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ABSTRACT 

Chalcones are very desirable starting materials in medicinal chemistry 

since they can be produced artificially or naturally and are known to 

display a variety of biological functions. Chalcones have been found to 

possess a reactive α,β-unsaturated keto functional group, which is the 

source of their biological action. It is well known that pyrido[2,3-

d]pyrimidines are pharmacophoric components in a wide range of 

active compounds with diverse pharmacological activities. By using the 

Claisen-Schmidt condensation method, several aromatic aldehydes (2a-

k) were combined with 4-aminoacetophenone (1) to create chalcones 

3a-k. When guanidine hydrochloride was used to cyclize these 4-

aminochalocones under basic alcoholic conditions, 2,4,6-trisubstituted 

pyrimidines 4a–k were produced with quantifiable quantities. A 

straightforward regioselective cyclization was used to create the novel 

4-amino-5,7-disubstituted pyrido[2,3-d]pyrimidines 6a-g. This was 

accomplished by aromatizing 2-amino-3-cyano-4,6-disubstituted 

pyridines 5a-k, which were derived from 4-aminochalcones 3a-k. All 

the synthesized compounds were characterized by spectroscopic means 

(FT-IR, 1H & 13C NMR) and elemental analysis and screened for 

antimicrobial activity. All the molecules were found to possess better 

activity against microbes.   

KEYWORDS: Chalcone, Pyrimidine, bacteria, fungal, antimicrobial 

activity 
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INTRODUCTION 
A material that destroys or stops the growth of microorganisms like bacteria, fungus, or 

protozoa is known as an antimicrobial. Antimicrobial medications have two effects: they 

either eradicate bacteria (microbicidal) or stop them from growing (microbistatic). Pasteur 

and Joubert's observations—that one species of bacteria may stop the growth of another—

mark the beginning of the history of antimicrobials. At the time, they were unaware that the 

other bacterium was making an antibiotic, which was the reason why one bacterium was 

unable to grow. According to technical definitions, antibiotics are only compounds that a 

certain bacteria produces that either kill or stop the growth of another microorganism. 

Naturally, the word "antibiotic" now refers to nearly any medication that aims to cure a 

bacterial illness in the body. (2) Chalcones are particularly appealing starting materials in 

medicinal chemistry since they can be found naturally or artificially and are known to exhibit 

a variety of biological functions. Chalcones' biological activity has been linked to the 

existence of a reactive α,β-unsaturated keto functional group (3). Numerous pyridine-

containing synthetic and naturally occurring compounds have significant biological effects; 

as a result, the literature has documented a number of effective methods for creating 

functionalized pyridines (4–7). Among all, 2-amino-3-cyanopyridines with different alkyl, 

aryl and heteroaryl groups were found to have antihypertensive (8), antitumor (9), 

antimicrobial (7), anti-inflammatory, cardiovascular analgesic and antipyretic (10), 

antiparkinsonism properties (11), as well as Ikk-β inhibitor properties (12). Many active 

compounds, including anticancer, anticonvulsant, antibacterial, calcium channel antagonists, 

antimicrobial, antileishmanial, anti-inflammatory and analgesic, antitubercular, diuretic, and 

CNS depressive medicines, are known to contain pyrido[2,3-d]pyrimidines as 

pharmacophoric components (13). Two broad methods are typically used to create 

pyrido[2,3-d]pyrimidines: 1) forming the pyridine ring by cyclizing appropriate pyrimidine 

substituents, and 2) forming the pyrimidine ring by cyclizing appropriate pyrimidine 

substituents (14). Hence, we are interested for the synthesis Pyrido[2,3-D]Pyrimidines 

Substituted Chalcone Derivatives for antimicrobial activity.  

2. MATERIALS AND METHODS 

Melting points (MP) were determined on a standard Boetius apparatus and are uncorrected. 

The IR spectra were recorded in Perkin-Elmer BXF1 FT-IR spectrophotometer using KBr 

disc method. 1H and 13C NMR spectra were recorded in the indicated solvent on a Bruker 

AMX 400 and 100 MHz respectively with tetramethylsilane (TMS) as internal standard 

(chemical shifts in δ ppm). The elemental analyses of the synthesized compounds were 

recorded on Carlo Erba 1108 elemental analyzer and were within ± 0.4% of the theoretical 

values. Analytical TLC was performed on Silica Gel F254 plates (Merck) with visualization by 

UV (254 nm) chamber with protective filters. All the cyanopyridines and pyrido[2,3-

d]pyrimidines have been purified by column chromatography performed on silica gel (100-

200 mesh, Merck). All reagents and solvents were used as without further purification.  

Synthesis and Characterization of compound: 

The synthesis of a new series of 2-amino-3-cyanopyridines and their pyrido[2,3-

d]pyrimidines is now disclosed in light of these reports. The 4-aminochalcones (3a-k) and 

malononitrile were refluxed together in an alcoholic ammonium acetate through the Michael 

reaction to provide the desired target compounds, 2-amino-3-cyano-4,6-disubstituted 

pyridines (5a-k), with the elimination of 1 mol of hydrogen and water. The equivalent 

pyrido[2,3-d]pyrimidines (6a-g) are formed when the cyanopyridines (5a-k) condense with 

formamide at 170°C (16–28 hours) (Scheme 2, Table 2). 2,4,6-trisubstituted pyrimidines are 

synthesised from corresponding 4-aminochalcones. Schemes 1 and 2 depict the synthetic 
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routes taken to produce the final compounds, and spectral and analytical data were used to 

confirm the structures. 

General procedure for synthesis of substituted 2-amino-3-cyanopyridines, 5a-k:A flask 

with a reflux condenser and a water separator was filled with a mixture of 4-aminochalcones 

(3a-k) (0.01 mol), malononitrile (0.01 mol), ethanol (5 ml), and ammonium acetate (0.015 

mol). After shaking the reaction mixture to guarantee mixing, it was left to reflux for two to 

six hours. TLC was used to determine reaction completeness using Silica gel-G (15). After 

the reaction was finished, it was cooled to room temperature and continuously stirred with 

broken ice. After separation, the solid was filtered and dried. It was refined using column 

chromatography using Merck's 100–200 mesh silica gel, with a mobile phase consisting of a 

combination of ethyl acetate and hexane to produce pure cyanopyridines (5a–k). (16) 

2-amino-3-cyano-4-(4-chlorophenyl)-6-(4-aminophenyl)pyridine, 5a: Yield 37%, MP 212±2 

°C. IR (λmax, cm-1): 3402, 3338, 2200, 1574, 1367 and 820. 1H NMR (DMSO-d6): δ 5.65 

(2H, br s, C-4-NH2); 6.61 (2H, d, J = 8.4 Hz, C-3 and 5-H); 6.78 (2H, br s, C-2-NH2); 7.08 

(1H, s, C-5-H); 7.60 (2H, d, J = 8.4 Hz, C-2 and 6-H); 7.66 (2H, d, J = 8.4 Hz, C-2 and 6-H); 

7.87 (2H, d, J = 8.4 Hz, C-3 and 5-H).  Anal. Calcd for C18H13N4Cl: C, 67.41; H, 4.04; N, 

17.49. Found: C, 67.43; H, 4.05; N, 17.49.   

2-amino-3-cyano-4-(2,4-dichlorophenyl)-6-(4-aminophenyl)pyridine, 5b: Yield 20%, mp 

227±2 °C. IR (λmax, cm-1): 3425, 3352, 2202, 1630, 1580, 1368 and 829. 1H NMR (DMSO-

d6): δ 5.67 (2H, br s, C-4-NH2); 6.60 (2H, d, J = 8.8 Hz, C-3 and 5-H); 6.85 (2H, br s, C-2-

NH2); 7.00 (1H, s, C-5-H); 7.65-7.44 (3H, m, C-3,5 and 6-H); 7.84 (2H, d, J = 8.8 Hz, C-2 

and 6-H). Anal. Calcd for C18H12N4Cl2: C, 60.90; H, 3.41; N, 15.77. Found: C, 60.84; H, 

3.41; N, 15.77.      

2-amino-3-cyano-4-(4-fluorophenyl)-6-(4-aminophenyl)pyridine, 5c: Yield 22%, mp 192±2 

°C. IR (δmax, cm-1): 3466, 3425, 2200, 1605, 1574, 1371 and 1238. 1H NMR (DMSO-d6): δ 

5.63 (2H, br s, C-4-NH2); 6.61 (2H, d, J = 8.8 Hz, C-3 and 5-H); 6.76 (2H, br s, C-2-NH2); 

7.08 (1H, s, C-5-H); 7.37 (2H, dd, J = 10.2 Hz, J = 8.8 Hz, C-2 and 6-H); 7.70 (2H, dd, J = 

9.2 Hz, J = 8.6 Hz, C-3 and 5-H); 7.87 (2H, d, J = 8.4 Hz, C-2 and 6-H). Anal. Calcd for 

C18H13N4F: C, 71.11; H, 4.31; N, 18.41. Found: C, 71.05; H, 4.31; N, 18.42.     

2-amino-3-cyano-4-(3-bromophenyl)-6-(4-aminophenyl)pyridine, 5d: Yield 18%, mp 237±2 

°C. IR (λmax, cm-1): 3424, 3348, 2203, 1629, 1571, 1367 and 639. 1H NMR (DMSO-d6): δ 

5.65 (2H, br s, C-4-NH2); 6.62 (2H, d, J = 8.4 Hz, C-3 and 5-H); 6.80 (2H, br s, C-2-NH2);  

7.12 (1H, s, C-5-H); 7.52-7.48 (1H, t, J = 7.1 Hz, C-5-H); 7.64 (1H, d, J = 7.6 Hz, C-4-H); 

7.72 (1H, d, J = 7.6 Hz, C-6-H); 7.83 (1H, s, C-2-H); 7.90 (2H, d, J = 8.4 Hz, C-2 and 6-H). 

Anal. Calcd for C18H13N4Br: C, 59.23; H, 3.59; N, 15.34. Found: C, 59.17; H, 3.59; N, 

15.34.    

2-amino-3-cyano-4-(4-methoxyphenyl)-6-(4-aminophenyl)pyridine, 5e: Yield 19%, mp 

228±2 °C. IR (λmax, cm-1): 3468, 3428, 2200, 1610, 1577, 1373 and 1251. 1H NMR 

(DMSO-d6): δ 3.83 (3H, s, C-4-OCH3); 5.62 (2H, br s, C-4-NH2); 6.55 (2H, d, J = 8.4 Hz, 

C-3 and 5-H);  6.68 (2H, br s, C-2-NH2); 7.05 (1H, s, C-5-H); 7.09 (2H, d, J = 8.4 Hz, C-3 

and 5-H); 7.61 (2H, d, J = 8.8 Hz, C-2 and 6-H); 7.86 (2H, d, J = 8.8 Hz, C-2 and 6-H). Anal. 

Calcd for C19H16N4O: C, 71.11; H, 4.31; N, 18.41. Found: C, 71.05; H, 4.30; N, 18.40.   

2-amino-3-cyano-4-(3,4-dimethoxyphenyl)-6-(4-aminophenyl)pyridine, 5f: Yield 28%, mp 

234±2 °C. IR (λmax, cm-1): 3465, 3430, 2205, 1614, 1582, 1368 and 1259. 1H NMR 

(DMSO-d6): δ 3.74 (3H, s, C-3-OCH3); 3.80 (3H, s, C-4-OCH3); 5.62 (2H, br s, C-4-NH2); 

6.59 (2H, d, J = 8.4 Hz, C-3 and 5-H); 6.75 (2H, br s, C-2-NH2); 6.99 (1H, s, C-5-H); 7.55 

(2H, d, J = 8.8 Hz, C-2 and 6-H); 6.93-6.79 (3H, m, C-2, 5 and 6-H). Anal. Calcd for 

C20H18N4O2: C, 69.36; H, 5.2; N, 16.18. Found: C, 69.34; H, 5.21; N, 16.18.     

2-amino-3-cyano-4-(4-methylphenyl)-6-(4-aminophenyl)pyridine, 5g: Yield 35%, mp 218±2 

°C. IR (λmax, cm-1): 3462, 3363, 2202, 1622, 1583 and 1371. 1H NMR (DMSO-d6): δ 2.39 
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(3H, s, C-4-CH3); 5.62 (2H, br s, C-4-NH2); 6.55 (2H, d, J = 8.8 Hz, C-3 and 5-H); 6.70 (2H, 

br s, C-2-NH2); 7.05 (1H, s, C-5-H); 7.17 (2H, d, J = 8.0 Hz, C-3 and 5-H); 7.53 (2H, d, J = 

8.0 Hz, C-2 and 6-H); 7.68 (2H, d, J = 8.6 Hz, C-2 and 6-H). Anal. Calcd for C19H16N4: C, 

76.07; H, 5.37; N, 18.65. Found: C, 76.00; H, 5.36; N, 18.66.  

2-amino-3-cyano-4-(4-dimethylaminophenyl)-6-(4-aminophenyl)pyridine, 5h: Yield 34%, mp 

208±2 °C. IR (λmax, cm-1): 3444, 3328, 2212, 1614, 1561 and 1360. 1H NMR (DMSO-d6):     

δ 3.10 [6H, s, C-4-N(CH3)2]; 5.86 (2H, br s, C-4-NH2); 6.84 (2H, d, J = 10.2 Hz, C-3 and 5-

H); 7.07 (1H, s, C-5-H); 7.26 (2H, d, J = 9.8 Hz, C-3 and 5-H); 7.83 (2H, d, J = 10.0 Hz, C-2 

and 6-H); 8.02 (2H, br s, C-2-NH2); 8.13 (2H, d, J = 9.8 Hz, C-2 and 6-H). Anal. Calcd for 

C20H19N5: C, 73.01; H, 5.81; N, 21.26. Found: C, 72.94; H, 5.80; N, 21.27.      

2-amino-3-cyano-4-(9-anthracenyl)-6-(4-aminophenyl)pyridine, 5i: Yield 33%, mp 266±2°C. 

IR (λmax, cm-1): 3468, 3335, 2217, 1630, 1601 and 1355. 1H NMR (DMSO-d6): δ 6.19 (2H, 

br s, C-4-NH2); 6.63 (2H, d, J = 8.8 Hz, C-3 and 5-H); 7.61-7.55 (4H, m, Anthracenyl-H); 

7.62 (1H, s, Anthracenyl-H); 7.66 (1H, s, C-5-H); 7.90 (2H, d, J = 8.4 Hz, C-2 and 6-H); 

8.25-8.14 (4H, m, Anthracenyl-H); 8.66 (2H, br s, C-2-NH2). Anal. Calcd for C26H18N4: C, 

80.90; H, 4.69; N, 14.50. Found: C, 80.86; H, 4.70; N, 14.52.     

2-amino-3-cyano-4-(2-pyridinyl)-6-(4-aminophenyl)pyridine, 5j: Yield 12%, mp 245±2 °C. 

IR (λmax, cm-1): 3423, 3330, 2215, 1644, 1576 and 1352. 1H NMR (DMSO-d6): δ 5.68 (2H, 

br s, C-4-NH2); 6.65 (2H, d, J = 8.2 Hz, C-3 and 5-H); 6.85 (2H, br s, C-2-NH2); 7.05 (1H, s, 

C-5-H); 7.63-7.47 (4H, m, C-3, 4, 5 and 6-H); 7.89 (2H, d, J = 8.2 Hz, C-2 and 6-H). Anal. 

Calcd for C17H13N5: C, 71.14; H, 4.56; N, 24.37. Found: C, 71.08; H, 4.56; N, 24.39. 

2-amino-3-cyano-4-(4-pyridinyl)-6-(4-aminophenyl)pyridine, 5k: Yield 13%, mp 251±2 °C. 

-1): 3425, 3330, 2216, 1644, 1575 and 1352. 1H NMR (DMSO-d6): δ 5.61 

(2H, br s, C-4-NH2); 6.60 (2H, d, J = 8.8 Hz, C-3 and 5-H); 6.70 (2H, br s, C-2-NH2);  7.10 

(1H, s, C-5-H); 7.35 (2H, d, J = 9.8 Hz, C-2 and 6-H); 7.73 (2H, d, J = 9.2 Hz, C-3 and 5-H); 

7.88 (2H, d, J = 8.0 Hz, C-2 and 6-H). Anal. Calcd for C17H13N5: C, 71.15; H, 4.57; N, 

24.39. Found: C, 71.08; H, 4.56; N, 24.40.    

General procedure for synthesis of substituted pyrido[2,3-d] pyrimidines, 6a-g: A 

reaction flask equipped with a reflux condenser and a water separator was filled with a 

mixture of 2-amino-3-cyano-4,6-disubstituted pyridines (5a-k) (0.001 mol), formamide 

(0.001 mol), and dimethyl formamide (5 mL). After reflux at 170°C on an oil bath for 22–24 

hours, corresponding pyrido[2,3–d] pyrimidines 27 were formed (Scheme 2). TLC utilising 

silica gel-G allowed for the identification of the reaction's completion. A rotary vacuum 

evaporator was used to evaporate the solvent. To obtain pure pyridopyrimidines (6a-g), the 

residue was added to crushed ice, and the resulting precipitate was separated by suction, 

cleaned with water, dried, and purified using column chromatography on silica gel with a 

mobile phase consisting of a combination of ethyl acetate and hexane.  

4-amino-5-(4-chlorophenyl)-7-(4-aminophenyl)pyrido[2,3-d]pyrimidine, 6a: Yield 55%, mp 

315±2 °C. IR (λmax, cm-1): 3402, 3342, 1681, 1605, 1365 and 821. 1H NMR (DMSO-d6): δ 

7.00 (2H, br s, C-4-NH2); 7.25 (1H, s, C-6-H); 7.31 (2H, d, J = 8.0 Hz, C-3 and 5-H); 7.63 

(2H, d, J = 8.4 Hz, C-2 and 6-H); 7.64 (2H, br s, C-4-NH2); 7.70 (2H, d, J = 8.0 Hz, C-2 and 

6-H); 8.12 (2H, d, J = 8.0 Hz, C-3 and 5-H); 8.33 (1H, s, C-2-H). Anal. Calcd for 

C19H14N5Cl: C, 65.67; H, 4.06; N, 20.13. Found: C, 65.60; H, 4.02; N, 20.14.      

4-amino-5-(2,4-dichlorophenyl)-7-(4-aminophenyl)pyrido[2,3-d]pyrimidine, 6b: Yield 34%, 

mp 338±2 °C. IR (λmax, cm-1): 3403, 3337, 1684, 1600, 1366 and 827. 1H NMR (DMSO-

d6): δ 7.07 (2H, br s, C-4-NH2); 7.20 (1H, s, C-6-H); 7.54 (1H, s, C-3-H); 7.62-7.56 (2H, m, 

C-5 and C-6-H); 7.70 (2H, d, J = 8.4 Hz, C-3 and 5-H); 7.85 (2H, br s, C-4-NH2); 8.09 (2H, 

d, J = 8.4 Hz, C-2 and 6-H);  8.33 (1H, s, C-2-H). Anal. Calcd for C19H13N5Cl2: C, 59.74; 

H, 3.43; N, 18.32. Found: C, 59.68; H, 3.43; N, 18.33.  
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4-amino-5-(4-fluorophenyl)-7-(4-aminophenyl)pyrido[2,3-d]pyrimidine, 6c: Yield 51%, mp 

306±2 °C. IR (λmax, cm-1): 3406, 3300, 1682, 1604, 1366 and 1239. 1H NMR (DMSO-d6): 

δ 6.96 (2H, br s, C-4-NH2); 7.24 (1H, s, C-6-H); 7.30 (2H, d, J = 8.4 Hz, C-3 and 5-H); 7.42-

7.37 (2H, m, C-2 and 6-H);  7.72 (2H, br s, C-4-NH2); 7.75-7.73 (2H, m, C-3 and 5-H); 8.12 

(2H, d, J = 8.4 Hz, C-2 and 6-H);  8.34 (1H, s, C-2-H). Anal. Calcd for C19H14N5F: C, 

68.94; H, 4.26; N, 21.14. Found: C, 68.88; H, 4.26; N, 21.12.  

4-amino-5-(3-bromophenyl)-7-(4-aminophenyl)pyrido[2,3-d]pyrimidine, 6d: Yield 64%, mp 

342±2 °C. IR (λmax, cm-1): 3407, 3339, 1684, 1606, 1360 and 701. 1H NMR (DMSO-d6): δ 

7.00 (2H, br s, C-4-NH2); 7.28 (1H, s, C-6-H); 7.54-7.50 (1H, t, J = 8.8 Hz, C-5-H); 7.68 

(2H, d, J = 8.4 Hz, C-3 and 5-H); 7.73 (2H, d, J =10.2 Hz, C-4 and 6-H);  7.87 (2H, br s, C-4-

NH2); 8.13 (1H, s, C-2-H); 8.15 (2H, d, J = 7.8 Hz, C-2 and 6-H); 8.33 (1H, s, C-2-H). Anal. 

Calcd for C19H14N5Br: C, 58.21; H, 3.60; N, 17.85. Found: C, 58.16; H, 3.59; N, 17.84.  

4-amino-5-(4-methoxyphenyl)-7-(4-aminophenyl)pyrido[2,3-d]pyrimidine, 6e: Yield 34%, 

mp 315±2 °C. IR (λmax, cm-1): 3402, 3336, 1681, 1605, 1365 and 1251. 1H NMR (DMSO-

d6): δ 3.76 (3H, s, C-4-OCH3); 7.03 (2H, br s, C-4-NH2); 7.34 (1H, s, C-6-H); 7.29 (2H, d, J 

= 8.0 Hz, C-3 and 5-H); 7.71 (2H, d, J = 8.4 Hz, C-2 and 6-H); 7.68 (2H, br s, C-4-NH2); 

7.76 (2H, d, J = 8.0 Hz, C-2 and 6-H); 8.06 (2H, d, J = 8.0 Hz, C-3 and 5-H); 8.42 (1H, s, C-

2-H). Anal. Calcd for C20H17N5O: C, 69.97; H, 4.95; N, 20.40. Found: C, 69.96; H, 4.95; N, 

20.40.   

4-amino-5-(4-methylphenyl)-7-(4-aminophenyl)pyrido[2,3-d]pyrimidine, 6f: Yield 43%, mp 

312±2 °C. IR (λmax, cm-1): 3403, 3300, 1681, 1607 and 1368. 1H NMR (DMSO-d6): δ 2.40 

(3H, s, C-4-CH3); 6.91 (2H, br s, C-4-NH2); 7.22 (1H, s, C-6-H); 7.36 (2H, d, J = 7.8 Hz, C-

3 and 5-H); 7.57 (2H, d, J = 7.6 Hz, C-2 and 6-H); 7.65 (2H, br s, C-4-NH2); 7.70 (2H, d, J = 

8.8 Hz, C-3 and 5-H); 8.11 (2H, d, J = 8.4 Hz, C-2 and 6-H); 8.33 (1H, s, C-2-H). Anal. Calcd 

for C20H17N5: C, 73.46; H, 5.23; N, 21.43. Found: C, 73.39; H, 5.20; N, 21.40.  

4-amino-5-(4-dimethylaminophenyl)-7-(4-aminophenyl)pyrido[2,3-d]pyrimidine, 6g: Yield 

24%, mp 302±2 °C. IR (λmax, cm-1): 3457, 3364, 1682, 1597 and 1356. 1H NMR (DMSO-

d6): δ 2.95 {6H, s, N(CH3)2}; 6.98 (2H, br s, C-4-NH2); 7.23 (1H, s, C-6-H); 7.33 (2H, d, J 

= 8.8 Hz, C-3 and 5-H); 7.40-7.37 (2H, J = 8.2 Hz, C-2 and 6-H); 7.75 (2H, br s, C-4-NH2); 

7.84 (2H, d, J = 8.2 Hz, H-3 and H-5); 8.08 (2H, d, J = 8.4 Hz, H-2 and H-6);  8.30 (1H, s, H-

2). Anal. Calcd for C21H20N6: C, 70.78; H, 5.61; N, 23.59. Found: C, 70.76; H, 5.60; N, 

23.61.   

Antimicrobial studies: Using the disc diffusion method, the antibacterial activity of the 

synthesised compounds is assessed against two bacterial strains, S. aureus and E. coli, and 

two fungal pathogens, A. niger and C. albicans. The acquired results were compared to the 

antibacterial and antifungal activity of conventional drugs, namely chloramphenicol and 

clotrimazole, respectively. (17, 18) 

Disc diffusion assay: figuring out a compound's antibacterial susceptibility at specific 

concentration doses using the Kirby-Bauer method. A few colonies of organisms were 

produced for 2.5 hours after being introduced in 2-4 cc of broth. To stop the inoculation 

material from leaking onto the agar plates during incubation, they were dried for thirty 

minutes prior to inoculation. The diluted culture is evenly dispersed across the agar surface 

using a sterile cotton swab dipped into the bacterial suspension. Whatman filter paper No. 1 

discs, each with a diameter of 5 mm, were autoclaved before being dried for an hour at 60 °C. 

Using flame-powered forceps, the sterile filter paper discs impregnated with 400 µg (10 ml) 

and 800 µg (10 ml) of compound were deposited on the pre-inoculated surface. Within thirty 

minutes, the disc bearing plates were incubated for twenty-four hours at 37°C. The inhibition 

zone diameter was measured following incubation. The degree of sensitivity of the bacterial 

or fungal strain and the concentration of the drug being tested are directly correlated with the 

zone of inhibition. That is evident from a methodical review of antibiotic activity data. A rise 
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in the petridish zone of inhibition corresponds with an increase in drug concentration. (19, 20, 

21, 22) 

RESULTS AND DISCUSSION 

Synthesis: Chalcones 3a-k of 4-aminoacetophenone 1 were produced via the Claisen-

Schmidt condensation reaction from 4-aminoacetophenone 1 utilising different aldehydes 2a-

k. Pyrimidines 4a–k were created by cyclizing the oxo group after the amino group of the 

guanidine was added 1,2-or 1,4 times (Scheme 1, Table 1). We have previously disclosed the 

spectroscopic determination of the structures of products 3a-k and 4a-k.   

 
SCHEME 1: Synthesis of chalcones 3a-k and 2,4,6-trisubstituted pyrimidines 4a-k. Reagents 

and conditions: (1) ethanol, aqueous potassium hydroxide, room temperature (16-20 h); (2) 

guanidine hydrochloride, ethanol, solid KOH, reflux (2 to 6 h) at 75-80 ºC. 

Table 1: 4-aminochalcones (3a-k) and 2,4,6-Trisubstituted Pyrimidines (4a-k) 

Compound Ar Compound Ar 

3a, 4a 4-Chlorophenyl 3g, 4g  3,4,5-Trimethoxyphenyl 

3b, 4b 2,4-Dichlorophenyl 3h, 4h  4-Methylphenyl 

3c, 4c 4-Fluorophenyl 3i, 4i  4-Dimethylaminophenyl 

3d, 4d 3-Bromophenyl 3j, 4j  9-Anthracenyl 

3e, 4e  4-Methoxyphenyl 3k, 4k  2-Pyridinyl 

3f, 4f  3,4-Dimethoxyphenyl   

 

 
SCHEME 2: Synthesis of 2-amino-3-cyanopyridines 5a-k and pyrido[2,3-d]pyrimidines 

6a-g. Reagents and conditions: i) malononitrile, ethanol, ammonium acetate, reflux (4 to 

6 h) at  75-80 °C; (ii) formamide, DMF, reflux (24 to 30 h) at 170-180 °C. 
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Table 2: Cyanopyridines 5a-k and Pyrido[2,3-d]pyrimidines 6a-g 

Compound Ar Compound Ar 

5a 4-Chlorophenyl 6a 4-Chlorophenyl 

5b 2,4-Dichlorophenyl 6b 2,4-Dichlorophenyl 

5c 4-Fluorophenyl 6c 4-Fluorophenyl 

5d 3-Bromophenyl 6d 3-Bromophenyl 

5e 4-Methoxyphenyl 6e 4-Methoxyphenyl 

5f 3,4-Dimethoxyphenyl 6f 4-Methylphenyl 

5g 4-Methylphenyl 6g 4-Dimethylaminophenyl 

5h 4-Dimethylaminophenyl   

5i 9-Anthracenyl    

5j 2-pyridinyl   

5k 4-pyridinyl   

 

Antimicrobial Activity:Tables 3 and 4 summarise the results of the evaluation of the 

antibacterial activity of all seven newly synthesised pyrido[2,3-d]pyrimidine derivatives (6a-

g) against two bacterial and two fungal strains. The inclusion of 2,4-dichlorophenyl, 4-

fluorophenyl, and 4-dimethylaminophenyl moieties at the C-5 position of the pyrido[2,3-

d]pyrimidine nucleus may be the cause of Compounds 6b, 6c, and 6g's strong antibacterial 

action against bacterial and fungal strains. All of the remaining pyridopyrimidines were found 

to be active against every type of bacteria examined, despite their limited antimicrobial 

activity. All things considered, the primary antimicrobial drugs are those that have 2,4-

dichlorophenyl, 4-fluorophenyl, and 4-dimethylamino moieties as substituents at the right 

place in chalcones, pyrimidines, and pyridopyrimidines.  

Table 3: In vitro antifungal pyrido[2,3-d]pyrimidines (6a-g) 

S. No. Compound Diameter of zone of inhibition in mm 

  Bacteria 

  S. aureus  E. coli  

  400 µg/disc 800 µg/disc 400 µg/disc 800 µg/disc 

1 6a 11 12 12 12 

2 6b 14 16 09 12 

3 6c 13 13 10 16 

4 6d 09 16 11 13 

5 6e 10 14 13 15 

6 6f 09 09 09 13 

7 6g 17 17 12 17 

8 Chloramphenicol 21 23 18 22 

         

Table 4: In vitro antifungal pyrido[2,3-d]pyrimidines (6a-g) 

S. No. Compound Diameter of zone of inhibition in mm 

  Fungi 

  A. niger  C. albicans  

  400 µg/disc 800 µg/disc 400 µg/disc 800 µg/disc 

1 6a 12 15 13 13 

2 6b 17 23 16 19 

3 6c 12 13 13 9 

4 6d 13 14 15 14 
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5 6e 10 14 14 15 

6 6f 12 19 15 15 

7 6g 16 14 16 17 

8 Clotrimazole 21 29 23 28 

  

CONCLUSION 

Based on the observed results, it is inferred that pyridopyrimidines showed greater anticancer 

activity than chalcones themselves or pyrimidines cyclized from the same chalcones.  The 

current investigation discovered new substituted pyrimidines, pyrido[2,3-d]-pyrimidines, and 

chalcones. Following the conversion of chalcones to their corresponding pyridopyrimidines, 

antimicrobial activity was significantly increased. This deduction showed that, in comparison 

to chalcones and pyrimidines, pyridopyrimidines have superior antibacterial action due to the 

presence of a nucleus that enhances antimicrobial activity. To fully understand their precise 

mode of action and their therapeutic potential as antimicrobial agents, more research is 

needed. 
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