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ABSTRACT

We have synthesized various coumestan derivatives from 4-hydroxy-2H-benzo[ h] chromen-2-one 2. Oxidative
cyclization of 4-hydroxy-2H-benzo[ h] chromen-2-one with catechol and pyrogallol in presence of sodium acetate
and potassium iodate gave 8, 9-dihydroxy-6H-benzo[ h] benzofuro[ 3,2-c] chromen-6-one 3 and 8, 9, 10-trihydroxy-
6H-benzo[ h] benzofur g 3,2-c] chromen-6-one 4 respectively. These coumestan derivatives and 4-hydroxy-2H-
benzo[ h] chromen-2-one were condensed with dimethyl sulphate and different mono and/or di alkyl halides in
presence of base like anhydrous K,CO; and dry acetone gave corresponding condensed or cyclized coumestan 6a-d,
7a-d and 4-hydroxy-2H-benzo[ h] chromen-2-one 5a-b derivatives.

Keywords: naphthocoumarin, naphthocoumestan, anticanceftgcti

INTRODUCTION

Coumestan ring system is present in number of abjuroducts like coumestrol, psoralidine, pterocafd],
lucernol [2] and wedelolactone [3]. Coumestans espnt an important class of natural oxygenated atiom
products responsible for medicinal effects. Eclgitza [4] and wedelia calendulacea [5] are thet@anrces of nor-
wedelolactone and wedelolactone. Both of them shwmadicinal effects such as antihepatotoxic, antihtgpsive,
antitumor, antiphospholipase And antidote activities against snake venome [6-9].

Coumestans belongs to the flavonoids category gfoglstrogens, which have diverse pharmacologioabgties
such as antihemorrhagic, antiproteolytic, antihejoeic [10, 6], antiphospholipase and antimyotoativity [11].
In traditional Chinese medicine, coumestans arel usethe treatment of septic shock and in Indiarurgdic
medicine as a treatment for liver diseases [12]) slisorders and viral infections. Coumestans halge been
shown to reduce cancer risk [18lie to their structural similarity to phytoestrogerd series of coumestan
derivatives were recently reported as HCVNS5B palsase inhibitors [14] and they also found to inthiinding to
the GABA, receptors from the rat brain [11) edelolactone has been shown to inhibit thedBFmediated gene
transcription in cells by blocking the phosphorigdatand degradation [15Elective 5-lipoxygenase-inhibitor [15]
and LPS- induced caspase-11 expression inhibite}. {loumestrol has been reported to have strong esimge
activity [16]. Coumestan derivatives have been regabto show inhibitory effect of lipid peroxidatid17] and N3,
K* ATPase activity [18, 19].

MATERIALSAND METHODS

Chemistry
Melting points are uncorrected and were measuregém capillary tubes, using a Rolex melting pajpparatus. IR
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spectra were recorded as KBr discs on Perkin ER)el spectrometetH NMR and™C NMR spectral data were
recorded from a Bruker Advance 300 spectrometed {8Biz) and Advance 400 spectrometer (400 MHz). M&3
performed on silica gel F254 plates (Merck). CHHEne¢éntal analyses were recorded on ThermosinnigashRl1-
12 series EA.

Synthesis of 4-hydr oxy-2H-benzo[h]chr omen-2-one (2)

A solution of 2-acetyl 1-naphthdl (0.00107 mol) in diethyl carbonate (30 ml) was edidlowly to pulverized
sodium (0.01739 mol) under anhydrous conditionghli exothermic reaction was observed. It was titwed to
cool to room temperature. Ethanol (50 ml) was addedecompose the unreacted sodium. The reacti®s mas
then poured into water (250 ml) and the aqueousrlayashed twice with petroleum ether (50 ml). Coteaed
hydrochloric acid was added slowly to the aqueayed until pH 2 and the solid obtained was collechs
filtration. The crude product crystallized from atiol to give 4-hydroxy-2H-benzo[h]chromen-2-oReas light-
yellow solid. Yield 96%; mp 283-285°C (Lit. 284°@]]; IR (KBr, cmi'): 3423, 2926, 1604, 1561H NMR
(DMSO, d, 6 ppm): 5.83 (s, 1H, C-3 proton), 7.60-7.76 (m, 2tH), 7.86-7.94 (m, 2H, ArH), 8.48-8.53 (m, 1H,
ArH), 11.94 (s, 1H, OH)**C NMR (DMSO, ¢, & ppm): 91.08, 111.62, 119.43, 122.15, 122.66, (&4127.80,
128.57, 129.25, 135.27, 151.12, 162.31, 167.16meteal Analysis for GHgOs; Calculated, %: 73.58; H, 3.80;
Found, %: C 73.75; H 3.68.

General procedurefor synthesisof 3and 4

In a solution of2 (3 gm, 1.415 mmol) in 1:1 water: acetone (50 rajdium acetate (4 gm, 4.878 mmol) and
catechol or pyrogallol (1.964 mmol) were added.d®ea mixture was stirred at room temperature f@miinutes.
Mixture of KIO; (9 gm, 4.2056 mmol) and sodium acetate (4 gm,88wmol) in hot water (50 ml) was added
slowly in the reaction flask in period of 20 minsitend stirred at room temperature for 30 minuteid roduct
separated was filtered and washed with hot watend€ product washed with hot ethanol (3x50 ml) &od
petroleum ether (3x50 ml) and dried.

Spectral Data:
8, 9-dihydr oxy-6H-benzo[h]benzofur o[ 3,2-c]chr omen-6-one (3)
Yield: 89%; mp: >300°C; IR (KBr, cH‘): 3416, 1702, 1609; Mol. Formula;4E1¢0s.

8, 9, 10-trihydroxy-6H-benzo[h]benzofur o[ 3,2-c]chr omen-6-one (4)
Yield: 84%; mp: >300°C; IR (KBr, cH‘): 3843, 3008, 1734, 1583; Mol. Formula;gg;Os.

General Procedurefor synthesisof 5a-b, 6a-b and 7a-b

2,3and4 (1 gm, 1 eq.) dissolved in 20 ml dry acetone. Freiided KCO; (3.5 eq.) and dimethyl sulphate or allyl
bromide was added (1.1 eq.) in a reaction flaskimas refluxed for 10 hours. Reaction mass waseubin ice-
water, solid crude product obtained was filtered mashed with water. Crude product was washed hdtrethanol
(3%x50 ml) and hot petroleum ether (3x50 ml) an@dlriCompounda-b was purified by column chromatography
using 5% Ethyl acetate/ petroleum ether.

Spectral Data:

4-methoxy-2H-benzo[h]chromen-2-one (5a)

Yield: 10%; mp: 154-156°C; IR (KBr, ci): 3078, 2916, 2846, 17344 NMR (CDCL, ds, 8 ppm): 4.07 (3H, s, -
OCHs), 5.81 (1H, s, C-3 proton), 7.64-7.72 (3H, m, ArH)82-7.91 (2H, m, ArH), 8.52-8.6 (1H, m, ArHyC
NMR (CDCl, ds, 5 ppm): 56.5, 89.6, 110.9, 118.5, 122.7, 122.9,9,2827.1, 127.8, 128.8, 135.2, 150.7, 163.1,
167.4; Elemental Analysis for,§H140s: Calculated, %: C 74.33; H 4.46, Found, %: C 744@.18.

4-allyloxy-2H-benzo[h]chr omen-2-one (5b)

Yield: 9%; mp: 200-205°C; IR (KBr, cf): 3092, 3022, 1726H NMR (CDCk, ds, 5 ppm): 4.73 (2H, dd, -OC}

5.45-5.48 (1H, dd, vinyl proton), 5.53- 5.58 (1H, diinyl proton), 5.79 (1H, s, C-3 proton), 6.1015 (1H, m,
vinyl proton), 7.64-7.70 (3H, m, ArH), 7.83-7.89H2m, ArH), 8.55-8.57 (1H, m, ArH)**C NMR (CDCk, ds, &

ppm): 69.9, 90.5, 110.9, 118.6, 119.7, 122.7, 12P23.9, 127.1, 127.8, 128.8, 130.7, 135.2, 150680, 166.2;
Elemental Analysis for (gH;,04: Calculated, %: C 76.18; H 4.79, Found, %: C 76H3.53.

8, 9-dimethoxy-6H-benzo[h]benzofur o 3,2-c]chr omen-6-one (6a)

Yield: 22%; mp: 259-261°C; IR (KBr, c): 1731, 1296, 1079, 9984 NMR (DMSO, d, 5 ppm): 3.92-3.93 (6H,
d, CH), 7.31 (1H, s, ArH), 7.44 (1H, s, ArH), 7.63-7.6841, m, ArH), 7.77-7.82 (1H, m, ArH), 7.91-7.94 (2Hh,
ArH), 8.49-8.51 (1H, d, ArH); Elemental Analysisrf@,,H,405 %: Calculated, %: C 72.83; H 4.07, Found, %: C
72.57; H 3.82.
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8, 9-bis(allyloxy)-6H-benzo[h]benzofur o[ 3,2-c]chromen-6-one (6b)

Yield: 44%; mp: >300°C; IR (KBr, ci): 3020, 2849, 1726'H NMR (DMSO, @, 5 ppm): 4.64- 4.65 (4H, d, -
OCH, protons), 5.25- 5.30 (2H, dd, vinyl protons), 5.&247 (2H, dd, vinyl protons), 6.03- 6.11 (2H, vyl
protons), 7.30 (1H, s, ArH), 7.45 (1H, s, ArH), 3-8.66 (2H, m, ArH), 7.78-7.81 (1H, d, ArH), 7.982 (2H, m,
ArH), 8.48-8.50 (1H, d, ArH); Elemental Analysisrf@,sH;50s: Calculated, %: C 75.37; H 4.55, Found, %: C
75.76; H4.72.

8, 9, 10-trimethoxy-6H-benzo[h]benzofur o[ 3,2-c]chr omen-6-one (7a)
Yield: 41%; mp: >300°C; IR (KBr, ci): 3210, 3075, 2946, 2924, 2851, 1733, 1684; Mointtla: G,H;¢0s.

8, 9, 10-tris(allyloxy)-6H-benzo[h]benzofur o[ 3,2-c]chr omen-6-one (7b)
Yield: 32%; mp: >300°C; IR (KBr, cif): 2918, 2851, 1675; Mol. Formulay4Ei,,0s.

General Procedurefor synthesis of 6¢-d and 7c-d

Compound3 or 4 (1 gm, 1 eq.) dissolved in 20 ml dry acetone inandbbottom flask. Freshly fusedh®0; (3.5
eq.) and di substituted bromo alkane were addedl €§.) in a reaction flask and it was refluxed f@r hours.
Reaction mass poured in ice-water, solid crude ywbdbtained. It was filtered and washed with wat@mude
product was refluxed with hot ethanol (3x50 ml) d&od petroleum ether (3x50 ml), filtered and dried.

Spectral Data:
8, 9-ethylenedioxy-6H-benzo[ h]benzofur o[ 3,2-c]chr omen-6-one (6¢)
Yield: 54%; mp: >300°C; IR (KBr, cif): 1717, 1359, 1255, 1180, 1030, 763; Mol. Form@iat;,0s.

8, 9-methylenedioxy-6H-benzo[ h]benzofur o[ 3,2-c]chr omen-6-one (6d)
Yield: 27%; mp: >300°C; IR (KBr, cif): 1731, 1362, 1278, 1085, 1001, 769; Mol. Form@at;,Os.

8, 9-ethylenedioxy, 10-hydr oxy-6H-benzo[h]benzofur o[ 3,2-c]chr omen-6-one (7¢)
Yield: 37%; mp: >300°C; IR (KBr, ci): 3624, 1720, 1552, 1530, 1241, 1090, 1050, 768l; Mormula: G;H;-O.

8, 9-methylenedioxy, 10-hydr oxy-6H-benzo[h]benzofur o[ 3,2-c]chromen-6-one (7d)
Yield: 53%; mp: >300°C; IR (KBr, cij: 3473, 1731, 1376, 1247, 1120, 970, 920, 830, 6al. Formula:
C20H1006-

Anticancer activity: Procedure to assess the effect of the coumestan derivatives on melanoma cell survival
usingthe M TS M ethod

96 well plates were plated with 100ul Media (DMEM.8% Fetal bovine serum and L-Glutamine) contaififgo
cells/well. Stock solution of 20 mM was prepared dompounds to get a series of concentration rgnfyjom 50
UM to 0.625 uM. 100 ul of these compounds were addé¢he 96 well plates. These 96 well plates vircabated
at 37°C in humidified incubator under 5% £&mosphere for 24, 48 and 72 hours.

In vitro inhibitory efficacy of cancer cell linesepresenting different cancer types following trestmwith
compounds was measured using the 3-(4,5-dimetagtth2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfaghyl)-
2H-tetrazolium (MTS) assay (Promega, Madison, \Wt).brief, 5 x 16 cells per well in 10uL of DMEM
containing 10% FBS were grown in a 96-well plate 24 h and treated with either control DMSO vehiole
increasing concentrations (0.625-pM) of these compounds for 24, 48 and 72 h. The qmtagn of viable cells
compared to control DMSO treated cells were deteeghiusing MTS assay and IC50 values calculatedgusin
GraphPad Prism, version 4.01 (GraphPad softwarme, [Bago, CA). The Ig value for each compound was
determined by at least three independent expersnamtl represented with a standard errog \@lues in uM
concentration of all compounds were given in TdblEigure 1 and Figure 2.

RESULTSAND DISCUSSION

Chemistry

2-Acetyl 1-naphtholl on Hoeschreaction [20] with diethyl carbonate in presencepafverized sodium gave 4-
hydroxy-2H-benzo[h]chromen-2-on2 [21]. Oxidative cyclization [22] of2 with catechol and pyrogallol in
presence of sodium acetate and potassium iodate gamvesponding coumestan derivatives 8,9-dihyd&ity
benzoh]benzofuro[3,2-c]Jchromen-6-on8 and 8,9,10-trihydroxyH-benzoph]benzofuro[3,2-clchromen-6-oné.
Reaction of 4-hydroxy-2H-benzo[h]chromen-2-¢and coumestan derivativ8sand4 with dimethyl sulphate and
various mono or dihaloalkanes in presence of hikseahhydrous KCO; [22] gave corresponding alkyl derivatives
of coumestanSa-b, 6a-d and7a-d as shown in Scheme 1.
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O o

5a=R=0 3= R=R,=H, R=R;=OH
Eh=Re 2" 4= R=H, R=R,;=R,=OH

6a-d, 7a-d

~ O=
6a= R=R,=H, R,=R=0 6c= R=R,=H, R,=0"~" Rs

6b=R=R=H, RZ:R3=O/\/ 6d= R=R;=H, R=G “O=R,

O=
7a=R=H, Ry=R=R,=0 " . T=R=HROH, r=0" R
7b= R=H, R2=R3:R4=5\/ 7d= R=H, R,=OH, R=68_~0=R,

Scheme 1: Reagents and conditions: (a) pulverized sodium, diethyl carbonate, 30 min; (b) Catechol 3 and pyrogallol 4, CH;COONa,
K103, Acetone, water, 30 min. (c) K,COs, Dry acetone, dimethyl sulphate or mono or di substituted halide, 10 h

The IR spectrum of compourtishowed band at 3423 &nfor hydroxyl group and band at 1604 tior carbonyl
group which exist ira and2b form. In*H NMR of 2, singlet at5 5.83 indicated proton at C-3, broad peal at
11.94 indicated hydroxy proton at C-4 and all articnprotons were observed betweed.60-8.53 thus confirmed
the formation o®.

The IR spectrum of compourté showed disappearance of band at 3423 amd appearance of band at 1734'cm
which confirmed presence of lactone ring.'th NMR of 5a singlet ats 4.07 for three protons indicated methoxy
group, singlet a® 5.81 indicated proton at C-3 and all aromatic qmst were observed betweén7.64-8.6
confirmed the formation dga. In 'H NMR of 5b multiplet ats 4.73-4.75 for two protons indicated —Optotons,
two doublet of doublets @t 5.45-5.48 and 5.53-5.58 each indicated presence of vinyl protwhe all aromatic
protons were observed between.64-8.57 thus confirmed formation sif.

The IR spectrum of compourBishowed band at 3416 and 17#38" for hydroxyl group and lactone carbonyl group
respectively. ThéH NMR of 6a showed doublet &t 3.92-3.93 for two methoxy groups and all aromatiatons
were observed betweén7.31-8.51 confirmed formation 6. The'H NMR of 6b showed doublet &t 4.64-4.65
for two protons indicated —OGHyroup, doublet of doublet & 5.25-5.29 for two protons, another doublet of
doublet ats 5.42-5.47 for two protons indicated two vinyl pos (=CH). One multiplet ab 6.08 for two protons
indicated one vinyl proton (=CH) each thus confidhtiee presence of two allyloxy groups and all arierarotons
were observed betweeh 7.30-8.50 confirmed formation ddb. The IR spectrum of compoungc showed
disappearance of band at 3416 cfior hydroxyl group and presence of band at 1717 éon lactone group
confirmed formation oféc. The IR spectrum of compour@ii showed disappearance of band at 3416 ¢on
hydroxyl group and presence of band at 1731 funlactone group indicated formation @d.
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The IR spectrum of compourishowed band at 3843 €nfor hydroxyl group and band at 1734 tifor lactone
carbonyl group confirmed formation df The IR spectrum of compou@ showed disappearance of band at 3843
cm’® for hydroxyl group and presence of bands at 33005, 2946, 2924 and 2851 ¢mnd band at 1733 chfor
lactone group confirmed formation @&. The IR spectrum of compourtth showed disappearance of band at 3843
cm®, while presence of bands at 2918 and 2851 anul band at 1675 for carbonyl group confirmed faiomaof

7b. The IR spectrum of compourfd showed disappearance of band at 3843amd presence of band at 1734tm
for lactone group confirmed formation @€. The IR spectrum of compourvdl showed disappearance of band at
3843 cni while presence of band at 1720 tfor lactone group confirmed formation od.

Anticancer activity

All synthesized coumestan derivatives were screaagainst two melanoma cancer cell lines UACC-908 an
A375M, one breast cancer cell line MCF-7 and fitbasb (FF2441-Precursors of normal cells) to deteemiG,
values of synthesized compounds by MTS Assay ndefB8]. The results are shown in Table-1, Figurant
Figure-2 respectively.

Table 1: | Cs of compounds against melanoma cell lines UACC903 and A375M

cal lines UACC-903 A375M

24h 48h 72h 24h 48h 72h
JS20(3) | 180.8| 191.9| 58.01| 614.3| 266.8 | 112.7
JS-21(3a) | 463.3 | 280.8 | 149.3| 140.1| 269.3| DNC
JS22(3b) | 144.1| 200 | 109.3| 362.3] 2344 270.5
JS23(3c) | 150.8| 126.5] 118.5| DNC | 617.5| DNC
JS24(3d) | 241.5| 240.9| 147.4| 533.2| 623.5| DNC
JS25(4) | 193.5| 145.7| 108.2| DNC | DNC | DNC
JS-26 (4a) | 98.92 | 107.8| 44.95| 218.6 | 237.4| DNC
JS28(4c) | 431.6| 526.3] DNC | 219.0| 605.4| 100.9
JS-29 (4d) | 462.3| DNC | DNC | DNC 386 | 219.3
DNC: Does not calculate

Compound3 showed no significant activity till 48 h then shé@% inhibition up to 72 h against UACC903 celElin
while 57% and 58% inhibition observed after 48h d2dh respectively against A375M cell line. Compo7ia
showed 39% and 47% inhibition after 48 h and 784pectively against UACC903 cell line while 192% geowth

up to 48 h against A375M cell line was observedm@ound7b showed 138% cell growth up to 48 h then show
45% inhibition against UACCY7 cell line while 35%hibition observed up to 48 h and then no signifiecdrange up

to 72 h against A375M cell line. Compouid showed 16% inhibition after 48 h then decreasictividy to 6%
after 72 h against UACC703 cell line. Compoufttishowed no significant activity up to 48 h but trefrow 39%
inhibition up to 72 h against UACC903 cell line.@pound4 showed 25% and 26% inhibition after 48 h and 72 h
respectively against UACC903 cell line. Compo@adshowed no significant activity up to 48 h but tleow 58%
inhibition after 72 h against UACC903 cell line. @pound8c showed 276% cell growth up to 48 h and then 83%
inhibition up to 72 h against A375M cell line. Cooymd 8d showed no significant activity up to 48 h then 43%
inhibition observed against A375M cell line. Compdic and8d were inactive up to 72 h against UACC903 cell
line while compoundc, 7d, 4 and8a were inactive up to 72h against A375M cell lineshewn in Table 1.

All Synthesized compounds showed moderate actagiginst breast cancer cell line MCF-7 inM concentration
as shown in Figure 1. All compounds did not shativdy up to 24 h. Compoun8, 7a and7b showed 23%, 15%
and 12% inhibition up to 48 h but then no significehange in activity up to 72 h for compouhdut compounda
and 7b showed 17%, and 18% inhibition respectively. Whitempoundsrc, 7d, 4, 8a, 8c and 8d showed no
significant change in activity up to 48 h but ttrowed 19%, 19%, 19%, 16%, 16% and 8% inhibitioicup2 h
respectively.

All Synthesized compounds showed moderate actagsinst fibroblast FF2441 in@M concentration as shown in

Figure 2. All compounds were not showing activifyto 24 h. Compound showed 18% inhibition up to 48 h and
23% inhibition up to 72 h. Compounda, 7b, 7c, 7d, 4, 8a, 8c and8d showed no significant change in activity up
to 48 h but then showed 24%, 28%, 35%, 25%, 26%%,33% and 14% inhibition up to 72 h respectively.
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Figure 1: 1Cs of compounds against Breast Cancer cell linesMCF-7

The effect of 5uM of Dr. Soman Compounds on MCF-7 Cell viability 24h, 48h, 72h 8-17-10 to 8-19-10
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o048h|  76.03 102.81 105.57 100.00 | 99.11
072h| 101.57 83.95 86.61 100.00 | 102.62
Dr.Soman Compounds (5uM)
Figure 2: 1Cs of compounds against Fibroblast (FF2441-precur sors of normal cells)
The effect of 5uM of Dr. Soman compounds on FF2441 cell viability 24h, 48h, 72h 8-17-10 to 8-19-10
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CONCLUSION

All coumestan derivatives showed moderate actiitgthoxy and allyloxy coumestan derivatives wergeactive
than methylenedioxy and ethylenedioxy coumestaivatéres. Methoxy derivatives showed better atfithan
allyloxy derivatives. Compoun® showed better activity than other synthesized aamgs against melanoma
cancer cell lines, Breast cancer cell line and dbtast. Some compounds showed activity up to 4&ievsome
compounds were not so active till 48 h but thenashotivity up to 72 h.
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