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Abstract

3-Substituted coumarins were prepared by the Knoevenagel reaction of 2-hydroxybenzaldehyde derivatives and
2-hydroxy-1-naphthaldehyde in the presence of ammonium aceteate on basic alumina or silica gel under
microwave irradiation. High yields, low reaction times, being environmentally friendly, elimination of organic
base and solvent are advantages of this method.

Introduction

Coumarins substituted at C-3 are an important class of organic compounds which are used in pharmaceutical
chemistry as intermediates in the synthesis of pesticides and bioactive compounds (1). Coumarins have wide
range of activities, i.e anthelmintic, hypnotic and insecticidal properties (2a), anticoagulant (2b), coronary and
fluorescent brighthners (2c), photographical sensitizers and fluorescent dyes (3). Naphtho-[2, 1-b]-pyran-3-oxo
have shown antimicrobial (4a) antiinflammatory (4b) and anticancer activities (4c).

In view of the biological importance of coumarin derivatives, we have developed a new method for rapid
synthesis of these compounds. There are many methods for the synthesis of coumarins (5) such as Perkin
reaction (6), Pechmann reaction (7), Knoevenagel reaction (8), Reformatsky (9) and Wittig reaction (2a, 2c,
10).

Solvents are often expensive, toxic, difficult to remove from reaction mixture and are environmentally
polluting agents. Solvent-free condition under microwave irradiation as an efficient method in organic synthesis

(11) has several advantages i.e. cleaner reaction, shorter reaction time and ease of manipulation.
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We wish to report here, ammonium acetate on basic alumina (12) or silica gel. as highly etticient catalysts
for the synthesis of coumarins via Knoevenagel condensation of salicylaldehyde derivatives and 2-hydroxy-1-
naphthaldehyde with ethyl and methyl malonate in solvent-tree condition under microwave irradiation.

Reaction conditions and yields are shown in Table 1.
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Table 1: Synthesis of coumarins catalyzed by ammonium acetate-basic alumina
or silica gel under microwave irradiation.

Time (min) Yield%*
Product R | X silica basic silica basic
gel | alumina | gel | alumina

3a Me H 2 2 93 94
3b Et H 3 3 78 76
3¢ Me Br 8 8 65 68
3d Et Br 8 8 65 70
3e Me NO, 15 15 55 58
3f Et NO; 5 15 53 55
5a Me H 2 2 88 90
5b Et H 3 8 77 81

*[solated yield.
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Results and discussion

Recently, solid catalysts have been used tor the synthesis of coumarins. Hydrotalcite as a basic surface in retlux
condition in toluene under inert atmosphere catalyzed Knoevenagel condensation of various phenols with 2-
substituted ethyl acetates. The uncalcined catalyst gave low yield with ethyl malonate (13). Meanwhile, natural
kaolinitic clay (EPZG, EPZI10) are solid catalysts which exhibit both Bronsted and Lewis acid characteristics
catalyzed Knoevenagel condensation focused microwave irradiation (14).

In the classic approach. cyclocondensation of salicylaldehyde and 2-hydroxy-Il-naphthaldehvde requires
many hours with heating in ethanol or other solvents in reflux condition in the presence of a base (15). In
contrast, the same reaction required 2-15 minutes when carried out under microwave irradiation. Previously this
reaction has been carried out under microwave irradiation in the presence of piperidine as catalyst (16)
However, the method reported here, is simpler with easy work up. All compounds are known and their identity
were characterized on the basis of IR, and "H-NMR spectra. The IR spectra showed absorption at 1710-1730
cm’ due to the lactone moiety of the coumarin ring. In the '"H-NMR spectra, the singlet at 8.20-9.20 ppm was
assigned to the H-4 proton of coumarin skeleleton. Comparing the results shown in Table 1, we noted that the

best yields were achieved with basic alumina (55-94%) that is comparable with classic method.

Conclusions

In conclusion we have developed a general, rapid and solvent-free protocol for the synthesis of coumarins via
Knoevenagel condensation of 2-hydroxyaldehydes with methyl or ethyl malonate catalyzed by ammonium
acetate. It has simple set-up and work-up and is environmentally friendly and the results are comparable to
other methods. Some of these compounds have biological activity. This method offers a practical alternative to

conventional bases and the process itself is environment friendly.

Experimental:

Melting points were measured on an Electrothermal melting point apparatus and are uncorrected. IR spectra
were recorded with a Shimadzu IR-408 spectrometer (KBr). 'H-NMR spectra were determined in chloroform-d
solution on a FT-NMR Bruker AC-80 (80 MHz) and reported in ppm. We used a domestic microwave oven
(Moulinex 2735A) at 2450 MHz (100% power 850W) under the conditions shown in Table 1.
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General procedure for preparation of Coumarins (3a-3d, Sa, Sb):

2-Hydroxyaldehyde (3 mmol), ethyl or methyl malonate (3 mmol), ammonium acetate (23| mg, 3 mmol)
and basic alumina or silica gel (3 g) were mixed thoroughly in a mortar. The reaction mixture was placed in a
beaker and irradiated under the conditions shown in Table 1. The progress of reaction was monitored by TLC

using (petroleum ether:CH,Cl; = 30:70). The mixture was extracted into methylenechloride (3x30 ml) then

tiltered and washed with water. the organic phase was removed under reduced pressure by rotary evaporator.
Further puritication by column chromatography on silica gel gave the desired product. Crystallization was
carried out in EtOH.

2-Oxo-2H-1-benzopyran-3-carboxylic acid methyl ester (3a):

m.p.= 116 °C [lit (17) =117 °C]; 'H-NMR (CDCls, § ppm): 3.90 (s, 3H. OCH3), 7.28-7.80 (m, 4H. Ar), 8.50 (s,
IH. H-4); IR (KBr.cm™): 1750 (C=0), 1700 (C=0), 1610 (C=C), 1560 (C=C).
2-Oxo-2H-1-benzopyran-3-carboxylic acid ethyl ester (3b):

m.p.= 92 °C [lit (16¢) =92 °C]; "H-NMR (CDCls, & ppm): 1.75 (t, 3H, J=7.20 Hz, CH3), 4.20 (q, 2H, J=7.20 Hz,
CHa), 7.10-7.70 (m, 4H, Ar), 8.20 (s, 1H, H-4); IR (KBr, cm™): 1750 (C=0), 1700 (C=0), 1610(C=C),
1560(C=C).

6-Bromo-2-o0x0-2H-1-benzopyran-3-carboxylic acid methyl ester (3¢):

'H-NMR (CDCls, 8ppm): 3.80 (s, 3H, OCHj), 7.00-7.70 (m, 4H, Ar), 8.30 (s, 1H, H-4); IR (KBr, cm™): 1755
(C=0), 1700 (C=0), 1620 (C=C), 1550 (C=C).

6-Bromo-2-oxo-2H-1-benzopyran-3-carboxylic acid ethyl ester (3d):

m.p.= 163 °C [lit(18)=166 °C], "H-NMR (CDCls, & ppm): 1.30 (t, 3H, J=7.20 Hz, CH,), 4.20 (q, 2H, J=7.20 Hz,
CH,), 7.10-7.70 (m, 3H, Ar), 8.30 (s,1H, H-4); IR (KBr, cm™): 1750 (C=0), 1700 (C=0), 1610 (C=C), 1560
(C=C).

6-Nitro-2-oxo0-2H-1-benzopyran-3-carboxylic acid methylester (3e):

'H-NMR (CDCl;, 8 ppm):, 3.90 (s, 3H, OCH;), 7.40-8.60 (m, 3H, Ar), 8.50 (s, 1H, H-4); IR (KBr, cm™): 1760
(C=0), 1700 (C=0), 1620 (C=C), 1570 (C=C), 1530, 1350 (NO,).
6-Nitro-2-oxo-2H-1-benzopyran-3-carboxylic acid ethylester (3f):

m.p.= 190 °C [lit(19)=193 °C]; 'H-NMR (CDCls, & ppm): 1.40 (t, 3H, J=7.20 Hz, CHy), 4.40 (q, 2H, J=7.20
Hz, CH;), 7.40-8.60 (m, 3H, Ar), 8.50 (s, I|H, H-4); IR (KBr,

cm™'): 1760 (C=0), 1700 (C=0), 1620 (C=C), 1570 (C=C), 1530, 1350 (NO,).
3-Oxo-3H-naphto|2,1-b]pyran-2-carboxylic acid methyl ester (5a):

m.p.= 159 °C; 'H-NMR (CDCl;, 8 ppm): 3.90 (s, 3H, OCHs), 7.30-8.30 (m, 6H, Ar), 9.20 (s, 1H, H-4); IR
(KBr, cm™): 1740 (C=0), 1680 (C=0), 1610 (C=C), 1550 (C=C).
3-Oxo0-3H-naphto|2,1-b]pyran-2-carboxylic acid ethyl ester (5b):
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m.p.= 117 °C [lit (16¢) =118 °C]; "H-NMR (CDCl;, § ppm): 1.40 (t, 3H, J=7.10 Hz, CHj), 3.90 (q. 2H, J=7.10
Hz. CH.), 7.20-8.20 (m, 6H, Ar). 9.30 (s, IH, H-4); IR (KBr, cm™): 1750 (C=0), 1700 (C=0), 1610 (C=C),
1560 (C=C).

Acknowledgement

We are grateful to the research council of K.N.Toosi University of Technology for financial support.

References

I. R. OKennedy and R. D. Thornes; Coumarins, John Wiley & Sons Ltd, New York, 1997, pp. 1-267.

[\

. (@) R. S. Mali S., N. Yeola and B. K. Kulkarni, Indian J. Chem., 22 B, 352 (1983).
(h) L. A. Singer and N. P. Kong, J. Am. Chem. Soc. 88, 5213 (1966). (¢) N. S. Narasimhan, R. S. Mali and
M. V. Barve; Synthesis, 906 (1979).

(V5]

. (a)J. D. Kendal, H. R. J. Waddington and G. F. Duffin; Chem. Abstr., 55,
21927 (1961). (b) P. Loew (Ciba-Geigh A.-G.); Chem . Abstr. 87, 18608 (1977).
(c) H. Hagen and R. D. Kohler (BASF A.-G.); Chem. Abstr, 95, 187261 (1981).
(d) R. Rane, H. Harnish and K. H. Drexhage; Heterocycles, 21, 167 (1984).

4 (a) A. Hammand, A. S. El-Sayed, I. E. Islam and N. Shafik; J. Chem . Soc. Pak
12, 292 (1990). (h) G. M Kulkarni, H. V. Kulkarni, V. D. Patil, D. B. Shridhar and
M. Laxmana; Rev. Roum. Chim , 35, 549 (1990). (c) R. G. Harvey, C. Cortex, T. P.
Ananthanarayan and S. Schmolka; J. Org. Chem. 53, 3936 (1988).

5. L. Tietze and V. Beifuss; Comprehensive Organic Synthesis (Eds.: B. M. Trost,
[, Fleming), Pergamon Press, Oxford, Vol II, 341 (1991).

6. J. R. Johnson; Org. React. 1, 210 (1942).

7. (a) S. Sethna and R. Padke; Org. React., 7, 1(1953). (5) Tong-Shuang Li, Zhan-Hui Zhang, Feng Yang
and Cheng-Guang Fu; J. Chem. Research(s), , 38 (1998).
8. (a) G.Jones; Organic React., 15, 204 (1967). (b) Gianluca Brufola, Francesco Fringuelli, Oriano Piermatti

and Ferdinando Pizzo, Heterocycles, 43, 1257 (1996).
71



Vol. 7, No. 1, 2001 One pot preparation of coumarins by knoevenagel condensation in solvent fiee
Condition under microwave irradiation

9. R L. Shirner; Org. React. I, 1 (1942).
10. 1. Yavari, R. Hekmat-Shoar and A. Zonouzi; Tetrahedron Letters, 39, 2391 (1998).

1. (a) R. A. Abramovich; Org Prep. Proced. Int. 23, 683 (1991). () D. M. P. Mingos and D. R. Baghurst;
Chem. Soc. Rev. 20, 1 (1991). (¢) S. Caddick: Tetrahedron, 51, 10403 (1995). (/) C. R. Strauss and R.W.
Trainer; Aust. J. Chem. 48, 1665 (1995). (¢) A Loupy, A. Petit, J. Hamelin, F. Texier-Boullet, P.
Jacquault and D. Mathe; Synthesis, 1213 (1998). (f) R. S. Varma, Green Chem., 1, 43 (1999). (¢} R. S.

Varma, Clean Products and Processes, I, 132 (1999).
12. S Balalaie and N. Nemati; Synthetic Commun., 30, 869 (2000).
13. A. Ramani, B. M. Chanda, S. Velu and S. Sivasanker; Green Chem., 1, 163 (1999).
14, B. P Bandgar, L. S. Uppalla and D. S. Kurule; Green Chem., 1, 243 (1999).
15. E.C Horning, M.G. Horning and D. A Dimming; Org. Synthesis; Coll. Vol III, 165 (1955).

6. (a) A. K. Bose, M. S. Manhas, M. Gosh, V. S. Raju, K. Tabei and Z. Urbanczyk-Lipkowska;
Heterocycles, 30, 741 (1990). (h)R. N. Gedye, J. B. Wei, CanJ. Chem., 76, 525 (1998). (¢) D. Bogdal, J ;
Chem. Res.(s), 468 (1998).

17. Beilstein; Handbuch der Organischen Chemie, Band 18, I, 493.

18. N. P. Buu-Hoti, T. B. Loc and N. D. Xuong, Bull. Soc. Chim. France, 561 (1957).

19. H. Yasuda and H. Midorikawa; Bull. Chem. Soc. Japan, 39, 1754 (1966)

Received on December 8, 2000

72



