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Abstract: Two different chromeno-pyrimidine derivatives were synthetized in the ionic liquid 

catalyzed reaction of barbituric acid and substituted salicylaldehydes. The product 5-(7-bromo-

2,4-dioxo-1,3,4,5-tetrahydro-2H-chromeno[2,3-d]pyrimidin-5-yl)pyrimidine-2,4,6(1H,3H,5H)-tri-

one (CP-1) was obtained in the reaction of barbiruric acid and 5-bromo-2-hydroxybenzaldehyde. 

The second new product 8,9-dihydroxy-2H-chromeno[2,3-d]pyrimidine-2,4(3H)-dione (CP-2) was 

yielded in the reaction between barbituric acid and 2,3,4-trihydroxybenzaldehyde. These 

products were isolated in moderate to good yield after 3h reflux in mixture of water: ethanol 

(1:1v/v) and in presence 20 mol% of catalyst – diethanolammonium chloroacetate. The structure 

of obtained products was confirmed using 1H NMR, 13C NMR, and IR spectroscopy methods. 

Keywords: Chromeno-pyrimidine derivatives, Barbituric acid, Salicylaldehydes, Green synthesis, 

Structural characterization 

 

 

1. Introduction  

 

Chromeno and pyrimidine groups possess a wide range of biological and 

pharmacological activities [1,2]. The combination of chromeno and pyrimidine ring is 

known to increase biological activity. Therefore, in recent years there has been an 

increased interest in synthetic procedures for obtaining chromene-pyrimidine 

derivatives and testing their biological activity [1,3]. 

Cascade reactions are an important way for constructing complex chemical 

compounds from simple and readily accessible constituents. The majority of these 

reactions are in a one-pot procedure, in which two or more consecutive reactions are 

performed as a single transformation. [4,5]. These reactions are especially useful in the 

synthesis of polycyclic compounds using green chemistry conditions. Few methods are 

known for the synthesis of chromeno[2,3-d]pyrimidin derivatives from salicylaldehydes 

and barbituric acids. In these reactions both bases and acids are used as catalysts. In base 

condition the reaction was performed in the presence of piperidine, and in boiling 

ethanol [6], while as acid reaction mediums were used hydrochloric acid and sulphamic 

http://iccbikg.kg.ac.rs/
mailto:dusicachem@kg.ac.rs
mailto:edina.avdovic@pmf.kg.ac.rs
mailto:ziko.milanovic@uni.kg.ac.rs
mailto:dejanm@uni.kg.ac.rs
mailto:zmarkovic@uni.kg.ac.rs


D. Simijonović et al., Green synthesis of chromeno-pyrimidine derivatives – Part 1 

www.iccbikg2023.kg.ac.rs|  |687 

acid [7,8]. The synthesis of benzopyrano[2,3-d]pyrimidine in non-catalytic reaction in 

boiling ethanol in literature has also been described but results are limited [9].  

The present study reports the green method for the synthesis of two different 

chromeno-pyrimidine derivatives in presence of ionic liquid diethanolammonium 

chloroacetate ([HDEA][ClAc]) as catalyst.  

2. Results and discussion  

The studied reactions and obtained products are depicted in Scheme 1. The reactions 

were performed by treatment of two different substituted salicylaldehydes (1 and 2) 

with barbituric acid (BA) in the presence of 10 mol% [HDEA][ClAc] in water : ethanol 

(1:1 v/v), under reflux. After cooling and filtration of the reaction mixture products, 5-(7-

bromo-2,4-dioxo-1,3,4,5-tetrahydro-2H-chromeno[2,3-d]pyrimidin-5-yl)pyrimidine-

2,4,6(1H,3H,5H)-tri-one (CP-1) and  8,9-dihydroxy-2H-chromeno[2,3-d]pyrimidine-

2,4(3H)-dione (CP-2) were obtained. In the case of the formation product CP-1, this 

reaction is a pseudo three-component reaction in which twofold equivalents of BA to 

salicylaldehyde participate (1). The analogous reactions with aldehyde 2 led to the 

product CP-2. Namely, salicylaldehyde with electron withdrawing group (5-

bromosalicylaldehyde) reacted with BA producing the final product of the reaction CP-

1, while aldehyde with electron donating groups such as 2,3,4-trihydroxybenzaldehyde 

reacted only with one barbituric acid molecule and yielding product CP-2. The formed 

products CP-1 and CP-2 were isolated in moderate to good yields (70% and 83%). The 

structure of the obtained products was confirmed by using 1H NMR, 13C NMR, and IR 

spectroscopy.  

 
Scheme 1. Synthesis of chromeno-pyrimidine derivatives. Reagents and conditions: 

(i) BA (1 mmol), 1 (0.5 mmol), water: ethanol (1:1v/v), 20 mol% [HDEA][ClAc], reflux; (ii) BA (1 

mmol), 2 (0.5 mmol), water: ethanol (1:1v/v), 20 mol% [HDEA][ClAc], reflux. 

The proposed mechanism for the formation of chromeno[2,3-d]pyrimidin derivatives 

is presented in Scheme 2. For the formation of the final product CP-1 there are two 

possible paths. The reaction starts with the Knoevenagel condensation of 

salicylaldehyde with BA and yields the intermediate I1. If the reaction occurs via 

pathway A the next step of the reaction is the formation of the intermediate I2 by 
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Michael addition of the second molecule of BA to the arylidene intermediate I1. Further 

follows cyclization of I2 which leads to the final chromeno[2,3-d]pyrimidine CP-1. 

However, if the reaction proceeds via pathway B, cyclization of I1 and formation of I3 

follows. The next step is dehydration I3 and formation of product CP-2. The formed 

chromeno-pyrimidine (oxadeazaflavine) CP-2 reacts with another molecule of BA to 

form product CP-1. We assume that in our case the formation of product CP-1 occurred 

via pathway A because the formation of product CP-2 was observed only in the case 

when the reaction was performed with bulkier 2,3,4-trihydroxybenzaldehyde, which 

possesses an extremely nucleophilic phenolic oxygen atom in the ortho position. Further 

reaction of product CP-2 with another BA molecule was not observed. It is most likely 

that the formation of I3 does not occur in the case of 5-bromosalicylaldehyde due to 

insufficient nucleophilicity of the phenolic oxygen atom. 

 
Scheme 2. Suggested mechanism for the formation of chromeno-pyrimidine derivatives.  

3. Experimental 

The substituted salicycladehydes and barbituric acid were purchased from from 

Merck and were used without further purification. The NMR spectra were recorded on a 

Varian Gemini spectrometer (200 MHz for 1H and 50 MHz for 13C) in DMSO-d6. IR 

spectroscopy was performed on a Perkin-Elmer Spectrum One FT-IR spectrometer using 

the KBr disc. 

3.1 Synthesis of compounds CP-1 and CP-2 

To a mixture of salicylaldehydes (1 mmol) and barbituric acid (2 mmol) in a reaction 

flask equipped with a magnetic stirring bar 20 mol% of [HDEA][ClAc] and water: 

ethanol (1:1 v/v; 5 mL) were added. The resulting reaction mixture was stirred at 80 °C 

for 3 h. Reaction progress was monitored using thin-layer chromatography (TLC). When 

the reaction was completed, the resulting mixture was cooled to room temperature and 

the precipitate was collected by filtration. The products CP-1 and CP-2 were 

characterized with 1H NMR, 13C NMR, and IR spectra. 

5-(7-Bromo-2,4-dioxo-1,3,4,5-tetrahydro-2H-chromeno[2,3-d]pyrimidin-5-yl)pyrimid-

ine-2,4,6(1H,3H,5H)-tri-one (CP-1): 1H NMR (200 MHz, DMSO-d6) δ: 12.05 (s, 1H), 11.37 

(s, 1H), 11.22 (s, 1H), 11.09 (s, 1H), 7.51 (dd, J = 8.8, 2.3 Hz, 1H), 7.29 (d, J = 2.2 Hz, 1H), 

7.08 (d, J = 8.7 Hz, 1H), 4.71 (d, J = 1.7 Hz, 1H), 3.93 (d, J = 2.2 Hz, 1H); 13C NMR (50 MHz, 
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DMSO-d6) δ: 169.4, 168.8, 163.5, 149.5, 148.5, 132.0, 130.7, 124.1, 118.8, 117.1, 85.0, 53.7, 

33.2; IR (KBr): ν (cm−1): 3424, 3264, 3100, 3086, 2956, 1766, 1704, 1657, 1477, 1355, 1265, 

827. 

8,9-Dihydroxy-2H-chromeno[2,3-d]pyrimidine-2,4(3H)-dione (CP-2): 1H NMR (200 

MHz, DMSO-d6) δ 11.26 (s, 2H), 9.95 (s, 1H), 8.80 (s, 1H), 7.47 (d, J = 8.6 Hz, 1H), 7.02 (d, J 

= 8.6 Hz, 1H); 13C NMR (50 MHz, DMSO-d6) δ 167.7, 161.7, 156.6, 145.7, 143.7, 132.9, 

123.3, 115.0, 113.4, 108.7; ν (cm−1): 3530, 3460, 3158, 3036, 2828, 1691, 1627, 1497, 1397, 867. 

4. Conclusions 

The ionic liquid [HDEA][ClAc] catalysed, the synthesis of chromeno-pyrimidine 

derivatives CP-1 and CP-2 has been reported. This protocol provides isolation of pure 

products in moderate to good yield without any purification. The obtained compounds 

were structurally characterized by IR and NMR spectroscopy. It is worth pointing out 

that the formed chromeno-pyrimidine (oxadeazaflavine) CP-2 is reported in this study 

for the first time. 
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