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Abstract: A novel and efficient four-component approach for the synthesis of 2,3-disubstituted 

imidazo[1,2-a]pyridines is described. The copper-catalyzed reductive amination of 2-

bromopyridine by sodium azide followed by sequential condensation and cyclization with 

aldehydes and isocyanides afforded the corresponding imidazo[1,2-a]pyridines in good yields.  
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Introduction 

The imidazo[1,2-a]pyridine core is an important biologically active, nitrogen-containing 

heterocyclic scaffold due to its extensive applications in medicinal chemistry and material 

science.
1
 Antibacterial,

2
 antifungal,

3
 antiviral,

4
 antineoplastic,

5
 antitumor

6
 and antiulcer

7
 

properties have been reported for imidazo[1,2-a]pyridine derivatives. Additionally, the 

imidazo[1,2-a]pyridine subunit has been widely used in medicinal chemistry. For example, 

zolpidem, zolimidine, and alpidem are commercially available drugs based on the imidazo[1,2-

a]pyridine scaffold for use as sedative, anxiolytic and gastroprotective agents, respectively (Fig. 

1).  

 

 

Figure 1. Representative commercially available imidazo[1,2-a]pyridine-based drugs  

 

Because of their pharmacological importance, the development of novel synthetic approaches 

for the preparation of imidazo[1,2-a]pyridine derivatives has gained significant attention, and as 

a result, many synthetic routes for this valuable scaffold have been reported in the literature.
8
 

Typical approaches include the heterocyclization of 2-aminopyridine with α-haloketones,
9
 α,β-

unsaturated carbonyl compounds
10

 or α-diazoketones.
11

 Also, several three-component 

condensation reactions have been reported including the coupling reaction of 2-aminopyridine 

and aldehydes with isocyanides
12

 or alkynes,
13

 and the condensation between 2-aminopyridine, 

isocyanides, and benzyl halides
14

 or benzyl alcohols
15

 (Scheme 1).  
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Scheme 1. General approaches for the synthesis of imidazo[1,2-a]pyridines  

 

Recently, the synthesis of fused N-heterocycles using the copper-catalyzed reductive 

amination of aryl halides by sodium azide as a convenient nitrogen source, has been widely 

applied in organic synthesis.
16

 Due to the pharmacological value of imidazo[1,2-a]pyridines, and 

in continuation of our research regarding the preparation of nitrogen-containing compounds,
17

 

herein, we report a novel and efficient approach for the synthesis of imidazo[1,2-a]pyridines 5, 

via the four-component condensation of 2-bromopyridine 1, sodium azide 2, aldehydes 3, and 

isocyanides 4, in the present of CuI as a catalyst and L-proline as a ligand, in DMSO at 100 C 

(Scheme 2). To the best of our knowledge, this is the first report on the synthesis of imidazo[1,2-

a]pyridines using 2-bromopyridine instead of 2-aminopyridine.  

 

 

Scheme 2. Four-component synthesis of imidazo[1,2-a]pyridines 

 

Result and Discussion  

We began with the model reaction of 2-bromopyridine 1, sodium azide 2, benzaldehyde 3a, 

and cyclohexyl isocyanide 4a, in the presence of CuI, in dry DMSO at 100 ºC, which led to the 

isolation of product 5a in 33% yield (Table 1, entry 1). In order to improve the yield of 5a, 
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various experimental conditions were screened by varying the ligands, copper catalysts, solvents 

and temperatures (Table 1). Firstly, screening the ligands 1,10-phenanthroline, pipecolic acid and 

L-proline (Entries 2−4), revealed that the yield significantly increased in the presence of a ligand. 

Among them, L-proline was found to be the most suitable ligand (Entry 4). Various copper salts 

including CuBr, CuCl, CuCl2 and Cu2O (Entries 5−8), were screened and the highest yield was 

obtained with CuI (compare entries 4 and 5−8). Several solvents including DMF, 1,4-dioxane 

and toluene were tested (Entries 9−11), where DMSO proved to be the most effective (compare 

entries 4 and 9−11). Finally, decreasing or increasing the reaction temperature did not lead to any 

further improvement in yield (Entries 12 and 13).  

 

Table 1. Optimization of conditions for the four-component synthesis of 5a
a
 

 

Entry Catalyst Ligand Solvent  Temp. (ºC) Yield (%)
b
 

1 CuI  DMSO 100 33 

2 CuI 1,10-Phenanthroline DMSO 100 58 

3 CuI Pipecolic acid DMSO 100 64 

4 CuI L-proline DMSO 100 78 

5 CuBr L-proline DMSO 100 70 

6 CuCl L-proline DMSO 100 66 

7 CuCl2 L-proline DMSO 100 62 

8 Cu2O L-proline DMSO 100 52 

9 CuI L-proline DMF 100 60 

10 CuI L-proline 1,4-Dioxane 100 10 

11 CuI L-proline Toluene 100 5 

12 CuI L-proline DMSO 80 63 

13 CuI L-proline DMSO 120 69 

a 
Reagents and conditions: 1 (1 mmol), 2 (2 mmol), 3a (1 mmol), 4a (1 mmol), Cu-source (0.05 mmol), 
ligand (0.1 mmol), solvent (3 mL), 3 h.  

b 
Isolated yield. 
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With the optimized conditions for the synthesis of imidazo[1,2-a]pyridines in hand, we then 

investigated the substrates scope. Aromatic aldehydes with either electron-withdrawing or 

electron-donating substituents, regardless of their position on the phenyl ring, provided the 

corresponding products 5 in good yields (Table 2).
18

  

 

Table 2. Substrate scope for the four-component synthesis of imidazo[1,2-a]pyridines
a
 

 

Entry Aldehyde Isocyanide Product Yield 

(%)
b
 

 

1 

 

3a 

 

4a 

 

 

78 

 

2 

 

3b 

 

4a 

 

 

81 

 

3 

 

3c 

 

4a 

 

 

79 

 

4 

 

3d 

 

4a 

 

 

82 

 

5 

 

3e 

 

4a 

 

 

76 



  

7 

 

6 

 

3f 

 

4a 

 

 

81 

 

7 

 

3a 

 

4b 

 

 

88 

 

8 

 

3f 

 

4b 

 

 

84 

 

9 

 

3b 

 

4b 

 

 

84 

 

10 

 

3c 

 

4b 

 

 

85 

a 
Reagents and conditions: 1 (1 mmol), 2 (2 mmol), 3 (1 mmol), 4 (1 mmol), CuI (0.05 mmol), L-proline 
(0.1 mmol), DMSO (3 mL), 110 °C, 3 h.  

b 
Isolated yield. 

 

A plausible mechanism for the formation of imidazo[1,2-a]pyridines 5 is illustrated in 

Scheme 3. Based on recent reports that sodium azide act as an ammonia surrogate to prepare 

primary amines in the copper-catalyzed reductive amination of aryl halides,
16

 it is reasonable to 

assume that, initially, reductive amination of 2-bromopyridine 1 using sodium azide in the 

presence of the copper catalyst produced 2-aminopyridine 7. Subsequently, condensation of 2-

aminopyridine 7 with the aldehyde furnishes imine intermediate 8. Next, nucleophilic addition of 

the isocyanide to imine 8, followed by intramolecular cyclization leads to the formation of 

intermediate 10 which tautomerizes to afford the desired product 5 (Scheme 3). 
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Scheme 3. Plausible mechanism for the four-component synthesis of imidazo[1,2-a]pyridine 5.  

 

Conclusion  

In summary, we report a new and efficient, one-pot, four-component approach for the 

synthesis of 2,3-disubstituted imidazo[1,2-a]pyridines via the copper-catalyzed reductive 

amination of 2-bromopyridine with sodium azide followed by sequential condensation-

cyclization with aldehydes and isocyanides. To date, this is the first report on the synthesis of 

imidazo[1,2-a]pyridine using 2-bromopyridine instead of 2-aminopyridine.  
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Highlights 

 A four component has been used to synthesis imidazo[1,2-a]pyridines 

 The mechanism relies on sequential reductive amination, condensation, and cyclization 

 Sodium azide acts as an ammonia surrogate to primary amines in a copper-catalyzed 

reductive amination of aryl halides  

 


