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Introduction 

Coumarins [1] and their derivatives form an elite class of compounds, occurring and important role in the region of 

natural product and synthetic organic chemistry. The coumarins have variable biological activities like inhibition of 

platelet aggregation, [2] anticancer, [3] antibacterial, [4] anti-inflammatory, [5] antipyretic, antifungal [6] and also 

reported for exhibiting photochemical properties. [7] 

Biscoumarins is an important class of coumarins derivatives due to their pronounced pharmacological activities. 

[8–11] In literature survey, different methods are reported for synthesis of biscoumarins from 4-hydroxycoumarins 

and substituted aromatic aldehydes in various catalyst like Ruthenium (III) chloride [12], Nanosilica chloride [13], 

Cobalt (II) chloride [14], Trichloroacetic acid [15], DBSA [16], Cellulose sulphuric acid [17], Magnesium oxide 

nanoparticles [18] etc. 

In continuation of our research study, [19–23] here, we report the synthesis of biscoumarins by simple grinding 

technique at room temperature catalysed by EPZ-10 as a biodegradable green catalyst with the help of 4-

hydroxycoumarins and aromatic aldehydes. Envirocat EPZ-10 is the clay catalyst, have many advantage like Ease of 

handling, non-corrosiveness, low cost, regeneration etc. This clay catalyst having strong Lewis acid site as promising 

surface for developing new synthetic methods for heterocyclic compounds. [24–27] 

Experimental 
General  

All the compounds used in synthesis were of analytical grade, the melting points of the compounds were determined 

in open head capillary and are uncorrected. The IR spectra of the compounds were recorded in the region of 4000-400 
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cm-1 by using KBr pallet on FT-IR Perkin spectrophotometer. 1H NMR spectra were recorded on a DRX-300 Bruker 

FT-NMR spectrophotometer in CDCl3. Satisfactory elemental analysis was obtained on a Perkin Elmer CHN 

analyzer. The values of chemical shift are expressed in δ ppm as a unit. All the compounds were checked for purity by 

thin layer chromatography (TLC). 

Chemistry 

A series of biscoumarins derivatives (3a-3j) has been synthesised by condensation of substituted aromatic aldehydes 

with 4-hydroxy coumarins with the help of commercially available EPZ-10 as a clay catalyst by simple grinding 

technique with mortar and pestle at room temperature. All the synthesised biscoumarins derivatives were 

characterised on the basis of their spectral and analytical studies.  

General method 
Synthesis of Biscoumarins derivatives were prepared by following method. 

A mixture of 4-hydroxy coumarin (0.021 mol, 3.40 gm), substituted aromatic aldehydes (0.01 mol) and EPZ-10 (20 

mol %) was mixed into a mortar and grind by pestle for the period of appropriate time (Table 1) the completion of 

reaction was monitor by TLC, after completion of reaction, 10 mL of ethyl acetate was added to mixture and 

extracted, organic layer was filtered to removed clay catalyst, organic layer evaporated to obtained solid product, 

followed by recrystallization using proper solvent. Synthetic pathway for preparation of biscoumarin compound is as 

shown in scheme 1. Physical data of synthesised compounds given in Table 2.  

Table 1 Optimisation of reaction conditionb for synthesis of biscoumarin (3g) using EPZ-10 catalyst by simple 

grinding technique. 

Entry Catalyst Mol % Time (min.) Yielda ( %) 

1.  Silica 20  10  55 

2.  AlCl3 20  10  82 

3.  ZnCl2 20  10 67 

4.  EPZ-10 20  10 93 
5.  Montmorillonite 20  20  70 

6.  PMA 20  20  40 

7.  BF3:OEt2 20  12  32 

8.  EPZ-10 05  20  53 

9.  EPZ-10 10  20  69 

10.  EPZ-10 30  05  90 
a Isolated yield, b reaction condition: 4-hydroxy coumarins (1, 0.021 mol), 4-bromo benzaldehyde (2, 0.01 mol) and EPZ-10 catalyst, grinding at 

r.t. 
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Scheme 1 Synthesis of biscoumarin derivatives by simple grinding techniques using EPZ-10 as clay catalyst. 

3,3'-(benzylidene)-bis-[4-hydroxycoumarin] (3a): Yield 89 %; IR (KBr, cm-1): 3034, 1652, 1608, 754; 1H NMR 

(300 MHz, CDCl3): δ 6.18 (s, 1H, CH), 6.82 to 7.56 (m, 13H, Ar), 10.72 (br s, 2H, OH) ppm. 
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Table 2 Physical data of biscoumarin derivatives. 

Compound R Molecular  

Formula 

Molecular  

Weight 

M.P. ( ͦC)  

(Reported [28])  

Yield (%) 

3a Ph-H C25H16O6 412 230 (231-34) 89 

3b Ph-4-NO2 C25H15NO8 457 233 (232-34) 72 

3c Ph-2-Cl C25H15ClO6 446 221 (224-26) 90 

3d Ph-4-Cl C25H15ClO6 446 251 (254-56) 92 

3e Ph-4-OMe C26H18O7 442 247 (246-48) 88 

3f Ph-2-Br C25H15BrO6 491 251 (256-58) 95 

3g Ph-4-Br C25H15BrO6 491 268 (266-68) 93 

3h Ph-4-Me C26H18O6 426 265 (266-68) 85 

3i Ph-2-OH C25H16O7 428 253 (254-56) 91 

3j Ph-4-OH C25H16O7 428 222 (222-24) 93 

3,3'-(4-Nitrobenzylidene)-bis-[4-hydroxycoumarin] (3b): Yield 72 %; IR (KBr, cm-1): 3033, 1652, 1615, 
1529,1347, 761; 1H NMR (300 MHz, CDCl3): δ 6.56 (s, 1H, CH), 7.13 to 8.38 (m, 12H, Ar), 11.22 (br s, 2H, OH) 

ppm. 

 

3,3’-(4-Methoxybenzylidene)-bis-[4-hydroxycoumarin](3e): Yield 88 %; IR (KBr, cm-1): 3443, 2926,1668, 

1606,1563, 1510 ,767; 1H NMR (300 MHz, CDCl3): δ 3.71 (s, 3H, OCH3), 6.31 (s, 1H, CH), 6.80–7.93(m, 12H, Ar), 

8.16–8.78 (m, 2H, OH) ppm. 

 

3,3'-(4-Methylbenzylidene)-bis-[4-hydroxycoumarin](3h): Yield 85%; IR (KBr, cm-1): 3445, 3073, 1671, 1618, 

1606, 1565, 1351, 763; 1H NMR (300 MHz, CDCl3): δ 2.23 (s, 3H, CH3), 6.20 (s, 1H, CH), 7.01-7.89 (m, 12H, Ar), 

11.86 (br s, 2H, OH) ppm. 

Result and Discussion 

Series of reactions arranged by keeping focus on verifying utility spectrum of heterogeneous catalyst by grinding 

method and using 4-hydroxy coumarin and 4-bromo benzaldehyde as model reaction. Various solid catalysts were 

used and found that EPZ-10 is most prominent among them, obtaining significant yield and easy to removed from 

reaction. Further, to optimizing amount of catalyst for biscoumarin synthesis, EPZ-10 used in various proportion 

(Table 1 Entry 8, 9, 10). Decreasing amount of catalyst to 5 and 10 mol % reaction yield was fall down with 

essentially increase in reaction time, whereas on increasing catalyst upto 30 mol % no significant improvement has 

observed in yield of product. Further derivatisation of synthesis of biscoumarin was done by found optimized 

condition, 20 mol % of EPZ-10 catalyst and grinding at room temperature for 10 minutes. All compounds were 

synthesised according to scheme 1 and characterised by comparison of their spectral data with reported literature.[28]  

Conclusion 

Herein, we report the synthesis of biscoumarin derivatives of 4-hydroxy coumarins and substituted aromatic aldehyde 

in the presence of EPZ-10 catalyst by simple grinding technique at room temperature. This present green approach 

offers several advantages such as, excellent yield, short reaction time, simple reaction procedure with solvent free 

condition by using commercially available green biodegradable EPZ-10 as a clay catalyst. 

We believe that, this method found to be useful addition to present methodologies for the synthesis of biscoumarin 

derivatives. 
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