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A B S T R A C T 
 
Benzopyranes and their derivatives are of interest due to their wide range of 
biological and medicinal properties. In this study, 2-amino-4H-pyran derivatives 
were obtained through a one-step multi-component reaction of aromatic 
aldehyde, malononitrile and dimedone in the presence of ninhydrin as a catalyst 
in water with high efficiency and short time. 
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Introduction 

yran derivatives are a large group of 
organic compounds that have 
important chemical properties and are 
of great biological and pharmacological 

importance. Benzopyran is a derivative of this 
group that is found in nature [1]. Benzopyranes 
are present in the structure of various plant 
species and their welded rings are flat and have 
anti-allergic, antimicrobial, anti-influenza, anti-
tumor, anti-fungal, anti-cancer properties and 

are used in industry in pigments [3-7]. Because 
these compounds are found in small quantities 
in natural resources and are very difficult and 
expensive to extract, chemists are forced to 
synthesize these very valuable compounds [8]. 
Benzene pyran cations are present in the red, 
purple, and blue pigments of flower petals, 
known as anthocyanins and glycosides. 

There are many studies on the synthesis of 
pyranes, but most of them have shortcomings 
such as high reaction time, problem purification 
methods, low efficiency and the use of toxic 
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solvents. Therefore, the need to invent new 
methods under suitable conditions for the 
environment for the synthesis of pyran 
derivatives is of great importance [9-19]. 

Given our strong desire to develop highly 
suitable methods for the preparation of 

heterocyclic derivatives, in this report, we 

introduced ninhydrin catalyst as a suitable 
catalyst for the preparation of 2-amino-4H-
pyran under reflux conditions (Scheme 1). 

O

O

+ ArCHO
CN

CN

+
ninhydrin

O NH2

ArO

CN

 
        1                  2                   3                                                        4(a-g) 

Scheme 1. synthesis of 2-amino-4H-pyran  

 

Result and Discussion 

Because of our recent interest in developing 
useful method for synthesis of heterocyclic 
compounds having biological properties, in this 
study, we selected ninhydrin as a useful catalyst 
for the synthesis of 2-amino-4H-pyrans. The 
reaction of malononitrile, aldehydes and 
dimedone in the presence of ninhydrin as a 

catalyst in water as a solvent produced 2-
amino-4H-pyranes with high efficiency. 

It should be noted that the effect of 
substitution type on the aromatic ring has no 
noticeable effect on the reaction efficiency. 
These compounds were obtained with high 
efficiency in a short time. The results are shown 
in Table 1. 

Table1.  Preparation of 2-amino-4H-Pyran derivatives using ninhydrin as a catalyst 

Entry X Product Yield (%)a 
m.p.(oC) 

Found Reported [20] 
1 H 4a 93 224-225 226-228 
2 4-Cl 4b 96 206-208 207-209 
3 4-NO2 4c 97 178-179 177-178 
4 3-NO2 4d 98 210-212 208-211 
5 4-CH3 4e 93 213-215 214-216 
6 4-OCH3 4f 91 200-202 198-200 
7 4-OH 4g 90 205-207 206-208 
8 2-Cl 4h 95 209-211 208-210 

In other words, we accomplished effects of 
varied solvents for the preparation of 4a. This 
reaction was investigated in the presence of 
different solvents. For instance, chloroform, 
dichloromethane, water, Ethanol, and solvent-
free were used. It is evident from data that, the 
best yields were achieved in water (Table 3). 

To optimize the amount of catalyst, various 
amounts (0.01, 0.02, 0.03, 0.05, and 0.08 g) of 
ninhydrin were used. The results presented in 

the Table 3 revealed that 0.05 g of ninhydrin 
had the best efficiency. 

After comparing the results for the synthesis 
of 4a with other methods, we found that the 
ninhydrin catalyst performed the reaction 
faster and with higher efficiency (Table 4). 

The proposed mechanism for the 
preparation of 2-amino-4H-Pyrans using 
ninhydrin is shown in Scheme 2. 
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Table 2. Preparation of 4a using various solvents by ninhydrin as a catalyst 

Entry Solvent Yield(%)a 
1 C2H5OH 87 
2 THF 69 
3 CH3CN 85 
4 Solvent-free 90 
5 CHCl3 73 
6 water 93 

Table 3. Analogy of amount of catalysts for the preparation of 4a 
Entry Solvent Yield (%)a 

1 0.02g 80 
2 0.03g 89 
3 0.05g 93 
4 0.08g 93 

Table 4. Analogy of different catalysts for the preparation of 4H-Pyrans 
Ref Time(min) Yield (%) Catalyst Entry 

[21] 15-20 60-95 NaBr 1 

[22] 30 78-98 (S)-Proline 2 

[23] 7-8(h) 84-93 HDMBAB 3 

[24] 3(h) 80-98 Na2SeO4 4 
[23] 2(h) 79-93 TMAH 5 
[25] 30-300 73-98 TBAF 6 
[26] 22-33 90-96 MgO 7 

Present study 15-20 90-98 ninhydrin 8 
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Conclusion 

Due to the great interest in inventing new 
methods for the synthesis of heterocyclic 
compounds and the use of water as a solvent in 
chemical reactions, we reported here a facile 
and improved protocol for preparation of 4H-
pyrans, from malononitrile, benzaldehydes, 
dimedon and ninhydrin as a catalyst in water at 
ambient conditions. 

Among the advantages of this method in 
general can be mentioned the following: 
 Reaction in aqueous medium is a clean, non-
toxic and environmentally friendly reaction. On 
the other hand, water is a cheap substance with 
the highest abundance compared to other 
solvents.  
 Separation of products is done by simple 
filtering with filter paper and the percentage of 
products lost during the purification process is 
very small. 
 The yield of the reactions was high and the 
compounds were easily obtained by 
crystallization in ethanol solvent. 
 The reaction is a single-phase three-
component compression, so there is no need to 
separate the interface, thus saving time, energy 
and costs. 
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