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Abstract: Organophosphorus compounds play an important role in the medicinal- or agricultural 

industry, and in the human body as well. Over the last years, heterocyclic phosphonates have 

received an intensively growing interest due to their potential biological activity. An efficient tool 

for the preparation of such derivatives is their synthesis via multicomponent reactions. These 

transformations possess several criteria of an “ideal synthesis”, such as the high atom economy, the 

fast and simple accomplishment, the energy efficiency and the environmentally friendliness. A 

number of heterocyclic phosphonates were prepared by us utilizing multicomponent syntheses. In 

this proceeding, the synthesis of the diethyl (2-amino-3-cyano-4H-chromen-4-yl)phosphonate by the 

condensation of salicylaldehyde, malononitrile and diethyl phosphite is briefly introduced. The 

reaction was optimized in respect of the catalyst type, the catalyst amount, the reaction time, and 

the temperature. 
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1. Introduction 

Heterocyclic phosphonates attract an intensively growing interest due to their importance in 

synthetic- and medicinal chemistry, and in agriculture as well [1−4]. One of the most convenient 

routes for the preparation of heterocyclic phosphonates is to apply multicomponent reactions [5]. 

From an environmentally friendly aspect, these transformations have a number of benefits, such as 

the high atom economy, the fast and simple accomplishment, the utilization of simple starting 

materials and the ability to save time and energy [6,7]. Due to these advantages, they are suitable for 

the creation of molecular libraries. 

In practical organic chemistry, the use of the MW technique has become common in the last few 

decades [8]. In most cases, MW-assisted reactions proceed faster, the selectivity is higher and the 

catalyst- and the solvent are avoidable [9]. The efficiency of multicomponent reactions can be further 

increased applying MW irradiation [10]. However, a serious limitation of MW-assisted reactions is 

the fixed geometry of the magnetron, which prevent the use of traditional scale-up techniques [11]. 

To overcome this difficulty, the development of continuous flow MW systems came to the front [12]., 

Although various applications of the continuous flow MW technique have been reported over the 

last decade, the evolution of this field is still in progress [13]. In this proceeding, the synthesis of 

several types of heterocyclic phosphonates, such as isoindolin-1-one-3-phosphonates, (2-amino-4H-
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chromen-4-yl)phosphonates and 3,4-dihydropyrimidin-2(1H)-one phosphonates carried out in a 

batch or a continuous flow MW reactor is briefly introduced. 

As the first part of our project, a number of isoindolin-1-one-3-phosphonates (1) could be 

prepared by the catalyst- and solvent-free three-component condensation of 2-formylbenzoic acid, 

aliphatic primary amines and various dialkyl phosphites under MW conditions (Figure 1.) [14]. The 

reaction was optimized in detail on a selected model of 2-formylbenzoic acid, butyl amine and diethyl 

phosphite. Then, the condensation was also performed with various aliphatic amines (butyl-, 

cyclohexyl- or benzyl amine) and dialkyl phosphites (dimethyl-, diethyl-, di-i-propyl-, dibutyl or 

dibenzyl phosphite). Carrying out the reactions using 1.2 equiv. of the amine, complete conversions 

were obtained at 60 °C after 10-30 min. Altogether 15 isoindolin-1-one-3-phosphonates (1) were 

isolated in yields of 70-94%, from which 13 are new derivatives. 

 

Figure 1. MW-assisted reaction of 2-formylbenzoic acid, primary amines and 

dialkyl phosphites. 

In order to further increase the productivity, the reaction of 2-formylbenzoic acid, butyl-, 

cyclohexyl- or benzyl amine and diethyl phosphite was transferred into a continuous flow MW 

reactor (Figure 2). The continuous flow system applied consisted of a dual HPLC pump, a CEM® MW 

reactor equipped with a commercially available CEM® continuous flow cell, a cooler and a back-

pressure regulator operating at 17 bar. During the continuous flow reactions, ethanol was used as the 

solvent. Complete conversions were reached using 1.5 equivalents of the amines and of the 

phosphorus reagent at 60 °C for residence times of 30-45 min. The flow approach allowed the scaled-

up synthesis of the target compounds in productivities of 0.6-1.8 g/h. 

 

 

Figure 2. Continuous flow MW reaction of 2-formylbenzoic acid, diethyl phosphite and 

primary amines. 

 

In this paper, the MW-assisted synthesis of the diethyl (2-amino-3-cyano-4H-chromen-4-

yl)phosphonate was studied by the condensation of salicylaldehyde, malononitrile and diethyl 

phosphite. The reaction was optimized in respect of the catalyst type, the catalyst amount, the 

reaction time and the temperature. 
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2. Results and Discussion 

At first, we studied the solvent-free condensation of salicylaldehyde, malononitrile, and diethyl 

phosphite in the presence of 5 mol% of a catalyst at 60 °C for 30 min under MW conditions (Table 1). 

Without catalyst, no reaction was observed (Table 1, entry 1). Using p-toluenesulfonic acid (PTSA) as 

a Bronsted acid (Table 1, entry 2) or zinc trifluoromethanesulfonate (Zn(OTf)2) as a Lewis acid (Table 

1, entry 3), there were only starting materials in the mixture, similarly to the uncatalyzed variation. 

In the presence of 18-crown-6, the reaction also did not reach any conversion (Table 1, entry 4). Then, 

an inorganic base, potassium carbonate (K2CO3) was tried out as a catalyst in the condensation (Table 

1, entry 5). We obtained a conversion of 39%, and our desired product (3) was present in a proportion 

of 25% in the mixture, beside intermediate 2 ([M+H]+ = 171.1) formed in 75%. As using K2CO3, we 

have obtained a solid-liquid two-phase system, thus the experiment was also carried out using 

triethylbenzylammonium chloride (TEBAC) as a phase transfer catalyst (Table 1, entry 6). Although 

the conversion increased to 53%, the composition of the products remained almost the same. Using 

triethylamine (TEA) as a catalyst, the formation of the (chromenyl)phosphonate (3) in higher 

proportion (38%) was observed (Table 1, entry 7). Among the several types of catalysts tried out, TEA 

as an organic base was found to be the most effective, therefore we investigated the reaction further 

using this catalyst. In order to compare the MW and conventional heating, we carried out a reaction 

in an oil bath (Table 1, entry 8). Although the condensation reached 100% conversion, the proportion 

of the desired phosphonate (3) was only 29%; by 9% lower than in the MW-assisted experiment (Table 

1, entries 7 vs. 8). The condensation was also performed in EtOH, where a conversion of 88% was 

obtained, and the ratio of product 3 was only 25% (Table 1, entry 9). The solvent-free reaction enabled 

a higher conversion and a better selectivity towards the desired product (3) (Table 1, entries 7 vs. 9).  

 

Table 1. Study of the reaction of salicylaldehyde, malononitrile and diethyl phosphite 

 

Entry Catalyst (5 mol%) 
Conversion 

[%]a 

Product composition [%]a 

2 3 

1 − 0 0 0 

2 PTSA 0 0 0 

3 Zn(OTF)2 0 0 0 

4 18-crown-6 0 0 0 

5 K2CO3 39 75 25 

6 K2CO3 + TEBAC (5 mol%) 53 74 26 

7 TEA 100 62 38 

8b TEA 100 77 29 

9c TEA 88 75 25 

aBased on HPLC (254 nm); bThe reaction was heated by an oil bath; cThe reaction was performed 

in EtOH. 
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The model reaction was further optimized in respect of the catalyst load, the reaction time, and 

the temperature (Table 2). Applying 5 mol% of catalyst at 60 °C for 30 min, the condensation afforded 

the desired product (3) in a ratio of 38% (Table 2, entry 1). Then, the reaction was performed at 80 °C 

for 30 min, when the proportion of product 3 was 57%, which is by 19% higher than the reaction 

carried out at 60 °C (Table 2, entry 2). Next, the amount of TEA was changed to 10 mol% (Table 2, 

entries 3 and 4). At 80 °C under 30 min, compound 3 was already obtained in 72% (Table 2, entry 3). 

Prolonging the experiment for 45 min, 88% of the (chromenyl)phosphonate (3) was present in the 

mixture. (Table 2, entry 4). When we increased the catalyst amount to 15 mol%, 86% of product 3 could 

be obtained after 30 min, while an irradiation of 45 min afforded the desired product (3) 

quantitatively (100%) (Table 2, entries 5 and 6). After column chromatography, the diethyl (2-amino-

4H-chromen-4-yl)phosphonate (3) could be isolated in a yield of 93%. 

 

Table 2. Optimization of the TEA-catalyzed reaction of salicylaldehyde, malononitrile and diethyl 

phosphite under solvent-free MW conditions  

 

Entry 
TEA 

[mol%] 

T 

[°C] 

t 

[min] 

Product composition [%]a Yield 

[%]b 2 3 

1 5 60 30 62 38 − 

2 5 80 30 43 57 − 

3 10 80 30 28 72 − 

4 10 80 45 12 88 − 

5 15 80 30 14 86 − 

6 15 80 45 0 100 93 (3) 

aBased on HPLC (254 nm); bAfter column chromatography. 

3. Experimental Part 

3.1. Procedure for the synthesis of the diethyl (2-amino-3-cyano-4H-chromen-4-yl)phosphonate (3) 

The mixture of 1.0 mmol salicylaldehyde (0.11 ml), 1.0 mmol malononitrile (0.07 g) and 1.0 mmol 

diethyl phosphite (0.13 ml) and catalysts (0.05 mmol [0.010 g of PTSA, 0.018 g of Zn(OTf)2, 0.013 g of 

18-crown-6, 0.07 g of K2CO3, 0.011 g of TEBAC or 0.007 ml of TEA], 0.10 mmol [0.014 ml of TEA] or 

0.15 mmol [0.021 ml of TEA]) was irradiated in a sealed tube at 60-80 °C for 30-45 min in a CEM 

Discover® MW reactor equipped with a pressure controller. In the experiment marked by Table 1, 

entry 9, 1 ml of ethanol was used as the solvent. The product was purified by column chromatography 

using silica gel as the solid phase and dichloromethane:methanol 97:3 as the eluent. Yield: 93% 

(0.29 g), pale yellow crystal; Mp: 138-140 °C; Mp[15]: 138-140 °C; 31P NMR (CDCl3) δ: 21.8; δ[16] 

(CDCl3) 21.2; [M+H]+found = 309.1005, C14H18N2O4P requires 309.1004. 
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4. Conclusions 

The above-mentioned example greatly proves the relevancy of MW-assisted multicomponent 

reactions in the synthesis of heterocyclic phosphonates. The optimized preparation of the diethyl (2-

amino-3-cyano-4H-chromen-4-yl)phosphonate was elaborated, and the desired product could be 

isolated in a high yield. Extension of the reaction for the synthesis of various new 

(chromenyl)phosphonates is being investigated. Due to the potential biological activity of 

heterocyclic phosphonates obtained in similar reactions, these molecular libraries can be used for in-

vitro screening at various indications, which may result in new promising lead compounds for drug 

development. 
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