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Abstract :Molecular iodine catalyzed three component improved procedure for the synthesis of various 1-pyridylimidazo-[1,5-

a]pyridines from 1,2-dipyridyl ketone, aromatic aldehydes and ammonium acetate. This is a simple and straightforward, high 

yielding, does not involve any hazardous or expensive catalyst. Molecular iodine used is cheap, environment benign catalyst. 

 

Key words: 1-Pyridylimidazo [1,5-a] pyridines, 1,2-dipyridyl ketone, molecular iodine,    aromatic aldehydes. 

I. INTRODUCTION 

                Over the past several years, chemists have been aware of the environmental implications of their chemistry. Nowadays, 

they are trying to develop new synthetic methods, reaction conditions, and uses of chemicals that reduce risks to humans and the 

environment. The use of molecular iodine in organic synthesis has been known for a long time, such as in the Grignard reaction. 

Recently, molecular iodine has received considerable attention as an inexpensive, nontoxic, readily available catalyst for various 

organic transformations, affording the corresponding products in excellent yields with high selectivity. The mild Lewis acidity 

associated with iodine enhanced its usage in organic synthesis to realize several organic transformations using stoichiometric 

levels to catalytic amounts. Owing to numerous advantages associated with this eco-friendly element, iodine has been explored as 

a powerful catalyst for various organic transformations,[1, 2]  

Fused imidazopyridine ring systems represent an important class of compounds not only for their theoretical interest but 

also from a pharmacological point of view. In particular, 1-pyridylimidazo[1,5-a] pyridines possess a bidentate structural feature 

with a pyridyl unit directly next to a fused imidazole heterocycles are a desirable class of compounds in the pursuit of structural 

diversity for property performance and have emerged as a new class of ligands for numerous organic transformations. Moreover, 

these heterocyclic structures are the part of the skeleton of natural alkaloids,[3] neuromuscular blocking agents,[4] of reversible 

inhibitors of the H+, K+-ATPase enzyme,[5] with a potent anti-secretory activity,[6] and of sedative hypnotics of the nervous 

system.[7] Imidazo [1,5-a]pyridine skeleton is also a basic structure of synthetic drug Pirmogrel, with human clinical applications 

as effective platelet aggregation and thromboxane synthase inhibitors.[8] Due to its utility in medicinal chemistry, catalyst as well 

in material chemistry, very few methods are available for the synthesis of [1,5-a] pyridines in the literature. Most of the routes 

involve reaction of a 2-aminomethylpyridine with acylation followed by cyclization with phosphorus oxychloride or 

polyphosphoric acid,[9] or thioacylation followed by ring closure using DCC or mercuric salts.[10] Imidazo[1,5-a]pyridines were 

also obtained from 2-cyanopyridine by the Vilsmeier reaction,[11] or by reaction with, or oxidization of Schiff bases in the 

presence of molecular sieves or metal ions requiring two to three steps from the dipyridyl ketone.[12-16]  Very recently Srinivasan 

et. al. reported the synthesis of 1-substituted imidazo[1,5-a] pyridines using ionic liquid,[17]. These ionic liquids are so expensive 

and one step is added in the syntheses process for their recovery.  

 Many of the synthesis protocols for 1-substituted imidazo[1,5-a] pyridines reported so far suffer from one or more 

disadvantages, such as harsh reaction conditions, poor yields, longer reaction time periods, and the use of hazardous and often 

expensive catalysts. Moreover, the syntheses of these heterocycles have been carried out in DMF, DMSO, and acetic acid leading 

to complex isolation and recovery procedures. In continuation of our on going programme on synthesis of biologically potent 

heterocycles using non-conventional energy source e.g. Micro-wave and environmentally benign catalyst such as molecular 

iodine, we report here first time the synthesis of 1-pyridylimidazo [1, 5-a] pyridines by condensation of 1,2-dipyridyl ketone (1a), 

aromatic aldehydes (2b) and ammonium acetate in presence of catalytic amount of molecular iodine (Scheme 1). 
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Scheme 1 Reaction conditions. i) NH4OAc,EtOH, I2, 75 OC, 2 h 

II. EXPIRMENTAL 

General Experimental Method: The 1H-NMR spectra were recorded on a Bruker AC-200 spectrometer with TMS as internal 

standard with 200 MHz frequency; chemical shifts (δ scale) are reported in parts per million (ppm) relative to the central peak of 

the solvent. 1H-NMR Spectra are reported in order: multiplicity, approximate coupling constant (J value) in hertz (Hz) and 

number of protons; signals were characterized as s (singlet), d (doublet), t (triplet), m (multiplet), br s (broad signal). The 13C-

NMR spectra were recorded at 50 MHz; chemical shifts (δ scale) are reported in parts per million (ppm).IR spectra were recorded 

http://www.jetir.org/


© 2020 JETIR March 2020, Volume 7, Issue 3                                                           www.jetir.org (ISSN-2349-5162) 

JETIRDN06048 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 206 
 

on ATI MATTSON RS-1 FTIR spectrometer. Melting points were recorded in an open capillary . The crude products were 

purified by column chromatography using silica gel (60–120 mesh size). 

General Procedure for the Synthesis of 1-pyridylimidazo[1,5-a]pyridines 3:  

A mixture of 1,2-dipyridyl ketone1(10mmol), aromatic aldehyde 2(10mmol), ammonium acetate (20mmol) and iodine  (10mol%) 

in  ethanol (10 ml) was stirred at 750C for the time specified in Table 3. The completion of the reaction was monitored by TLC. 

After completion of reaction, the reaction mixture was diluted with water (containing 15% sodium bisulphate). The separated 

solid products were filtered off, washed with water, and dried. The crude products thus obtained were purified by column 

chromatography on silica gel (60–120 mesh size) using 25% ethyl acetate in petroleum ether as eluent to yield 3. 

TABLE 4. Synthesis of 1-pyrimidazol[1,5-a] pyridines 3-11 
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III. RESULT AND DISCUSSION 

Initially, a systematic study was carried out for catalytic evaluation of iodine for 1,2-dipyridyl ketone, benzaldehyde and 

ammonium acetate (Table:1). The enhancement of mol% of iodine, enhance the yield of the product and reduce the reaction time 

(entry 1-5).  The reaction went to completion in 3 h at reflux temperature with 10 mol% I2. Accordingly, 10 mol% was sufficient 

to catalyze the reaction. A rate enhancement with high yield was observed when higher molar ratios of I2 were used. However, no 

product formation was observed in absence of I2.  

TABLE 1. Catalytic evaluation of iodine for the synthesis of 3 

Entry Catalyst (I2) (mol 

%) 

Time 

(h) 

Yield a,b 

(%) 

1 0 12 00 

2 2 12 65 

3 5 7 90 

4 10 3 96 

5 15 2.5 94 
a: Reaction Condition; 1,2-dipyridyl ketone (10 mmol), benzaldehyde (10 mmol), ammonium acetate (20 mmol), EtOH (10 mL), 

75 0C; b: Isolated yield after column chromatography. 

To check the efficiency of molecular iodine catalyst we also tried several conventional acid catalysts or acid under identical 

conditions, results are showed in (Table2).When conventional Lewis acids such as AlCl3, TiCl4, ZnCl2 used under identical 

condition it gave product 20, 10 and 40 % isolated yield, where as pTSA gave traces of product. AcOH gave 70% of product after 

6 h, which was replaced by strong acids such as H2SO4 and PPA (poly phosphoric acid) there is progressive increase in yield of 

product and drop out of reaction time, but problem with using these acid catalyst is the critical isolation method and generation 

hazardous waste material. 

TABLE 2. Study of different acid catalyst for the synthesis of 3 

Entry Acid catalyst/acid 

(mol%) 

Solvent/Temp. 

(0C) 

Time 

(h) 

Yield a 

(%) 

1 AlCl3 (20 mol%) EtOH/reflux 12 20 

2 TiCl4 (20 mol%) EtOH/reflux 12 10 

3 pTSA (20 mol%) EtOH/reflux 12 Traces 

4 ZnCl2 (30 mol%) CH3CN/reflux 12 40 

5 AcOH AcOH/110 6 70 

6 H2SO4 H2SO4/80 4 90 

7 PPA PPA/80 3 90 
a: Isolated yield after column chromatography 

                    Toluene, acetonitrile, methanol and ethanol were found to be suitable solvent, where as solvents such as DMF, 

DMSO, DCM does not gave products in satisfactory amount. As we found that ethanol is best solvent, we proceeded with 

ethanol, which is considered as a relatively benign organic solvent (Table:2). It is important to note that in case of ethanol, 1-

pyridylimidazo [1,5-a] pyridines 3 precipitated on dilution of the reaction mixture with an aqueous solution of Na2S2O3 and were 

isolated by simple filtration. Whereas in other hazardous solvents, the extraction step for the isolation of the products were 

required. At room temperature no product formation was observed even after 12 h, however, with increase in temperature, 

product 3 was obtained within few hours (Table3). 

TABLE 3. Study of temperature effect for the synthesis of 3 in ethanol 

Entry Temp. 

(0C) 

Time 

(h) 

Yield a 

(%) 

1 00 12 00 

2 40 12 30 

3 50 12 75 

4 60 8 92 

5 75 3 94 
a: Isolated yield after column chromatography 

After getting these encouraged results, we have extended the methodology to a variety of aromatic aldehydes, which are 

summarized in Table 4. This method is effective for the preparation of 1-pyridylimidazo [1,5-a] pyridines 3 from both electrons 

efficient as well as electron deficient aromatic aldehydes. The aryl groups substituted with different groups and also the same 

groups located at different positions of the aromatic ring did not show any marginal effect on the formation of 1-pyridylimidazo 

[1,5-a] pyridines 3. Another advantage of this methodology is, nearly stoichiometric amount of ammonium acetate was used in 

the course of the reaction, whereas previously many-fold of ammonium acetate was required. This is an additional advantage of 

the novel methodology. Molecular I2 due to it lewis acidic nature is capable of binding with the carbonyl oxygen increasing the 

reactivity of the parent carbonyl compound (schem:2).Iodine facilitates the formation of the imine intermediate, which under 
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mild acid catalysis of I2 condenses further with the carbonyl carbon of the 1,2-dipyridylketone followed by dehydration to afford 

the intermediate (III), which rearranges to the required 1-pyridylimidazo[1,5-a] pyridines 3. 

IV. CONCLUSION 

In conclusion, we describe a mild and efficient route for the synthesis of 1-pyridylimidazo[1,5-a] pyridines  utilizing molecular 

iodine as a novel Lewis acid catalyst. This method not only provides an excellent complement to 1-pyridylimidazo[1,5-a] 

pyridines synthesis but also avoids the use of hazardous acids or bases and harsh reaction conditions. The advantages of this 

method include good substrate generality, the use of inexpensive reagents and catalyst under mild conditions, and experimental 

operational ease. Reactions employing iodine as a catalyst for other organic transformations are currently under investigation in 

our research group, and will be reported in due course. 
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