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Abstract 

Heterocycle molecules are among the most important substances in organic chemistry. N-containing heterocyclic 

materials are highly significant among various heterocyclic compounds because of their many features that may be 

used in a variety of sectors.The use of pyrido[2,3-d:5,6- d']dipyrimidine derivatives in the synthesis of powerful 

medications and crucial biological substances makes them noteworthy substances. Accordingly, we introduced a novel 

approach for the solvent-free synthesis of pyrido[2,3-d:5,6-d']dipyrimidine utilizing tricarboxylic acid (Citric acid)as 

a natural and water-soluble catalyst. This method's benefits include a high product yield, a quick reaction time, easy 

workup, and a cheap catalyst. FT-IR and ¹HNMR techniques were used to describe each product, which was produced 

in good to excellent yields. 
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1. Introduction 

The structure of numerous biological and pharmacological substances makes heterocyclic 

compounds (HCs) one of the most significant chemicals in organic chemistry. Cyclic compounds 

with heteroatoms in their structure, including oxygen, sulfur, nitrogen, etc., are called HCs. 

Nitrogen-containing heterocycles are particularly significant among the many heterocycle 

chemicals that are known to exist. To put it another way, N-containing heterocyclic compounds 

offer a wide range of uses in medicine, such as antibacterial, enzyme inhibitor, antioxidant, and 

diabetic characteristics1–5. The presence of heterocyclic compounds in the structure of natural 

products and their diverse biological and medicinal functions make them a significant class of 

mailto:a.khajehamiri@ajaums.ac.ir


organic chemicals 6,7. Pyrido[2,3-d:5,6-d']dipyrimidines (Pydip)8,9, include a pyrimidine ring in 

their structure, making them a particular kind of heterocyclic compounds. Derivatives of 

pyridodipyrimidines exhibit a variety of biological properties, including anticancer, anti-

inflammatory, anti HIV, calcium channel antagonists, antifolate, tuberculostatic, analgesic, and 

anticonvulsants 10. N-containing heterocycle compounds come in a variety of forms, including 

derivatives of tetrazoles, triazoles, thiadiazoles, pyrimidines, imidazoles, etc 11–13. The 

antibacterial and anticancer characteristics of pyrimidine derivatives give them a unique position. 

The pyridopyrimidine and pyrimidine have many derivatives. This class of annulated uracil, 

known as pyridopyrimidine, has a wide range of uses in pharmacological, biological, and medical 

application areas. This N-containing heterocycle molecule has thus recently attracted significant 

attention 14–17. (Pydip) is a specific class of N-containing HCs with a pyrimidine ring in their 

structure 18–20. Multi-component reactions (MCR) are appropriate for the synthesis of complex 

molecules because they shorten reaction times and conserve energy and resources 21–25. Pydip can 

be synthesized in a variety of methods, using either homogeneous or heterogeneous catalysts in 

multi-component processes. Several catalysts were utilized in this process, including magnetic-

based catalysts26, 1,8-diazabicyclo(5.4.0)undec-7-ene (DBU) 27 and different acid based supports 

28. There is a lot of interest in using solvent-free techniques to improve the cleanliness, non-

toxicity, and ease of completion of classical processes. Solvent-free organic transformations and 

synthesis are thought to be primarily environmentally friendly and industrially useful. Scientists' 

concern about new environmentally friendly synthetic methods has led them to focus on reducing 

or eliminating, which are a primary source of pollution 16,29,30. Heterogeneous and homogeneous 

catalysts are the two categories of catalysts that were discussed in the preceding paragraph. 

Because of their existence, catalysts are effective and beneficial in a variety of processes by 

speeding up the process. Heterogeneous catalysts are often found on a solid support and do not 

dissolve in the process 31–33. Although they have the advantage of being easily separated from the 

reaction mixture, their inability to dissolve in the reaction means that not all of the catalyst's active 

sites are present, which might reduce their effectiveness. This is the opposite of homogeneous 

catalysts. due to the reaction mixture's dissolution of the homogenous catalysts. Because of this, 

the reaction may use all of the catalytic sites, which makes them extremely effective. However, 

the manufacture of homogeneous catalysts is inexpensive, but heterogeneous catalysts require 

solid support, which might be costly and unavailable at times 34,35. Numerous homogeneous 



catalysts, including various vitamins and inorganic and organic acids, are found in nature 36,37. 

Green chemistry concepts state that using ecologically friendly chemicals and solvents is crucial. 

Natural, non-toxic, and biodegradable catalysts adhere to the best practices of green chemistry. 

The natural substance tricarboxylic acid, (generally known as citric acid), is particularly significant 

among those that are also employed as catalysts. This acid is mostly found in citrus fruits and 

contains acidic groups. Because citric acid has an acidic nature, it may be used as a powerful and 

acidic homogeneous catalyst for a variety of processes. Citric acid's chemical structure, primary 

source, and a few of its characteristics are shown in Figure 1 38,39. 

 

Figure 1. Schematic chemical structure, source, and some properties of citric acid 

 

Citric acid was employed in this study as a homogeneous, green, and effective acidic-based 

catalyst. Using citric acid as a catalyst, we created Pydip in solvent-free (SF) conditions (Scheme 

1). The aforementioned process is highly significant and effective as it follows the green chemistry 

protocol. 



 

 

Scheme 1. Schematic synthesis procedure of the pyrido[2,3-d:5,6- d']dipyrimidine derivatives. 

2. Experimental and device 

The ingredients and chemicals used in this process were purchased from Sigma-Aldrich Co. and 

Merck, and they were used without any additional purification. Furthermore, Merck Co. supplied 

us with thin-layer chromatography (TLC) (silica gel 60 F254). For product characterisation, we 

employed 1H nuclear magnetic resonance (NMR) and Fourier transform infrared (FT-IR) 

spectroscopies. The Perkin-Elmer 781 and Bruker DRX-400 spectrometers were used to record 

the FT-IR and NMR, respectively. For NMR spectra, we employed DMSO-d6 and TMS as internal 

standards and solvents, respectively. 

2.1 Generation of Pydip derivatives catalyzed by citric acid 

This was accomplished by mixing 0.5 mmol of benzaldehydes, 1 mmol of 6-aminouracil, and 0.02 

g of citric acid in a flask and stirring the mixture at 110°C under SF conditions. TLC is used to 

monitor the reaction's development (Ethyl acetate / n-Hexane4/2). After the reaction was finished, 

citric acid was washed with water to separate it from the products because it is a water-soluble 

catalyst. Following the solvent evaporation at a lower pressure, the resulting residue crystallized 

from the ethanol. The melting point, FT-IR, and 1H NMR spectroscopies and data used to describe 

the products are presented in the Supplementary Information. 

 



3. Results and discussion 

We produced Pydip derivatives using citric acid as a green catalyst at 110°C under SF conditions. 

For this purpose, we used the benzaldehyde (0.5 mmol) and 6-aminouracil (1 mmol) reaction 

model and adjusted several reaction variables such temperature, as solvent type, and catalyst 

quantity. Table 1 shows the whole set of results. We tuned the quantity of citric acid catalyst (entry 

1-4) under SF conditions at 110°C. According to the findings, increasing the quantity of catalyst 

from 0.008 g to 0.02 g shortened the reaction time and boosted the yield. The reaction yield and 

time do not vary for values greater than 0.02 g; thus, we picked 0.02 g as the best value. Following 

that, we optimized the reaction temperature. That is, we used the SF conditions and 0.02 g of 

catalyst to run the reaction at various temperatures (entry 5-9). Decreased reaction temperatures 

(below 100°C) lead to longer reaction times and decreased yield. At temperatures over 110°C 

(120°C), there is no significant change in reaction time, making 110°C the optimal reaction 

temperature. Finally, we determine the solvent's optimal conditions. We performed the reaction 

using a 0.02 g catalyst, the proper temperature, and several solvents, including (CH3CN), (EtOH), 

and (H2O) in order to achieve this goal (entry 10–13). The results showed that the response time 

and yield both dropped and increased when SF conditions were applied. 

Table 1. Synthesis of different pyrido[2,3-d:5,6- d']dipyrimidine derivatives. 

 

Entry Solvent Catalyst (g) Temperature 

(⁰C) 
Time (min) Yield (%) 

1 solvent-free  0.01 100 28 50 

2 solvent-free  0.015 110 18 58 

3 solvent-free  0.02 110 16 93 

4 solvent-free  0.025 110 16 93 

5 solvent-free  0.02 50 91 58 

6 solvent-free  0.02 60 43 63 

7 solvent-free  0.02 80 33 75 



8 solvent-free  0.02 100 27 83 

9 solvent-free  0.02 120 15 88 

10 CH3CN 0.02 Reflux 110 47 

11 EtOH 0.02 Reflux 85 73 

12 H2O 0.02 Reflux 160 38 

13 EtOH/H2O 0.02 Reflux 160 76 

 

Additionally, we used a variety of benzaldehyde derivatives to synthesize the Pydip compounds 

(Table 2). The benzaldehyde derivatives included both electron-donating and electron-

withdrawing groups. According to the suggested mechanism, the presence of electron-

withdrawing groups in the benzaldehyde increased the reaction's yield (entry 2–7). However, using 

electron-donating groups resulted in a decrease in the reaction's yield (entry 8–12). 

Table 2. Synthesizing of pyrido[2,3-d:5,6- d']dipyrimidine derivatives. 

 

Entry R compound Time (min) Yield M.P.(Ref.) 

1 H 3a 16 93 295-29810 

2 4-NO2 3b 13 94 230-23610 

3 N(Me)2 3c 41 78 >30010 

4 4-Cl 3d 17 91 >30010 

5 3-NO2 3e 13 93 296-29910 

6 4-Br 3f 17 91 >30010 

7 2,4-Cl 3g 22 88 >30010 

8 4-F 3h 19 89 292-29510 

9 4-Me 3i 50 87 295-29810 

10 4-OH 3j 60 78 >30010 

11 3-OH 3k 45 82 283-28810 



12 4-OMe 3l 58 78 225-23010 

 

3.2 Suggested mecha 

Scheme 2 presents our study's and earlier research's suggested methodology for the production of 

the Pydip derivatives 10. First, citric acid activated the aldehyde's carbonyl group via hydrogen 

bonding to generate the intermediate (I). At this point, the presence of electron-donating groups 

on benzaldehyde prevents the carbonyl group from having the requisite activity, which is why, 

according to Table 2, the yields of these derivatives are low. However, the presence of electron-

withdrawing groups activates the carbonyl group, resulting in higher and more significant yields. 

The second phase involved a reaction between intermediate (I) and 6-aminouracile, which resulted 

in intermediate (II). After then, the intermediate (II) and the second 6-aminouracile molecule 

interacted to create the intermediate (III). After the ring is closed and the Pydip derivatives are 

produced, the intermediate (III) can be tautomerized to intermediate (IV) (Scheme 2).  



 

Scheme 2. The proposed mechanism for synthesis of the pyrido[2,3-d:5,6- d']dipyrimidine derivatives. 

We created Table 3 to compare the catalytic performance of the citric acid and reaction conditions. 

As the reaction model, we selected the reaction between benzaldehyde and 6-aminouracil and 

contrasted it with previous research. Table 3 shows that since we don't utilize any solvents, the 

ideal reaction conditions are for our task. We thus operate in green circumstances. Furthermore, 

the catalyst we employed is eco-friendly. Our task has a very excellent time and yield.  

Table 3. The comparison of our work with other studies for synthesizing of pyrido[2,3-d:5,6- d']dipyrimidine 

derivatives. 

 



 

Entry Catalyst Condition Time Yield (%) Ref. 

1 CoFe2O4@SiO2-3-

aminopropyltrimethoxysilane-cyanuric 

chloride-guanidine-SO3H 

H2O, r.t., 0.06 g catalyst 20 min 95 40 

2 p-Toluenesulfonic acid 1-butyl-3-methylimid-

azolium bromide solvent, 100 

⁰C 

4 h 54 41 

4 Vitamin C solvent-free, 100 ⁰C 20 min 90 42 

5 Citric acid 

 

solvent-free, 110 ⁰C 

 

16 min 

 

93 Our 

work 

 

4. Conclusion 

HCs are among the most significant substances in organic chemistry. N-containing HCs are 

particularly significant among the several types of HCs that are available because of their 

numerous uses in pharmacology and medicine. In this work, we described the synthesis of Pydip 

derivatives, one of the most significant classes of N-containing heterocycle molecules. We 

employed citric acid, an effective, environmentally benign, and green homogenous catalyst, to 

achieve this goal. Due to its great performance and bio-based nature, citric acid is a very significant 

catalyst. Using a citric acid catalyst, we produced several Pydip derivatives at 110°C under SF 

conditions. Our work is innovative in that it uses a catalyst with a natural base that is 

environmentally benign, and it also uses SF reaction conditions, which prevent the release of 

hazardous and poisonous solvents into the environment. This makes the reaction circumstances 

entirely green. 

 

References 



(1) Eftekhari, S.; Foroughifar, N.; Hallajian, S.; Khajeh-Amiri, A. Green Synthesis of Some 

Novel Imidazole Schiff Base Derivatives under Microwave Irradiation/Reflux Conditions 

and Evaluations of the Antibacterial Activity. Curr. Microw. Chem. 2020, 7 (3), 207–215. 

(2) Mermer, A.; Faiz, O.; Demirbas, A.; Demirbas, N.; Alagumuthu, M.; Arumugam, S. 

Piperazine-Azole-Fluoroquinolone Hybrids: Conventional and Microwave Irradiated 

Synthesis, Biological Activity Screening and Molecular Docking Studies. Bioorg. Chem. 

2019, 85, 308–318. 

(3) Yadagiri, D.; Rivas, M.; Gevorgyan, V. Denitrogenative Transformations of 

Pyridotriazoles and Related Compounds: Synthesis of N-Containing Heterocyclic 

Compounds and Beyond. J. Org. Chem. 2020, 85 (17), 11030–11046. 

(4) Mermer, A.; Keles, T.; Sirin, Y. Recent Studies of Nitrogen Containing Heterocyclic 

Compounds as Novel Antiviral Agents: A Review. Bioorg. Chem. 2021, 114, 105076. 

(5) Safaei Ghomi, J.; Zahedi, S.; Ghasemzadeh, M. A. AgI Nanoparticles as a Remarkable 

Catalyst in the Synthesis of (Amidoalkyl)Naphthol and Oxazine Derivatives: An Eco-

Friendly Approach. Monatshefte fur Chemie 2014, 145 (7), 1191–1199. 

https://doi.org/10.1007/s00706-014-1184-y. 

(6) Nipate, D. S.; Swami, P. N.; Gadekar, A. B.; Jangir, T.; Rangan, K.; Kumar, A. 

Ruthenium (II)‐Catalyzed C− H/C− H (4+ 2) Annulation of 2‐Aryl‐N‐heterocycles with 
Vinylene Carbonate. Chem. Asian J. 2025, 20 (3), e202401104. 

(7) Nie, B.; Sun, G.; Wang, Z.; Wang, D. Access to [2.2] Paracyclophane-Fused N-

Heterocycles via Palladium-Catalyzed C–H Activation and Cyclization of [2.2] 

Paracyclophaneacylhydrazones with Vinyl Azides. Org. Lett. 2025, 27 (20), 5141–5145. 

(8) Ghorbani-Vaghei, R.; Sarmast, N. Hexamethylenetetramine Grafted Layered Double 

Hydroxides as a Novel and Green Heterogeneous Ionic Liquid Catalyst for the Synthesis 

of Pyrido [2, 3-d] Pyrimidine Derivatives. Res. Chem. Intermed. 2018, 44, 4483–4501. 

(9) Jalili, F.; Zarei, M.; Zolfigol, M. A.; Rostamnia, S.; Moosavi-Zare, A. R. SBA-15/PrN 

(CH2PO3H2) 2 as a Novel and Efficient Mesoporous Solid Acid Catalyst with 

Phosphorous Acid Tags and Its Application on the Synthesis of New Pyrimido [4, 5-b] 

Quinolones and Pyrido [2, 3-d] Pyrimidines via Anomeric Based Oxidation. Microporous 

Mesoporous Mater. 2020, 294, 109865. 

(10) Sadeghi, S. H.; Yaghoobi, M.; Ghasemzadeh, M. A. Synthesis of Pyrido [2, 3‐d: 5, 6‐d′] 
Dipyrimidines Using CuFe2O4/KCC‐1/PMA as a Novel and Efficient Nanocatalyst under 
Solvent‐free Conditions. Appl. Organomet. Chem. 2022, 36 (8), e6771. 

(11) Sepehri, N.; Mohammadi‐Khanaposhtani, M.; Asemanipoor, N.; Hosseini, S.; Biglar, M.; 
Larijani, B.; Mahdavi, M.; Hamedifar, H.; Taslimi, P.; Sadeghian, N. Synthesis, 

Characterization, Molecular Docking, and Biological Activities of Coumarin–1, 2, 3‐
triazole‐acetamide Hybrid Derivatives. Arch. Pharm. (Weinheim). 2020, 353 (10), 

2000109. 

(12) Vernekar, S. K. V; Qiu, L.; Zhang, J.; Kankanala, J.; Li, H.; Geraghty, R. J.; Wang, Z. 5′-
Silylated 3′-1, 2, 3-Triazolyl Thymidine Analogues as Inhibitors of West Nile Virus and 



Dengue Virus. J. Med. Chem. 2015, 58 (9), 4016–4028. 

(13) Manvar, D.; Küçükgüzel, İ.; Erensoy, G.; Tatar, E.; Deryabaşoğulları, G.; Reddy, H.; 
Talele, T. T.; Cevik, O.; Kaushik-Basu, N. Discovery of Conjugated Thiazolidinone-

Thiadiazole Scaffold as Anti-Dengue Virus Polymerase Inhibitors. Biochem. Biophys. 

Res. Commun. 2016, 469 (3), 743–747. 

(14) Mirhosseini-Eshkevari, B.; Ghasemzadeh, M. A.; Esnaashari, M.; Ganjali, S. T. 

Hexamethylenetetramine-Based Ionic Liquid/MIL-101 (Cr) Metal–Organic Framework 

Composite: A Novel and Versatile Tool for the Preparation of Pyrido [2, 3-d: 5, 6-D′] 
Dipyrimidines. RSC Adv. 2021, 11 (1), 364–373. 

(15) Sadeghi, S. H. A Review of the Synthesis of Pyrido [2, 3-d: 5, 6-d’] Dipyrimidine 
Derivatives Using Multicomponent Reactions. Org. Chem. Res. 2023, 9 (1), 40–43. 

(16) Mobinikhaledi, A.; Khajeh-Amiri, A. N-Propylpiperazine Sulfonic Acid Immobilized on 

Fe3O4 Magnetic Silica Nanoparticles: An Efficient and Heterogeneous Catalyst for the 

One-Pot Synthesis of 9H-Xanthene or Methylenediphenol Derivatives under Solvent-Free 

Conditions. React. Kinet. Mech. Catal. 2014, 112 (1), 131–145. 

(17) Norouzi, F. H.; Foroughifar, N.; Khajeh-Amiri, A.; Pasdar, H. A Novel 

Superparamagnetic Powerful Guanidine-Functionalized γ-Fe 2 O 3 Based Sulfonic Acid 

Recyclable and Efficient Heterogeneous Catalyst for Microwave-Assisted Rapid Synthesis 

of Quinazolin-4 (3 H)-One Derivatives in Green Media. RSC Adv. 2021, 11 (48), 29948–
29959. 

(18) Quadri, T. W.; Akpan, E. D.; Elugoke, S. E.; Dagdag, O.; Nnaji, N. J.; Verma, C.; 

Olasunkanmi, L. O.; Alfantazi, A.; Anadebe, V. C.; Barik, R. C. A Critical Review of 

Coordination Chemistry of Pyrimidine and Pyridazine Compounds: Bonding, Chelation 

and Corrosion Inhibition. Coord. Chem. Rev. 2025, 523, 216285. 

(19) Liu, Y.-L.; Zhang, Q.; Li, B.-Q.; Zhang, D.; Chui, R.-H.; Zhang, L.-L.; Zhang, Q.; Ma, L.-

Y. Progress in the Study of Anti-Alzheimer’s Disease Activity of Pyrimidine-Containing 

Bioactive Molecules. Eur. J. Med. Chem. 2025, 117199. 

(20) Azizi, N.; Khajeh Amiri, A. R.; Ghafuri, H.; Saidi, M. R.; Bolourtchian, M. Highly 

Chemoselective Reductive Amination by One Pot Reaction of Aldehydes, Amines and 

Dihydropyridine Catalyzed by TMSCl. J. Iran. Chem. Soc. 2010, 7 (2), 428–431. 

(21) Sadeghi, S. H.; Yaghoobi, M.; Ghasemzadeh, M. A. CuFe2O4/KCC-1/PMA as an 

Efficient and Recyclable Nanocatalyst for the Synthesis of Amidoalkyl Derivatives under 

Solvent-Free Condition. J. Organomet. Chem. 2022, 982, 122530. 

(22) Moradi, L.; Sadeghi, S. H. Efficient Pathway for the Synthesis of Amido Alkyl 

Derivatives Using KCC-1/PMA Immobilized on Magnetic MnO2 Nanowires as 

Recyclable Solid Acid Catalyst. J. Mol. Struct. 2023, 1274, 134477. 

(23) Sadeghi, S. H.; Moradi, L. Solvent Free Synthesis of Amidoalkyl Derivatives under Green 

and Convenient Conditions. J. Heterocycl. Chem. 2021, No. September, 1–9. 

https://doi.org/10.1002/jhet.4409. 

(24) Sadeghi, S. H.; Neamani, S.; Moradi, L. Immobilization of CdCl 2 on Filamentous Silica 



Nanoparticles as an Efficient Catalyst for the Solvent Free Synthesis of Some Amidoalkyl 

Derivatives. Polycycl. Aromat. Compd. 2022, 1–17. 

https://doi.org/10.1080/10406638.2022.2039239. 

(25) Mobinikhaledi, A.; Amiri, A. K. One-Pot Synthesis of Tri-and Tetrasubstituted Imidazoles 

Using Eutectic Salts as Ionic Liquid Catalyst. Res. Chem. Intermed. 2015, 41 (4), 2063–
2070. 

(26) Naeimi, H.; Didar, A. Facile One-Pot Four Component Synthesis of Pyrido [2, 3-d: 6, 5-

D′] Dipyrimidines Catalyzed by CuFe2O4 Magnetic Nanoparticles in Water. J. Mol. 

Struct. 2017, 1137, 626–633. 

(27) Bhat, A. R.; Dongre, R. S. One-Pot Synthesis of Annulated Pyrido [2, 3-d: 6, 5-d] 

Dipyrimidine Derivatives Using Nitrogen Based DBU Catalyst in Aqueous Ethanol 

Medium. J. Taiwan Inst. Chem. Eng. 2015, 56, 191–195. 

(28) Naeimi, H.; Didar, A.; Rashid, Z.; Zahraie, Z. Sonochemical Synthesis of Pyrido [2, 3-d: 

6, 5-D′]-Dipyrimidines Catalyzed by [HNMP]+[HSO4]− and Their Antimicrobial Activity 
Studies. J. Antibiot. (Tokyo). 2017, 70 (7), 845–852. 

(29) Mainkar, P.; Ray, A.; Chandrasekhar, S. Solvents: From Past to Present. ACS omega 

2024, 9 (7), 7271–7276. 

(30) Mobinikhaledi, A.; Amiri, A. K. TMSCl-Catalysed Condensation of α-Diketone 

Compounds with Urea/Thiourea Derivatives under Solvent-Free Conditions. J. Chem. Sci. 

2013, 125 (5), 1055–1062. 

(31) Ghasemzadeh, M. A.; Mirhosseini-Eshkevari, B.; Abdollahi-Basir, M. H. Rapid and 

Efficient One-Pot Synthesis of 3, 4-Dihydroquinoxalin-2-Amine Derivatives Catalyzed by 

Co3O4@ SiO2 Core-Shell Nanoparticles under Ultrasound Irradiation. Comb. Chem. 

High Throughput Screen 2016, 19 (7), 592–601. 

(32) Tanaka, A.; Inoue, G.; Nagato, K. Comparative Study of Heterogeneous and 

Homogeneous Catalyst-Layer Models of PEM Fuel Cells. J. Power Sources 2025, 638, 

236612. 

(33) Zhang, J.; Wang, Y.; Hong, M.; Peng, B.; Jiang, Y.; Wen, S.; Li, W.; Zhang, Q. 

Temperature-Regulated Smart Transition from Heterogeneous to Homogeneous Fenton-

like Catalysis for Selective Degradation of Antibiotics. Appl. Catal. B Environ. Energy 

2025, 365, 124989. 

(34) Li, H.; Chen, G.; Duchesne, P. N.; Zhang, P.; Dai, Y.; Yang, H.; Wu, B.; Liu, S.; Xu, C.; 

Zheng, N. A Nanoparticulate Polyacetylene-Supported Pd (II) Catalyst Combining the 

Advantages of Homogeneous and Heterogeneous Catalysts. Chinese J. Catal. 2015, 36 

(9), 1560–1572. 

(35) Climent, M. J.; Corma, A.; Iborra, S. Homogeneous and Heterogeneous Catalysts for 

Multicomponent Reactions. RSC Adv. 2012, 2 (1), 16–58. 

(36) Guo, X.; Zhong, S.; Ye, W.; Zhou, A.; Jin, D.; Kang, Q.; Fan, M.; Ma, T. 3D 

Homogeneous Porous Copper-Ceria Catalyst for Solar Light Driven Photothermal CO-

PROX in H2-Rich Gas: Enhanced Light Absorption and Abundant Oxygen Vacancy. Mol. 



Catal. 2023, 547, 113416. 

(37) Heravi, M. M.; Bamoharram, F. F. Heteropolyacids as Highly Efficient and Green 

Catalysts Applied in Organic Transformations; Elsevier, 2022. 

(38) Madanifar, Z.; Maghsoodlou, M.-T.; Kangani, M.; Hazeri, N. Citric Acid, a Green 

Catalyst for the One-Pot, Multi-Component Synthesis of Highly Substituted Piperidines. 

Res. Chem. Intermed. 2015, 41 (12), 9863–9869. 

(39) Yadav, S.; Yadav, A.; Sharma, N.; Sharma, A. K.; Kumar, S. Utilization of Citric Acid 

Functionalized Lignocellulosic Biomass as a Novel Adsorbent for Efficient Removal of 

Cationic Dyes in Single and Multicomponent Systems. Cellulose 2025, 32 (1), 641–672. 

(40) Rostami, H.; Shiri, L. One‐pot Synthesis of Pyrido [2, 3‐d: 5, 6‐d′] Dipyrimidines Using 
CoFe2O4@ SiO2‐PA‐CC‐guanidine‐SA Magnetic Nanoparticles in Water. Appl. 

Organomet. Chem. 2021, 35 (10), e6293. 

(41) Dabiri, M.; Arvin-Nezhad, H.; Khavasi, H. R.; Bazgir, A. A Novel and Efficient Synthesis 

of Pyrimido [4, 5-d] Pyrimidine-2, 4, 7-Trione and Pyrido [2, 3-d: 6, 5-d] Dipyrimidine-2, 

4, 6, 8-Tetrone Derivatives. Tetrahedron 2007, 63 (8), 1770–1774. 

(42) Yaghoobi, M.; Karimipour-saryazdi, A.; Ghasemzadeh, M. A. Vitamin C as an Efficient 

and Green Homogeneous Catalyst for the Synthesis of Pyride [2, 3-d: 5, 6-Dâ 2] 

Dipyrimidine Derivatives. Iran. J. Catal. 2024, 14 (3). 

 


