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ABSTRACT:  

            In order to find high-efficiency and low-toxic antimicrobial drugs and a novel transition metal triflate 

as catalyst activity was utilized for the first time to acquire a synthesis of  nine  new 3-methyl-1,4,8,9-

tetrahydro-5H-pyrazolo[4,3:5,6]pyrido[2,3-d]pyrimidine-5,7(6H)-diones  derivatives via a one-pot five-

component reaction of substituted  aromatic and hetero aromatic aldehydes, barbituric acid, ethyl acetoacetate, 

hydrazine  hydrate and ammonium acetate in aqueous alcoholic  medium under catalytic condition . The 

obtained derivatives were confirmed by measure of advanced spectroscopic data viz; 1HNMR, 13CNMR and 

LCMS.  The derivatives were also studied by antimicrobial activity against bacterial as well as fungal strains 

and also estimated the measure inhibition zone. The methodology is expeditious and furnishes varied 

advantages like shorter reaction time, energy efficiency, eco-sustainability and work under mild condition 
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1. INTRODUCTION: 

                  In modern organic synthesis, the multicomponent reactions (MCRs) are an effective and 

environmentally friendly procedure for providing a vast range of molecular systems in a single one-pot 

operation. As a result, an interesting in telescopic reactions has recently progressed. The single one-pot 

telescoped reaction was involved a sequential chemical reagent addition, avoiding multiple-step 

transformations in absence of without any workup, minimizing several purification stages , solvent switching  

having a maximum atom economy, being quick and easy to operate, saving energy, time, and being 

environmentally friendly.  Multicomponent reactions (MCRs) [1–3] significant role play an essential in 

modern organic and applied chemistry, where in, the desired molecules are prepared from three or more 

different substrates through reactions in well-known approaches [4].Drug companies may take advantage of 

multicomponent reactions (MCRs). These reactions can be utilized to synthesize highly functionalized, 

biologically relevant natural and active molecules, including polycyclic structures. 
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                They deliver considerable advantages over linear-stepwise syntheses and reduction in waste 

production [4, 5]. With the aim to avoid the formation of toxic materials and byproducts arising from chemical 

processes, chemists need to cultivate environmentally-friendly strategies [6]. Nowadays, ultrasound has 

emerged as a dynamic tool in the synthesis of novel heterocycles owing to distinctive and advantageous 

features such as greater selectivity, low energy utilization, excellent acoustic cavitation, better consumption of 

raw materials, high yields of products and reduced reaction durations [7]. The method is safe, efficient and 

involves the use of green solvents such as water and/or EtOH. Hence, ultrasonication has emerged as an 

innocuous, green technique in organic synthesis and has been proved beyond doubt to be an advanced 

technique over conventional methods [8]. 

                    Despite excessive progress in the telescopic reactions for the synthesis of pyrimidines and fused 

pyrimidine derivatives and the different limitation are existed. The most of the literature methods are involved 

harsh reaction conditions, prolong reaction times, and various purification steps, which restrict their practical 

utility. Besides, it must perform a comprehensive comparison description, the better yield of product, less 

reaction time, suitable solvent medium, more selectivity, and highest environmental stability. Overcoming 

these constraints might result in a more efficient, scalable, and environmentally sustainable synthesis of 

heterocycles. 

                    Among fused N-heteroaromatic substances, those containing pyrazole [1,5-a]pyridine and pyrido 

[1,2-b] indazole ring systems are medicinally important owing to the three-component coupling of one-pot 

condensation [1-3], biological activities of pyrazole derivatives [4,5], PI3Kδ Inhibitors [6], antimicrobial 

activities [7,8], Antioxidant [9], anti-tumor activity [10], PI3K/mTOR Dual Inhibitors [11], EGFR-TK 

inhibitors [12,13], anticancer [14,15], inflammatory and analgesic 16], antihistaminic (H1)[17], 

anticonvulsant and antidepressant [18], antifungal [18], antifungal activity[19], diuretic activity[20], antiviral 

and cytotoxic agents[21]               

                Recently, several catalytic processes have been developed for the synthesis of pyrimidines and their 

derivatives by using solid polymer catalysts like Amberlyst-15 [22], PEG-OSO3H [23], Pyrazolyl-pyrimidine 

porous-organic-polymer [24], Researchers have also used various hazardous metal catalysts like manganese 

[26], and iron [27] prepare pyrimidine derivatives .        

           In summary, we have improved a simple but an efficient procedure for the preparation of 3-methyl-

1,4,8,9-tetrahydro-5H pyrazolo [4,3:5,6] pyrido[2,3-d] pyrimidine-5,7(6H)-dione and from easily prepared 

tetrahydropyrido-pyrimidine-2,4-diones by oxidative aromatization using AgOTf as the oxidant as shown in 

scheme-1 .  

 2.1. EXPERIMENTAL SECTION: 

               All the chemical, synthetic grade reagents and solvent were procured from Sigma Aldrich chemicals. 

The melting points of all synthesized compounds were determined in open capillary tube and are uncorrected. 

The 1HNMR and 13CNMR spectra (CDCl3) were measured on Brucker (400MHz) spectrometer using TMS as 

internal and also chemical shift expressed in δ ppm. The molecular weight of the synthesized analogous was 

estimated by LCMS spectrometer. The purity of all obtained derivatives was identified by thin layer 

chromatography and iodine was used as visualizing agent. 

2.2. GENERAL PROCEDURE FOR THE PREPARATION OF COMPOUNDS (6a–6i): 

         In a 25 mL conical flask, a mixture of aldehyde (1 mol), hydrazine hydrate (1 mol), ethyl acetoacetate (1 

mol), barbituric acid (1 mol), ammonium acetate (1.2mol) and ethanol and water (5 mL) were taken in 50mL 

of RBF.  The enhancement activity substances such as silver triflates ( 0.5 mol) added in above the reaction. 

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882 

IJCRT2506937 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org h969 
 

After completion of the reaction  was recognized by thin layer chromatography  (eluent:4:6::EtOAc: n-hexane 

), the prepared reaction was quenched  into crushed ice; the formed precipitate was filtered, repeatedly washed 

with water (3 × 25 mL) and left in  the oven at 75°C for 30 min. EtOH was then added to dissolve the solid 

and  the solution was dried over anhydrous Na2SO4; the solvent was removed by suction  and the impure 

product thus obtained was further purified by recrystallization using  EtOH to get the desired products(6a–6i) 

at 84–92%yield. 

2.2.1.4-(4-Hydroxy-3-methoxyphenyl)-3-methyl-1,4,8,9-tetrahydro-5Hpyrazolo[4′,3′5,6] pyrido [2,3-d] 

pyrimidine-5,7 (6H)-dione (6a) 

Yield: 91%;  Pale yellow solid; M.P.:264-2660C : 1H NMR(400 MHz,CDCl3)𝛿ppm: 1.772 (3H,s, CH3), 

3.760 (3H, s, OCH3), 3.885 (1H, s, NH), 4.557 (1H, s, CH),  6.850 (1H, d, J = 7.6 Hz, Ar-H), 6.858 (1H, d, J 

= 7.6 Hz, Ar-H), 7.270 (1H, s, Ar-H), 8.759 (1H, s, NH), 9.128 (1H, s, OH),  9.779 (1H, s, NH), 10.820 (1H, 

s, NH); 13C NMR (100 MHz, CDCl3) 𝛿ppm : 10.86, 30.73, 105.17, 127.17, 128.85 , 130.84, 132.89, 133.28, 

138.55, 143.53, 151.81, 160.59, 164.79. Molecular weight (m/z) : 341.75 [M]+. 

2.2.2.4-(3,4-Dimethoxyphenyl)-3-methyl-1,4,8,9-tetrahydro-5Hpyrazolo[4,3:5,6]pyrido[2,3-d] 

pyrimidine-5,7(6H)-dione (6b) 

Yield: 90%;  Yellow solid; M.P.:254-2560C : 1H NMR(400 MHz,CDCl3)𝛿ppm: 1.854 (3H,s, CH3), 3.547 (1H, 

s, NH), 3.689 (3H, s, OCH3), 3.753 (3H, s, OCH3), 4.874 (1H, s, CH), 5.891 (1H, s, NH), 6.912 (1H, d, J = 

8.0 Hz, Ar-H), 7.214 (1H, s, Ar-H), 7.454 (1H, d, J = 5.8 Hz, Ar-H), 8.584 (1H, s, NH), 11.230 (1H, s, NH); 
13C NMR (100 MHz, CDCl3) 𝛿ppm: 11.56, 32.78, 54.85, 56.89, 105.87, 110.46 , 114.88, 120.07, 122.66, 

128.54, 134.56, 141.78, 146.72, 150.51, 158.89, 162.38. Molecular weight (m/z): 355.17 [M]+. 

2.2.3.4-(3,4,5-trimethoxyphenyl)-3-Methyl-1,4,8,9-tetrahydro-5HPyrazolo[4,3:5,6]pyrido [2,3-d]  

pyrimidine-5,7(6H)-dione (6c) 

Yield: 92%; yellow solid; M.P.:258-2600C:1HNMR(400MHz,CDCl3)𝛿ppm : 1.654 (3H,s,CH3), 3.582 (6H,s, 

(OCH3)2), 3.768 (3H, s, OCH3),  4.814 (1H, s, CH), 6.117 (1H, s, NH), 7.318 (d, J= 8.0Hz, 2H,  Ar-H), 8.452 

(1H, s, NH), 8.844 (1H, s, NH), 10.957 (1H, s, NH); 13C NMR (100 MHz, CDCl3) 𝛿ppm :11.47, 32.48 , 53.82 

, 54.86, 103.96, 111.85, 114.50 , 118.87, 122.36, 128.04, 137.46, 140.58, 144.12, 152.81, 157.59, 162.80. 

Molecular weight (m/z): 385.21 [M]+.  

2.2.4.4-(4-Fluorophenyl)-3-methyl-1,4,8,9-tetrahydro-5Hpyrazolo[4,3:5,6]pyrido[2,3-d] pyrimidine-

5,7(6H)-dione (6d) 

 Yield:85%;Paleyellowsolid;M.P:245-2470C:1HNMR(400MHz,CDCl3)𝛿ppm: 1.951(3H,s,CH3), 4.507 

(1H,s,CH), 6.221(1H, s, NH), 6.885 (2H, d, J = 8.0 Hz, Ar-H), 7.518 (2H, d, J = 9.4 Hz, Ar-H), 8.884 (1H, s, 

NH), 9.523 (1H, s, NH), 10.818 (1H, s, NH); 13C NMR (100 MHz, CDCl3) 𝛿ppm : 10.77, 31.53, 105.07, 

128.54, 128.93, 129.44, 138.05, 152.12, 158.77, 160.07, 161.83, 163.21, 164.71, 166.25. TO Molecular 

weight (m/z) :314.45 [M+2]. 

2.2.5.4-(4-Chlorophenyl)-3-methyl-1,4,8,9-tetrahydro-5Hpyrazolo[4,3:5,6]pyrido[2,3-d] pyrimidine-

5,7(6H)-dione (6e) 

 Yield: 85%;  Pale yellow solid ; M.P.:241-2430C : 1H NMR(400 MHz,CDCl3)𝛿ppm :1.657 (3H,s, CH3), 3.771 

(1H, s, NH), 4.917 (1H, s, CH) , 6.914 (2H, d, J = 7.6 Hz, 2H, Ar-H), 7.110 (2H, d, J = 4.2 Hz, Ar-H), 7.784 

(1H, s, NH), 8.801 (1H, s, NH), 9.874 (1H, s , NH) ; 13C NMR (100 MHz, CDCl3) 𝛿ppm : 10.85, 30.53, 

124.85 , 128.24 , 128.78, 130.08, 132.76, 134.83, 148.23, 158.88, 160.01. Molecular weight (m/z) : 329.32 

[M]+. 
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2.2.6.4-(2,4-Dichlorophenyl)-3-methyl-1,4,8,9-tetrahydro-5Hpyrazolo[4,3:5,6]pyrido[2,3-d] pyrimidine-

5,7 (6H)-dione (6f): 

Yield: 86%; Pale yellow solid; M.P - 274-2760C : 1H NMR(400 MHz,CDCl3)𝛿ppm: 2.107 (3H,s, CH3), 3.841 

(1H, s, NH), 4.892 (1H, s, CH), 7.129 (1H, d, J = 8.2 Hz, Ar-H), 7.231 (1H, d, J = 8.8 Hz, Ar-H), 7.448 (1H, s, 

Ar-H), 9.147 (1H, s, NH), 10.047 (1H, s, NH); 13C NMR (100 MHz, CDCl3) 𝛿ppm : 10.76, 31.52, 103.76, 

120.77, 125.77, 128.81, 129.44, 130.19, 132.68, 138.85, 144.73, 153.81, 159.29, 164.79. Molecular weight 

(m/z) : 363.65 [M]+.  

2.2.7.4-(4-Bromophenyl)-3-methyl-1,4,8,9-tetrahydro-5H pyrazolo[4,3:5,6] pyrido[2,3-d] pyrimidine-

5,7(6H)-dione (6g) 

Yield: 88%;  Pale red solid ; M.P .: 268-2700C : 1H NMR(400 MHz,CDCl3) 𝛿ppm : 2.041 (3H,s, CH3), 4.775 

(1H, s, CH), 6.730 (1H, s, NH), 6.945 (2H, d, J = 10.4Hz, Ar-H), 7.338 (2H, d, J = 8.8 Hz, Ar-H), 8.773 (1H, 

s, NH), 10.015 (1H, s, NH), 11.236 (1H, s, NH). 13C NMR (100 MHz, CDCl3) 𝛿ppm: 11.07, 30.25, 103.55, 

128.44, 128.81, 129.07, 137.66, 153.02, 157.01, 159.14, 161.08, 163.20, 165.70, 168.25. Molecular weight 

(m/z) : 374.08 [M+2]  

2.2.8. 4-(4-Nitrophenyl)-3-methyl-1,4,8,9-tetrahydro-5H-pyrazolo[4,3:5,6]pyrido[2,3-d] 

 Pyrimidine-5,7(6H)-dione (6h) 

Yield: 87%;  yellow solid; M.P.:250-2510C : 1H NMR(400 MHz,CDCl3)𝛿ppm : 2.147 (3H,s, CH3), 3.33 (1H, 

s, NH), 5.00 (1H, s, CH), 6.37 (2H, d, J = 8 Hz, Ar-H), 7.38 (2H, d, J = 8.4 Hz, Ar-H), 8.73 (1H, s, NH), 10.15 

(1H, s, NH), 11.36 (1H, s, NH); 13C NMR (100 MHz, CDCl3) 𝛿ppm: 11.87, 29.55, 126.52, 128.76, 129.51, 

130.76, 132.88, 134.43, 149.70, 159.80, 159.77. Molecular weight (m/z): 340.58 [M]+. 

2.2.9. 4-(1H-Indol-2-yl)-3-methyl-1,4,8,9-tetrahydro-5H-pyrazolo [4,3:5,6] pyrido [2,3-d] 

 Pyrimidine-5,7(6H)-dione (6i) 

 Yield:90%; Pale yellow solid; M.P.:281-2830C : 1H NMR(400 MHz,CDCl3) 𝛿ppm : 2.012 (3H,s, CH3) , 

3.532 (1H, s, NH), 4.912 (1H, s, CH), 7.045 – 7.241 (2H, m, Ar-H), 7.412 (1H, t, J = 8.0 Hz, Ar-H), 7.713 

(1H, t, J = 5.8 Hz,  Ar-H), 8. 113 (1H, t, J = 5.2 Hz, Ar-H), 8.714 (1H, s, NH), 9.814 (1H, s, NH), 10.765 (1H, 

s, NH), 11.471 (1H, s, NH) ; 13C NMR (100 MHz, CDCl3) 𝛿ppm : 10.95, 31.84 , 52.08 , 55.17, 102.96, 

112.07, 113.54 , 120.57 , 122.02, 129.07, 135.82, 142.17, 146.07, 153.33, 158.78, 162.07 : Molecular weight 

(m/z) : 334.21 [M]+. 
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3. RESULTS AND DISCUSSION: 

 

4.1. CHEMISTRY: 

    In this investigation, the most commonly utilized synthetic protocol to prepare the approach of the 

desired derivatives is given in the “scheme-1”. The starting materials one-pot five-component reaction of 

substituted aromatic and hetero aromatic aldehydes, barbituric acid, ethyl acetoacetate, NH2NH2 and 

CH3COONH4 in water under catalytic condition were treated in explored by silver in ethanol as solvent at 

reflux scaffold titled derivatives such as Pyrazolo pyrido pyrimidine-diones, the reaction condition was 

controlled and start the reaction by Lew’s acid catalyst as “AgOTf “at reflux. The scope and advantages of 

this catalyst, the accelerated rate of reaction, an excellent scaffold the by this catalyst, very low reaction time 

and the scope this catalyst commercially available, easy work up and also nontoxic nature.   

             During this reaction, an optimization of the different catalysts, temperature, solvent as well as loaded 

catalyst was applied and the result exhibited and given below. There is different transition metal triflate and 

non-transition metal triflate was applied during this reaction   at constant temperature. The entry “4” gave 

92%. The entry “1”, “2” and entry “3” are most effective catalyst but effect of product very moderate, such as 

57%, 62% and 73%   respectively. The entry   “ 4 ”  is powerful Lew’s acid catalyst that is produced excellent 

yield is “92%”. 

 Table –1: Comparison among the various catalyst synthesis of titled compound (6c): 

Entry Catalyst Time (h) Yield (%) 

1 Al (OTf)3 6 57 

2 Cu (OTf)2 6 62 

3 Zn (OTf)2 6 73 

4 AgOTf   6 92 
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                 The amount of catalyst is very most significant role play during in this reaction; 1mmole amount of 

the catalyst was utilized in starting, acquired traces amount of product and gradually developing up to 3 mmol 

amount of the catalyst during the reaction. Hence, maximum amount yield obtained (92%). Further, amount of 

the catalyst increased up to entry “5” and get no improvement as shown Table-2. 

Table-2: Optimization amount of the catalyst (AgOTf) for synthesis of derivatives (6c):   

  Entry Catalyst (mol) Time (h) Yield (%) 

1 0.5 6 traces 

2 1.0 6 45 

3 2.0 6 65 

4 3.0 6 92 

5 4.0 6 92 

 

             It noticed that following the above catalyst impact during the reaction method, we followed to the 

evaluated of solvent effects applying a several of solvents, including H2O, CH3CN, EtOH, MeOH, and MDC. 

Our observations are identified that the good reaction conditions are those if without the use of solvents and 

also the completion of the reaction as well as for the yield of the desired product compared than those 

obtained in any of the solvents investigated (Table-3). 

Table-3: The effect of the solvent for synthesis of compound (6c): 

Entry Catalyst (mmol) Time (h) Yield (%) 

1 H2O 3 25 

2 MeOH 3 48 

3 EtOH+H2O 3 92 

4 DMF 3 58 

5 MDC 3 66 

          

3.2. BIOLOGICAL ACTIVITY:  

               The tested samples were evaluated for their invitro antibacterial and antifungal potent activities of 

the following micro broth dilution technique. The invitro antibacterial potent activity was examined against 

gram (+Ve) bacterial strains such as B. subtilis and S.aureus and gram (-Ve) bacterial strains such as against 

E.coli and P.aeruginosa. The invitro antifungal activity was evaluated against the fungal strains such as 

A.Niger and C.albicans. The standard drugs were referred for this study were “Ciprofloxacin and 

Ketonozole” for antibacterial as well as antifungal screening. Mueller Hinton Broth was used as a nutrient 

medium for bacteria and Sabouraud dextrose Broth for fungal growth. Inoculums size for test strain was 

adjusted to 108 CFU/mL by comparing the turbidity. The results were recorded in the form of primary and 

secondary evaluation. The stock solution (2000 μg/mL) of the compounds under investigation and standard 

drugs was prepared by successive two fold dilution and these descriptions are evidenced by table-4. 
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Table-4: Antimicrobial activity screening activity synthesized scaffold: 

Compound 

Code 

*Zone of inhibition in (mm) 

Bacteria Fungi 

S. aureus E. coli S. typhi B.substills A. niger C. albicans 

6a 12 15 14 12 10 11 

6b 16 17 17 15 12 11 

6c 20 19 18 19 14 14 

6d 17 17 15 12 12 13 

6e 23 23 24 24 18 18 

6f 22 23 23 24 19 19 

6g 10 11 12 08 08 08 

Ciprofloxacin 27 27 25 25 NA NA 

Ketonozole NA NA NA NA 22 22 

DMSO --- ---- --- --- --- --- 

       

       

             We observed that the invitro anti-bacterial activity of desired compound (6a-6i), mostly electron 

withdrawing group of compound viz; 6a and 6f showed  low active potent  while electron donating group of 

compounds “ 6b, 6c, 6f ” were showed moderate active potent. The compound “6e and 6f” were showed 

excellent active potent due to halogen group present in the compound. We also observed the Antifungal 

Activity of compound (6a-6g) were showed different activity compound “6c” showed good activity and rate 

of the compound showed low to moderate activity. 

4. CONCLUSIONS 

In this study, we developed a novel ultrasound-assisted, catalyst-free one-pot five-component synthesis of 

fourteen new pyrazolo-pyrido-pyrimidine-diones in water as a medium. The significant description of this 

strategy highlights green solvent usage, readily available starting materials, energy efficiency, absence of 

catalyst, simple product isolation, avoiding column purification steps, cost-effective, absence of hazardous 

organic solvents, good to excellent yields, versatility, promoting good reaction rate, minimization of waste and 

easy to handle. Moreover, the protocol represents a better and more innovative green methodology towards 

the synthesis of the target compounds. This research effectively employed a telescopic reaction methodology 

under mild, room-temperature conditions to synthesize pyrimidine and fused pyrimidine derivatives. The 

streamlined, efficient methodology obviated the necessity of vigorous reaction conditions..  
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