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Abstract: A new group of 3-substituted heterocyclic molecules with bridge head nitrogen has been 

made using several steps of reactions. A well-known method was used to make the first 2-

substituted heterocyclic compounds of pyridine. It involves mixing 2-amino pyridine with (2-

bromo-1-(4-phenoxyphenyl)ethan-1-one). Using the Vilsmeier-Haack reaction, the carbaldehyde 

group was added to position-3 of the synthetic 2-substituted imidazo/pyridine rings.  It was also 

found that 3-carbaldehyde reacted with 2-amino pyridine, creating new imidazo/pyridine rings. All 

of the molecules that were made were characterized using FT-IR, 1H-NMR, and 13C-NMR 

spectroscopy.The synthesized substances were looked at more closely using molecular docking to 

see how well they worked in stopping oxidoreductase, an enzyme that is linked to the growth of 

breast cancer. 

Keywords: Imidazo[1,2-A] Pyridine, 4-(4-Chlorophenoxy)Benzoyl Bromide, Molecular Docking, 

Pyridin-2-Amines. 

 

1. Introduction 

In the field of molecular science, heterocycles are the most varied group of 

molecules. These have become very important, mostly in the biological, chemical, and 

industrial fields [1–3]. Heterocyclic structures with nitrogen have always gotten a lot of 

attention because they are so important in medicines, natural things, and basic materials 

[3–5]. Imidazo[1,2-a]pyridines are a group of nitrogenous heterocyclic molecules that 

have a pyridine moiety joined to an imidazole ring. These scaffolds have many biological 

effects, such as anti-inflammatory, anti-protozoal, antibacterial, anticancer, selective 

anxiolytic, and anti-ulcer qualities [6–8]. There are many medicines on the market that 

contain imidazo[1,2-a]pyridines derivatives. These include Olprinone (a heart-

strengthening drug), Zolpidem (for insomnia), Miroprofen (a painkiller), Zolimidine (for 

peptic ulcers), Minodronic acid (an anti-osteoporosis drug), and Saripidem (an anxiety-

reducing drug). It is also possible to make some rare N-heterocyclic carbenes from 

imidazo[1,2-a]pyridines. Because of its interesting structure, many synthetic methods 

have been created to make imidazo[1,2-a]pyridines [11]. The old way of making them 

involved mixing 2-aminopyridines with different chemicals, like α-halo ketones, 

arylglyoxal hydrates, and sulfonamides. The steps that 2-aminopyridines and nitroolefins 

take to react with each other [16]. Many people who have these illnesses are treated with 

broad-spectrum antifungal drugs. Certain pharmaceuticals employed for this purpose 
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include azoles (imidazoles), which inhibit the lanosterol 14-demethylase (CYP51) enzyme, 

regulated by the CYP51/ERG11 gene. All CYP51 proteins possess heme as their prosthetic 

group within the active site. This group depends on cytochrome P450, an enzyme that is 

needed to make sterols. The chemicals we just talked about are very important to the 

fungus membrane [17]. Previous studies have shown that azoles and their derivatives are 

effective against a wide range of clinical samples and strains of Candida species. A lot of 

isolates have shown that they are not sensitive to azoles [18–20], so researchers need to 

look for other ways to treat fungal diseases. Reports indicate that imidazo[1,2-

a]pyrimidine derivatives may serve as antifungal agents; nevertheless, they currently lack 

an appropriate pharmacological profile. Consequently, it is imperative to discover and 

synthesize novel compounds with superior pharmacological properties. Tschichibabin 

came up with the main way to make the imidazo[1,2-a]pyrimidine core, which involves 

2-aminopyrimidine reacting with an alpha haloketone [23–26]. Different methods have 

been used to make imidazo[1,2-a]pyridines, but it is hard to make modified imidazo[1,2-

a]pyridines that don't have a substituent at position 2 [27,28].  

Experimental  

Synthesis of 2-(4-(4-chlorophenoxy)phenyl)imidazo[1,2-a]pyridine (HA) 

A solution was prepared by dissolving 0.020 mol of 2-amino pyridine and 0.020 mol 

of 4-(4-chlorophenoxy)benzoyl bromide in 25 ml of ethanol. The solution underwent 

reflux for a duration of six hours. The solution was subsequently cooled and adjusted to 

a basic pH of 10 through the addition of 5% NaOH. The resultant solid underwent 

purification and recrystallization utilizing ethanol subsequent to being rinsed with water, 

yellow solid (yield 87%), m.p 193-196 Chemical formal C19H13ClN2O. 

Synthesis of 2-(4-(4-chlorophenoxy)phenyl)imidazo[1,2-a]pyridine-3-carbaldehyde 

(HB)  

Phosphorus oxychloride (6.00 ml) was introduced gradually to a round-bottom flask 

containing DMF (3 ml), while maintaining the temperature below 10 °C. A duration of 15 

minutes was allocated for the stirring of the reaction mixture, after which a solution of 

compound (HA) (0.010 mol) in DMF (30 ml) was introduced. The reaction mixture 

underwent heating at a temperature of 75 °C for a duration of 14 hours. The amalgamation 

was subsequently permitted to cool prior to being decanted onto crushed ice. 

Subsequently, the precipitate underwent extensive washing with water and was refined 

using a solvent mixture of ethanol and acetone in equal proportions. product HB as brown 

solid  (yield 75%), m.p 118-120, Chemical formal C20H13ClN2O2 

Synthesis of (Z)-1-(2-(4-(4-chlorophenoxy)phenyl)imidazo[1,2-a]pyridin-3-yl)-N-

(pyridin-2-yl)methanimine (HC)  

In a solution of absolute ethanol (20 ml) combined with 2-3 drops of glacial acetic 

acid, an equimolar quantity of aldehyde (HB) (0.020 mol) and thiosemicarbazide (0.020 

mol) were subjected to reflux for a duration of 4 hours. Upon completion of the reflux, the 

mixture was allowed to cool to ambient temperature, after which the solid product 

underwent a washing process with cold water and was subsequently purified using 

ethanol, resulting in the formation of compounds (HC). product C as yellow solid  (yield 

76%), m.p 185-187, Chemical formal C25H17ClN4O.  

2. Materials and Methods 

Molecular docking studies forecast probable chemical binding arrangements at 

protein active sites, offer critical insights into ligand-enzyme interactions, and facilitate 

the creation of innovative and effective inhibitors. The Molecular Operating Environment 

(MOE) tool was employed to conduct molecular docking on the enzyme to attain these 

objectives. Two pre-existing protein binding sites were individually docked to each 

ligand. Essential criteria, including binding score (S) and root mean square deviation 
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(RMSD), were employed to evaluate the docking data, thereby assessing the interaction 

quality and binding efficacy of each derivative to proteins. 

3. Results 

A one-pot technique was employed to manufacture novel imidazo[1,2-a]pyridine 

derivatives by combining two components: 2-aminopyridine, and (2-bromo-1-(4-

phenoxyphenyl)ethan-1-one). All synthesized compounds yielded results; the molecular 

structure is validated by FT-IR, 1H-NMR, 13C-NMR . Scheme (1) illustrates all the 

produced chemicals. 

 

 

Scheme .1  Synthesis route of compounds (HA, HB and HC) 

In the first step, fused ring imidazo/pyridine were prepared by using one-pot 

reaction.Elemental analysis was as follows: C19H13ClN2O.:IR (KBr/cm-1): 1633 (C=N) 

imidazo, 1475 and 1533 (C=C) aromatic, 1249, 1269 (C-O) imidazo pyridine, The NH2 

group bands of 2-amino pyridine are vanishing in the range of 3200-3300 cm⁻¹.  1H-NMR 

(DMSO,500 MHZ): δ 7.15-8.19 (m,13 Ar-H).  13C-NMR (DMSO, 500 MHZ): δ 114.60-131.57 

( 24 C- aromatic), 138.07 and 146.69 (C=N Ar), 164.12 and 154.35 (C-O). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. FT-IR spectrum of compound [HA] 
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Fig. 2 : 1H-NMR spectral data (ppm) compound [HA]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 : 13C-NMR spectral data (ppm) compound [HA]. 

Compounds [HB] were synthesised by the Vilsmeier-Haack reaction to include the 

aldehyde group (CHO) at the 3-position. The reaction involved the amalgamation of 

phosphorus oxychloride (POCl₃) and DMF in chloroform (CHCl₃) with imidazo[1,2-

a]pyridine [HA]. This approach enabled the targeted synthesis of the aldehyde-

substituted imidazo[1,2-a]pyridine derivative at the specified location, as shown in the 

following mechanics Scheme (2). 
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Scheme 2. Synthesis mechanism of compounds [HB] 

Elemental analysis was as follows: C20H13ClN2O2 :IR (KBr/cm-1): 1693 (aldehyde 

group), 2817 and 2879  C-H stretching).  1H-NMR (DMSO,500 MHZ): δ 10.134 (s, 1H, -

CHO).  13C-NMR (DMSO, 500 MHZ): δ 107.31-138.09 ( 20C- aromatic), 146.69 (C=N Ar), 

154.35 (C-O), 184.12 (formyl group). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. FTIR spectrum of compound [HB]. 
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Fig. 5. 1H-NMR spectral data (ppm) compound [HB] 

 

 
Fig. 6 : 13C-NMR spectral data (ppm) compound [HB]. 
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Scheme 3: Synthesis mechanism of compounds [HC] 

 

Elemental analysis was as follows: C25H17ClN4O :IR (KBr/cm-1): 1608-1633(C=N) Schiff 

base, 1087-1247 (C=N) imidazo/pyridine , disappearing bands of carbonyl group at (1693) 

cm-1 of aldehyde.  1H-NMR (DMSO,500 MHZ): δ 9.39 (s,H,CH=N), 7.41-8.07( m, 20H, Ar-

H).  13C-NMR (DMSO, 500 MHZ): δ 114.25-139.67( 25 C-Ar), 143.87 (C=N Ar), 151.59 ( C=N 

Schiff base) and 155.16 ( C-O). 

 

 
Fig. 7 : FTIR spectrum of compound [HC] 

 

 

 

 

 



 28 
 

  
Middle European Scientific Bulletin 2024, 44(5), 21-32             https://cejsr.academicjournal.io/index.php/journal/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: 1H-NMR spectral data (ppm) compound [HC]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. 13C-NMR spectral data (ppm) compound [HC]. 

 

The docking results 

The molecular docking of compounds into the binding sites of the (human 

Leukotriene A4 hydrolase in complex with inhibitor sc57461A)  showed that the 

compound  HA, HB and HC gave the highest docking scores of ( -9.995, -12.529 and -

11.598)  kcal/mol, respectively. Comparing the enzyme active site to the original ligand 

binding energy of -6.908 Kcal/mol and an RMSD value of 1.493. Figures 10-13. 

demonstrate that the compounds closely adhered to the original ligand position. The 

reduced RMSD of the synthesized compounds relative to the original ligand signifies that 

the compound's design enhances its binding stability to the protein. This suggests that the 

newly synthesized ligand exhibits a greater diversity and precision in its overlap with the 

target site compared to the original ligand. Consequently, the new ligand is likely to 
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demonstrate enhanced steric and chemical compatibility with the site, potentially 

indicating an improvement in the strength or specificity of the interaction. This is 

preferable for medicinal efficacy and provides a more precise structural representation 

than the reference ligand, as illustrated in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. The interactions of original ligand with with PDB: 3U9W. 

Table 1. The docking of molecules ( HA, HB and HC)  are the overall energy 

value for the molecule under study. 

Compound S score 

(K cal/mol) 

Rmsd Binding amino acids 

Original 

ligand 

3U9W 

-6.908 1.493 Gln 1136, Met 1290, His 1299 

HA -9.995 2.773 Lys A1565, Gly A1268 

HB -12.529 0.875 HIS  1295 (H-acceptor), HIS  1299 

(H-acceptor) 

HC -11.598 2.268 LYS  1565 (H-acceptor), TYR  1383 (pi-H) 

 

 

 
 

 

 

 

 

 

 

 

Fig. 11. Docking images of HA with PDB: 3U9W. 
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Fig. 12. Docking images of HB with PDB: 3U9W. 

 

Fig. 13. Docking images of HC with PDB: 3U9W. 

4. Conclusion 

In conclusion, we developed an effective environmentally friendly technique for 

synthesizing imidazo[1,2-a]pyridine from 2-aminopyridines and aryl ketones, utilizing 

iodine as a catalyst. The current methodology eliminates the need for anaerobic 

conditions, metal catalysts, bases, and ligands, in contrast to prior methods. This study 

presents multiple practical benefits, including gentle reaction conditions, brief reaction 

times, compatibility with various functional groups, and effective performance under 

ambient atmospheric settings. Furthermore, this approach is operationally 

straightforward, devoid of additives, and can be utilized for the effective synthesis of 

several structurally significant motifs. 

 

REFERENCES 

1. Katritzky, A. R. (2004). Introduction: heterocycles. Chemical Reviews, 104(5), 2125-2126. 

https://doi.org/10.1021/cr0406413  

2. Haji, M. (2016). Multicomponent reactions: A simple and efficient route to heterocyclic phosphonates. Beilstein 

journal of organic chemistry, 12(1), 1269-1301. https://doi.org/10.3762/bjoc.12.121  

3. Joule, J. A. (2016). Natural products containing nitrogen heterocycles—some highlights 1990–2015. Advances in 

Heterocyclic Chemistry, 119, 81-106. https://doi.org/10.1016/bs.aihch.2015.10.005  

4. Hu, Y. Q., Gao, C., Zhang, S., Xu, L., Xu, Z., Feng, L. S., ... & Zhao, F. (2017). Quinoline hybrids and their 

antiplasmodial and antimalarial activities. European Journal of Medicinal Chemistry, 139, 22-47. 

https://doi.org/10.1016/j.ejmech.2017.07.061  

5. Nie, G., Bai, Z., Yu, W., & Zhang, L. (2013). Electrochemiluminescence biosensor for Ramos cells based on a 

nanostructured conducting polymer composite material (PICA‐MWNTs). Journal of Polymer Science Part A: 

Polymer Chemistry, 51(11), 2385-2392. https://doi.org/10.1002/pola.26623  

6. Hranjec, M., Kralj, M., Piantanida, I., Sedić, M., Šuman, L., Pavelić, K., & Karminski-Zamola, G. (2007). Novel cyano-

and amidino-substituted derivatives of styryl-2-benzimidazoles and benzimidazo [1, 2-a] quinolines. Synthesis, 

https://doi.org/10.1021/cr0406413
https://doi.org/10.3762/bjoc.12.121
https://doi.org/10.1016/bs.aihch.2015.10.005
https://doi.org/10.1016/j.ejmech.2017.07.061
https://doi.org/10.1002/pola.26623


 31 
 

  
Middle European Scientific Bulletin 2024, 44(5), 21-32             https://cejsr.academicjournal.io/index.php/journal/ 

photochemical synthesis, DNA binding, and antitumor evaluation, part 3. Journal of medicinal chemistry, 50(23), 

5696-5711. https://doi.org/10.1021/jm070876h  

7. Lhassani, M., Chavignon, O., Chezal, J. M., Teulade, J. C., Chapat, J. P., Snoeck, R., ... & Gueiffier, A. (1999). Synthesis 

and antiviral activity of imidazo [1, 2-a] pyridines. European journal of medicinal chemistry, 34(3), 271-274. 

https://doi.org/10.1016/S0223-5234(99)80061-0. 

8. Hranjec, M., Piantanida, I., Kralj, M., Suman, L., Pavelić, K., & Karminski-Zamola, G. (2008). Novel amidino-

substituted thienyl-and furylvinylbenzimidazole: derivatives and their photochemical conversion into 

corresponding diazacyclopenta [c] fluorenes. synthesis, interactions with DNA and RNA, and antitumor 

evaluation. 4. Journal of medicinal chemistry, 51(16), 4899-4910. https://doi.org/10.1021/jm8000423  

9. Bagdi, A. K., Santra, S., Monir, K., & Hajra, A. (2015). Synthesis of imidazo [1, 2-a] pyridines: a decade update. 

Chemical Communications, 51(9), 1555-1575. https://doi.org/10.1039/C4CC08495K  

10. Kurteva, V. (2021). Recent progress in metal-free direct synthesis of imidazo [1, 2-a] pyridines. ACS omega, 6(51), 

35173-35185. https://doi.org/10.1021/acsomega.1c03476  

11. Pericherla, K., Kaswan, P., Pandey, K., & Kumar, A. (2015). Recent developments in the synthesis of imidazo [1, 2-

a] pyridines. Synthesis, 47(07), 887-912. DOI: 10.1055/s-0034-1380182  

12. Yadav, J. S., Reddy, B. S., Rao, Y. G., Srinivas, M., & Narsaiah, A. V. (2007). Cu (OTf) 2-catalyzed synthesis of imidazo 

[1, 2-a] pyridines from α-diazoketones and 2-aminopyridines. Tetrahedron Letters, 48(43), 7717-7720. 

https://doi.org/10.1016/j.tetlet.2007.08.090  

13. Fisher, M. H., & Lusi, A. (1972). Imidazo [1, 2-a] pyridine anthelmintic and antifungal agents. Journal of Medicinal 

Chemistry, 15(9), 982-985. https://doi.org/10.1021/jm00279a026  

14. Xie, Y. Y., Chen, Z. C., & Zheng, Q. G. (2002). Organic reactions in ionic liquids: Ionic liquid-accelerated 

cyclocondensation of α-tosyloxyketones with 2-aminopyridine. Synthesis, 2002(11), 1505-1508. DOI: 10.1055/s-2002-

33330 

15. Yu, C., Chen, X., Wu, R., Yang, G., Shi, J., & Pan, L. (2014). One‐Pot Synthesis of N‐(Imidazo [1, 2‐a] pyridin‐3‐yl)‐

Substituted Sulfonamides Using Catalytic Zinc Chloride. European Journal of Organic Chemistry, 2014(10), 2037-

2043. https://doi.org/10.1002/ejoc.201301612  

16. Yan, H., Yang, S., Gao, X., Zhou, K., Ma, C., Yan, R., & Huang, G. (2012). Iron (II)-catalyzed denitration reaction: 

Synthesis of 3-methyl-2-arylimidazo [1, 2-a] pyridine derivatives from aminopyridines and 2-methylnitroolefins. 

Synlett, 23(20), 2961-2964. DOI: 10.1055/s-0032-1317685 

17. Rabelo, V. W., Santos, T. F., Terra, L., Santana, M. V., Castro, H. C., Rodrigues, C. R., & Abreu, P. A. (2017). Targeting 

CYP 51 for drug design by the contributions of molecular modeling. Fundamental & Clinical Pharmacology, 31(1), 

37-53. https://doi.org/10.1111/fcp.12230  

18. Rezaei, Z., Khabnadideh, S., Zomorodian, K., Pakshir, K., Kashi, G., Sanagoei, N., & Gholami, S. (2011). Design, 

synthesis and antifungal activity of some new imidazole and triazole derivatives. Archiv der Pharmazie, 344(10), 

658-665. https://doi.org/10.1002/ardp.201000357  

19. 19Gonçalves, S. S., Souza, A. C. R., Chowdhary, A., Meis, J. F., & Colombo, A. L. (2016). Epidemiology and molecular 

mechanisms of antifungal resistance in Candida and Aspergillus. Mycoses, 59(4), 198-219. 

https://doi.org/10.1111/myc.12469  

20. Canuto, M. M., & Rodero, F. G. (2002). Antifungal drug resistance to azoles and polyenes. The Lancet infectious 

diseases, 2(9), 550-563. https://doi.org/10.1016/S1473-3099(02)00371-7  

21. 21- Rival, Y., Grassy, G., Taudou, A., & Ecalle, R. (1991). Antifungal activity in vitro of some imidazo [1, 2-a] 

pyrimidine derivatives. European journal of medicinal chemistry, 26(1), 13-18. https://doi.org/10.1016/0223-

5234(91)90208-5  

22. Rival, Y., Taudou, A., & Ecalle, R. (1993). Synthesis and antifungal activity evaluation of 3-hydroxyimidazo [1, 2-a] 

pyridine and 3-hydroxyimidazo [1, 2-a] pyrimidine derivatives. Farmaco (Societa chimica italiana: 1989), 48(6), 857-

869. 

23. El Kazzouli, S., Berteina-Raboin, S., Mouaddib, A., & Guillaumet, G. (2003). Solid-phase synthesis of imidazo [1, 2-

a] pyridines and imidazo [1, 2-a] pyrimidines. Tetrahedron letters, 44(33), 6265-6267. https://doi.org/10.1016/S0040-

4039(03)01532-6  

24. Cosimelli, B., Laneri, S., Ostacolo, C., Sacchi, A., Severi, E., Porcù, E., ... & Viola, G. (2014). Synthesis and biological 

evaluation of imidazo [1, 2-a] pyrimidines and imidazo [1, 2-a] pyridines as new inhibitors of the Wnt/β-catenin 

signaling. European Journal of Medicinal Chemistry, 83, 45-56. https://doi.org/10.1016/j.ejmech.2014.05.071  

https://doi.org/10.1021/jm070876h
https://doi.org/10.1016/S0223-5234(99)80061-0
https://doi.org/10.1021/jm8000423
https://doi.org/10.1039/C4CC08495K
https://doi.org/10.1021/acsomega.1c03476
https://doi.org/10.1016/j.tetlet.2007.08.090
https://doi.org/10.1021/jm00279a026
https://doi.org/10.1002/ejoc.201301612
https://doi.org/10.1111/fcp.12230
https://doi.org/10.1002/ardp.201000357
https://doi.org/10.1111/myc.12469
https://doi.org/10.1016/S1473-3099(02)00371-7
https://doi.org/10.1016/0223-5234(91)90208-5
https://doi.org/10.1016/0223-5234(91)90208-5
https://doi.org/10.1016/S0040-4039(03)01532-6
https://doi.org/10.1016/S0040-4039(03)01532-6
https://doi.org/10.1016/j.ejmech.2014.05.071


 32 
 

  
Middle European Scientific Bulletin 2024, 44(5), 21-32             https://cejsr.academicjournal.io/index.php/journal/ 

25. Ermolat'ev, D. S., Gimenez, V. N., Babaev, E. V., & Van der Eycken, E. (2006). Efficient Pd (0)-mediated microwave-

assisted arylation of 2-substituted imidazo [1, 2-a] pyrimidines. Journal of Combinatorial Chemistry, 8(5), 659-663. 

https://doi.org/10.1021/cc060031b  

26. Velázquez-Olvera, S., Salgado-Zamora, H., Velázquez-Ponce, M., Campos-Aldrete, E., Reyes-Arellano, A., & Pérez-

González, C. (2012). Fluorescent property of 3-hydroxymethyl imidazo [1, 2-a] pyridine and pyrimidine 

derivatives. Chemistry Central Journal, 6, 1-9. https://doi.org/10.1186/1752-153X-6-83  

27. Podergajs, S., Stanovnik, B., & Tišler, M. (1984). A New Approach for the Synthesis of Fused Imidazoles:  The 

synthesis of 3-acyl-substituted imidazo [1, 2-x] azines. Synthesis, 1984(03), 263-265. DOI: 10.1055/s-1984-30802  

28. Shaaban, M. R. (2013). Facile Access to Novel 3-Acylimidazo [1, 2-a] pyrimidines under Microwave Irradiation. 

Heterocycles, 87(8), 1775-1783. DOI: 10.3987/COM-13-12753.  

29. Gomez, O., Salgado-Zamor, H., Reyes, A., & Campos, M. E. (2010). A revised approach to the synthesis of 3-acyl 

imidazo [1, 2-a] pyridines. Heterocyclic Communications, 16(2-3), 99-104. https://doi.org/10.1515/HC.2010.16.2-3.99  

 

https://doi.org/10.1021/cc060031b
https://doi.org/10.1186/1752-153X-6-83
https://doi.org/10.1515/HC.2010.16.2-3.99

