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ABSTRACT

EDTA-Catalyzed a simple, fast and efficient eco-friendly green protocol for the synthesis of dicoumarol derivatives
in excellent yields in water at room temperature. This EDTA-catalyzed aqueous reactions of 4-hydroxycoumarin and
various aldehydes avoids the use of expansive, corrosive, toxic solvents and provides several advantages such as
short reaction time and scalable green synthesis.
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INTRODUCTION

Coumarin compounds have gained the remarkable taapoe due to their widespread biological activitesl also
additives to food, cosmetics, and optical brightgriigents [1]. Coumarin ring system is one of tlstnmportant
substructure found in a large number of naturaldpets and pharmacologically active compounds such a
antibiotics [2] and antitumor drugs [3]. Coumarieridatives have recently revealed new biologicdivdies with
interesting potential in therapeutic applicatiorsides their traditional employment as anticoaguéartt sustaining
agents [4, 5]Among the systems studied, the 3,3'-benzyliden@higdroxycoumarin-3-yl)toluene has been tested
as a HIV integrase inhibitor and has shown sigaiftcactivity [6, 7] and it was found that the minim active
pharmacophore consisted of a coumarin dimer cantaian aryl substituent on the central linker méthg [6, 8].
The addition of 4- and 7-hydroxy substituents ia toumarin rings improved the potency of the complsu

Due to their great importance, many synthetic stjigs have been developed. Recently, there areasenethods
reported in the literature for the synthesis ofodimarols from 4-hydroxycoumarin and aldehydes esence of
different catalysts such as AcOH [9], Ma10], ionic liquid [11], silica-supported preyssleanoparticles [12],
phosphotungstic acid [13], heteropolyacids [I4{] [15], tetrabutylammonium bromide (TBAB) [16], silica gel
[17], montmorillonite-KF [18],H,SO, [19], moleculariodine [20],  piperidine [21] and phase transfatalyst
TEBA [22]. However, these methods require prolongeaiction time and exotic reaction condition anthsf
these procedures require the use of toxic orgaoieests, expensive catalysts and tedious workupsTlthe
development of a new method for the synthesisajfudharol derivatives would be highly desirable.

In recent years, synthetic chemists are challetgednsider more environmentally friendly methodisdeneration
of the desired target molecules. Among the 12 fples of green chemistry, the desire for to utilizmafer

solvents” and to “design for energy efficiencytan be considered 2 key principles of relevancayiathetic
chemists [23]. Because of the toxic and volatileureof many organic solvents, water as a readatiedium was
considered a very promising and attractive sulistitor volatile organic solvents and was widelydigethe green
chemistry area since Breslow [24], who showed liyairophobic effects could strongly enhance the oftseveral
organic reactions, rediscovered the use of watersdvent in organic chemistry in 1980s. Thereliean growing
recognition that water is an attractive medium foany organic reactions, resulting in less expensiess
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dangerous, and environmentally friendly reactiomsch as Diels—Alder reactions [25], Claisen reayeament
reactions [26], Reformatsky reactions [27], andapoi-coupling reactions [28].

Presently, EDTA (ethylene diamine tetraacetic abiaye gained special attention as catalyst in acgsynthesis
because many advantages such as excellent sglubiltater, uncomplicated handling, inexpensiverasd eco-
friendly nature. To the best of our knowledge, ¢hés no report of the application of EDTA catalyst the
synthesis of dicoumarol derivatives in aqueous meaid we hope that this will be a very useful,pdénfast and
scalable green protocol for the preparation of dicarol derivatives in water.

EXPERIMENTAL SECTION

All reagents and solvents were of the highest coroialequality purchased from Aldrich & Merk and weused
without further purification'H NMR spectra were recorded on a Bruker AC 460NMR, 400 MHz) spectrometer
with tetramethylsilane (TMS) as an internal stadd@hemical shifts are reported in parts per mill{ppm,3).
Infrared Spectra (IR) was recorded on JASCO IR-2-8pectrometer. CHN analysis was performed on doCar
Erba Strumentazion-Mod-1106 Italy. Purities of gssh compounds are, in all cases, greater than %69,
determined by reverse-phase HPLC analysis. Thierlagromatography (TLC) was performed on pre-coatiéch

gel glass plates (Kieselgel 60, 254, E. Merck, Gery). Chromatograms were visualized by, UV at 26d 365
nm, followed by iodine vapors. Melting points weletermined on Kofler hot-stage apparatus and are uncorrected.

Synthesis

General procedure for the synthesis of dicoumamsivdtives Ba-p): A mixture of 4-hydroxycoumarinlj (2
mmol) and aromatic/heteroaromatic aldehyd#sg) (1 mmol) in 15 mL of water was added EDTA-catal¢E0
mol%) and stirred at room temperature for the appate time mentioned in Table 1. The completionmeasction
was monitored by Thin Layer Chromatography systAfter completion of the reaction, the solid produgtere
collected by filtration methods and washed with Water. Finally the products were recrystallizeahirethanol to
give the desired pure producBa{p).

Table 1. EDTA-catalyzed synthesis of dicoumarol derivatives (3a-p) in water®

OH
AN EDTA
+ R—CHO
0O o) Water / rt, 20-40 min.
1 2a-p
Entry R Product Time (min) Yield (%)
1 CeHs 3a 30 96
4-CHOGCH, 3b 25 93

3 4-CIGH,4 3c 25 95
4 4-HOGH, 3d 30 94
5 2-NQO,CgH4 3e 25 90
6 2-GH4N 3f 30 85
7 2-GH30 39 25 90
8 2,5-(OCH)CeH3 3h 20 98
9 4-N(CH;)-CeH4 3i 20 96
10 H 3 40 85
11 CH 3k 35 80
12 2-OHGH,4 3l 25 92
13 3-CIGH, 3m 20 94
14 -CH=CH-GHs 3n 30 93
15 1-Naphthyl 30 25 90
16 2,4,5-(0OCH);CeH, 3p 20 98

#Reaction conditions: EDTA (10 mol %), 4-hydroxycoumarin (2.0 mmol); Benzaldehyde (1.0 mmol); 15 mL water at RT.

All synthesized compounds were characterized WHHNMR and mass spectrometry. Also the melting moint
recorded were compared with the correspondingplitee melting points and found to be matching.

RESULTSAND DISCUSSION
In this paper, we wish to report a EDTA-catalyzedeyp approach for the synthesis of dicoumarol dérigs in

water at room temperature (Scheme 1). In our instiady, 4-hydroxycoumarin was reacted with benzhjdle in
the presence of NJDAc in water solution under refluxing temperatuog i h and the expected product was
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obtained in 85% yield (Table 2, entry 6). The usether catalysts (Table 2, entries 1-5) does ngiroved the
yields even after several hours in water undeuxrefionditions. However, excellent yield was achiévéhen the
reaction was carried out in presence of EDTA inewatt room temperature and the reaction was coeatpleithin
30 min affording the desired product in 96% yiel@ljle 2, entry 7).

OH
X EDTA
+ R—CHO
o~ o Water / rt, 20-40 min.
1 2a-p

Scheme 1. EDTA Catalyzed Synthesis of Dicoumarol Derivatives in Water.

Table 2. Evaluation of catalytic activity of different catalystsfor the synthesis of dicoumarol (3a) in water

Entry Catalyst Mol (%) Time Yield (%)

1 AcOH 10 °5h 80
2 Ip 10 24 h 75
3 pTSA 10 210 h 65
4 NH,CI 10 210h 60
5 LiBr 10 ?3h 70
6 NH,OAC 10 °1h 85
7 EDTA 10 30 min 96

#Reaction conditions: 4-hydroxycoumarin (2.0 mmol); Benzaldehyde (1.0 mmol); Catalyst (10 mol%); in water (15 mL) under reflux conditions.
PReaction conditions: 4-hydroxycoumarin (2.0 mmol); Benzaldehyde (1.0 mmol); Catalyst (10 mol%); in water (15 mL) at RT.

In order to optimize the EDTA-catalyzed reactioms have evaluate the reaction of 4-hydroxycoumard
benzaldehyde to afforga in various other organic solvents such as@H, dichloromethane and GEIN at room
temperature for 24 h, and percentage of yieldsvarg poor with compare to the water-mediated gneeatocol
(Table 2, entry 7).

This observations encouraged us to expand the soupbgenerality of this standardized EDTA-catalyrealction
methodology in Water, a range of dicoumarol derest3a-p were synthesized starting from 4-hydroxycoumarin
and various aldehydes (Scheme 1 and Table 1, €Atidé) in presence of EDTA in water at room terapee. The
method was found to be equally effective for th@dmnsation of 4-hydroxycoumarin with aromatic aldids
bearing electron-withdrawing3¢, 3e) as well as electron-donatin@h 3p) substituents and heteroaromatic
aldehydes3f and3g) are summarized in Table 1. The yields obtainedifcoumarol derivatives3é-p) were good

to excellent and were in the range of the 80-98%b(d 1, entries 1-16).

Spectral characterization data

Compound3a: White solid (Yield: 96%); Mp: 229-23%; *H-NMR (CDCk) &: 6.23 (s, 1H, CH), 7.23-8.11 (m,

13H, Ar-H), 11.31 (s, 1H, OH), 11.54 (s, 1H, OHC-NMR (CDC}) &: 36.23, 105.69, 116.64, 124.40, 124.87,
126.48, 126.89, 128.64, 132.83, 135.23, 152.54KIR) v: 3423, 3034, 1675, 1612, 1562, 1494, 1443, 1388, 7
cmi’; Anal. caled. for GsH1Os: C, 72.81; H, 3.91. Found: C, 72.79; H, 3.86.

Compounddb: White solid (Yield: 93%); Mp: 246—24%; *H-NMR (CDCL) &: 3.83 (s, 3H, CkD), 6.05 (s, 1H,
CH), 6.85-8.05 (m, 12H, Ar-H), 11.32 (s, 1H, OH}, 33 (s, 1H, OH)**C-NMR (CDC}) &: 35.53, 54.26, 114.06,
116.63, 124.42, 124.84, 126.93, 127.63, 132.78,485835.23, 152.54; IR (KBK). 3453, 3072, 1673, 1614, 1562,
1505, 1454, 1353, 1306, 1254, 765 tmnal. calcd. for GH.s0;: C, 70.58; H, 4.10. Found: C, 70.64; H, 4.13.

Compound3c: White solid (Yield: 95%); Mp: 257—26%C; 'H-NMR (CDCl) &: 6.03 (s, 1H, CH), 7.15-8.11 (m,

12H, Ar-H), 11.32 (s, 1H, OH), 11.56 (s, 1H, OHC-NMR (CDCL) 8: 35.73, 103.73, 105.29, 116.63, 124.42,
124.93, 127.86, 128.83, 132.75, 133.93, 152.54,686466.84, 169.23; IR (KBK). 3425, 3068, 1675, 1613, 1560,
1494, 1489, 1443, 1349, 1274, 1213, 763 cdnal. calcd. for GsH,ClOg: C, 67.20; H, 3.38. Found: C, 67.28; H,
3.42.

Compound3d: White solid (Yield: 94%); Mp: 220-22%; *H-NMR (CDCk) &: 6.22 (s, 1H, CH), 7.03-8.16 (m,

12H, Ar-H), 9.82 (s, 1H, OH), 11.32 (s, 1H, OH),.33 (s, 1H, OH)**C-NMR (CDC}) &: 36.26, 106.12, 116.63,

124.45, 125.07, 126.48, 127.12, 128.64, 132.85,263352.53; IR (KBr): 3340, 3035, 1670, 1607, 1562, 1493,
1443, 1349, 763 cmj Anal. calcd. for GH;607: C, 70.09; H, 3.76. Found: C, 70.14; H, 3.79.
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Compound3e: Yellow solid (Yield: 90%); Mp: 234—238&; 'H-NMR (CDCL) &: 6.53 (s, 1H, CH), 7.26-8.34 (m,
12H, Ar-H); *C-NMR (CDCE) &: 35.56, 114.06, 116.67, 123.38, 124.84, 126.86,61 133.18, 158.46, 135.22,
153.14;IR (KBr) v: 3035, 1660, 1614, 1530, 1505, 1348, 1306, 765;0kmal. calcd. for GH1sNOg: C, 65.65; H,
3.31; N, 3.06. Found: C, 65.72; H, 3.34; N, 2.98.

Compound3f: brown solid (Yield: 85%); Mp: 323-32€; 'H-NMR (DMSO-dy) &: 6.33 (s, 1H, CH), 6.60 (d=2.1
Hz, 2H), 6.67 (ddJ=8.6,J=2.2 Hz, 2H), 7.59 (dJ=8.7 Hz, 2H), 7.88 (dd]=8.1,J=5.7 Hz, 1H), 8.25 (dJ=8.0 Hz,
1H), 8.53 (s, 1H), 8.66 (d=5.6 Hz, 1H), 10.20 (s, 2H, OH); IR (KBv) 3450, 3179, 1685, 1613, 1560, 1404, 760
cm % Anal. calcd. for GH;sNOg: C, 69.73; H, 3.66; N, 3.39. Found: C, 69.76; H33N, 3.42.

Compound3g: Black solid (Yield: 90%); Mp: 200-20%; *H-NMR (CDCl) &: 6.08 (s, 1H, CH), 6.34-6.57 (m,
3H, Furyl-H), 7.32-8.30 (m, 8H, Ar-H), 11.37 (s, 16H), 11.54 (s, 1H, OH)?C-NMR (CDC}) &: 36.25, 104.69,

115.63, 124.83, 126.89, 128.62, 132.85, 135.00,5852R (KBr)v: 3034, 1658, 1602, 1562, 1494, 1349, 768'cm
Anal. calcd. for GzH,1,07: C, 68.66; H, 3.51. Found: C, 68.63; H, 3.48.

Compound3h: White solid (Yield: 98%); Mp: 264—26°C; 'H-NMR (CDCl) &: 3.69 (s, 3H, OCH), 3.86 (s, 3H,
OCHy), 6.13 (s, 1H, CH), 6.74-8.12 (m, 11H, Ar-H), 14.(3, 1H, OH), 11.59 (s, 1H, OHYC-NMR (CDCE) &:

35.73, 55.84, 56. 03, 110.49, 111.34, 116.64, B18194.40, 124.86, 127.53, 132.89, 148.10, 14983,43; IR
(KBr) v: 3436, 3075, 1673, 1612, 1562, 1513, 1450, 1388711254, 765 ciy Anal. calcd. forC,;H,,0s C,

68.43; H, 4.25. Found: C, 68.39; H, 4.23.

Compound3i: White solid (Yield: 96%); Mp: 213-21%; *H-NMR (DMSO-dg) &: 3.23 (s, 6H, 2CH), 6.34 (s, 1H,
CH), 7.23-7.86 (m, 12H, Ar-H))C-NMR (DMSO4s) &: 36.43, 103.69, 116.14, 120.10, 123.46, 124.53,62
131.64, 141.23, 153.10, 164.93, 167.94; IR (KBrB424, 3083, 1665, 1610, 1562, 1523, 1446, 1383051763
cm® Anal. calcd. for G;H,;NOg: C, 71.20; H, 4.65; N, 3.08. Found: C, 71.16; K644 N, 3.03.

Compound3j: white solid (Yield: 85%)Mp: 272—275°C; *H-NMR (DMSO-ds) &: 3.94 (s, 2H, Ch), 7.20 (td, 2H,
J=7.8,J=2.1 Hz, H-6/6"), 7.33 (d, 2H=7.8 Hz, H-8/8"), 7.56 (td, 2H=7.8,J=2.0 Hz, H-7/7"), 7.95 (d, 2H=7.8
Hz, H-5/5";IR (KBr) v: 3647, 3064, 1650, 1596, 1565, 1453, 1344, 763;0hmal. calcd. for GH;,0q: C, 67.86;
H, 3.60. Found: C, 67.89; H, 3.64.

Compound3k: white solid (Yield: 80%); Mp: 173-17%; *H-NMR (DMSO-ds) &: 1.43 (d, 3H,J=5.6 Hz, CH),
4.32 (s, 1H, CH-11), 7.25 (td, 2B857.8,J=2.5 Hz, H-6/6"), 7.33 (d, 2H=7.8 Hz, H-8/8"), 7.41 (id, 2H~=2.3 Hz,
H-7/7"), 7.72 (d, 2HJ)=7.8 Hz, H-5/5]R (KBr) v: 3643, 3059, 1654, 1586, 1563, 1443, 758'cAnal. calcd. for
CyH140s: C, 68.57; H, 4.03. Found: C, 68.53; H, 3.96.

Compound3!: Yellow solid (Yield: 92%); Mp: 252—25%C; *H-NMR (CDCL) &: 6.43 (s, 1H, CH), 7.14-8.13 (m,

12H, Ar-H), 8.60 (s, 1H, OH), 11.28 (s, 1H, OH),.34 (s, 1H, OH)¥C-NMR (CDC}) &: 36.13, 105.73, 116.64,

124.47, 124.85, 126.46, 127.14, 128.64, 133.82,2138.52.57; IR (KBr): 3423, 3035, 1675, 1613, 1564, 1496,
1443, 1347, 765 cm Anal. calcd. for GH;607: C, 70.09; H, 3.76. Found: C, 70.13; H, 3.79.

Compound3m: white solid (Yield: 94%); Mp: 213-21%; *H-NMR (CDCL) &: 6.06 (s, 1H, CH), 7.16-8.14 (m,

12H, Ar-H), 11.32 (s, 1H, OH), 11.58 (s, 1H, OHC-NMR (CDCL) 8: 35.75, 103.76, 105.30, 117.23, 124.42,
124.93, 128.06, 128.83, 132.72, 131.25, 152.53,6B56467.03, 169.24; IR (KBK): 3423, 3065, 1670, 1614, 1565,
1493, 1443, 1350, 1275, 765 ¢mAnal. calcd. for G:H,ClOg: C, 67.20; H, 3.38. Found: C, 67.26; H, 3.43.

Compound3n: Pale yellow solid (Yield: 93%): Mp: 227—230; "H-NMR (CDCL) &: 6.53 (s, 1H, CH), 6.61 (d, 1H,
CH), 6.72 (d, 1H, CH), 7.13-8.14 (m, 12H, Ar-H),.31 (s, 1H, OH), 11.54 (s, 1H, OH})C-NMR (CDCE) &:
36.25, 96. 73, 97.52, 106.68, 116.65, 124.40, 4186.58, 127.84, 128.64, 132.83, 135.26, 15aAB3IKBr) v:
3323, 3034, 3026, 1723, 1672, 1614, 1562, 14439,1386 cm’; Anal. calcd. for GH.s0s C, 73.97; H, 4.14.
Found: C, 73.88; H, 4.09.

Compound3o: Yellow solid (Yield: 90%);Mp: 245-248C; 'H-NMR (DMSO-ds) 5: 6.74 (s, 1H, CH), 7.24-7.32
(m, 5H, Ar-H), 7.35-7.41 (m, 4H, Ar-H), 7.48-7.58,(3H, Ar-H), 7.72 (d, 1HJ=8.8 Hz), 7.83 (d, 2H]=8.8 Hz,
CH); *C-NMR (DMSO4d,) &: 36.23, 106.68, 117.14, 124.40, 124.87, 126.48.8® 127.32, 128.64, 130.16,
132.14, 132.83, 135.23, 152.58R (KBr) v: 3424, 3060, 2973, 1656, 1603, 1562, 1443, 1368, am*, Anal.
calcd. for GgH1406: C, 75.32; H, 3.92. Found: C, 75.26; H, 3.89.

Compound3p: White solid (Yield: 98%); Mp: 270-27%€; *H-NMR (CDCL) &: 3.68 (s, 3H, OCH), 3.83 (s, 3H,
OCH), 3. 92 (s, 3H, CH), 6.14 (s, 1H, CH), 6.73-8.14 (m, 10H, Ar-H), 13(3, 1H, OH), 11.56 (s, 1H, OH)'C-
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NMR (CDCk) &: 35.73, 55.84, 56. 03, 56.73, 110.48, 112.36, 67,6118.94, 124.43, 125.26, 127.59, 132.86,
147.93, 149.24, 152.46; IR (KBv) 3435, 3074, 1670, 1613, 1564, 1513, 1452, 1388311256, 765 cft Anal.
calcd. forC,gH,,0q: C, 66.93; H, 4.41. Found: C, 66.98; H, 4.43.

CONCLUSION

In conclusion, we have developed EDTA-catalyzedpkemfast and efficient eco-friendly synthetic grgeotocol
in water at room temperature and the present metbgy was superior to the literature methods imterof
scalable green synthesis in water.
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