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CHAPTER-I

GENERAL INTRODUCTION

HETEROCYCLIC COMPOUNDS:-

Compounds classified as heterocyclic probably constitute the largest and most

varied family of organic compounds. After all, every carbocyclic compound, 

regardless of structure and functionality, may in principle be converted into a

collection of heterocyclic analogs by replacing one or more of the ring carbon

atoms with a different element. Even if we restrict our consideration to oxygen, 

nitrogen and sulfur (the most common heterocyclic elements), the permutations

and combinations of such a replacement are numerous.  

Moreover, heterocycles are of immense importance not only both

biologically and industrially but to the functioning of any developed human society

as well. Their participation in a wide range of areas cannot be underestimated. The

majority of pharmaceutical products that mimic natural products with biological

activity are heterocycles. Most of the significant advances against disease have

been made by designing and testing new structures, which are often hetero

aromatic derivatives. In addition, a number of pesticides, antibiotics, alkaloids, and

cardiac glycosides are heterocyclic natural products of significance for human and

animal health. Therefore, researchers are on a continuous pursuit to design and

produce better pharmaceuticals, pesticides, insecticides, rodenticides, and weed

killers by following natural models. A significant part of such biologically active

compounds is composed of heterocycles. These compounds play a major part in

biochemical processes and the side groups of the most typical and essential

constituents of living cells. Organic chemists have been engaged in extensive

efforts to produce these heterocyclic compounds by developing new and efficient

synthetic transformations. Among the new synthetic transformations, 

cyclocondensation reactions are among the most attractive methodologies for

synthesizing heterocyclic compounds.1,2 In the past, most of the reactions have

been heated using traditional heat transfer equipment such as oil baths, sand baths

and heating jackets. These heating techniques are however, rather slow and



temperature gradient can develop within the sample. In addition overheating can

lead to product, substrate and reagent decomposition. 

Microwave Irradiation Technique:-

In the past few years there has been growing attention on the use of microwave

heating in organic synthesis since the first contributions by Gedye and Giguere in

1986.3,4 It has several advantages over conventional technology such as remarkable

decrease in the time necessary to carry out reactions, improved isolated yields of

products and sometimes remarkable effects on chemo-, regioand stereoselectivity. 

It also appears that microwaves have a specific 'microwave effect' that lowers the

activation energy of a reaction. Thus, microwave mediated organic reactions take

place more rapidly, safely, environmentally friendly and with high yields. 

The first application of microwave energy in organic synthesis is the

aqueous emulsion polymerization of butyl acrylate, acrylic acid and methacrylic

acid using pulsed electromagnetic radiation.3 After that, several groups have

demonstrated that chemical synthesis may be dramatically accelerated using MW

irradiation. The superheating conditions caused by this kind of heating, lead

directly to acceleration in the reaction times compared with conventional reflux

conditions. 

Microwave irradiation takes a particular place being an emerging technique

that provides an alternative to conventional heating for introducing energy into



chemical reactions by using the ability of some liquids and solids to transform

electromagnetic energy into heat. With microwaves, the heating is created in the

interior of the sample and is then radiated outward. This is contrast with

conventional heating, where the heat is generated in the outer region and directed

towards the center. 

In a MW oven, microwaves are generated by a magnetron5 was designed by

Randall and Booth at the University of Birmingham as part of the development of

RADAR during the Second World War. 

Microwaves form a part of the electromagnetic spectrum with the wavelength lying

between 1 cm and 1 m. In order to avoid interference with radar and

telecommunication activities, which also operate in this region, most commercial

and domestic microwave ovens operate at 2450 MHz (12.25cm). The difference

between microwave energy and other forms of radiation, such as X- and Y-rays, is

that microwave energy is non-ionizing and therefore does not alter the molecular

structure of the compounds being heated-it provides only thermal activation. 

Microwave Synthesis on Solid Supports

Microwave heating for carrying out reactions on solids has also attracted

considerable attention in recent years. For such 'dry media' reactions, solid

supports such as alumina, silica and bentonite, montmorillonite clays and zeolites

have been investigated. Although this technique seems best suited to

transformations involving a single organic species, condensation reactions have

also been reported.  

In many cases microwave mediated reactions can also be done in the

complete absence of solvents! Therefore, toxic and expensive organic solvents can

be avoided for carrying out many organic reactions. Such reactions not only reduce

the amount of waste solvent generated, but the products often need very little

purification. These processes will hopefully be adapted by big industries and will

therefore reduce the pollution of the environment. 



Advantages of MW Heating6. 

Very fast heating

Absence of inertia: only the reaction contents are heated, not the reaction

vessel. 

Easy to use, power regulator is easy with instantaneous on and off. 

Better homogeneity in temperature with quick transfer of energy in the

whole mass without superficial heating. 

The selective heating of polar molecules. 

Decrease in reaction time.  

Improved conversions.  

Clean product formation and wide scope for the development of new

reaction conditions. 

Microwave chemistry is becoming increasingly popular both in industry and

in academia. The future for the application of microwave technology looks

bright because of its efficiency and its potential to contribute to clean

products.  

Multicomponent Reactions:-

In chemistry, a multi-component reaction (or MCR) is a chemical reaction where

three or more compounds react to form a single product.7 By definition, 

multicomponent reactions are those reactions whereby more than two reactants

combine in a sequential manner to give highly selective products that retain

majority of the atoms of the starting material.

Multicomponent reactions have been known for over 150 years. The first

documented multicomponent reaction was the Strecker synthesis of -amino

cyanides in 1850 from which -amino acids could be derived. 

In MCR, a product is assembled according to a cascade of elementary

chemical reactions. Thus, there is a network of reaction equilibria, which all finally

flow into an irreversible step yielding the product. The challenge is to conduct an



MCR in such a way that the network of pre-equilibrated reactions channel into the

main product and do not yield side products. The result is clearly dependent on the

reaction conditions: solvent, temperature, catalyst, concentration, the kind of

starting materials and functional groups. Such considerations are of particular

importance in connection with the design and discovery of novel MCRs.8  

New MCR's are found by building a chemical library from combinatorial

chemistry or by combining existing MCR's.9 For example, a seven component

MCR results from combining the Ugi reaction with the Asinger reaction.10 MCR's

are an important tool in new drug discovery. 



CHAPTER –II

SYNTHESIS OF OCTAHYDROQUINAZOLINONE

DERIVATIVES USING AMMONIUM METAVANADATE

(NH4VO3) AS A CATALYST

INTRODUCTION:-  

In recent years, the Biginelli reaction has been employed for the synthesis of
octahydroquinazolinones, which used cyclic -diketones instead of open-chain
dicarbonyl compounds. These octahydroquinazolinone derivatives have attracted
considerable attention since they exhibit potent antibacterial activity against
staphylococcus aureus, escherichia coli, pseudomonas aeruginosa11 and have
calcium antagonist activity.12,13

Several methods have been developed for the preparation of quinazolinone
derivatives. These routes usually involved reaction of aldehydes with SOCl2 and
pyridine, then with 2-aminobenzylamine in a refluxing solvent such as benzene or
xylene with azeotropic water removal,14 refluxing in ethanol/acetic acid mixture15

and by reaction in alkali media.  

There are very few reports for the synthesis of octahydroquinazolinone derivatives
using catalysts such as TMSCl,16 Nafion-H,17 Conc. H2SO4

18 and ionic liquid.9

Octahydroquinazolinone derivatives are also synthesized in absolute ethanol but
with low yields of products (19-69%).12 However, many of these procedures suffer
from one or more disadvantages such as harsh reaction conditions, prolonged time
period, poor yields, use of hazardous and expensive catalysts. So the development
of a clean, high-yielding and environmentally friendly approach is still desirable. 
The use of ammonium metavanadate (NH4VO3) as an inorganic acid20 meets the
demand for an economic catalyst. It is employed similar to vanadium pentoxide21

and as a catalyst in oxidation reactions with other cocatalysts.22 It is a reagent used
in analytical chemistry, the photographic industry and the textile industry.21 Gill
and coworkers reported the synthesis of benzimidazole23 and coumarin24 in the
presence of ammonium metavanadate. Very recently, we have reported the
synthesis of -hydroxyphosphonates25 and -aminophosphonates26 using
ammonium metavanadate as a catalyst in good yields.  



During the last few years, ‘non-classical’ methods have been developed in
organic synthesis in order to improve both yields, selectivity and experimental
conditions.27 Especially the use of microwave technology in conjunction with the
use of solvent-free conditions allows expeditious and efficient procedures in
organic synthesis.28-31 However, great interest has been focused recently on “dry
media” synthesis using inorganic solid supports under microwave-irradiation. The
coupling of a microwave heating mode with the use of solid acid has allowed the
synthesis of several organic compounds, with higher purity of products and very
simplified ease of manipulation and work-up. They clearly constitute an eco-
friendly ‘green’ approach.32

Literature survey reveals that a number of octahydroquinazolinone
derivatives have been synthesized by Biginelli reaction conditions using various
aldehydes but not a single reference have been found where microwave–irradiation
has been used

. 

Literature Review of Octahydroquinazolinone Derivatives:-

Bin et al. developed33 a simple, efficient and green procedure for the synthesis of
octahydroquinazolinone derivatives by Biginelli-type three-component
cyclocondensation reactions of cyclic -diketones, aldehydes and (thio)urea with
p-TsOH catalysis in water (Scheme 1). 

X=O, S

Scheme 1



Kumar et al. have reported34 an easy and efficient protocol for the synthesis of

octahydroquinazolinones in the ionic liquids [bmim]Br with 78-94% yield

(Scheme 2). 

Scheme 2

Patel et al. have synthesized35 some new octahydroquinazolinones by the reaction

between corresponding tetrazolo [1,5-a]quinoline-4-carbaldehyde, dimedone or

cyclohexane-1, 3-dione and urea in the presence of concentrated HCl in ethanol

(Scheme 3). 

Scheme 3



Shingare et al. have synthesized36 pyrimido [4,5d]pyrimidine derivatives by using

an efficient, facile and solvent free procedure. Here, a non conventional synthetic

procedure has been developed where solid support of alumina is used as energy

transfer medium under microwave irradiation (Scheme 4).  

Scheme 4

Lin et al. described17 Nafion-H catalyzed multicomponent reaction for synthesis of

octahydroquinazolinone derivatives with 72-88% yield (Scheme 5). 



Islami and co-workers have synthesized18 octahydroquinazolinone according to the

Biginelli reaction using 5,5-dimethyl-1,3 cyclohexanedione, urea or thiourea and

appropriate aromatic aldehydes in the presence of two drops of concentrated

H2SO4 as a catalyst is described in water (Scheme 6). 

Scheme 6

Kantevari et al. described16 a simple, efficient and cost-effective method for the

synthesis of octahydroquinazolinone derivatives by a one-pot cyclocondensation of

dimedone and aldehydes, with and without urea or thiourea respectively in the

presence of trimethylsilyl chloride (TMSCl) in MeCN/DMF which gives 71-95%

yield (Scheme 7). 



Present Work:-

In present work we described the one-pot three component synthesis of
octahydroquinazolinone derivatives from aromatic aldehydes, dimedone and
urea/thiourea using ammonium metavanadate as a catalyst under microwave-
irradiation gives excellent yield 4(a-l).

Scheme I

Experimental:-

General Procedure

A mixture of aromatic aldehydes 1(a-l) (1 mmol), dimedone 2 (1 mmol)
urea/thiourea 3 (1.5 mmol) and ammonium metavanadate (10 mol%) was mixed
properly with the help of glass rod and irradiated in a microwave oven at 360 W, as
time indicated in Table 4. The progress of the reaction was monitored by TLC
(ethyl acetate: hexane, 7:3). After completion of the reaction, the reaction mixture
was cooled and dichloromethane (25 mL) was added. Organic solvent was
evaporated under reduced pressure and solid compound was crystallized from
absolute ethanol to afford the pure corresponding octahydroquinazolinone
derivatives 4(a-l) in excellent yields. All the products were characterized from
their spectral data. 



Results and Discussion:-

In continuation of our research work of developing methods in various organic
transformations, we have developed a methodology for the synthesis of
octahydroquinazolinone derivatives using ammonium metavanadate, which makes
use of mild catalyst under microwave-irradiation and solvent-free conditions
(Scheme 1). 

The reaction of benzaldehyde (1a), dimedone (2) and urea (3) catalyzed
by ammonium metavanadate under solvent-free conditions and microve-
irradiation, has been considered as a standard model reaction. 

We also screened a number of different catalysts on the model reaction. 
When the reaction was carried out in the presence of KH2PO4, alum, acidic
alumina, amberlite-IR 120, sulphamic acid, cellulose sulfuric acid under
microwave-irradiation it gave lower yield of product even after prolonged reaction
time. However, when the same reactions was conducted under microwave
irradiation using ammonium metavanadate as a catalyst it gave excellent yields of
product in short reaction time (Table 1, entry 6). 

We have studied the catalyst concentration on model reaction. We have
varied the concentration of catalyst to 5, 7, 10, and 12 mol%. The results revealed
that, when the reaction was carried out in the presence of 5 and 7 mol% of catalyst
it gave lower yield of product even after prolonged reaction time. At the same time
when the concentration of catalyst was 10 mol% we got excellent yields of product
in a short span. Even after increasing the catalyst concentration at 12 mol%, the
yields of the products were found to be constant. So, the use of 10 mol% of
catalyst appears to be optimal. The results obtained are summarized in (Table 2). 

Moreover, we investigated the effect of different microwave power
settings such as 180, 360, 540 and 720 W. It was observed that, the irradiation at
low power required longer time and at high power suffered from lower yield. This
indicates the irradiation at 360 W gives better result (Table 3, entry 2). 

After optimizing the conditions, the generality of this method was
examined by the reaction of several substituted aldehydes, dimedone and
urea/thiourea using ammonium metavanadate as a catalyst under microwave-
irradiation, the results are shown in Table 4. We have carried out the similar
reaction with various aromatic aldehydes containing electron donating or electron
withdrawing functional groups at different positions but it did not show any
remarkable differences in the yields of product and reaction time. It was observed



that the reaction of aromatic aldehydes with urea is very fast as compared to
thiourea. The results obtained in the current method are illustrated in Table 4.  

The role of NH4VO3 has been proposed to activate the aldehyde by
binding the oxygen atom of aldehyde with vacant‘d’ orbital of transition metal
vanadium to achieve the stable oxidation state, Along with this we recovered the
catalyst and reused for further reactions.37

Table 1. Screening of Catalysts on the Model Reactiona

Entry Catalysts Time (min) Yieldb (%)

1 KH2PO4 15 20

1 Alum 15 65

2 Acidic alumina 15 52

3 Amberlite IR-120 15 68

4 Sulphamic acid 15 54

5 Cellulose sulfuric acid 15 63

6 Ammonium
metavanadate

15 94

aReaction of benzaldehyde, dimedone and urea in presence of ammonium
metavanadate under microwave-irradiation and solvent-free condition. 
bIsolated yield. 

Table 2. Effect of Catalyst Concentration on Model Reactiona

aReaction of benzaldehyde, dimedone and urea in presence of ammonium
metavanadate under microwave-irradiation and solvent-free condition. bIsolated
yield.  

Entry Catalyst (mol%) Yielda (%)

1 5 52

2 7 65

3 10 94

4 12 94



Table 3. Effect of Microwave Irradiation Powers for Synthesis of
Octahydroquinazolinone Derivaties 4aa

Entry Power (W) Time (sec) Yield (%)b

1 180 70 87

2 360 50 94

3 540 40 86

4 720 30 82

a (1 mmol) was treated with dimedone (1 mmol) and urea (1.5 mmol) in presence
of ammonium metavanadate (10 mol %) under microwave irradiation. bIsolated
yield. 

Table 4. Synthesis of Octahydroquinazolinone Derivatives Catalyzed by
Ammonium Metavanadate Under Microwave-Irradiationa. 

Entry R-CHO X Time
(min)

Yieldb

(%)
M.p (°C)

4a H O 6 94 290-293
4b 4-Cl O 5 92 >300
4c 3-OMe, 4-OH O 8 88 193-195
4d 3-NO2 O 7 92 298-299
4e 3-OMe O 8 86 248-249
4f 3-Cl O 7 85 282-284
4g 4- NO2 O 5 93 302-304
4h 4-F O 7 90 134-136
4i H S 10 87 283-285
4j 4-OMe S 12 83 275-276
4k 3-Cl S 10 85 275-276
4l 4-Br S 11 86 286-288

aReaction Condition: 1 (a-l) (1 mmol), 2 (1 mmol), 3 (1.5 mmol) ammonium
metavanadate (10 mol%), under microwave-irradiation. bIsolated yield. All the
products obtained were fully characterized by spectroscopic methods such as, 1H
NMR and mass spectroscopy and also comprised with the reference compounds.16. 

  



Spectral Data:-

N
H

NH

O

O

Cl

4-(4-chlorophenyl)-3,4,7,8-tetrahydro-7,7-dimethylquinazoline-2,5(1H,6H)-
dione (4b)

1H NMR Spectra:
1H NMR spectrum of compound 4b showed following characteristic signals. 

1.2  singlet  6H  due to -CH3

2.4  singlet  4H  due to CH2

5.5  singlet  1H  due to –CH

7.0-7.2  doublet  4H  due to Ar-H

11.9  singlet  2H  due to -NH



Mass Spectra:  

The mass spectrum of compound 4b showed following signals. 

m/z: 305.6 (M+1). 





Conclusions:-

In conclusion, ammonium metavanadate (NH4VO3) is a readily available, 
inexpensive and efficient catalyst for the synthesis of octahydroquinazolinone
derivatives. The advantages offered by this method are solvent-free reaction
conditions, short reaction times, ease of product isolation, and high yields. We
believe that this method is a useful addition to the present methodology for the
synthesis of octahydroquinazolinone derivatives.



CHAPTER -III

SOLID-PHASE SYNTHESIS OF 2-ARYLBENZOTHIAZOLE
USING SILICA SULFURIC ACID UNDER MICROWAVE

IRRADIATION

INTRODUCTION:-

Benzothiazole and their derivatives are very important groups of heterocyclic
compounds38 and are well known for their biological and pharmaceutical activities, 
such as antimicrobial,39 antiglutamate/antiparkinsonism agents40 and antitumour,41

which exhibit nanomolar inhibitory activity against a range of human breast, 
ovarian, colon and renal cell lines in vitro. In addition, they represent one of the
most promising antiamyloid therapies for treatment of a number of a
heterogeneous family of diseases referred to generically as amyloidosis, including
Alzheimer’s disease (AD), type II diabetes, variant Creutzfeldt-Jakob disease, 
painful joints associated with long term hemodialysis and rare cases of hereditary
insomnia.42,43

In general, benzothiazoles are synthesized by condensation of 2-
aminothiophenol with carboxylic acid derivatives,44 the base induced cyclization of
the corresponding 2 haloanilides,45 or the radical cyclization of
thioacylbenzanilides.46 On the other hand, the most general synthetic approaches
for 2-aryl benzothiazoles involves: (i) arylation of benzothiazole with aryl
bromides at 150 °C in a sealed tube catalyzed by Pd(OAc)2, Cs2CO3 and CuBr with
t-Bu3P as ligand,47 or Suzuki biaryl-coupling of 2-bromobenzothiazole with aryl
boronic acids,48 (ii) oxidative cyclisation of phenolic schiff’s bases derived from
the condensation of 2-aminothiophenols and aldehydes using various oxidants such
as Sc(OTf)3 using molecular oxygen,49 pyridinium chlorochromate50 and very
recently via electrooxidation,51 a modification of such strategy that involves flash
vacuum pyrolysis and photolysis of 2-methylthio-N (arenylidene)anilines has been
reported,52 (iii) condensation of 2-aminothiophenols with carboxylic acids under
microwave irradiation53 or with polymer-bound esters in the presence of a Lewis
acid,54 (iv) direct condensation of 2-aminothiophenol with aromatic aldehydes,55,56

under microwave-irradiation.57-59 However, most of these synthetic approaches
suffer from drawbacks such as harsh reaction conditions, lengthy procedures, 
expensive catalysts which may be harmful to the environment. As a consequence, 
the introductions of new methods to overcome the limitations are still an important
challenge. 



The science of green chemistry is developed to meet the increasing
demand of environmentally benign chemical processes. The application of
microwaves (MWs), as an efficient heating source for organic reactions and it has
been reported in the literature.60 The main advantages of MW irradiation usage
were: very short reaction time and the solvent less procedures which are eco-
friendly.61,62 To the best of our knowledge MW irradiation has been mostly
reported as a heating technique particularly for low molecular weight compound
chemical modifications. 

Recently, it is shown that the use of solid acidic catalysts has gained
importance in organic synthesis due to several advantages such as, operational
simplicity, no toxicity, reusability and ease of isolation after completion of the
reaction. Silica sulfuric acid has emerged as an efficient heterogeneous catalyst in
which sulfuric acid is immobilized on the surface of silica gel via covalent bond
has the prospect to be used as a substitute for sulfuric acid. The use of silica
sulfuric acid as a catalyst that meets the demand for various chemical
transformations such as synthesis of thionitrites,63 synthesis of Beckmann
rearrangement,64 deprotection of acetals65 and sulfonation of aromatic rings.66

Owing to the numerous advantages associated with this cheap and non hazardous
catalyst, we have considered silica sulfuric acid to be an ideal heterogeneous acid
catalyst for the synthesis of 2-arylbenzothiazole. Herein, we would like to report
the facile and ecofriendly methodology for the synthesis of 2-arylbenzothiazole. 

Literature Review of 2-Arylbenzothiazole:-

Fan et al. have developed67an efficient, practical and environmentally benign
method for the synthesis of 2-substituted benzothiazoles through RuCl3-catalyzed
oxidative condensation of 2-aminothiophenol with aldehyde in ionic liquid by
using air as the oxidant (Scheme 1). 

Scheme 1



Lande et al. synthesized68 benzothiazole derivatives with a cheap and recyclable
ZnO-beta zeolite as catalyst which gives 86-93% yields (Scheme 2).

Scheme 2

Ranu et al. generated69 Palladium nanoparticles, as an efficient catalyst for direct
2-C–H arylation of benzothiazole without requirement of any ligand. A wide range
of substituted aryl and heteroaryl iodides participate in this reaction producing a
series of 2-aryl/heteroaryl-benzothiazoles in high yields (Scheme 3). 

Scheme 3

Mane and coworkers carried out70 the cyclocondensation of 2-aminothiophenol and
aldehydes in dichloromethane using bakers’ yeast as a catalyst for obtaining 2-
aryl/heteryl benzothiazoles in good yields 51-84% (Scheme 4). 

Scheme 4

Perumal et al. providing71an efficient and convenient method for the synthesis of
2-arylbenzothiazoles using pyridinium chlorochromate (PCC) supported on silica
gel effects the oxidative cyclization of structurally diverse thiophenolic Schiff’s
bases (Scheme 5).  

Scheme 5



Naimi-jamal et al. have prepared55b variety of 2-arylbenzothiazoles by the melt
reaction of 2-aminothiophenol and aryl aldehydes under oxygen atmosphere. No
further oxidative reagent is needed (Scheme 6). 

Scheme 6

Chandramouli et al. have synthesized72 benzthiazoles by condensing a variety of
carboxylic acids with 2-aminothiophenol under ambient conditions using the ionic
liquid 1-butyl 3-methyl imidazolium tetraflouroborate [(bmim)BF4] at higher
temperatures in excellent yields (Scheme 7). 

Scheme 7

Guo et al. have described73 a simple and efficient procedure for the synthesis of
substituted benzothiazoles through condensation of 2-aminothiophenol with
aromatic aldehydes in the presence of H2O2/HCl system in ethanol at room
temperature (Scheme 8). 

Scheme 8



Bahrami and co-workers has described74 the solvent-free synthesis of 2-
arylbenzimidazoles and 2-arylbenzthiazoles from aldehydes and 1,2-
phenylendiamine/2-aminothiophenol in the presence of H2O2/CAN at 50 °C gives
92-98% yields. (Scheme 9). 

Scheme 9

Present Work:-

In present work we have synthesize the 2-arylbenzothiazole by the condensation of
2-aminothiophenol with aromatic aldehydes using silica sulfuric acid as a catalyst
under microwave-irradiation to gave the product 3(a-j) in excellent yield.

Scheme I

Experimental:-

General procedure:

A mixture of 2 aminothiophenol (1 mmol), aldehyde (1 mmol) and silica sulfuric
acid (100 mg) were taken in a beaker (50 mL). The reaction mixture was mixed
properly with the help of glass rod and irradiated in a microwave oven at 45W, for
the time indicated in Table 2. The progress of the reaction was monitored by TLC
(ethyl acetate: hexane, 7:3). After completion of the reaction, the reaction mixture
was cooled and dichloromethane (25 mL) was added. The catalyst was filtered
from the reaction mixture; it was then washed with water (10 cm3) and dried over
anhydrous CaCl2. The filtrate was concentrated under vacuum to obtain the product
3(a-j). All the products were characterized from their spectral data. 



Results and Discussion:-

In continuation of our research work on the development of novel synthetic
methodologies, using solid acid catalyst and microwave irradiation techniques, 
herein, we have developed methodology for the synthesis of 2-arylbenzothiazole
using silica sulphuric acid which makes use of mild catalyst under solvent-free
condition over the reported procedure as depicted in (Scheme I). Here we have
carried out the reaction of 2-aminothiophenol (1) and 4-methoxy benzaldehyde
(2a) catalyzed by silica sulfuric acid under microwave irradiation, it has been
considered as a standard model reaction.

We have screened a number of different catalysts on model reaction, 
herein, the result revealed that, when the reaction was carried out in the presence of
KH2PO4, NH4VO3, acidic alumina, amberlite-IR 120, sulphamic acid under
microwave-irradiation it gave lower yield of product even after prolonged reaction
time. While at the same time, when the model reaction was carried out under reflux
condition it gave comparatively low yields of products. However when the same
reactions was conducted under microwave irradiation using silica sulfuric acid as a
catalyst it gave excellent yields of product in short reaction time (Table 1, entry 6). 

After optimizing the catalyst, the generality of this method was
examined by the reaction of 2-aminothiophenol and several substituted
aryl/heteroaryl aldehydes using silica sulfuric acid as a catalyst under microwave-
irradiation, the results are shown in Table 2. Here, we have found that both
aldehydes bearing electron-donating substituents (Table 2, entries 1, 5) and
electron-withdrawing (Table 2, entries 3, 4) substituents gave desired
benzothiazoles in excellent yields. With both electron withdrawing and electron
donating groups the reaction proceeds smoothly, with a slight increase in the yield
when the aryl substituents was an electron withdrawing group. It can be seen
further that 2-arylbenzothiazole bearing nitro functionality on the aryl ring was
obtained in good yields (Table 2, entries 3, 4). This method is also applicable for
the reaction of heteroaromatic aldehyde with 2-aminothiophenol affording the
corresponding 2-heteroaryl benzothiazoles in better yields (Table 2, entries 9, 10). 
The synthesized compounds were compared (MS and 1H NMR) with compounds
that were prepared by using the literature method.18 This comparison revealed that
the compounds synthesized by this newly developed method were exactly similar
in all aspects to the reference compounds. The developed methodology is simple
with good to excellent yields. 

Our attention was then directed towards the possibility of reusability of
catalyst is highly preferable for greener process. The reusability of the catalyst in



the model reaction was checked as shown in (Table 3). The separated catalyst can
be reused after washing with CHCl3 and dried over anhydrous CaCl2. The catalyst
was removed in excellent yields and was used in mentioned reaction for five times, 
the observation revealed that as the number of the recycle of catalyst increases the
activity decreases. 

Table 1. Screening of Catalysta

Entry Catalyst Under MW Under reflux

Time(mi) Yieldb

(%)
Time(h)   Yieldb       

     (%)

1 KH2PO4 10 32 5 26

2 NH4VO3 10 53 5 46

3 Acidic Al2O3 10 57 5 45

4 Amberlite-IR 120 10 64 5 51

5 Sulphamic acid 10 70 5 58

6 Silica sulfuric acid 10 91 5 76

aReaction conditions:- 1 (1 mmol), 2a(1 mmol), Catalyst (100 mg), bIsolated yield



Table 2. Synthesis of 2-Arylbenzothiazolea

Entry Product Ar Time (min)
Yield
(%)b M.P (ºC)18

1 3a 4-OCH3-C6H4 9 91 120-122

2 3b C6H5 12 90 113-114

3 3c 3-NO2-C6H4 8 92 181-182

4 3d 4-NO2-C6H4 7 94 226-228

5 3e 2-OCH3-C6H4 12 89 103-105

6 3f 2-Cl-C6H4 9 87 72-74

7 3g 4-Br-C6H4 8 91 133-134

8 3h 4-Cl-C6H4 10 90 116-118

9 3i 2-Thienyl 9 91 100-102

10 3j 2-Pyridyl 10 92 135-136

aReaction conditions:- 1 (1 mmol), 2 (a-j) (1 mmol), catalyst (100 mg). 
bIsolated yield. All the compounds characterized by their spectroscopy method
1H NMR, Mass and melting point and compare to their authentic sample 18

Table 3. Synthesis of 2-Arylbenzothiazoles 2a with Recovery of Catalysta. 

Cycle Fresh First Second Third Fourth

Yield (%)b 91 88 85 79 76

aReaction conditions:- 1 (1 mmol), 2a(1 mmol), Catalyst (100 mg), bIsolated yield



Spectral Data:-

N

S
OCH3

2-(4-methoxyphenyl)benzo[d]thiazole (3a)
1H NMR Spectra:
1H NMR spectrum of compound 3a showed following characteristic signals.

3.87  singlet   3H  due to –OCH3

7.12  doublet  2H  due to -Ar-H

7.43  triplet   1H  due to –Ar-H

7.53  triplet   1H  due to -Ar-H

8.11  doublet  2H  due to –Ar-H

8.01-8.10 multiplet  2H  due to –Ar-H



Mass Spectra:  

The mass spectrum of compound 3a showed following signals m/z: 242.1 (M+1).





Conclusions:-

In conclusion, silica sulfuric acid was found to be an efficient catalyst for the

reaction of 2-aminothiophenol and several substituted aryl/heteroaryl aldehydes to

afford the corresponding 2-arylbenzothiazole in good to excellent yields. The main

advantages of the present synthetic protocol are mild, solvent-free conditions, 

ecofriendly catalyst and easy reaction work-up procedure. It is expected that the

present methodology will find application in organic synthesis.



CHAPTER VI

SYNTHESIS OF AMIDOALKYL NAPHTHOLS USING 1-

HEXANESULPHONIC ACID SODIUM SALT

INTRODUCTION:-

During last 10 years our interest in an efficient and economical techniques for the
preparation of some organic synthones has promoted the research in the field of
microwave irradiation.75-77 The use of such non-conventional reaction conditions
reveals several features like: a short reaction time compared to conventional
heating, ease of work-up after a reaction and reduction in the usual thermal
degradation and better selectivity.78-79 In recent years some important reviews, 
concerning study of microwave assisted organic reactions, have been published.80-

81 Solvent-free methods are specially adapted to green chemistry principles.82

When coupled to microwave irradiation, they result in very efficient and clean
procedures with noticeable improvements over classical methods.

Multi-component reactions (MCRs) play an important role in
combinatorial chemistry because of its ability to synthesize small drug-like
molecules with several degrees of structural diversity.83 A MCR is defined as three
or more different starting materials that react to form a product, where most, if not
all of the atoms are incorporated in the final product. This reaction tool allows
compounds to be synthesized in a few steps and usually in a one-pot operation.84

Another typical benefit from these reactions is simplified purification, because all
of the reagents are incorporated into the final product. 

Compounds bearing 1,3-amino oxygenated functional groups are
ubiquitous to a variety of biologically important natural products and potent drugs
including a number of nucleoside antibiotics and HIV protease inhibitors, such as
ritonavir and lipinavir.85 The preparation of 1-amidoalkyl-2-naphthols can be
carried out by condensation of aryl aldehydes, 2-naphthol and acetonitrile or
ethaneamide in the presence of Lewis or Bronsted acid catalysts such as
montmorillonite K10 clay,86 Ce(SO4)2,

87 iodine,88 K5COW12O40.3H2O,89 p-toluene
sulfonic acid (p-TSA),90 sulfamic acid,91 cation-exchanged resins,92 silica-sulfuric
acid,93 SiO2-HClO4

94 and NaHSO4.H2O.95



Some of these methods, however, suffer from drawbacks, which include
the use of hazardous materials, commercially non-available or highly corrosive and
difficult-to-handle reagents, long reaction times, low yields, drastic reaction
conditions and tedious workup procedures. 

A search of the literature revealed that the 1-hexanesulphonic acid sodium
salt96 liberates corresponding acid with extreme wide applications such as
sulphonation of alkanes97 etc. However, there are very few reports using hexane
sulphonic acid sodium salt as a catalyst in the organic transformation.98 For the
first time we herein report the use of 1-hexane sulphonic acid sodium salt for the
synthesis of amidoalkyl naphthols under microwave-irradiation and solvent-free
condition. 

Literature Review of Amidoalkyl Naphthols:-

Hajra et al. have synthesized99 2-amidoalkyl and 2-carbamatoalkyl naphthol
derivatives through a one-pot three-component condensation of 2-naphthol, 
aldehydes and amide or carbamates in the presence of zwitterionic-type molten salt
as mild organocatalyst under solvent-free conditions which gives 74-90% yield
(Scheme 1). 

Scheme 1



Khazaei et al. have prepared100 1-amidoalkyl-2-naphthols via one-pot three-
component condensation reaction of 2-naphthol, arylaldehydes and acetonitrile
(Ritter type reaction) in the presence of catalytic amount of trityl chloride at room
temperature (Scheme 2). 

Scheme 2

Khedri et al. have described101 an efficient, green and simple solvent-free method
for the synthesis of 1-amidoalkyl-2-naphthols via one-pot multi-components
condensation of 2-naphthol, aromatic aldehydes and amides in the presence of
catalytic amount of silica-supported molybdatophosphoric acid
(H3PMo12O40.xH2O/SiO2, 3.17 mol%) (Scheme 3). 

Scheme 3

Shinde and coworkers synthesized102 -amidoalkyl- -naphthols by the three-
component reaction of -naphthol, aromatic aldehydes and amide or urea in the
presence of a catalytic amount of oxalic acid under solvent-free conditions
(Scheme 4). 

Scheme 4



Sabitha et al. have synthesized103 amidoalkyl naphthol derivatives in a one-pot
condensation of -naphthol, aromatic aldehydes and urea in presence of
TMSCl/NaI at room temperature (Scheme 5). 

Scheme 5

Gokavi et al. reported104 one pot synthesis of amidoalkyl naphthol by condensation
of aromatic aldehydes, 2-naphthol and amide/urea using silicotungstic acid under
solvent-free reaction conditions (Scheme 6). 

Scheme 6

Ghorbani and coworkers have synthesized105 amidoalkyl naphthols from -
naphthol, aromatic aldehydes and urea using N,N,N,‘N’-Tetrabromobenzene-1,3-
disulfonamide [TBBDA] as a reusable catalyst under solvent-free conditions
(Scheme 7). 

Scheme 7



Kusurkar et al. have used106 Indium chloride as an efficient catalyst for the
synthesis of amidoalkyl naphthols from -naphthol, aromatic aldehydes, and
acetamide/urea under solvent-free conditions using microwave irradiation (Scheme
8). 

Scheme 8

Maa et al. have describe107 a simple, efficient and practical procedure for the
synthesis of amidoalkyl naphthols using thiamine hydrochloride (VB1) as a novel
catalyst (Scheme 9). 

Scheme 9

Singh et al. developed108 an atom-efficient and environment-friendly approach for
the synthesis of amidoalkyl naphthols via multicomponent one-pot reaction of 2-
naphthol, aromatic aldehyde and amide catalyzed by P2O5 (Scheme 10). 

Scheme 10



Hajipour et al. developed109 a mild and efficient method for the preparation of
amidoalkyl naphthols from condensation of aldehydes with amides or urea and 2-
naphthol in the presence of a catalytic amount of Brønsted acidic ionic liquid
([TEBSA][HSO4]) under thermal solvent-free conditions (Scheme 11). 

Scheme 11

Present Work:-

This section describes the one-pot synthesis of amidoalkyl naphthols using 1-
hexane sulphonic acid sodium salt as a catalyst under microwave-irradiation and
solvent-free condition. 

OH

R'CHO R''CONH2

MW

R' NHCOR''

OH

1 2(a-j) 3 4(a-j)

R''=NH2,CH3,C6H5

Scheme I



Experimental:-

General procedure:

The appropriate -naphthol 1 (1 mmol), aldehydes 2(a-j) (1 mmol), urea 3 (1.5
mmol) and the appropriate catalyst (10 mol %) were introduced into a beaker and
mixed. The mixture was irradiated under microwave-irradiation for an appropriate
time, the progress of reaction was monitored by TLC. After completion of reaction
the mixture was cooled to room temperature and was washed with cold water and
then the crude product was recrystallized from 96% ethanol to obtain the pure
product. All the products were characterized from their spectral data.

Results and Discussion:-

As a part of our ongoing research devoted to the development of useful synthetic
methodologies, herein we report an efficient and practical method for the synthesis
of coumarins using 1-hexanesulphonic acid sodium salt which makes use of mild
catalyst under solvent-free condition and microwave-irradiation (Scheme I).

Here we have carried out the reaction of -naphthol (1), benzaldehyde (2a) and
urea (3) catalyzed by 1-hexanesulphonic acid sodium salt under solvent-free
condition and microwave-irradiation, it has been considered as a standard model
reaction. 

We also have studied the catalyst concentration on model reaction. We have varied
the concentration of catalyst to 0, 2.5, 5, 7.5 and 10 mol%. The result revealed that, 
when the reaction was carried out in the presence of 0, 2 mol% of catalyst it gave
lower yield of product even after prolonged reaction time. At the same time when
the concentration of catalyst was 5, 7.5 and 10 mol% we got the excellent yields of
product in short span. Even after increasing the catalyst concentration the yields of
the products were found to be constant. So, the use of 5 mol% of catalyst is
sufficient to push the reaction forward. The obtained results summarized in Table
1. 

Further, we have also carried out the reaction by adding the three components, -
naphthol, benzaldehyde and urea to 1-hexanesulphonic acid sodium salt affords the
mixture of regioisomers, while same the reaction was carried out using -naphthol
it gave the corresponding product in excellent yield. We have also examined the
reaction with aliphatic aldehydes but the yield was low as compared to aromatic
aldehydes. 



After optimizing the conditions, the generality of this method was examined by the
reaction of -naphthol with several substituted aldehydes and urea/amides using 1-
hexanesulphonic acid as a catalyst under microwave-irradiation, the results are
shown in Table 2. 

Here we extended this reaction on several substituted aromatic aldehydes, -
naphthol and urea/amide under similar conditions, furnishing the respective
amidoalkyl naphthols in excellent yields (80-95%). In all cases, aromatic
aldehydes with substituent carrying either electron-donating or electron
withdrawing groups reacted successfully and gave the products in excellent yields. 
Also we have found that the reaction with liquid aldehydes required less time than
that required for solid aldehydes. All the synthesized compounds were
characterized by spectral data and compared (MS and 1H NMR) with authentic
sample. This comparison revealed that the compounds synthesized by this newly
developed method were exactly similar in all aspects to the reference
compounds.100 The developed methodology is simple and a good contribution in
the field of methodology. 

Table 1. Optimization of Mol % for Model Reaction (4a)a

Entry Catalyst (mol %) Yield (%)b

1 0 35

2 2.5 53

3 5 90

4 7.5 90

5 10 90

aReaction conditions:- 1a (1 mmol), 2 (1 mmol), 3 urea (1.5 mmol) catalyst
(10 mol%)  
bIsolated Yield. 



Table 2. Synthesis of Amidoalkyl Naphthols Catalysed by 1-Hexanesulphonic
Acid Sodium Salt Under Microwave-Irradiationa

Entry R’ R” Product Time

(min)

Yield
(%)b

M.P. 

(°C)

4a C6H5 H2N 4 90 170-172

4b 4-Cl-C6H4 H2N 7 88 167-169

4c 3-NO2-
C6H4

H2N 6 90 192-194

4d C6H5 CH3 3 95 229-231

4e 4-Cl-C6H4 CH3
NHCOCH3

OH

Cl 4 94 229-230

4f 4-Br-C6H4 CH3
NHCOCH3

OH

Br 5 90 205-207

4g C6H5 C6H5
NHCOC6H5

OH

8 92 235-237



4h 4-Cl-C6H4 C6H5
NHCOC6H5

OH

Cl 10 87 177-179

4i 4-F-C6H4 C6H5
NHCOC6H5

OH

F 7 80 192-194

4j CH3-CH2- CH3
NHCOCH3

OH
20 35 173-175

aReaction conditions:- 1 (1 mmol), 2 (1 mmol), 3 urea (1.5 mmol) catalyst (10
mol%)

bIsolated Yield. All the compounds characterized by their spectroscopy method 1H
NMR, Mass and melting point and compare to their authentic sample.100

Spectral Data:-

NHCOCH3

OH

N-((2-hydroxynaphthalen-1-yl)(phenyl)methyl)acetamide (4a):  
1H NMR Spectra:
1H NMR spectrum of compound 4a showed following characteristic signals. 

1.23  singlet  3H  due to –CH3

1.59  br.singlet  1H  due to –OH

6.5  singlet  1H  due to –CH

7.0-7.8 multiplet  11H  due to Ar-H

8.4  singlet  1H  due to -NH



Mass Spectra:  

The mass spectrum of compound 4a showed following signals m/z: 292.0 (M+1). 





Conclusions:-

In conclusion, 1-hexanesulphonic acid sodium salt was found to be an efficient

catalyst for the reaction of substituted aldehydes, phenol and urea/amide to afford

the corresponding product in excellent yields. The notable advantages of the

present protocol are mild, solvent-free conditions, ecofriendly catalyst and easy

reaction work-up procedure. We believe this will provide a better and more

practical alternative to be existing methodologies for the synthesis of amidoalkyl

naphthols.



CHAPTER-V

MICROWAVE-ASSISTED SYNTHESIS OF COUMARINS

USING POTASSIUM DIHYDROGEN PHOSPHATE

INTRODUCTION:-

Coumarins, the most important classes of fluorescent molecules, constitute
important structural features present in a number of bioactive natural products. The
heterocycles derived from these intermediates have also been tested for their
potential as anti-HIV,110 anti-inflammatory,111 anticonvulsant,112 anti-viral,113 anti-
coagulant,114 antioxidant,115 antibacterial,116 antifungal,117 anti-carcinogenic
material118 and antihistamine.119

Coumarins are an important group of organic compounds and can be used
for the preparation of coumarino- -pyrones, coumarino-g-pyrones, furocoumarins, 
chromenes, coumarones and 2-acylresorcinols. 7-Hydroxy-4-methylcoumarin acts
as a starting material for the preparation of the insecticide Hymecromone. 6-
Bromocoumarins are useful synthetic intermediates for various pharmaceuticals
and active compounds.120-122

Coumarins have been synthesized by several routes including
Pechmann,123 Perkin,124 Knoevenagel,125 Reformatsky126 and Wittig127 reactions. 

The Pechmann reaction is simple and straight forward employing -keto
esters and substituted phenols together with an acid catalyst. In the past, strong
acids like H2SO4,

123 P2O5,
127 AlCl3, ZnCl2,

129 TFA,130 ionic liquids,131 sulfated
zircon,132 indium halides,133 CuPy2Cl2,

134 palladium135and ammonium
metavanadate136 have been used. However, many of these methodologies suffer
from the drawback of green chemistry and have been associated with several short
comings such as long reaction times, expensive reagents, low product yields and
difficulty in recovery and reusability of the catalysts. These shortcomings certainly
demand the search for a safe, more convenient and efficient method. 

Now a day, it is shown that the use of solid acidic catalysts has gained
importance in organic synthesis due to several advantages such as, operational
simplicity, no toxicity and ease of isolation after completion of the reaction. In the



current study, the commercially available catalyst potassium dihydrogen phosphate
having pH 4.2–4.7 is used as a catalyst but its scope has not been fully explored. 
Potassium dihydrogen phosphate can be used as buffer, neutralizing agent, 
sequestrate, yeast food and also as an efficient heterogeneous acid catalyst.137

Recently, Gill & his co-workers have reported the synthesis of -
hydroxyphosphonates using potassium dihydrogen phosphate138 under solvent-free
condition. Owing to the numerous advantages associated with this cheap and non
hazardous catalyst, we have considered Potassium dihydrogen phosphate to be an
ideal heterogeneous acid catalyst for the synthesis of coumarins. Herein, we would
like to report the facile and eco-friendly methodology for the synthesis of
coumarins under solvent-free condition and microwave-irradiation. 

Organic synthesis in dry media, eventually under microwave (MW)
irradiation is presently under extensive examination. The relatively low cost of
modern domestic microwave ovens makes them readily available to academic and
industrial chemists and the use of such non-conventional reaction conditions
reveals several features such as: a short reaction time compared to conventional
heating, reduction of the usual thermal degradation and better selectivity139

Furthermore, microwave-assisted reactions under solvent-free conditions provide
access to work with open vessels and to scale up reactions.140

Literature Review of Coumarins:-

Qiang et al. have developed141 a simple and efficient one-pot synthesis of 6-
bromocoumarins in good yields via the three-component reaction of phenols, 4-
substituted acetoacetate and tetra-n-butylammonium tribromide (TBATB) in
CH2Cl2-MeOH (Scheme 1). 

Scheme 1



Moghaddam et al. have described142 an efficient route for the synthesis of 3-
substituted coumarins via Knoevenagel condensation, using ZrOCl2.8H2O (10
mol%) as the catalyst under microwave heating and solvent-free conditions
(Scheme 2). 

Scheme 2

Gill et al. have developed136 a mild and efficient method for condensation of
substituted phenol with -ketoester in the presence of catalytic amount of
ammonium metavanadate at ambient temperature to afford the corresponding
substituted 4-methyl-2H-chromen-2-one in high yields under mild conditions
(Scheme 3). 

Scheme 3

Chudasama et al. have synthesized143 the coumarins via Pechmann condensation
using inorganic ion exchangers as solid acid catalyst under solvent-free condition
(Scheme 4). 

Scheme 4



Ryu and coworkers have developed144 a simple and efficient one-pot synthesis of
coumarins in good yields via Pechmann condensation of phenols, substituted
acetoacetate in the presence of scandium (III) triflate at 80 °C (Scheme 5). 

Scheme 5

Shinde and coworkers have used145 silica gel supported NaHSO4 as an efficient
catalyst in the Pechmann condensation of phenols with ethyl acetoacetate, leading
to the formation of coumarin derivatives. The reaction proceeded in acetonitrile at
reflux temperature with good to excellent yields (Scheme 6). 

Scheme 6

Suarez et al. have described146 the Pechmann`s reaction of -naphthol with ethyl
acetoacetate in organo-niobate ionic mixture (Scheme 7). 

Scheme 7



Rajitha et al. have used134 dipyridine copper chloride as an efficient catalyst in the
Pechmann condensation reaction of phenols with ethyl acetoacetate, under solvent-
free condition using both conventional heating and microwave irradiation. 
(Scheme 8). 

Scheme 8

Reddy et al. have employed147 a novel SO4
2−/CexZr1−xO2 catalyst for Pechmann

condensation of phenols under solvent-free conditions (Scheme 9). 

Scheme 9

Stoyanov and coworkers have carried out148 the Pechmann reaction of substituted
phenols with methyl acetoacetate by using boron trifluoride dihydrate to give the
corresponding coumarin derivatives at room temperature and at 60 °C (Scheme
10). 

Scheme 10



Present Work:-

In this communication, we report for the first time a facile and efficient synthetic
strategy for preparing coumarins in very short reaction time with excellent yield
using potassium dihydrogen phosphate as a catalyst under solvent-free condition
and microwave-irradiation. 

Scheme I

Experimental:-

General procedure:

A mixture of substituted phenol (1 mmol), ethyl acetoacetate (1 mmol) and
potassium dihydrogen phosphate (KH2PO4) (10 mol%) were placed in a beaker. 
The mixture was irradiated under microwave-irradiation; the progress of the
reaction was monitored by TLC. After completion, the reaction mixture was
poured into ice cold water (50 mL) and extracted with ethyl acetate (25 x 2 mL), 
which was then dried over Na2SO4 and the solvent was evaporated under reduced
pressure to obtain the pure coumarins. The products 3(a-j) were confirmed by
comparisons with authentic samples, 1H NMR, mass spectra and melting point.136  

Results and Discussion:-

As a part of our ongoing research devoted to the development of useful synthetic
methodologies, using solid acid catalyst and microwave irradiation techniques, 
herein we report an efficient and practical method for the synthesis of coumarins
using potassium dihydrogen phosphate which makes use of mild catalyst under
solvent-free condition and microwave-irradiation (Scheme I). 

In the first examination, we have performed the different reaction
conditions on model reaction. The result revealed that, when the reaction was
carried out at stirring and heating condition it gave lower yield of product even
after prolonged reaction time. But at the same time when the reaction was carried
out under microwave-irradiation we got the excellent yields of product in short
span (Table 1). 



We have studied the model reaction with various powers of microwave and
we found that 400W is good enough to carry out reaction over other powers. The
optimization of reaction results with various power of microwave irradiation
summarized in Table 2, which have found that, if reaction carried out without
microwave irradiation it takes more reaction time (30 min) with negligible yield
(20%). As we increase the power of microwave there is increase in yield with
decrease in reaction time still at 400 W, but future that there is no significant
change observed at 600 W. Hence, we satisfied over 400 W and done all
derivatization at 400 W.  

After optimizing the various powers of microwave, the generality of this
method was examined by the reaction of substituted phenols and ethyl acetoacetate
using potassium dihydrogen phosphate as a catalyst under microwave-irradiation, 
the results are shown in Table 3. Here, we have found that many phenols, such as
resorcinol, 4-hydrxy phenol, 3-methoxy phenol, 3-aminophenol could be converted
to corresponding coumarins in good yields (entries 3a-3c & 3f-3j). The reactivities
of 3-methylphenol and 1-naphthol seem to be inferior as compared with that of the
former (entries 3d, 3e), only 70% and 75% of the yields were obtained, 
respectively.  

The synthesized compounds were compared (MS and 1H NMR) with
compounds that were prepared by using the literature method.27 This comparison
revealed that the compounds synthesized by this newly developed method were
exactly similar in all aspects to the reference compounds. The developed
methodology is simple with good to excellent yields. 

Table 1. Optimization of Model Reaction 3a at Different Reaction Conditiona

Entry Reaction condition Time Yield(%)b

1 Stirring 12 (h) 40
2 Heating 8 (h) 65
3 Microwave 3 (min) 95

aReaction condition: 1a (1 mmol), 2 (1 mmol) and KH2PO4 (10 mol%). 
bIsolated yields. 



Table 2. Effect of Microwave-Irradiation Powers for the Synthesis of Coumarinsa

Entry
MW

(Watts)
Time(min.) Yield(%)b

1 - 30 20

2 100 30 42

3 200 30 55

4 300 30 60

5 400 3 95

6 600 3 95

aReaction conditions:- 1a (1 mmol), 2 (1 mmol) and KH2PO4 (10 mol%). 
bIsolated yields. 



Table 3. Synthesis of Coumarins Catalyzed by Potassium Dihydrogen Phosphate
Under Microwave-Irradiationa

Entr
y

Reactant Product
Time

(min)

Yield

(%)
M.P ( C)

3a

O O

CH3

3 90 78-80

3b OHHO
OH O O

CH3

HO
OH

3 91 237-239

3c
OH

HO

O O

CH3

HO 5 90 241-243

3d
OHH3C

O O

CH3

H3C

10 70 129-131

3e

OH
O

CH3

O

12 75 153-155

3f
OHH3CO

O O

CH3

H3CO

7 89 160-162

3g
OHH2N

O O

CH3

H2N

5 90 220-222

OH



3h
OH

Cl

O O

CH3

Cl 5 89 180-183

3i

HO OH

OH

O O

CH3

HO

OH

7 88 281-283

3j
HO OH

CH3

O O

CH3

HO
CH3

8 88 137-138

aReaction conditions:- 1 (1 mmol), 2 (a-j)(1 mmol), catalyst (10 mol%). bIsolated
yield. All the compounds characterised by their spectroscopy method 1H NMR and
Mass melting point and compare to their authentic sample. 

Spectral Data:-

OHO
OH

O

CH3

1H NMR Spectra:
1H NMR spectrum of compound 3b showed following characteristic signals. 

2.2  singlet  3H  due to –CH3

7.1-7.4 multiplet  3H  due to Ar-H

9.7  br.singlet  1H  due to -OH

10.1  singlet  1H  due to –OH



Mass Spectra:  

The mass spectrum of compound 3b showed following signals m/z: 193.3 (M+1). 





Conclusions:-

In conclusion we have developed very simple and efficient methodology for the

high yielding synthesis of coumarins using potassium dihydrogen phosphate as a

catalyst under solvent-free condition and microwave-irradiation. The operational

simplicity of the procedure, shorter reaction time, and simple workup procedure

makes this method attractive.
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