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Substituted-4-oxo-4H-1-benzopyran-3-carboxaldehydes 2a-h 
have been synthesised in good yields under microwave irradiation 
using Vilsmeier reagent over silica gel in solvent free conditions. 
The reaction takes place within 2-3.5 min. 
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Microwave irradiation has become a very useful tool 
in organic synthesis and a great number of classical 
organic reactions have been successfully carried out 
utilizing microwave dielectric heating technique1. 
Reactions under dry media conditions using inorganic 
solid supports are gaining more attention because of 
their enhanced selectivity and milder conditions than 
those associated with conventional homogeneous 
reaction procedures2,3  

Of the different functionalised chromones, 4-oxo-
4H-1-benzopyran-3-carboxaldehyde (3-formylchrom-
one) is a versatile synthon and the molecules derived 
from it are equally versatile, as starting materials, for 
preparing novel heterocyclic systems possessing 
diverse biological activities4-8. 

Though many methods are known9-12 for the 
synthesis of 4-oxo-4H-1-benzopyran-3-carboxalde-
hydes, the Vilsmeier-Haack reaction5,13 appears to be 
the most suitable. In Vilsmeier-Haack reaction, DMF-
POCl3 plays a dual role of reagent as well as solvent. 
POCl3 is a highly toxic solvent and its large scale use 
is a health and environmental hazard. Keeping this in 
view and the interest in devising clean, efficient and 
environmentally benign techniques14 for synthesising 
organic molecules of synthetic and biological 
importance, herein is reported the synthesis of 

substituted-4-oxo-4H-1-benzopyran-3-carboxaldehydes 
2a-h under microwave irradiation using Vilsmeier 
reagent (V.R.) over silica gel in solvent free 
conditions (Scheme I), which is in continuation to an 
earlier publication15 in this series using DMF-POCl3 

over silica gel for the synthesis of β-chlorovinyl 
aldehydes, 2-aryl-3-formylindoles, 2-chloro-3-formyl-
quinolines and aromatic aldehydes. 

The amount of Vilsmeier reagent and power output 
were adjusted to get the maximum yield of the 
products 2a-h. For optimization of the reaction 
conditions, it has been found that 0.04 mole of 
Vilsmeier reagent per 0.01 mole of the substrate 
furnished the maximum yield. Silica gel (14-16 g) 
was activated by irradiation at 700 W in a microwave 
oven for 5 min before use in the reaction. This, 
alongwith microwave heating at 300 W appeared to 
be the best compromise between efficiency and 
safety, as higher power output led to generation of 
toxic fumes in the oven. 

The reaction times and yields of 2a-h obtained by 
microwave irradiation and classical5 methods have 
been compared in Table I. 

Though the significant reaction rate enhancement 
has been observed, the yields of 2g and 2h cannot be 
improved even under microwave irradiation because 
of the formylation on the benzene ring and formation 
of tarry material5. 

In order to check the possible intervention of 
specific (non-thermal) microwave effect, the 
synthesis of 2a-f was carried out using a preheated 
oil bath, as a source of heat, with the same final 
temperatures and reaction times as measured for the 
microwave irradiation experiments. The lower 
yields obtained with conventional heating indicate 
that the effect of microwaves is not purely thermal 
Table II. 

In conclusion, the Vilsmeier-Haack reaction in 
solvent free conditions, using silica gel as a solid 
support under microwave irradiation provides an 
excellent method for the synthesis of substituted-4-
oxo-4H-1-benzopyran-3-carboxaldehydes. The method, 
which is rapid and efficient, avoids the employment 
of the reagent as solvent and is, thus, environmentally 
benign. Non-thermal effect of microwave iradiation 
has also been observed. 
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Experimental Section 
Melting points were determined in open capillaries 

on Buchi melting point apparatus and are uncorrected. 

The starting o-hydroxyacetophenone derivatives 1b-h 
were prepared by reported methods5,16,17. Reactions 
were carried out in a BPL BMO 800 T domestic 
microwave oven operating at 2450 MHz with 
maximum output power of 800 W. The identity of 
products 2a-h was established on the basis of 
elemental analyses, spectral data and by comparison 
of their melting points with authentic samples 
prepared by known methods.  
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Table I — Comparison of reaction times and yields of 2a-h under microwave irradiation and classical conditions

 
Compd R m.p. Lit. m.p. Reaction Time Yield (%) 

  (°C) (°C) MWI Classical MWI Classical 
    (min) (hr)   

2a H 150-51 152-53a 2.5 13 69 63 
2b 6-Cl 166-67 166-68a 3 10 77 72 
2c 6-Br 190-91 190-93b 3.5 10 65 57 
2d 6-Me 172-73 174-75a 3 14 72 65 
2e 6-OMe 163-64 164-66a 2.5 8 76 62 
2f 6-OEt 134-35  ⎯  2.5 8 78 64 
2g 7-OMe 188-89 188-90a 2 6 20 06 
2h 7-OEt 147-48  ⎯  2.5 7 16 05 

aFrom Ref. 5 
 bAldrich 

 

General procedure for the preparation of 6-
ethoxy-4-oxo-4H-1-benzopyran-3-carboxaldehyde, 
2f  

To a well cooled solution of 5-ethoxy-2-
hydroxyacetophenone 1f (1.8 g, 0.01 mole) in DMF 
(3.1 mL, 0.04 mole), POCl3 (3.68 mL, 0.04 mole) was 
added dropwise with constant stirring and cooling. 
The reaction mixture was then allowed to attain RT. 
Silica gel (15 g) was added to it and properly mixed 
with the help of a glass rod till free flowing powder 
was obtained. The dry powder, taken in a borosil 
beaker (100 mL), was then irradiated in a microwave 
oven at 300 W for 2.5 min (monitored on TLC after 
every 30 s). After cooling, crushed ice was added and 
the mass stirred. It was then extracted with 
chloroform and the organic layer was washed with 
water and dried over anhydrous sodium sulphate. The 

Table II — Comparison of results of synthesis of 2a-f under 
microwave irradiation (MWI) (Power = 300 W) and thermal 

heating (Δ) at the same final temperatures 
 

Compd Method Final 
tempa 

Reaction time Yield 

 (°C) (min) (%)  
 Δ 110-12 2.5 30 

2a MWI 110-12 2.5 69 
2b MWI 112-14 3 77 

 Δ 112-14 3 43 
2c MWI 112-13 3.5 65 
 Δ 112-13 3.5 27 

2d MWI 110-12 3 72 
 Δ 110-12 3 33 

2e MWI 112-13 2.5 76 
 Δ 112-13 2.5 41 

2f MWI 108-10 2.5 78 
 Δ 108-10 2.5 37 

aFinal temperature was measured by immersing a glass 
thermometer in the reaction mixture immediately after exposure 
to microwave irradiation and is the approximate temperature 
range. 
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solid obtained, after removal of the solvent, was 
purified by recrystallization from acetone to afford 2f 
as fluffy white crystals in 78% (1.7 g) yield, m.p. 134-
35°C; IR (KBr): 1690, 1645, 1615, 1580 cm-1; MS: 
m/z (%), 220 (M+ + 2, 10.0), 218 (M+, 9.4), 191 (100), 
162 (85.7), 137 (53.9), 108 (18.5), 79 (22.1), 55 
(23.8); 1H NMR (CDCl3): δ 1.45 (t, 3H,-OCH2 - CH3), 
4.1 (q, 2H, -OCH2 - CH3), 7.1 - 7.35 (m, 2H, C7 - H 
and C8 - H), 7.65 (d, 1H, C5- H, J = 3 Hz), 8.5 (s, 1H, 
C2 - H), 10.4 (s, 1H, - CHO). 
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