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Copper-catalyzed intramolecular dehydro 

genative cyclization: direct access to sensitive 

formyl-substituted imidazo[1,2-a]pyridines 

Li-Hai Zhai,a,b  Li-Hong Guob, Bai-Wang Sun*a 

A direct method for the synthesis of formyl-substituted 

imidazo[1,2-a]pyridines was achieved easily from cyclization 

of aminopyridines and cinnamaldehydes via copper catalysis. 

This oxidative cyclization process involved direct C-H bond 

functionalization, C-C/C-N bonds formation. In this 

transformation, the sensitive aldehyde group was preserved 

under oxidant condition. 

 

Substituted imidazo[1,2-a]pyridines, as attracting structural 

motifs, are found in natural products and organic chemistry with 

strong bioactivity profiles and interesting structural properties.
1 

In particular, They are known to be crucial synthetic precursors 

to construct a wide range of biologically active compounds in 

medicinal chemistry,
2 
and drug synthesis,

3 
such as soraprazan, 

alpidem (a nonsedative anxiolytic),
4 
andzolpidem (a hypnotic 

drug).
5 
The exceptional promise of a broad therapeutic potential 

has drawn intense interest in developing concise approaches to 

synthesize substituted imidazo[1,2-a]pyridines. In the past 

several years, many well-documented modern methods had been 

developed for construction the scaffold of imidazo[1,2-

a]pyridines.
6 
However, there are very few general methods that 

convert commercially available or readily accessible materials to 

substituted imidazo[1,2-a]pyridines with aldehyde group. Thus, 

the synthesis of substituted imidazo[1,2-a]pyridines preserving 

the aldehyde group under oxidative conditions remains a 

challenging work. 

Direct C-H functionalization and C-N bond formation represent 

as the powerful and ideal approaches for the synthesis of various 

heterocyclic compounds.
7 
Especially, transition-metal catalyzed 

tandem reactions via direct C-H functionalization and C-N bond  
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Scheme 1. Strategies for the syntheses of  imidazopyridines 

formation as an active field of organic chemistry have been 

evolved as powerful tools to generate of heterocyclic 

compounds.
8 
Moreover, air as an ideal oxidant has drawn much 

attentions in for its abundance, environment-friendly and 

attractive industrial prospects.
9 
Recently, Yan’s 

10
 and Hajra’s 

11
group and our group had reported the direct method to 

synthesize substituted imidazopyridines (Scheme 1, eq.1-2).
 
In 

2011, Zhu and co-workers elegantly developed a direct 

methology to formyl-substituted imidazo[1,2-a]pyridines via 

copper-catalyzed intramolecular dehydrogenative 

aminooxygenation in satisfactory to high yields (Scheme 1, 

eq.3).
12 
Inspired by their works and some our previously studies 

about the synthesis of heterocyclic compounds,
13 

herein, we 

report a facial and direct method to synthesize formyl-substituted 

from aminopyridines and cinnamaldehydes via copper catalyst. 

We first investigated the reaction of cinnamaldehyde (1a) and 

pyridin-2-amine (2a) in DMF at 100 
o
C with Cu- 
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Table 1. Optimization of reaction condition 
a

 

 

 

entry catalyst additive solvent temp yield 

1  CuI  DMF 100 55 

2 CuBr  DMF 100 21 

3 CuCl  DMF 100 20 

4 Cu(OAc)2  DMF 100 26 

5 Cu(OTf)2  DMF 100 19 

6  CuI  DMF 120 60 

7 CuI CF3COOH (0.2) DMF 120 68 

8 CuI TSOH (0.2) DMF 120 43 

9 CuI PivOH (0.2) DMF 120 70 

9 CuI PivOH (0.2) DMSO 120 72 

10 CuI PivOH (0.2) PhMe reflux - 

11 CuI PivOH (0.2) CH3CN reflux 32 

12 CuI ZnCl2(0.1) DMSO 120 70 

13 CuI ZnCl2(0.1)+1,10-phenanthroline (0.1) DMSO 120 74 

14 CuI ZnCl2(0.1)+TMEDA (0.1) DMSO 120 63 

15 CuI ZnCl2(0.1)+ Pyridine (0.1) DMSO 120 80 

16c CuI ZnCl2(0.1)+ Pyridine (0.1) DMSO 120 62 

17  ZnCl2(0.1)+Pyridine (0.1) DMSO 120 - 

a Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), additive, solvent (2 mL), 8h. b Yields of isolated products. c The reaction was 

carried out under air. c Under O2. 
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Table 2. Synthesis of substituted formyl-substituted 

imidazo[1,2-a]pyridines from aminopyridines and 

cinnamaldehydes 
a 

 

 

entry  R1  R2 product yields 

1 1a H 2a H 3aa 80 

2 1a H 2b 3-Me 3ab 32 

3 1a H 2c 5-Me 3ac 42 

4 1a H 2d 6-Me 3ad trace 

5 1a H 2e 3-OCH2Ph 3ae 38 

6 1a H 2f 4-Cl 3af 52 

7 1a H 2g 5-Cl 3ag 88 

8 1a H 2h 5-Br 3ah 79 

9 1a H 2i 5-F 3ai 95 

10 1a H 2j 4-COOEt 3aj 78 

11 1a H 2k 5-Br,6-Me 3ak 52 

12 1b 2-Me 2a H 3ba 66 

13 1c 3-Me 2a H 3ca 44 

14 1d 4-Cl 2a H 3da 36 

15 1e 4-Br 2a H 3ea 32 

16 1f 2-NO2 2a H 3fa 38 

17 1b 2-Me 2g 5-Cl 3bg trace 

18 1g  2a H 3ga - 

 
catalysis. To our delight, an expected product of 2-

phenylimidazo[1,2-a]pyridine-3-carbaldehyde (3aa) was 

isolated in 55% yield (Table 1, entry 1). Surprisingly, the 

aldehyde of cinnamaldehyde was preserved under the oxidative 

conditions. Substituted imidazo[1,2-a]pyridines with free intact 

formyl group can be easily converted to various functional 

groups and show enormous potential applications in organic 

synthesis.
7
 Encouraged by this interesting result, we screened 

copper catalysts to increase the yield of this transformation and 

CuI showed the highest activity for this reaction (Table 1, entry 

2-5). Increasing temperature of reaction just slightly improved 

the yield (Table 1, entry 6). Then, the influencing parameters of 

additives, oxidants and solvents was evaluated, the use of ZnCl2 
and pyridine as additive led to a significant improvement and 

offered the target compound in 80% yield (Table 1, entry 15). 
Obviously, ZnCl2 promotes the reaction by coordinating with 

the oxygen of aldehyde. Nevertheless, without copper salts as 

catalyst, no desired product was obtained (Table 1, entry 17). 

With the optimized reaction conditions in hand, we extended 

the substrate scope of this reaction, and the results are 

illustrated in Table 2. Various aminopyridines with methyl, 

methoxyl, cyano, fluoro, chloro, bromo, ester and benzyloxyl 

groups proceeded smoothly and generated the corresponding 

compounds successfully in moderate to good yields. As shown 

in Table 2, the results indicated that this transformation was 

sensitive to electronic effect of aminopyridines. The 

aminopyridines with the electron-drawing groups show better 

reactivity and gave the desired products in higher yields. 

Whereas, the electron-donating groups on aminopyridines 

significantly affected the efficiency of the process and resulted 

in lower yields (Table 2, entry 2-10). Further studies showed 

that a variety of substituted cinnamaldehydes successfully 

produced the desired products 3 with lower yields. Similarly, 

the electronic effect of cinnamaldehydes also affected this 

transformation obviously. The electron-rich cinnamaldehydes 

show better reactivity and gave higher yields than electron- 

deficient ones (Table 2, entry 12-16). Unfortunately, substituted 

pyrrole 3bg was not achieved well by using 1b and 2g as 

substrate (Table 2, entry 17). Moreover, when (E)-but-2-enal 1g 

and 2a were subjected to the standard condition, no desired 

product was detected. 

 

 

 Scheme 2. Proposed mechanism 

Based on the experimental results, we propose the reaction 

mechanism shown in Scheme 2. Firstly, cinnamaldehyde 1 and 

pyridin-2-amine 2 undergo Michal addition to form the 

intermediate 4. Then, the radical cation 5, which is generated by 

one electron oxidation, produces the nitrenium ion 6 by 

hydrogen abstraction with oxidation. Then imine 7 is formed by 

proton elimination from 6 and equilibrates to enamine 8. 

Subsequently, enamine 8 would rearrange to the  complex 9. 

and complex 9 coordinates with the copper (II) catalyst to form 

the intermediate 10,
14,15 

Finally, the target molecular 3aa is 

afforded by reductive elimination of copper catalyst. 

In conclusion, we have developed a Cu-catalyzed oxidative 

cyclization method with aminopyridines and cinnamaldehydes 

to form formyl-substituted imidazo[1,2-a]pyridines. In this 

transformation, the sensitive aldehyde group was preserved 

under oxidant conditions. This approach, in which the air was 

used as oxidant, provided a simple and practice method to 

synthesis the substituted formyl imidazo[1,2-a]pyridines. 
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