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ABSTRACT

Newly designed2-[ (4-methy-2-oxo-2H- chromen-7yl) oxy] acetamide derivatives (4a-4g) have been synthesized in
good vyields and characterized by advanced spectroscopic methods. The synthesized coumarinyloxyacetamide
derivatives have been studied for their anticancer aswell as antimicrobial activities.
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INTRODUCTION

Coumarinheterocycle is one of the major classestirally occurring flavanoidor chromen compour@dsumarin
derivatives exhibit wide range of biological adii#s such as antimicrobial [1,2], anticoagulant, [@htiallergic,
anticancer [4], anti-inflammatory [5], antioxidgt7] and calcium channel blocking activity [8]. &mise of variety
of biological activities, both synthetic and natlyaccurring coumarin derivatives have been widsiydied all
over the world. Recently 3-amino coumarin derivesilhiave been reported as DPP-1V inhibitors fromlaboratory

[9].

Canceris fatal disease after cardiovascular in gesfnmorbidity and mortality affecting human healtiorldwide
[10].0On other side, multidrug resistance is aneasing concern with current antibacterial agentsrisatment of
infectious diseases [11]. The coumarincontainingbastic, novobiocin is active against grampositivacteria as
potent inhibitor of DNA replication [12].

From our laboratory we have reported amide dereatiof benzodifuran-2-carboxylic acid [13] as aitiobial
agents. We have also reported coumarin derivatsgeanticancer agents [14]. It prompted us to coenlaimide
moiety with coumarin derivatives, so that it mayowhantimicrobial as well as anticancer activity. ushin
continuation of our work on search of new coumal@mivatives, we report herein synthesis charactaa and
antibacterial as well as anticancer activity of mawinyloxy amide derivatives.

MATERIALS AND METHODS
Experimental

Melting points are uncorrected and were measuregén capillary tubes, using a Rolex melting pajparatus.IR
spectra were recorded as KBr disc on Perkin EImérispectrophotometéd NMR and**C NMR spectral data
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were recorded from a Brucker Advance 400 spectren{éD0MHz). TLC was performed on silica gel F 2Bdtes
(Merck).CHN elemental analyses were recorded oreE&gientific Analyticallnstrument.

Chemistry
The starting compound 7-hydroxy-4-methyl -2H-chror2eone was preparedby the reported method [15].

Synthesis of Ethyl-2-(4-methyl-2-ox0-2H-chromen-71y oxy] acetate (2)

To the stirred solution of (1 g, 5.0mmol, 1.0 eq) in DMF, ethylchloroaceté@e g, 5 mmol, 1.2 eq) and,&80;

(0.9 g, 6.5 mmol, 1.3eq) were added and the resutiixture was refluxed for 16 h.After completionrection
(monitored by TLC), reaction mixture was cooled@om temperature and poured on to crushed icevi® gplid.
The solid was filtered, washed with water and rs&ijized from ethanol to give compoudYield85 %;m.p: 110-
112°C; IR (KBr): 3085, 2950, 2880, 1750, 1705, 161375, 1210, 950 ciitH-NMR(CDCl;, 400MHz)81.33 (3H,
d,J=7.2 Hz), 2.41 (3H, s), 4.30(2H, &= 7.2 Hz), 4.70 (2H, s), 6.17 (1H, 3= 1.2 Hz), 6.78 (1H, d] = 2.8 Hz),
6.93 (1H, ddJ = 8.8, 2.8 Hz), 7.54 (1H, d, = 8.8 Hz); X-ray crystal data (CCDC No. 10002668ik7given in
Table-1

Synthesis of 2-(4-methyl-2-oxo-2H-chromen-7-yloxygcetic acid (3)

Compound (2.62 g, 10.0 mmol, 1.0eq) was treated with KOH @ 100.0 mmol, 10.0eq) in Ethanol (30 ml). The
resulting mixture wasrefluxed at a temperature 108=T for 15 h. After that the reaction mixture vedlewed to
cool up toroom temperature, the resulting residaspaured into ice cold water and acidified with Gd@l to pH

2. The resulting solid was filtered off and washethwold water. The solid was dissolved in satufdd&aHCQ
solution, acidified with conc.HCI to give white &bl The solid was filtered, washed with water, driand
recrystallized from ethanol to give compouds a white solid. % Yield 95%, m.p : 246-248 *@:NMR (DMSO-

ds, 400MHz)52.37 (3H, s), 4.82 (2H, s), 6.20 (1H, s), 6.94 (8H,7.66 (1H, dJ=8.4 Hz);lSC-NMR (DMSO-d,
100 MHzp18.57, 65.23, 101.89, 111.80, 112.73, 113.95, #2@.93.85, 154.95, 160.59, 161.20, 170.11.

General procedure for the synthesis of amides (4ag%

A suspension of compourgi(0.5 g, 2.136mmol) in dichloromethane(DCM ) (25)mtas cooled to 0-5°C. To this
oxylyl chloride (0.46 mL, 5.34 mmol, 2.5 eq) wasdad drop wise at 0-5°C followed by a drop of DMheT
resulting solution was stirred at 0-5°C for30mirdaat RT for 3 h. The resulting solution was concatetd on
rotavapor to give residue. The residue was takddGiM and concentrated to remove traces of oxylybigte. The
residue was dissolved in DCM (25 mL) and coole@46°C. To this cold solution, different amines (&d.) were
added followed by the (TEA)triethylamine (1.5 ege resulting mixture was stirred at 0-5°Cfor 30vrand then at
RT for the 16 h. The reaction mixture was washetth wiater (25 mL), sat. NaHG(5 mL) and then brine solution
(10 mL), dried over anhydrous p&0O,, filtered and concentrated to give crude compolimecrude product was
purified by column chromatography (60-120 mesh)giBiat. ether: EtOAc (70:30 to 20:80) to give cquomesling
amide @a-4g) in good to excellent yield.

Spectral data:

4-methyl-7-(2-oxo-2-pyrrolidin-1-ylethoxy)-2H-chromen-2-one (4a)

Yield : 82 %; off white solid (EtOH); m.p°C: 160-26C;IR (KBr): 3063, 2973, 2875, 1724, 1656, 161359,
1437, 1331, 1264, 1199, 1155, 1081, 977, 871, M99'6-NMR (CDCl, 400MHz) d 1.86-1.92 (2H, m), 2.06—
1.99 (2H, m), 3.55-3.49 (4H, m), 4.70 (2H, s), 6(14, d,J = 1.2 Hz), 6.80 (1H, d] = 2.4 Hz), 6.96 (1H, ddl =
8.8, 2.4 Hz), 7.51 (1H, d] = 8.8 Hz);lSC-NMR (CDCk, 100 MHz) 818.68, 23.82, 26.24, 26.48, 67.36, 101.81,
101.91, 112.28, 112.51, 112.59, 114.23, 125.75,5P52155.05, 161.00 161.16, 165.34; MASS: [M*EB8.10;
Elemental Analysis for GH;JNO, Calculated,%:C 67.76;H 6.36;N 4.65,Found,% C 6618296 ;N 4.88

4-methyl-7-(2-oxo0-2-piperidin-1-yl-ethoxy)-H-chromen-2-one (4b)

Yield : 85 %,; off white solid (EtOH); m.p°C: 172-47C;IR (KBr): 3069, 2993, 2939, 2859, 1725, 166810,
1502, 1450, 1429, 1390, 1255, 1196, 1084, 1012, 838 cnT-'H-NMR (CDCl;, 400MHz)$1.57-1.69 (6H, m),
2.38(3H, s), 3.44-3.73 (4H, m), 4.77 (2H, s), 14, d,J = 1.2 Hz), 6.81(1H, d] = 2.4 Hz), 6.94 (1H, dd] = 8.8,

2.4 Hz), 7.50(1H, dJ = 8.8 Hz)?3C-NMR (CDCk, 100 MHz)$18.70, 24.37, 25.48, 26.48, 43.24, 46.20, 67.16,
101.97, 112.29,112.39, 114.22, 125.77, 152.52,0859.61.02, 161.18, 164.98; Elemental AnalysisGgi1sNO,
Calculated,%:C 67.76;H 6.36;N 4.65,Found,% C 6313&65;N 4.61.
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4-methyl-7-(2-morpholin-4-yl-2-oxo-ethoxy)-H-chromen-2-one (4c)

Yield: 85 %; white solid (EtOH);m.p:146-148 °C; KRBr): 3069, 2993, 2939, 2859, 1725, 1663, 1610215
1450, 1429, 1390, 1255, 1196, 1084, 1012, 973,(3581H—NMR (DMSO-ds, 400MHzp d2.39 (3H, S), 3.36 (4H,
brs), 3.76 (4H, br s), 4.95 (2H, s), 6.22 (1H,6s98 (2H, br s), 7.68 (1H, d,= 9.2 Hz):°C-NMR (DMSO-dg, 100
MHz) 518.58, 31.14, 52.40, 65.31, 101.99, 111.95, 1127%,14, 127.00, 153.79, 154.98, 160.51, 161.09,185
Elemental Analysis for gH;/NOs:Calculated,%:C 63.36;H 5.65;N 4.62,Found,% C 6;H®&36;N 4.61.

4-methyl-7-[2-(4-methylpiperazin-1-yl)-2-oxoethoxyj2H-chromen-2-one (4d)

Yield: 68 %; Off white solid (EtOH); m.p: 98-100 A& (KBr):3476, 3419, 3069, 2924, 2806, 1716, 164810,
1437, 1391, 1372, 1258, 1207, 1157, 1138, 1079,c861'H-NMR (DMSO-ds, 400MHz} 2.27 (3H, s), 2.39(4H,
s), 2.5 (3H, s), 3.5 (4H, S), 4.99 (2H, s), 6.2H,(d,J = 1.2 Hz), 6.97-6.94 (2H, m), 7.67 (1H, dd= 9.2, 1,2
Hz);13C-NMR (DMSO4dg, 100 MHz)518.60, 41.23, 43.95, 45.66, 66.38, 101.94, 111163,06, 113.77, 126.79,
153.88, 155.01, 160.59, 161.66, 165.62; Elementadlysis for GH,N,O, Calculated,%:C 64.54;H 6.37;N
8.86,Found,% C 64.54;H 6.37;N 8.86.

N-(4-methylphenyl)-2-[(4-methyl-2-oxo-#-chromen-7-yl) oxy] acetamides (4e)

Yield: 74%; off white solid (EtOH); m.p: 214-216 ?@R (KBr): 3365, 3304, 3038, 2914, 1700, 1681, 1,62
1594, 1534, 1392, 1364, 1296, 1153, 1081, 887, 849,cnt; *H-NMR (CDCh, 400 MHzp5 2.25 (3H, s), 2.40
(3H, s), 4.82 (2H, s), 6.23 (1H, s), 7.07-7.02 (&4}, 7.11 (2H, dJ = 8.4 Hz), 7.51(2H, d] = 8.4 Hz), 7.72 (1H, d,
J = 8.8, Hz), 10.09 (1H, sjl;3C-NMR(CDCE, 100 MHz):$ 18.61, 20.92, 67.74, 102.12, 111.90, 112.86, Bl4.0
120.13, 127.02, 129.61, 133.19, 136.25, 153.84,985460.53, 161.30, 166.05; Elemental AnalysisGgH;;NO,:
Calculated,%:C 70.58;H 5.30;N 4.33,Found,% C 76{3830;N 4.33.

Anticancer activity Method:

MTT assay

The compounds were tested for their cytotoxic peon three types of cancer ceNg&z., A549 (lung cancer cell-
line), MCF7 (breast cancer cell-line) and A375 (@mema cell-line). The MTT assay was used to deterrtie
effect of each compound on the proliferation ofcearcells.

A549, MCF7 and A375 cultures were purchased frortialal Centre for Cell Science, Pune, India. Albgth
media, supplements and reagents were purchasedHibtedia Labs, Mumbai, India. For the assay, celkre
seeded at fGcells/ml in a 96-well plate in dulbecco’s modifiednimum essential medium (DMEM) supplemented
with 10% fetal bovine serum (FBS). To each welktteompound was added at six different concentratiof
100uM, 50uM, 10uM, 5uM, 1uM and 0.;uM. Each concentration was tested in triplicates Télls were incubated
with these compounds at %7 under 5% C@ for 48 hours. Following this, 3-[4,5-dimethylth@z-yl]-2,5-
diphenyltetrazolium bromide (MTT) was added to eaatll at a final concentration of 0.5mg/ml. Cellenw
incubated with this tetrazolium dye for 4 hoursb&eguently, purple crystals of formazan were oleskin each
well, formed as a metabolic product of MTT. Thesgstals were dissolved in Isopropanol and the dizsare in
each well was recorded at 570nm in a microplateleegMicrotekSigma360). Absorbance at 570nm diyectl
correlates with cell viability. 163 values were calculated from concentration-respalage using Graph Pad Prism
software. Results are shown in Table 2.

Antimicrobial activity:

All the synthesized compounds were tested for taeiibacterial activity against Gram negatitsoherichia coli,
Pseudomonas aeruginosa) and Gram positiveaphylococcus aureus, BacillusSubtilis) by cup plate method [16] at
100 ppmconcentration in DMF solvent. Ampicillin wased as standard drug. All compounds did not shaiwity
against all types of Gram positive and Gram negatvains.

Antibacterial activity of all the synthesized comipds was tested in vitro by (cup plate method}sagar dilution

in which bacterial strains of Gram negativiesgherichia coli, Pseudomonas aeruginosa) and Gram positive
(Staphylococcus aureus, Bacillus Subtilis) were used, using serial agar dilution (cup platethod).The two
microorganisms were cultured in petri dishes comgi agar medium, cups (8 mm) were put onto thhedisand
each synthesized compound dissolved in DMF (0.1ofmlLl0 mg/ml) was added into the cups under aseptic
condition. Then, the petri dishes were incubate@7fC for 24 h. The zone of inhibition of the growth thie
bacteria, which were produced by diffusion of tlenpounds from the cup into the surrounding mediwas
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measured to evaluate the antibacterial activitchBexperiment was repeated twice. DMF was used @ssiéive
control for the experiments. Results are shownahld 3.

RESULTS AND DISCUSSION

Chemistry

7-Hydroxy-4-methyl-benzopyran-2[H]-ond)( has been prepared by Pechmann condensation arfcired with
ethyl acetoacetate using concentrated sulfuric. &eldydroxy-4-methyl coumarinl}, on reaction with ethyl chloro
acetate in presence of anhydrous potassium caandtdry dimethyl formamide (DMF) gave 2-(4-me}doxo-
2[H]-chromen-7-yloxy) acetat®. The structure o2 was proved from its IRH-NMR and**C-NMR. Moreover its
single crystal was developed from methanol:Petrdijeslow evaporation technique and proved thectire of2

by X-ray Single Crystal. Its CCDC no.is 1439494. # observed that during single crystal formation
transesterification has occurred, and ethyl estecgnverted into methyl ester.

cH, CH;
- >
OC,Hs
o~ "o oH o © oY
1 2 ©

(i)
CHs cH
3
=
/\I('{' (iii) =
o0~ o ) "R ——— OH
o0” o o/\[(
o)
4a-e 3 O

Reagents & Conditions: (i) CICH,COOC,Hs, K,CO3, DMF reflux; (ii) Ethanolic
KOH (15 %), reflux; (iii) (1) CICOCOCI, DMC at 0-5°C, 30 min, RT,4 h; (2)
RR'NH,TEA, DCM.

Scheme-1: Synthesis of carbyloxyacetamide derivagig of 4-methyl-7-hydroxy coumarin compounds

Prob = 50
Temp = 233

=
)
~

- (100812)

N PLATON-Dec 24 08:06:04 2014

-9 shel xL P21/c R = 0.08 RES= 0 -17 X

Figure 1: X-ray crystal structure of compound 2 asnethyl ester
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Table-1 Crystal data and structure refinement paraneter for compound 2

Empirical formula GsH 1205
Formula Weight 248.23
Temperature/K 293(2)
Crystal system Monoclinic
Space grou Pzlc

al A 10.0839(5)

b/ A 14.5821(5)
c/A 8.4610(4)

al® 90.00

Bl° 112.403(6)

y/° 90.0(
Volume/Az2 1150.23/(9

z 4
Poad™™™ 1.433

20 range for data collectiof 9.48 to 146.28°
Index range -1¥ h<12, -18<k<16, -10<i <10
Reflections collecte 5591
Independent reflectiol 2296[R(int)=0.021¢
Peak and hole e’ A 0.58/-0.49

Then este?was hydrolyzed by using aqueous KOH and then aedliithconc.HCI solution to give corresponding
acid 3. The obtained 2-(4-methyl-2-oxo-2H-chromen-7-ylfagetic acid3 was then converted into acid chloride in
situ by the reaction with oxylyl chloride which wammediatelytreated with various amines (aromdijatiatic) to
give corresponding 7-coumarinyloxyacetamides déxiga@da - 4€). All the synthesized compounds were purified
by recrystallization from ethanol/column chromatggny and were characterized by advanced specttatitpies.

The formation of coumarinyloxyacetamides was cordalby IR spectroscopy. The formation of amide groag
confirmed by the amide characteristic peak at 1Eﬁiﬁ):lcrﬁ1corresponds to amide group and lactone carbonyl at

1700-1740cri In'H-NMR spectra, aromatic protons appeared in regioh12-7.68, the methylene group appeared
in region of 4.70-4.95 and aliphatic protonsappeairerange 061.5-3.7.

Anticancer Activity

All the synthesized compounds were screened agdidst(lung cancer cell-line) and one of the compabdd was
screened against A375(melanoma cell-line} () values were determined using Graph Pad prisnwsoéfor
compoundgla-eas shown in Table 2.

Table 2:Anticancer activity (IC50, pg/mL) of substituted aminomethylnaphthopyrones4a-i

_ 2 ICSO M a
Compound NRR QL)—AMQ A3TE
4a WN/\:, 9.26 ND
4b ~~N > 0.66 ND

/ N\
4c N O 0.41 ND
\___/
4d N N— NA  0.041
__/

o,
4e HN@— 11nM  ND

3 Cs values were determined using Graph Pad Prism software.
NA= Not activeND = not determined

From the MTT assay, pyrrolidine compoudd showed better activity against A549 withs$Zalue9.26uM. On
replacement of pyrrolidine with piperidine in comypal 4b resulted in compound with 14 fold higher activity
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against A549 with Igyvalue0.66puM. Compound4c containing morpholine ring showed 22 fold highetivaty
compared to compounth against A549 cell line with I§value0.41uM. N-methyl piperazine compourtiidid not
show any activity against A549 cell line, but itosted very good activity against A375 cell line with
ICsovalue0.04LM. Interestingly, p-toluidine substituted compouhelshowed excellent activity against A549 cell
line with 1Ggvaluel.1 nM.

Antimicrobial and antifungal activity

Table 3: Antimicrobial and antifungal activity of compounds4a-4e

Gram —Ve bacteria Gram +ve bacteria Fungi
Compounds Escherichia Pseudomonas Saphylococcus Bacillus  Candida
coli aeruginosa aureus Subtilis  Albicans
4a >228 >228 >228 >228 >228
4b >228 >228 >228 >228 >228
4c >228 >228 >228 >228 >228
4d >228 >228 >228 >228 >228
4e >228 >228 >228 >228 >228

Compounds4a-4e did not show any antimicrobial activity againgsted gram —ve bacterid&.(coli, P.
aeruginosa)and gram +ve bacteriéSaureus, B. subtilis). Also compoundsAa-4e found inactive against fungi
C.Albicans.

CONCLUSION

In conclusion, we have reported here synthesig-obumarinyloxyacetamides derivativéa(- 4€) and their
anticancer activity. Compoundi-4e have shown promising anticancer activity againstt®%ung cancer cell-
line). Compoundglb and4c are showing very good activity against A549 (lumgneer cell-line) with 1G, values

0.66 and 0.41 uM respectively. Compouddsshowed excellent activity against A549(lung canuat-line) with

ICso valuel.l nM. While compounddis showing very good activity against A375 (melamogell-line) with

ICsovalue0.041 pM. Unfortunately all the synthesizethpounds didn’t show any antimicrobial activity.
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