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Phosphotungstic acid is commercially available and 

environmentally benign catalyst to promote the Pechmann 

condensation of various phenols with β-Ketoesters afford 4-

substituted coumarins 3a-g in very good yields. This method is 

practical and provides several advantages.  
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Coumarin and its derivatives are biologically active
1
 

compounds and widely occur in nature. The coumarin 

heterocyclic ring is a common feature of various 

bioactive compounds such as calanolides
2
, lipid-

lowering agents
3
. Recent studies have revealed that 

coumarin and its derivatives exhibit several other 

medicinal applications
4
 such as anticoagulants, 

antifungal, insecticidal, anthelminths, hypnotics, 

phytoalexins, HIV protease inhibitors and AChE 

inhibitors
5
. Coumarins act as intermediates for the 

synthesis of various biologically active molecules 

such as coumarones, chromenes, and 

fluorocoumarins. Thus the synthesis of coumarins is 

of continuing interest.  

Many synthetic methods for coumarins have been 

reported including Perkin
6
, Knoevenegel

7
, 

Reformetsky
8
, Wittig

9
 and Pechmann

10
. 4-

Methylcoumarins were obtained by Pechmann 

condensation, which involves condensation of phenol 

with β-ketoesters using different catalysts such as 

Ionic liquids
11

, InCl3 (Ref.12), ZrCl4 (Ref.13), BiCl3 

(Ref.14), TiCl4 (Ref.15), ZnCl2 (Ref.16), ZnI2 

(Ref.17), Sm(NO3)3 (Ref.18) Bi(NO3)3 (Ref.19), p-

TsOH (Ref.20), KHSO4 (Ref.21), NH2SO3H (Ref.22), 

Zeolites (Ref.23), Zr-TMS (Ref.24), sulfated zirconia 

(Ref.25), alum (Ref. 26), montmorillonite K-10 

(Ref.27) and Pd(0) catalyst (Ref.28). Even though a 

number of modified methods under improved 

conditions have been reported, many of them suffer 

from drawbacks such as unsatisfactory yields, longer 

reaction times and corrosive reagents. Thus, the 

development of an efficient and versatile method for 

the synthesis of coumarins is an active ongoing 

research and there is a scope for further improvement 

toward milder reaction conditions and yields. 

Phosphotungstic acid (H3PW12O40) is a 

heteropolyacid
29

, grayish in colour, non-toxic, 

commercially available and widely used 

heterogeneous catalyst. Phosphotungstic acid is the 

strongest acid
30

 of the heteropolyacids; the heteropoly 

anion (PW12O40-3, Keggin unit) represents the 

structure of HPW, which then forms a bulk structure 

by coordinating to acidic protons. Keggin
30

 types of 

heteropolyacids have been widely investigated 

because of their high structural and thermal studies 

with well defined acidic properties. 

Tungstophosphoric acid (HPW) has been investigated 

by Jalil. et al
31

 using different spectroscopic and 

chemical techniques such as X-ray diffraction (XRD) 

and infrared (IR) spectroscopy indicated the acid 

stability and Izumi et al
29

 reported HPW molecule is 

highly stable up to 600
o
C. Heteropoly acids are 

stronger than the usual mineral acids
32 

such as HCl, 

H2SO4 and HNO3. Solid heteropoly acids are stronger 

than conventional solid acids
33

 such as SiO2/Al2O3, 

H3PO4/SiO2 and HY zeolites. H3PW12O40 has been 

utilized for several organic transformations such as β-

acetamido ketones
34

, 3,4-dihydropyrimidines
35

, 

pyrazolo pyrimidine
36

, reductive amination with 

NaBH4
37

, Michael addition
38

 and thioacetalization
39

. 

Generally the heteropolyacids are reusable catalysts
38

, 

as a continuation of our studies on heteropolyacid
40 

and on synthetic methodologies
41

; herein we report an 

efficient Pechman synthesis of 4-substituted 

coumarins (Scheme I) in very good yields.  

Condensation of resorcinol 1a (1 mole) with ethyl 

acetoacetate 2 (1 mole) in presence of catalytic 

amount of phosphotungstic acid (1 mole %) under 

reflux conditions in toluene (20 min, TLC) resulted in 

the formation of 7-hydroxy-4-methylcoumarin 3a in 

96% yield. Under similar conditions 4-chloromethyl 

and 4-phenyl coumarins were prepared in 78-80% 

yield. Similarly other substituted phenols 1b-g were 

also reacted with ethyl acetoacetate to give coumarins 

3b-g in very good yield and the results were 

summarized in Table I. All the reactions were clean, 
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efficient and the products were obtained within 20-60 

mins. All the products were characterized by 
1
H 

NMR, IR and mass spectra and known compounds 

were compared with those reported in the literature. 

The reaction of 7-hydroxycoumarin and 4-hydroxy 

coumarin with ethyl acetoacetate under similar 

conditions were also taken up but the reaction was not 

preceded, even under high temp. and longer reaction 

times.  

In conclusion, an efficient method is developed for 

the synthesis of coumarins using H3PW12O40 as an 

inexpensive, commercially available, easy to handle, 

environmentally benign and non-corrosive catalyst. 

The advantages of present protocols are the shorter 

reaction times, milder reaction conditions, high yields. 

The present improved modification is convenient and 

attractive to the existing methods for the synthesis of 

4-substituted coumarins. 
 

Experimental Section 
Phosphotungstic acid was obtained from S.D. Fine 

Chemicals Ltd. 
1
H NMR spectra were recorded on 

Varian 200 and Gemini 300 MHz instrument in 

CDCl3, MeOH-d4 and TMS as the internal standard. 

The mass spectra were recorded on VG Micro mass 

7070 H mass spectrometer. The IR spectra were 

recorded on Nicolet 740 FT IR spectrometer. Melting 

points were measured on Buchi-510 apparatus and are 

uncorrected. 
 

Typical experimental procedure 

Resorcinol 1a, (0.5 g, 4.5 mmole), ethyl 

acetoacetate 2, (0.59 g, 4.5 mmole) and 

phosphotungstic acid (1 mol%) were refluxed in 

toluene (10 mL) for 20 min. The reaction-mixture was 

cooled; the solid precipitated was extracted with ethyl 

acetate and the solvent removed under reduced 

pressure to give the 7-hydroxy-4-methyl-2H-1-

benzopyran-2-one 3a in 96% yield. Similarly other 

coumarins were also prepared according to this 

procedure.  

Spectral data 
7-Hydroxy-4-methyl-2H-2-chromenone 3a: 

Solid, m.p.184-86
o
C. 

1
H NMR (300 MHz, CDCl3 + 

MeOH-d4): δ 2.32 (s, 3H, CH3), 5.99 (s, 1H, CH), 

6.60 (d, 1H), 6.71 (dd, 1H, J = 8.7, 2.4 Hz, aromatic), 

7.49 (d, 1H, J = 8.7 Hz, aromatic). Mass: (EI-MS): 
m/e 176 M

+
. 

5,7-dihydroxy-4-methyl-2H-2-chromenone 3b: 

Solid, m.p.281-83°C. 
1
H NMR (300 MHz, CDCl3 + 

MeOH-d4): δ 2.12 (s, 3H, CH3), 5.70 (s, 1H, CH), 

6.17 (d, J = 7.0 Hz, 1H), 6.24 (d, 1H, J = 7.2 Hz, 

aromatic), 9.70 (brs, 1H), 9.90 (brs, 1H). Mass: (EI-
MS): m/e 192 M

+
. 

7,8-dihydroxy-4-methyl-2H-2-chromenone 3c: 

Solid, m.p.236-38
o
C. 

1
H NMR (300 MHz, CDCl3 + 

MeOH-d4): δ 2.38 (s, 3H, CH3), 5.98 (s, 1H, CH), 

6.90 (d, J = 7.6 Hz, 1H), 6.99 (d, 1H, J = 7.8 Hz, 

aromatic), 9.12 (brs, 1H), 9.40 (brs, 1H). Mass: (EI-
MS): m/e 192 M

+
.  

6,7-dihydroxy-4-methyl-2H-2-chromenone 3d: 

Solid, m.p.272-74
o
C. 

1
H NMR (300 MHz, CDCl3 + 

DMSO-d6): δ 2.34 (s, 3H, CH3), 5.92 (s, 1H, H-3), 

6.68 (s, 1H, aromatic), 6.94 (s, 1H, aromatic). Mass: 
(EI-MS): m/e 192 M

+
. 

4,7,8-Trimethyl-2H-2-chromenone 3e: Solid, 

m.p.138-40°C. 
1
H NMR (300 MHz, CDCl3 + MeOH-

d4): δ 2.38 (s, 3H, CH3), 2.42 (s, 6H, 2CH3), 6.20 (s, 

1H, H-3), 7.04 (d, 1H, J = 8.6 Hz, aromatic), 7.30 (d, 

J = 8.7 Hz, 1H, aromatic). 
13

C NMR (75 MHz, CDCl3 

+ MeOH-d4): δ 161.41, 153.11, 141.27, 125.47, 

124.38, 121.10, 117.49, 113.07, 29.44, 19.91 & 18.26. 

IR (KBr): 1710, 1600, 1450, 1240 & 1180 cm
-1

, 
Mass: (EI-MS): m/e 188 M

+
. 

4-Methyl-2H-benzo[h]-chromen-2-one 3f: Solid, 

m.p.153-55°C. 
1
H NMR (300 MHz, CDCl3 + MeOH-

d4): δ 2.48 (s, 3H, CH3), 6.46 (s, 1H), 7.66-7.82 (m, 

4H, aromatic), 7.95-8.16 (m, 1H, aromatic), 8.32-8.36 

(m, 1H, aromatic). IR (KBr): 3024, 1710, 1575, 1238 

& 1046 cm
-1

; Mass: (EI-MS): m/e 210 M
+
. 
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Table I  H3PW12O40 catalyzed synthesis of 4-substituted coumarins 
 

S. No. Substrate 1 Time (min) 2 Product 3 Yield (%)a 
 

a

b

c

d

e

f

g

OHO

R

O

OHHO

20

R = CH3,

R = CH2Cl,
R = Ph

96

80

78

OHO O
OHHO

25

OH
OH

94

OHO O

OHHO

30
94

OH

88

OHH3C

88

CH3

OH

60 82

OH
O

O

OH3C O

40

OHO OHO

40

OH

HO HO

CH3

60 80

OH
O

O

OMe
OMe

________________________________________________________________________  

a) All the products were characterized by 1H NMR, IR & MS and compared with authentic compounds 
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6-Methoxy-4-methyl-2H-benzo[h[chromen-2-one 
3g: Brown solid, m.p.: 135-38

o
C; IR (KBr): 1724 (C = 

O), 1595, 1453, 1242, 1109 cm
-1
;
 1
H NMR (CDCl3, 300 

MHz): δ 2.48 (s, 3H, CH3), 4.06 (s, 3H, OMe), 6.40 (s, 

1H, H-3), 6.78 (s, 1H, Ar), 7.60-7.70 (m, 2H), 8.36 (d, 

1H, J = 4 Hz, Ar), 8.60 (d, 1H, J = 4 Hz, Ar),
 13

C NMR 

(CDCl3, 75 MHz): δ 162.20, 158.62, 145.24, 146.10, 

131.22, 126.46, 128.20, 124.82, 122.64, 123.22, 115.00, 

115.02, 56.42, and 20.24. EI-MS: m/z 240 [M
+
]. 

Anal.Calcd..For C15H12O3: C, 75.00; H, 5.00. Found: C, 

75.03; H, 4.97%. 

 
Acknowledgement 

The authors are thankful to the Director, IICT for 

constant encouragement.  
 

References 
1 Kennedy R O & Thomas R D, Coumarins: Biology, 

Applications and Mode of action, (John Willey and Sons, 

Chichester), 1997. 

2 Sharma G V M, Ilangovan A, Narayanan V L & Gurjar M K, 

Tetrahedron, 59,  2003, 95. 

3 Madhavan G R, Balraju V, Mallesham B, Chakrabarti R & 

Lohray V B, Bioorg Med Chem Lett, 13, 2003, 2547. 

4 4 Raad I, Terreux R, Richomme P, Matera E-L, Dumontet C, 

Raynaud J & Guilet, J Bioorg Med Chem, 14, 2006, 6979. 

5 Rao J M, Raju B C, Srinivas P V, Babu K S, Yadav J S, 

Raghavan K V & Nath C, Coumarins as AChE inhibitors, US 

& Indian Patent applied 2004. 

6 Donnelli B J, Donnelli D M X & Sullivan A M O, 

Tetrahedron, 24, 1968, 2617. 

7 Bigi F, Chesini L, Maggi R & Sartori G, J Org Chem, 64, 

1999, 1033. 

8 Shirner R L, Org React, 1, 1942, 1. 

9 Yavari I, Hekmat-Shoar R & Zonuzi A, Tetrahedron Lett, 39, 

1998, 2391. 

10 Sethna S M & Phodke R, Org React, 7, 1953, 1. 

11 (a) Potdar M K, Mohile S S & Salunkhe M M, Tetrahedron 

Lett, 42, 2001, 9285. (b) Potdar M K, Ralsakar M S, Mohile S 

S & Salunkhe M M, J Mol Catal A, 235, 2005, 249. (c) Gu Y, 

Zhang J, Duan Z & Deng Y, Adv Synth Catal, 347, 2005, 512. 

12 Bose D S, Rudradas A P & Haribabu M, Tetrahedron Lett, 43, 

2002, 9195. 

13 Dasu B G, Narendar P, Raju B C & Rao V J, J Chem Res, 7, 

2004, 480.  

14 De S K & Gibbs R A, Synthesis, 2005, 1231. 

15 Valizadeh H & Shockravi A, Tetrahedron Lett, 46, 2005, 

3501. 

16 Helavi V B, Solabannavar S B, Salunkhe R S & Mane R B, J 

Chem Res, 2003, 279. 

17 Chavan S P, Shivasankar K, Sivappa R & Ramesh K, 

Tetrahedron Lett, 43, 2002, 8583. 

18 Bahekar S B & Shinde D B, Tetrahedron Lett, 45, 2004, 7999. 

19 Alexander V M, Bhat R P & Samant S D, Tetrahedron Lett, 

46, 2005, 6957. 

20 Qian J & Jishuan S, J Chem Res, 2005, 486.  

21 Sugino T & Tanaka K, Chem Lett, 2001, 110. 

22 Singh R P, Singh D U & Samant S D, Synlett, 2004, 1909. 

23 (a) Gunnewegh E A, Hoefnagel A J & Bekkum H V, J Mol 

Catal, 100, 1995, 87. (b) Laufer M C, Hausmann H & 

Holderich W F, J Catal, 218, 2003, 315. 

24 Selvakumar S, Chidambaram M & Singh A P, Catal Commun, 

8, 2007, 777. 

25 (a) Reddy B M, Patel M K & Lakshmanan P,J Mol Catal, 256, 

2006, 290. (b) Rodriguez-Dominguez J C & Kirsch G, 

Tetrahedron Lett, 47, 2006, 3279. (c) Reddy B M, Reddy V R 

& Giridhar V, Synth Commun, 31, 2001, 3603. 

26 Dabiri M, Baghbanzadeh M, Kiani S & Vakilzadeh, 

Monatshefte fur Chemie, 138, 2007, 997. 

27 Frere S, Thiery V & Besson T, Tetrahedron Lett, 42, 2001, 

2791. 

28 Kadnikov D V & Larock R C, Org Lett, 2, 2000, 3643. 

29 Izumi Y, Urabe K & Onaka M, Zeolite, clay and heteropoly 

acids in organic Reactions; VCH: Tokyo, 1992. 

30 Solny L W, Jarzebski A B, M-Bialon J, Turek W, Ujma Z, 

Kudla A, Gibas M & Zak J, Appl Catal A, 285, 2005, 79. 

31 Jalil P A, Faiz M, Tabet N, Hamdan N M & Hussain Z, Jl of 

Catal, 217, 2003, 292. 

32 Okuhara T, Mizuno N & Misono M, Adv Catal, 41, 1996, 113. 

33 Misono M, Misono N, Katamura K, Kasai A, Konishi Y, 

Sakata K, Tokuhara & Yoneda Y, Bull Chem Soc Jpn, 55, 

1982, 400. 

34 Rafiee E, Shahbazi F, Joshaghani M & F Tork, J Mol Catal A, 

242, 2005, 129. 

35 Gopal Mishra B, Kumar D & Rao V S, Catal Commn, 7, 2006, 

457. 

36 Heravi M M, Rajabzadeh G, Bamoharran F F & Seifi N, J Mol 

Catal A, 256, 2006, 238. 

37 Heydari A, Khaskar S, Akbari J, Esfandyari M, Pourayoubi M 

& Tajbakhsi M, Tetrahedron Lett, 48, 2007, 1135. 

38 Firouzabadi H, Iranpoor N & Jafari A A, Synlett, 2, 2005, 299. 

39 Firouzabadi H, Iranpoor N & Amani K, Synthesis 2002, 59. 

40 Babu K S, Raju B C, Kumar S P, Mallur S G, Reddy S V & 

Rao J M, Synth Commun, 35, 2005, 879.  

41 (a) Raju B C & Rao J M, Indian J Chem, 46B, 2008, 623. (b) 

Raju B C, Neelakantan P & Bhalerao U T, Indian J Chem, 46B, 

2007, 201. (c) Babu K S, Raju B C, Srinivas P V & Rao J M, 

Tetrahedron Lett, 44, 2003, 2525. (d) Babu K S, Raju B C, 

Srinivas P V, Kumar S P & Rao J M, Chem Lett, 32, 2003, 704. 

 


