure for the synthesis of 3-acetylamim

To the mixture of salicyladehyde (18 mmol) and &bgtoacetate (24 mmol) in 5 ml absolute ethand, ral
piperidine was added with stirring. Stirring wasntinued till complete crystallization. The solid tained was
filtered and recrystallized from ethanol. Pale geflsolid, m.p 118 — 11%C. Yield 70%.

General procedure for the synthesis of 3-[3-subtd prop-2-enoyl]-2H-chromen-2-one (CAL1-18)

The mixture of appropriate aromatic aldehydes (@r@8 and 3AC (0.01 mol) in 5 ml absolute ethanakvstirred
and maintained at 45-5C. Piperidine (0.2 ml) was added drop wise withrisigy until slight turbidity persists in the
solution. The mixture was allowed to cool and sallttained was filtered and washed with ethanol. Thele
products were recrystallized from ethanol to afféAlL1-18 with different colors. Yield 50 — 80 %.

General procedure for the synthesis of 3-(2-amirsubstituted pyrimidin-4-yl)-2H-chromen-2-one datives
(PYR1-18)

The mixture of CAL1-18 (1.8 mmol) and guanidine tochloride (1.8 mmol) in 15 ml absolute ethanol was
refluxed for 5-6 hrs. The progress of reaction wamitored by TLCs using chloroform: methanol (9rdbile
phase. The reaction mixture was neutralized witheags ammonia solution or dil. HCI. The solid ob¢ai was
filtered and recrystallized from ethanol.

General procedure for the synthesis of 3-[3-(subttd amino)propanoyl]-2H-chromen-2-one derivatiyiBAN1-
18)

Substituted anilines (5 mmol), paraformaldehyden(6ol) and 3AC (5 mmol) in 15 ml absolute ethanobwstrred
for 3 — 4 hrs. The mixture was neutralized withemus ammonia. The solid obtained was filtered andystallized
from ethanol.

Synthesis of 3-(2-amino-6-phenylpyrimidin-4-yl)-2htomen-2-one (PYR1)

Gray coloured solid, m.p. 150-1%2 Yield 73%, Mol.Wt. 315.3. IR (KBry (cm*): 1450 and 1500 (C-C in Ar),
3100 (C-H in Ar-H), 1320 (Ar-O-C), 1728 (C=0), 16(&=N), 3500 (N-H)*H NMR (CDCL): (ppm) 1.58 (2H, s,
NH,), 7.39-7.93 (10H, m, Ar-H), 8.59 (1H, s, Pyran-MIS: m/z = 340.4 (M+ Na + 2H)

Synthesis of 3-[2-amino-6-(4-hydroxyphenyl)pyrimidiyl]-2H-chromen-2-one (PYR2)

Pale yellow coloured solid, m.p. 169-PZ1 Yield 87%, Mol.Wt. 331.3. IR (KBry (cm*): 1441 and 1516 (C-C in
Ar), 3100 (C-H in Ar-H), 1280 (Ar-O-C), 1701 (C=0)188 (C-O in Ar-OH), 1602 (-C=N), 3500 (N-HH NMR
(CDCl): (ppm) 3.46 (2H, s, N}, 6.85-8.14 (9H, m, Ar-H), 8.58 (1H, s, Pyran-89)29 (1H, s, OH). MS: m/z =
356.4 (M + Na + 2H)

Synthesis of 3-[2-amino-6-(4-hydroxy-3-methoxypbhpysimidin-4-yl]-2H-chromen-2-one (PYR3)

Dark yellow coloured solid, m.p. 135-1%7. Yield 65%, Mol. Wt. 361.35. IR (KBr (cm): 1424 and 1515 (C-C
in Ar), 3100 (C-H in Ar-H), 1285 (Ar-O-C), 1718 (€3, 1180 (C-O in Ar-OH), 1683 (-C=N), 3500 (N-HH
NMR (CDCL): (ppm) 1.8 (2H, s, NbJ, 3.96 (3H, s, -OCH), 6.93-7.81 (8H, m, Ar-H), 8.57 (1H, s, Pyran-)8
(1H, s, OH). MS: m/z = 386.3 (M- Na + 2H)
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Synthesis of 3-[2-amino-6-[4-(dimethylamino)phepyflmidin-4-yl]-2H-chromen-2-one (PYR4)

Dark red coloured solid, m.p. 180-T82 Yield 80%, Mol. Wt. 358.39. IR (KBr) (cmi?): 1420 and 1525 (C-C in
Ar), 3100 (C-H in Ar-H), 1280 (Ar-O-C), 1710 (C=Q)185 (C-O in Ar-OH), 1681 (-C=N), 3500 (N-HH NMR
(CDCl): (ppm) 3.57 (2H, s, Nb), 7.27-8.17 (8H, m, Ar-H), 8.57 (1H, s, Pyran-H)

Synthesis of 3-[2-amino-6-(4-chlorophenyl)pyrimidiyl]-2H-chromen-2-one (PYR5)

Pale yellow coloured solid, m.p. 110-£€2 Yield 45%, Mol. Wt. 349.77. IR (KBn) (cm™): 1400 and 1500 (C-C in
Ar), 3100 (C-H in Ar-H), 1250 (Ar-O-C), 1718 (C=0}610 (-C=N), 3500 (N-H):H NMR (CDCL): (ppm) 1.5
(2H, s, NB), 7.34-7.97 (9H, m, Ar-H), 8.60 (1H, s, Pyran-M)S: m/z = 374.3 (M + Na + 2H)

Synthesis of 3-[2-amino-6-(4-nitrophenyl)pyrimidiag]-2H-chromen-2-one (PYR6)

Dark yellow coloured solid, m.p. 180-1%®2 Yield 77%, Mol. Wt. 360.32. IR (KB (cmi*): 1440 and 1510 (C-C
in Ar), 3100 (C-H in Ar-H), 1280 (Ar-O-C), 1700 (@3, 1600 (-C=N), 3500 (N-H}H NMR (CDCE): (ppm) 1.5
(2H, s, NH), 7.34-7.97 (9H, m, Ar-H), 8.60 (1H, s, Pyran-H).

Synthesis of 3-[2-amino-6-(furan-2-yl)pyrimidin-B-gH-chromen-2-one (PYR7)

Off white solid, m.p. 152-15€. Yield 69%, Mol. Wt. 305.28. IR (KB (cm®): 1454 and 1557 (C-C in Ar), 3100
(C-H in Ar-H), 1291 (Ar-O-C), 1728 (C=0), 1682 (-8% 3500 (N-H).*H NMR (CDCk): (ppm) 4.19 (2H, s, N,
6.51-7.81 (7H, m, Ar-H), 8.55 (1H, s, Pyran-H).

Synthesis of 3-[2-amino-6-(2-hydroxyphenyl)pyrimidiyl]-2H-chromen-2-one (PYRS8)

Pale yellow coloured solid, m.p. 140-P@2 Yield 50%, Mol. Wt. 331.32. IR (KBn) (cm™): 1456 and 1560 (C-C in
Ar), 3100 (C-H in Ar-H), 1227 (Ar-O-C), 1714 (C=0)209 (C-O in Ar-OH), 1607 (-C=N), 3500 (N-HH NMR
(CDCl): (ppm) 4.25 (2H, s, N, 7.01-8.58 (8H, m, Ar-H), 8.67 (1H, s, Pyran-i2)89 (1H, s, OH). MS: m/z =
417.3 (M + Isopropyl + Na +3H)

Synthesis of 3-[2-amino-6-(4-methoxyphenyl)pyrimighyl]-2H-chromen-2-one (PYR9)

Pale yellow coloured solid, m.p. 173-£5 Yield 65%, Mol. Wt. 345.35. IR (KB (cm’): 1400 and 1513 (C-C in
Ar), 3100 (C-H in Ar-H), 1241 (Ar-O-C), 1718 (C=0)605 (-C=N), 3500 (N-H)*H NMR (CDCL): (ppm) 1.57
(2H, s, NH), 6.92-7.85 (8H, m, Ar-H), 8.59 (1H, s, Pyran-B)37 (3H, s, OChk). MS: m/z = 370.4 (M+ Na + 2H)
Synthesis of 3-[2-amino-6-(3,4-dimethoxyphenyl)pidin-4-yl]-2H-chromen-2-one (PYR10)

Pale yellow coloured solid, m.p. 118-£20 Yield 70%, Mol. Wt. 375.37. IR (KBn) (cm*): 1400 and 1513 (C-C in
Ar), 3100 (C-H in Ar-H), 1257 (Ar-O-C), 1730 (C=0)184 (C-O in Ar-OH), 1609 (-C=N), 3500 (N-HH NMR
(CDCl): (ppm) 1.59 (2H, s, N§J, 6.88-7.84 (7H, m, Ar-H), 8.59 (1H, s, Pyran-B)94 & 3.96 (6H, s, OCH.

Synthesis of 3-[2-amino-6-(2-nitrophenyl)pyrimidia¢]-2H-chromen-2-one (PYR11)

Pale brown coloured solid, m.p. 183-185Yield 50%, Mol. Wt. 360.32. IR (KBn) (cm?): 1448 and 1507 (C-C in
Ar), 3100 (C-H in Ar-H), 1257 (Ar-O-C), 1718 (C=0)345 and 1521 (N=0), 1607 (-C=N), 3500 (N-EJ.NMR
(CDCly): (ppm) 3.57 (2H, s, Nb), 6.37-8.50 (9H, m, Ar-H), 8.62 (1H, s, Pyran-H).

Synthesis of 3-[2-amino-6-(3-nitrophenyl)pyrimiding]-2H-chromen-2-one (PYR12)

Orange coloured solid, m.p. 147-@9 Yield 67%, Mol. Wt. 360.32. IR (KBry (cm'): 1487 and 1507 (C-C in
Ar), 3100 (C-H in Ar-H), 1276 (Ar-O-C), 1718 (C=0)347 and 1507 (N=0), 1662 (-C=N), 3500 (N-HJ.NMR
(CDCl): (ppm) 3.57 (2H, s, NbJ, 6.37-8.50 (9H, m, Ar-H), 8.62 (1H, s, Pyran-H).

Synthesis of 3-[2-amino-6-(2-bromophenyl)pyrimidiyi]-2H-chromen-2-one (PYR13)

Pale yellow coloured solid, m.p. 167-£69 Yield 47%, Mol. Wt. 394.22. IR (KBn) (cm™): 1450 and 1560 (C-C in
Ar), 3100 (C-H in Ar-H), 1285 (Ar-O-C), 1715 (C=0}660 (-C=N), 3500 (N-H)'H NMR (CDCk): (ppm) 1.5
(2H, s, NH), 7.34-7.97 (9H, m, Ar-H), 8.60 (1H, s, Pyran-H).

Synthesis of 3-[2-amino-6-(3-bromophenyl)pyrimidigd]-2H-chromen-2-one (PYR14)

Pale brown coloured solid, m.p. 133-2@5Yield 51%, Mol. Wt. 394.22. IR (KBn) (cmi?): 1455 and 1559 (C-C in
Ar), 3100 (C-H in Ar-H), 1284 (Ar-O-C), 1715 (C=0}662 (-C=N), 3500 (N-H)'H NMR (CDCL): (ppm) 1.5
(2H, s, NH), 7.34-7.97 (9H, m, Ar-H), 8.60 (1H, s, Pyran-H).

Synthesis of 3-[2-amino-6-(5-chloro-2-hydroxyphgmyimidin-4-yl]-2H-chromen-2-one (PYR15)

Pale brown coloured solid, m.p. 109-2€1Yield 59%, Mol. Wt. 365.77. 1 IR (KBr) (cm): 456 and 1559 (C-C in
Ar), 3100 (C-H in Ar-H), 1272 (Ar-O-C), 1726 (C=03181 (C-O in Ar-OH), 1607 (-C=N), 3500 (N-HH NMR
(CDCl): (ppm) 3.55 (2H, s, N§J, 6.70-7.66 (8H, m, Ar-H), 8.50 (1H, s, Pyran-R)72 (1H, s, OH).
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Synthesis of 3-(2-aminopyrimidin-4-yl)-2H-chromepf (PYR16)

Pale yellow coloured solid, m.p. 9092 Yield 61%, Mol. Wt. 239.22. IR (KB (cmi?): 1456 and 1586 (C-C in
Ar), 3100 (C-H in Ar-H), 1290 (Ar-O-C), 1729 (C=0)608 (-C=N), 3500 (N-H)'H NMR (CDCk): (ppm) 4.16
(2H, s, NB), 6.82-7.67 (6H, m, Ar-H), 8.50 (1H, s, Pyran-M)S: m/z = 575.4 (2M+4Na + 4H)

Synthesis of 3-[2-amino-6-(3-hydroxyphenyl)pyrimidiyl]-2H-chromen-2-one (PYR17)

Pale brown coloured solid, m.p. 122-1@5Yield 63%, Mol. Wt. 331.32. IR (KBn) (cm?): 1488 and 1558 (C-C in
Ar), 3100 (C-H in Ar-H), 1288 (Ar-O-C), 1722 (C=0)184 (C-O in Ar-OH), 1639 (-C=N), 3500 (N-HH NMR
(CDCly): (ppm) 4.22 (2H, s, N}, 6.89-7.92 (6H, m, Ar-H), 8.58 (1H, s, Pyran-13)69 (1H, s, OH). MS: m/z =
356.3 (M + Na +H)

Synthesis of 3-[2-amino-6-[(1E)-prop-1-en-1-yl]pyidin-4-yl]-2H-chromen-2-one (PYR18)

Pale brown coloured solid, m.p. 182-184Yield 45%, Mol. Wt. 279.29. IR (KBn) (cm®): 1488 and 1608 (C-C in
Ar), 3100 (C-H in Ar-H), 1229 (Ar-O-C), 1729 (C=0)608 (-C=N), 3500 (N-H)'H NMR (CDCk): (ppm) 3.52
(2H, s, NH), 6.82-7.66 (5H, m, Ar-H), 8.50 (1H, s, Pyran-B)8 (3H, d, allylic CH), 4.16 (2H, m, -CH=CH-).

Synthesis of 3-[3-(dimethylamino)propanoyl]-2H-camen-2-one (MAN1)

Off white solid, m.p. 127-12& Mol. Wt. 245.27 IR (KBr)y (cm?): 1454 and 1557 (C-C in Ar), 3100 (C-H in Ar-
H), 1265 (Ar-O-C), 1733 (C=0), 1210 (-C=N), 3030-KY. '"H NMR (CDC}L): (ppm) 1.25 (1H, s, N-H), 7.31-7.88
(4H, m, Ar-H), 8.51 (1H, s, Pyran-H), 2.73 (4H;GH,-), 2.89 (6H, s, -Ch). MS: m/z = 529.3 (2M+ K)

Synthesis of 3-[3-(phenylamino)propanoyl]-2H-chrorione (MAN2)

Orange coloured solid, m.p. 145-2&7Mol. Wt. 293.31 IR (KBr)v (cm*): 1454 and 1557 (C-C in Ar), 3100 (C-H
in Ar-H), 1240 (Ar-O-C), 1741 (C=0), 1210 (-C-N)Y)30 (N-H).'H NMR (CDCE): (ppm) 1.25 (1H, s, N-H), 7.31-
7.88 (8H, m, Ar-H), 8.51 (1H, s, Pyran-H), 2.73 (41-CH-). MS: m/z = 294.4 (M+H)

Synthesis a3-[3-[(4-chlorophenyl)amino]propanoyl]-2H-chromendéhe (MAN3)

Cream coloured solid, m.p. 117-PC9Mol. Wt. 327.76 IR (KBr)v (cm®): 1454 and 1559 (C-C in Ar), 3100 (C-H
in Ar-H), 1227 (Ar-O-C), 1726 (C=0), 1203 (-C-N)p30 (N-H)."H NMR (CDCk): (ppm) 3.43 (1H, t, N-H), 6.54-
7.66 (8H, m, Ar-H), 8.50 (1H, s, Pyran-H), 2.72 (4H-CH-). MS: m/z = 686.2 (2M+ 3H,0 + 5H)

Synthesis of 3-[3-[(2,4-dinitrophenyl)amino]propatie2H-chromen-2-one (MAN4)

Pale yellow coloured solid, m.p. 142-f@Mol. Wt. 383.31 IR (KBr)v (cm?): 1507 and 1558 (C-C in Ar), 3100
(C-H in Ar-H), 1275 (Ar-O-C), 1731 (C=0), 1210 (4&), 3321 (N-H) 1329 and 1558 (N-O4 NMR (CDCE):
(ppm) 6.74 (1H, s, N-H), 6.91-8.23 (7H, m, Ar-H)58 (1H, s, Pyran-H), 2.73 (4H, s, -€H MS: m/z = 763.1
(2M* + H)

Synthesis of 3-[3-[(4-methylphenyl)amino]propane3fl-chromen-2-one (MANS)

Cream coloured solid, m.p. 163-65Mol. Wt. 307.34 IR (KBr)v (cm®): 1450 and 1550 (C-C in Ar), 3100 (C-H
in Ar-H), 1275 (Ar-O-C), 1739 (C=0), 1210 (-C-N)330 (N-H).*H NMR (CDCL): (ppm) 3.41 (1H, t, N-H), 6.55-
7.67 (8H, m, Ar-H), 8.50 (1H, s, Pyran-H), 2.72 (4k1-CH-), 2.20 (3H, s, CHh).

Synthesis of 3-[3-[(4-nitrophenyl)amino]propanoy@H-chromen-2-one (MANG)

Pale yellow coloured solid, m.p. 187-£89Mol. Wt. 338.31 IR (KBr)v (cm?): 1454 and 1555 (C-C in Ar), 3100
(C-H in Ar-H), 1265 (Ar-O-C), 1728 (C=0), 1109 (48}, 3368 (N-H), 1320 and 1602 (N-OH NMR (CDCE):
(ppm) 1.60 (1H, s, N-H), 7.32-7.66 (8H, m, Ar-H)58 (1H, s, Pyran-H), 2.73 (4H, s, -6H MS: m/z = 362.4 (M

+ Na)

Synthesis of 3-[3-[(2-nitrophenyl)amino]propanoy@H-chromen-2-one (MAN7)

Brownish coloured solid, m.p. 159-1%1Mol. Wt. 338.31 IR (KBr) (cm%): 1454 and 1573 (C-C in Ar), 3100 (C-
H in Ar-H), 1265 (Ar-O-C), 1739 (C=0), 1210 (-C-N§373 (N-H), 1344 and 1507 (N-GH NMR (CDCL): (ppm)
6.09 (1H, s, N-H), 6.66-8.42 (8H, m, Ar-H), 8.5(H(1s, Pyran-H), 2.72 (4H, s, -GHl.

Synthesis of 3-[3-[(4-methoxyphenyl)amino]propap@-chromen-2-one (MANS)

Brownish coloured solid, m.p. 123-1Z5Mol. Wt. 323.34 IR (KBr)y (cm*): 1454 and 1558 (C-C in Ar), 3100 (C-
H in Ar-H), 1264 (Ar-O-C), 1738 (C=0), 1210 (-C-N3386 (N-H).'"H NMR (CDCk): (ppm) 3.40 (1H, s, N-H),
6.60-7.68 (8H, m, Ar-H), 8.50 (1H, s, Pyran-H),2(4H, s, -CH-), 3.72 (3H, s, -OC}j.
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Synthesis of 3-[3-[(4-hydroxyphenyl)amino]propafje&di-chromen-2-one (MAN9)

Faint brownish coloured solid, m.p. 113-2@5Mol. Wt. 309.31 IR (KBr)v (cmi%): 1454 and 1562 (C-C in Ar),
3100 (C-H in Ar-H), 1265 (Ar-O-C), 1738 (C=0), 12{4C-N), 3300 (N-H).'H NMR (CDC}L): (ppm) 1.60 (1H, s,

N-H), 7.34-7.68 (8H, m, Ar-H), 8.51 (1H, s, Pyrap;12.73 (4H, s, -Cht), 7.32 (1H, s, -OH). MS: m/z = 310.31
(M™+H)

Synthesis of 3-[3-[(naphthalen-1-yl)amino]proparie®H-chromen-2-one (MAN10)

Reddish brown coloured solid, m.p. 201-203Vlol. Wt. 343.37 IR (KBr)v (cm?): 1454 and 1558 (C-C in Ar),
3100 (C-H in Ar-H), 1230 (Ar-O-C), 1734 (C=0), 1214-N), 3300 (N-H).*H NMR (CDCL): (ppm) 4.5 (1H, s,
N-H), 7.30-7.67 (11H, m, Ar-H), 8.49 (1H, s, Pyrdi)-2.73 (4H, s, -Ch). MS: m/z = 381.6 (M+ K)

Synthesis of 3-[3-[(pyrazin-2-yl)amino]propanoylHZhromen-2-one (MAN11)

White solid, m.p. 197-19€ Mol. Wt. 295.29 IR (KBr)y (cm™): 1454 and 1558 (C-C in Ar), 3100 (C-H in Ar-H),
1230 (Ar-O-C), 1740 (C=0), 1210 (-C-N), 3300 (N-Fh. NMR (CDCk): (ppm) 1.60 (1H, s, N-H), 7.32-7.68 (7H,
m, Ar-H), 8.51 (1H, s, Pyran-H), 2.73 (4H, s, -GHMS: m/z = 294.5 (M)

Synthesis of 3-[3-[(pyrimidin-2-yl)Jamino]propanoy@H-chromen-2-one (MAN12)

Off white solid, m.p. 189-19C Mol. Wt. 295.29 IR (KBr) (cm®): 1450 and 1500 (C-C in Ar), 3100 (C-H in Ar-
H), 1231 (Ar-O-C), 1740 (C=0), 1210 (-C-N), 3300-k. '"H NMR (CDCL): (ppm) 1.60 (1H, s, N-H), 7.32-7.68
(7H, m, Ar-H), 8.51 (1H, s, Pyran-H), 2.73 (4H;GH,-). MS: m/z = 294.5 (M)

Synthesis of 3-[3-[(pyridin-2-yl)amino]propanoylH2chromen-2-one (MAN13)

Off white solid, m.p. 181-18€ Mol. Wt. 294.30 IR (KBr) (cmi*): 1454 and 1558 (C-C in Ar), 3100 (C-H in Ar-
H), 1230 (Ar-O-C), 1740 (C=0), 1210 (-C-N), 3300-&Y. 'H NMR (CDCL): (ppm) 1.60 (1H, s, N-H), 7.32-7.68
(8H, m, Ar-H), 8.50 (1H, s, Pyran-H), 2.73 (4H;GH,-). MS: m/z = 319.5 (M+ Na +2H)

Synthesis of 4-[[3-0x0-3-(2-0x0-2H-chromen-3-ylypyfamino]benzoic acid (MAN14)

White solid, m.p. 133-13& Mol. Wt. 337.32 IR (KBr) (cm?): 1453 and 1557 (C-C in Ar), 3100 (C-H in Ar-H),
1231 (Ar-O-C), 1738 (C=0), 1210 (-C-N), 3350 (N-B500 (O-H)."H NMR (CDCL): (ppm) 1.60 (1H, s, N-H),
7.32-7.68 (7H, m, Ar-H), 8.51 (1H, s, Pyran-H),2(4H, s, -CH-).

Synthesis of 2-[[3-0x0-3-(2-0x0-2H-chromen-3-ylypyfamino]benzoic acid (MAN15)

Pale yellow coloured solid, m.p. 147-£@Mol. Wt. 337.32 IR (KBr)v (cm?): 1400 and 1525 (C-C in Ar), 3100
(C-H in Ar-H), 1225 (Ar-O-C), 1740 (C=0), 1200 (4&), 3300 (N-H), 3500 (O-H):H NMR (CDCk): (ppm) 1.60
(1H, s, N-H), 7.32-7.68 (7H, m, Ar-H), 8.51 (1HPyran-H), 2.73 (4H, s, -CH.

Synthesis of 5-bromo-2-[[3-0x0-3-(2-0x0-2H-chrongephpropyllamino]benzoic acid (MAN16)

Brownish solid, m.p. 104-166 Mol. Wt. 416.22 IR (KBr)y (cm'): 1454 and 1559 (C-C in Ar), 3100 (C-H in Ar-
H), 1232 (Ar-O-C), 1741 (C=0), 1210 (-C-N), 3300-KY, 3500 (O-H).*H NMR (CDCL): (ppm) 1.60 (1H, s, N-
H), 7.32-7.68 (7H, m, Ar-H), 8.51 (1H, s, Pyran-8)73 (4H, s, -Cht).

Synthesis of 3-{3-[(2,6-dimethylphenyl)amino]propgi}-2H-chromen-2-one (MAN17)

White solid, m.p. 129-13C Mol. Wt. 321.36 IR (KBr)y (cm®): 1454 and 1558 (C-C in Ar), 3100 (C-H in Ar-H),
1231 (Ar-O-C), 1739 (C=0), 1210 (-C-N), 3300 (N-FBt NMR (CDCL): (ppm) 6.76 (1H, s, N-H), 7.31-7.68 (7H,
m, Ar-H), 8.50 (1H, s, Pyran-H), 2.72 (4H, s, -€512.13 (6H, s, -Ch).

Synthesis of 3-{3-[(2-methoxyphenyl)amino]propah@-chromen-2-one (MAN18)

Pale yellow solid, m.p. 151-183 Mol. Wt. 323.34 IR (KBry (cm?): 1454 and 1558 (C-C in Ar), 3100 (C-H in Ar-
H), 1231 (Ar-O-C), 1739 (C=0), 1210 (-C-N), 3030-&. 'H NMR (CDCL): (ppm) 3.46 (1H, s, N-H), 6.57-7.67
(8H, m, Ar-H), 8.49 (1H, s, Pyran-H), 2.72 (4H;GH,-), 2.07 (3H, s, -Ck).

Evaluation of antimicrobial activity

The antimicrobial activity of all the synthesizeshtpounds was examined against different Gram-pesgacillus
subtilis and Staphylococcus aureusand Gram-negativeEgcherichia coliand Pseudomonas aerugingsdy
measuring zone of inhibition. The antimicrobial i@ty was carried out by agar cup plate method fa t
concentration level 25 pg/ml. Ofloxacin was usedtasdard at concentration 25 pug/ml. Nutrient agas used as
culture media for antibacterial activity. Twentyfdhrs old culture of bacterial pathogen was plaoeautrient agar
and spread throughout the plate by spread plataitggee. Wells were bored using sterile borer aidigiance. The
plates were kept at room temperature for 30 minutée test compounds, standard and control wereeglan
respective wells and plates were incubated 4E 3@r 36 hrs. Zone of inhibition was measured byezceader.
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In vitro cytotoxicity activity by SRB Assay

In vitro cytotoxicity activity of selected compounds wasfpemed on HelLa cancer cell lines at Advanced Gentr
for Treatment Research and Education in Cancer (R&J) Mumbai, India. The cell viability was measutagd
SRB assay with triplicate measurements. Dimethglsakide (DMSO) was used as a solvent. Briefly tRB&ssay
protocol included growing the cell lines in RPMI4Bmedium containing 10 % fetal bovine serum and\2 L-
glutamine. Cells were inoculated into 96 well mititer plates in 90 pl at plating densities. Afeadl inoculation,
the micro titer plates were incubated at 37°C, £@, 95 % air and 100 % relative humidity for 24 hellQine
was fixed with trichloroacetic acid (TCA) which megented a measurement of the cell viability atttime of
compound addition (Tz). Compounds were dissolvddMB0 at 400-fold the desired final maximum concatidn
and stored frozen until use. An aliquot of frozemaentrate was thawed and diluted to 10 times dsired final
maximum concentration with complete medium contajniompounds at a concentration of*18dditional three,
10-fold serial dilutions were made which includé®100° 10" concentrations. Aliquots of 10 pl of these solusio
of compounds were added to the appropriate mitgo wells containing 90 ul of medium, resultingtie required
final compounds concentrations. Plates were in@gbat standard condition for 48 hr and cold TCA wadded to
terminate the assay. Cells were fixed by the aatditif 50 pl of cold 30 % (w/v) TCA and incubated &) minutes
at 4°C. The supernatant was discarded and thesplaére washed five times with tap water and aiedri
Sulforhodamine B (SRB) solution (50 pl) at 0.4 %vwin 1 % acetic acid was added to each of thdsywahd
plates were incubated for 20 minutes at room teatpeg. Unbound dye and residual dye was removeddshing
five times with 1 % acetic acid. The plates weredsied and bound dye was subsequently solubiligigd 10 mM
unbuffered Tris base (pH 10.5). The absorbance read on an Elisa plate reader at a wavelength 06f rgd.
Percent growth was calculated for test wells redatd control wells. Percent Growth was expressetha ratio of
average absorbance of the test well to the aveadbgerbance of the control wells x 100. Using thaltsix
absorbance measuremenia. time zero (Tz), control growth (C) with adrinamyciand test growth in the presence
of test compounds at the four concentration le{&ls growth inhibitory (50%) concentration (GI5@gncentration
of compound that produces total inhibition of thedlsc (TGI) and concentration of compound that k3% of the
cells (LC50) were calculated.

Docking studies

In the present study, the X-ray crystal structuréhe epidermal growth factor receptor (EGFR) piroia complex
with 4-anilinoquinazoline inhibitor erlotinib wasbtained from the RCSB Protein Data Bank (PDB IBt17).
Resolution of protein structure with 333 amino adidues was 2.60°AThe protein was further processed by
removing water and erlotinib. The resulted cleaatgin was further refined by energy minimization WCSF
Chimera [31] with Amber ff12SB force field. Combtian of 10,000 steepest descent and conjugate egradieps
with 0.02 A step size were used during energy minimizatiore &hergy minimized protein structure was used for
docking procedure. 2D structures of all the syritess compounds (see scheme of synthesis) were dasman
converted to 3D structures using Marvin Sketchtifacture drawing program). Geometry optimizatiorswearried
out in ArgusLab 4.0.1 (from Thomson and Planariév&me LLC) on semi empirical quantum mechanicadiba
with parameterized model number 3 (PM3) hamiltoniantil restricted closed shell hartree-fock selfisistent field
formalism converses to T kcal/mol and steepest descent geometry seardriariintil gradient converses to™10
kcal/mol. Gasteiger partial atomic charges of oméd molecules were computed in UCSF chimera angk we
updated in 3D structures. Docking simulation wasied out in Autodock Vina [32]. Polar and aromdtidrogens
and gasteiger charges were added in the proteimg UdiGLtools1.5.4 [33] and the pdb file was subsediye
converted to pdbgt format. Pre-optimized compouwese also pre-processed similarly and convertegdioqt
format. All the torsion angles in the small-molezulvere set free so as to perform flexible dockidgd box of
size 48 x 66 x 50 with 1 Aspacing was defined along x, y and z axis. Thindefgrid box was large enough to
cover active site of protein. The analysis of bigdfree energy and interactions of ligands withdwss at active
site was carried out by using Pymol and Discovéugis 3.5.

RESULTSAND DISCUSSION

Docking

The docking protocol adopted in this investigatiees validated by docking of erlotinib to energy miized EGFR
protein. The residue Met769 is important in makinglirogen bond and Leu768, Gly768, Leu694 and Leu820
important in hydrophobic interactions. The bestfoomer generated in docking showed same interagtésnshown
in Figure 1.
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Figure 1: Docking of erlotinib (White stick represents docked conformer)

After docking designed molecules (PYR1-18 and MANR)-most of the compounds show interaction with \86t
along with other hydrophobic interactions. Coumaiirg occupies the position of quinazoline ring whas the
nitrogen atom from the'8substitution makes the hydrogen bonds with impntesidues. The binding free energy
in Kcal/mole and interactions are presented in @dblCompounds PYR1, PYR2, PYR3, PYR7, PYR10, PYR11
PYR13, PYR17, PYR18, MAN1, MAN4 show the hydrogeond interaction with Met769. The aromatic ring
attached to pyrimidine ring in PYR series accesgeper in to the binding site of EGFR.

Table 1: Docking scor e (Binding free energy in kcal/mol) and important interaction with residues

Sro' Compound  Docking scor e (Binding free energy) kcal/mol I nteractions

1 PYR1 -10.1 Met769 (H), Asp831 (H), Lys721 (Pi)
2 PYR2 9.5 Met769 (H), Asp831 (H), Lys721 (Pi)
3 PYR3 -9.6 Met769 (H), Lys721 (Pi), Phe699 (pi)
4 PYR4 9.4 Lys721 (Pi), Leu694 (Pi)

5 PYR5 -9.4 Lys721 (Pi), Leu694 (Pi), Leu820 (Pi)
6 PYR6 -9.2 Lys721 (Pi), Leu820 (Pi), Arg817 (Pi)
7 PYR7 -9.3 Met769 (H), Asp831 (H)

8 PYR8 -10.1 Lys721 (Pi), Thr830 (Pi)

9 PYR9 -9.3 Lys721 (Pi), Leu694 (Pi), Leu820 (Pi)
10 PYR10 -9.0 Met769 (H), Lys721 (Pi)

11 PYR11 -10.9 Met769 (H), Asp831 (H), Lys721 (Pi)
12 PYR12 -9.9 Asp831 (H), Lys721 (Pi)

13 PYR13 -10.4 Met769 (H), Lys721 (Pi)

14 PYR14 -9.3 Lys721 (Pi)

15 PYR15 -10.5 Lys721 (Pi)

16 PYR16 -8.3 Lys721 (Pi)

17 PYR17 -10.5 Met769 (H), Asp831 (H), Lys721 (Pi), Leu764 (Pi)
18 PYR18 -8.6 Met769 (H), Lys721 (Pi)

19 MAN1 -7.3 Met769 (H), Lys721 (Pi)

20 MAN2 -8.3 Lys721 (Pi), Phe699 (Pi)

21 MAN3 -8.3 Lys721 (Pi), Phe699 (Pi)

22 MAN4 -8.5 Met769 (H), Phe699 (Pi)

23 MAN5 -8.5 Lys721 (Pi), Phe699 (Pi)

24 MANG6 -8.6 Asp831 (H), Lys721 (Pi)

25 MAN7 -9.0 Lys721 (Pi), Phe699 (Pi)

26 MANS -8.3 Asp831 (H), Lys721 (Pi)

27 MAN9 -8.4 Lys721 (Pi)

28 MAN10 -9.3 Lys721 (Pi), Phe699 (Pi)

29 MAN11 1.7 Asp831 (H), Lys721 (Pi)

30 MAN12 -8.2 Lys721 (Pi)

31 MAN13 -8.2 Lys721 (Pi), Phe699 (Pi)

32 MAN14 -8.7 Asp831 (H), Lys721 (Pi)

33 MAN15 -8.9 Lys721 (H), Phe699 (Pi)

34 MAN16 -8.5 Lys721 (H), Phe699 (Pi)

35 MAN17 -8.9 Lys721 (Pi), Phe699 (Pi)

36 MAN18 -8.6 Lys721 (Pi), Phe699 (Pi)

37 Erlotinib -7.5 Met769 (H)
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Antimicrobial activity

The synthesised compounds were evaluated for aiteiial activity using agar cup plate method. Gdloix, a well
known topoisomerase Il DNA gyrase inhibitor, wagdisass a standard. The results are presented Taflbe2
results show that compounds form PYR series aresraotive than MAN series. All the synthesised coumuts
exhibited poor activity against gram negative oigiaas as compared with standard drug ofloxacin.

Table 2: Antimicrobial activity of synthesized compounds

Zone of Inhibition in mm (millimetre)

Compounds  B. subtilis S. aureus E. cali P. aeruginosa
MAN1 9.1+0.7 10.1+0.5 5.0+0.5 7.8+0.7
MAN2 9.610.5 10.6+0.2 5.610.2 6.6+1.1
MAN3 14.5+0.5 15.4+0.3 5.840.2 6.0+0.5
MAN4 14.8+0.7 15.5£0.5 6.6+0.2 7.6+0.5
MANS5 15.3+0.5 16.0+1.0 6.5+1.0 8.5+0.5
MANG6 9.6+1.5 14.0+3.1 7.1+0.7 6.1+0.5
MAN7 8.6+0.2 10.4+0.4 6.3+0.7 6.3x1.4
MANS8 17.5+#1.3 16.8+0.7 9.0+0.8 8.8+0.7
MAN9 10.5+0.5 9.8+0.7 6.5+1.3 6.1+0.5
MAN10 8.8+0.2 10.84£0.2 5.6+0.2 5.0+0.5
MAN11 10.5+1.8 10.2+1.1 5.6+0.7 6.1+0.5
MAN12 14.0£1.5 14.5+0.5 7.310.2 8.5+0.5
MAN13 10.1+1.0 11.0£0.1 6.3+0.2 6.3+0.7
MAN14 11.0+2.2 10.7+0.2 6.1+0.5 6.0+0.8
MAN15 10.0+1.0 11.0+0.5 5.5+0.8 6.1+0.5
MAN16 10.3£1.5 10.6£.02 6.3+0.7 6.1+0.5
MAN17 14.1+£1.2 15.0+0.5 6.6+1.2 7.610.2
MAN18 10.0+1.0 12.5+0.5 5.6+0.7 6.3+0.7
PYR1 13.6£0.7 15.5£1.0 12.6+0.7 12.310.2
PYR2 17.3+0.7 16.1+1.5 12.6+0.7 13.3+0.2
PYR3 18.1+1.3 19.1+0.5 14.3+0.2 14.1+0.2
PYR4 13.1+0.7 13.1+0.5 11.1+1.1 11.1+1.2
PYR5 15.1+0.7 14.3+0.2 13.1+0.5 13.1+0.5
PYR6 13.1+0.7 13.1+0.5 10.3+1.5 10.5+0.8
PYR7 14.6£0.2 14.8+0.5 13.3+0.7 13.310.2
PYRS8 13.6+0.8 15.1+0.5 13.5+1.0 13.5+1.0
PYR9 12.6+0.2 13.1+0.2 11.8+0.5 12.3+0.2
PYR10 18.6+0.5 19.0£0.8 13.3+0.7 14.6+0.2
PYR11 13.3+0.7 11.141.1 12.0+0.8 10.6+0.2
PYR12 14.6+0.2 13.6+0.7 13.0+£0.5 10.0+0.5
PYR13 12.6+0.2 13.3£0.7 13.3+0.7 9.8+0.5
PYR14 13.0+0.5 12.6+0.2 13.310.5 9.6+0.2
PYR15 15.3+0.7 14.5+0.8 14.0£1.3 12.6+0.2
PYR16 16.1+0.2 14.5£1.0 13.840.7 13.6+0.7
PYR17 13.1+0.5 13.3+0.7 10.6+1.1 11.6+0.2
PYR18 13.310.2 13.3+0.2 10.3+0.5 9.5+0.5

Ofloxacin 31.0+0.711 28.8+0.849 282+0.205 .9270.216
Data presented in Mean +SD (N=3)

In vitro cytotoxicity activity by SRB assay

Few compounds from MAN series (MAN3, MAN4, MAN5, NN8, MAN12) showed moderate cytotoxic activity
against HelLa cell lines in terms of growth inhilbjtaconcentration (G150). All the compounds from P¥Bries
showed moderate activity in terms of GI50. The ltesare presented in Table 3 and Figure 2. GI50estanged
from 51.5 — 98.4 uM for MAN series and 38.0 — 80M for PYR series. PYR10 with hydrophobic 3,4 dinmety
substitution is most active among the synthesismtipounds. In comparison to standard Adrinamycinttadi
compounds are inactive. For compounds from PYResediocking results are in agreement with the madelera
cytotoxic activity.
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Table 3: In vitro cytotoxicity of synthesized compounds against Hel a cells

Compound LC50 TGl G150
MAN1 >100 >100 >100
MAN2 >100 >100 >100
MAN3 >100 >100 67.6
MAN4 >100 >100 75.1
MANS5 >100 >100 715
MANG6 >100 >100 >100
MAN7 >100 >100 >100
MANS8 >100 98.6 515
MAN9 >100 >100 >100
MAN10 >100 >100 >100
MAN11 >100 >100 >100
MAN12 >100 >100 98.4
MAN13 >100 >100 >100
MAN14 NA NA NA

MAN15 NA NA NA
MAN16 NA NA NA
MAN17 >100 >100 >100
PYR1 >100 >100 66.9
PYR2 >100 >100 61.6
PYR3 >100 84.6 43.5
PYR4 NA NA NA
PYR5 >100 >100 58.2
PYRG6 NA NA NA
PYR7 >100 >100 65.9
PYR8 >100 >100 58.3
PYR9 NA NA NA
PYR10 >100 728 38.0
PYR11 NA NA NA
PYR12 >100 77.6 40.9
PYR13 NA NA NA
PYR14 NA NA NA

PYR15 >100 >100 56.1
PYR16 >100 >100 80.9

PYR17 NA NA NA
PYR18 NA NA NA
Adrinamycin

(Standard) >100 430 <01

NA: Not tested; Data represented in pMolar concatins. LC50: Concentration of compound that Ki#6 of the cells; TGI: Concentration of
compound that produces total inhibition of the £e150: Growth inhibitory (50%) concentration.
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Growth Curve: Human Cervix Cancer Cell Line HelLa
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Figure 2: Plot of molar drug concentration against % control growth (ADR: Adrinamycin, MIL, DAP, 6AC, CT: Unreported
compounds)

CONCLUSION

Series of 3-(2-amino-6-substituted  pyrimidin-4-gh-chromen-2-one  derivatives and 3-[3-(substituted
amino)propanoyl]-2H-chromen-2-one derivatives weyethesised and characterized by FTA#R*:NMR and ESI-
MS spectrometry. Molecular docking in Autodock vimas carried out on epidermal growth factor receptotein.

In vitro antimicrobial study andn vitro cytotoxicity studies on HelLa cell lines were cadrieut and reported.
Compounds from PYR series possess moderate artinmtrand antiproliferative activity. PYR10 with 43,
dimethoxy substituent was found most active amosgsthesised compounds.
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