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Abstract 

This work describes the extraction of natural aldehydes and the use of extracts to synthesize new fluorescent 

imidazo[1,5-a]pyridine derivatives. The characterization of the extracted aldehydes by different techniques 

and the optical study of the fluorescent products allow the design of new compounds suitable for 

pharmaceutical, down-shifting, microscopy, and electronic applications. The fluorophores are generated by 

an easy one-pot cyclization reaction in mild conditions without catalyst and with only water as by-product. 

  



1 Introduction 

The extraction of natural products from plants dates back to ancient times [Industrial Scale Natural Products 

Extraction, Hans-Jorg Bart (Editor), Stephan Pilz (Editor), Wiley 314 pages April 2011, ISBN: 978-3-527-

32504-7] and medicinal aromatic plants offer nowadays a wide range of natural compounds. Extracts from 

seeds, leaves, flowers of aromatic and curative plants present a large number of chemical products, which 

make them interesting for food, cosmetic, pharmaceutical and chemical industries. 

Imidazo[1,5-a]pyridine derivatives have attracted a growing consideration due to their particular biological, 

chemical, and optical properties. The imidazo[1,5-a]pyridine core is present in several pharmaceutical 

compounds and biologically dynamic agents (as HIV protease inhibitors (Kim et al. 2005), cardiotonic 

agents (Davey et al. 1987), aromatase inhibitors in estrogen dependent diseases (Browne et al. 1991), 

thromboxane A2 synthetase inhibitors (Ford et al. 1985), RORc inverse agonists in inflammatory diseases 

(Fauber et al. 2015), 5-HT4 receptor partial agonists in Alzheimer's disease (Nirogi et al. 2015) and 

antitumor agents (Roy et al. 2011). Furthermore imidazo[1,5-a]pyridines also represent a class of aromatic 

derivatives for fluorescence microscopy and down-shifting luminescent layer technologies (Song et al. 2016; 

Volpi et al. 2017; Ge et al. 2017). This class of heterocyclic compounds finds application in several research 

areas, from pharmaceutical fields to material technologies (Weber et al. 2016). 

From the synthetic point of view, the imidazo[1,5-a]pyridine nucleus can be achieved by different 

approaches involving the use of Pd-catalyzed (Yamaguchi et al. 2011) and Cu-catalyzed (Wang et al. 2015) 

reactions on different substrates or using sensitive Lewis acid (Krapcho & Powell 1986) or of a 

stoichiometric amount of elemental sulphur (S8) (Krapcho & Powell 1986) as an oxidant, or from the 

oxidation of a Schiff base (Grigg et al. 1992). Among them, efficient synthetic methods for the preparation 

of the imidazo[1,5-a]pyridine core have also been reported via two or three reagent condensation reactions, 

using an aldehyde and 2-cyanopyridine (Fulwa et al. 2009; Fulwa & Manivannan 2012a; Fulwa & 

Manivannan 2012b), or pyridyl-ketones, aromatic aldehydes and ammonium acetate in acetic acid (See 

Figure 1) (Wang et al. 2003). In the present work, we selected the last synthetic approach, due to its 

simplicity and low cost of reagents. 

 

Fig. 1 One pot cyclization of pyridyl-ketones and aromatic aldehydes to obtain substituted imidazo[1,5-a]pyridines. 

 

The purpose of this work is to obtain new luminescent imidazo[1,5-a]pyridine moieties from natural 

aldehydes extracted directly by steam distillation from medicinal or aromatic spices. For this purpose, an 

important requirement in choosing the natural product for the extraction was that the obtainable aldehyde 

could be acquired through steam distillation, without purification, in high quantities and with sufficient 

purity to be used in the subsequent cyclization reaction. To this end, cumin-aldehyde constitutes one of the 

major components of Cuminum Cyminum essential oil (Bankar 2011; Morshedi et al. 2015) and vanillin-

aldehyde constitutes the primary component of the extract of the Vanilla Planifolia bean (Ainscough & 

Brodie 1990; Sinha et al. 2008; Cicchetti et al. 2010). 



The synthetic approach here employed to obtain two new imidazo[1,5-a]pyridines represents a strongly 

selective reaction mechanisms and avoids any purification of the extracted essential oils because such one-

pot cyclization mechanism only involves aromatic aldehydes. 

2 Results and discussion 

Natural aldehydes extraction 

The natural aldehydes (cumin-aldehyde and vanillin-aldehyde) were collected by steam distillation, as 

previously reported (Dignum et al. 2001; Zheljazkov et al. 2015). 

The synthetic approach here employed to obtain two new imidazo[1,5-a]pyridines (Figure 2) represents a 

strongly selective reaction mechanisms and avoids any purification of the extracted essential oils because 

such one-pot cyclization mechanism only involves aromatic aldehydes. 

[Figure 2 near here] 

 

Fig. 2 3-substituted-1-phenylimidazo[1,5-a]pyridines derived 1 from cuminaldehyde and 2 from vanillin. 

The obtained solutions were extracted with CH2Cl2. The organic layers were separated, dried and evaporated 

under vacuum. The resulting essential oils were analysed using TLC, MS and NMR and compared with 

commercial pure compounds (see supplemental material). The TLC developing solvent efficiently separates 

cumin and vanillin aldehyde from other compounds in the essential oils (Rf = 0.71 and Rf = 0.26 

respectively in 100% CH2Cl2) and 1, 2 (Rf = 0.32 and Rf = 0.09 respectively in 100% CH2Cl2). The obtained 

products containing natural aromatic aldehydes were directly employed for the one-pot reaction cyclization 

to obtain compound 1 and 2 (see Figure 2). 

General synthetic approach 

As previously reported, different interesting 1,3-diarylated imidazo[1,5-a]pyridine derivatives can be 

synthesized in high yields with a one-step cyclization approach via condensation of different pyridyl-ketones 

with several aromatic aldehydes in the presence of ammonium acetate (Scheme 1) (Volpi, Magnano, et al. 

2017). In this work, in order to synthesize and characterize the optical properties of this class of 

fluorophores, two new phenylimidazo[1,5-a]pyridines have been synthetized using both vanillin aldehyde 

(from Vanilla Planifolia beans) and cumin aldehyde (from Cuminum cyminum seeds). 

Optical properties 

The imidazo[1,5-a]pyridine nucleus is known in literature for its electronic absorption and emission behavior 

(Volpi et al. 2016; Volpi, Magnano, et al. 2017; Volpi, Garino, et al. 2017). Products 1 and 2 show different 

absorption peaks in the wavelength range from 250 nm to 400 nm (as shoulders), while almost no absorption 

beyond 420 nm is observed. The products show large Stokes’ shifts (179 and 181 nm) and strong emissions 

at wavelengths in the 420–500 nm range. The absorption and emission spectra of 1 and 2 are presented in 



Figures S8 and S9 respectively, and their optical properties are summarized in Table 1. 

Table 1. Photophysical properties and solvent effects (both solvatochromism and halochromism) on the electronic 

absorption and emission maxima of 1 and 2. 

 1 2 

λabs 

(nm) 

λem 

(nm) 

Stokes’ shift 

(nm) 

λabs 

(nm) 

λem 

(nm) 

Stokes’ shift 

(nm) 

CH3CN 297 478 181 310 

380sh 

489 179 

CH3CN + ac 276 438 162 303sh 

325 

458 155 

CH2Cl2 300 484 184 308 

378sh 

489 181 

CH2Cl2 + ac 270 450 180 296 

323 

464 168 

EtOH 292 487 195 304 

375sh 

488 184 

EtOH + ac 270 470 200 303 464 161 

 

The solvent effects (both solvatochromism and halochromism) on the absorption and emission properties of 

1 and 2 have been evaluated in dichloromethane, acetonitrile and ethanol solutions prior to and after the 

addition of formic acid (ac) to the sample (1% v/v) (Table 1). Solvent polarity barely influences the 

absorption and emission spectra of 1 and 2 heterocycles, suggesting low charge transfer character of their 

ground state. A strong halochromic effect characterizes product 1 and 2, with a hypsochromic shift in both 

cases (see Figures S8 and S9 and Table 1). 

All the compounds show deep absorptions in the near UV, intense emissions in the visible region (400–500 

nm), and large Stokes’ shifts, as required for UV absorption and down-shifting materials. 

3 Experimental 

Materials and techniques 

All solvents and raw materials were used as received from commercial suppliers (Sigma-Aldrich and Alfa 

Aesar) without further purification. 

Column chromatography was performed on Sigma-Aldrich silica gel 60 (70e230 mesh ASTM). 1H and 13C 

NMR spectra were recorded on a Bruker Avance 200 spectrometer at 200 MHz and 50 MHz, respectively, in 

CDCl3 or CD3OD. Mass spectra were recorded on a Thermo-Finnigan Advantage Max Ion Trap 

Spectrometer equipped with an electrospray ion source (ESI) in positive or negative ion acquiring mode. 

High-resolution mass spectra were recorded on a Thermo Scientific LTQ Orbitrap Hybrid Mass 

Spectrometer. 

UV-Vis absorption spectra were recorded on a Cary60 spectrometer. Photoemission spectra were acquired 

with a HORIBA Jobin Yvon IBH Fluorolog-TCSPC spectrofluorometer. The spectral response was 

corrected for the spectral sensitivity of the photomultiplier. 

TLC was performed on 10×20 cm TLC sheets, coated with 0.25 mm layers of silica gel 60 F254 (E. Merck). 

After the application of the extract (about 10 μl), the sheets were developed in paper-lined all-glass chambers 

with 10 ml of dichloromethane-methanol (96-4), previously left to equilibrate for at least 15 min. 

Spots are visualized with a UV lamp. The distance to the centre of the spot (dspot) and the solvent 

(dichloromethane) front distance (dsolv) from the spot line are measured with a ruler, and the Rf (retention 

factor) for the spot is calculated from Rf = dspot/dsolv. The TLC developing solvent efficiently separates 

cumin and vanillin aldehyde (Rf=0.71 and Rf=0.26 respectively in 100% CH2Cl2) and 1, 2 (Rf=0.32 and 

Rf=0.09 respectively in 100% CH2Cl2). 



Syntheses 

A mixture of phenyl(pyridin-2-yl)methanone (800 mg, 4.37 mmol, 1 eq), aldehyde (6.55 mmol, 1.5 eq), and 

ammonium acetate (1704 mg, 21.85 mmol, 5 eq) in glacial acetic acid (25 mL) was stirred at reflux. After 5 

h, the reaction mixture was cooled to room temperature and the acetic acid was removed by evaporation 

under reduced pressure. The obtained solid was dissolved in a saturated aqueous solution of Na2CO3 and the 

mixture extracted with CH2Cl2. The organic layer was separated, dried and the solvent evaporated under 

vacuum. The obtained yellow crude product was purified via column chromatography on silica gel 

(CH2Cl2/CH3OH 98:2). 

Compound 1: 3-(4-isopropylphenyl)-1-pheny-lH-imidazo[1,5-a]pyridine. 

Reaction yield: 53.4%. MP: 79–80°C. Rf: 0.32 (CH2Cl2). ESI-MS spectrum m/z 313.23 [M+H]+. HRMS 

(ESI) spectrum m/z 313.1511 [M+H]+. 1H NMR spectrum in CDCl3: δ 8.24 (dt, J = 7.3, 1.1 Hz, 1H), 7.95 (d, 

J = 7.7 Hz, 2H), 7.84 (dt, J = 9.3, 1.2 Hz, 1H), 7.77 (d, J = 8.5 Hz, 2H), 7.47 (t, J = 7.3 Hz, 2H), 7.40 (d, J = 

8.5 Hz, 2H), 7.31 (dt, J = 7.7, 1.6 Hz, 1H), 6.79 (ddd, J = 9.3, 6.4, 1.0 Hz, 1H), 6.57 (td, J = 6.8, 1.2 Hz, 1H), 

3.00 (sept, J = 6.9 Hz, 1H), 1.31 (d, J = 6.9 Hz, 6H). 13C NMR spectrum in CDCl3: δ 150.08, 138.34, 134.80, 

131.65, 128.85 (2C), 128.52 (2C), 127.56, 127.36, 127.27 (2C), 126.99 (2C), 126.71, 122.04, 119.85, 

119.28, 113.37, 34.22, 24.03 (2C). ATR: 2960, 1664, 1602, 1492, 1260, 1053, 839, 692 cm–1. 

Compound 2: 2-methoxy-4-(1-phenylH-imidazo[1,5-a]pyridin-3-yl)phenol. 

Reaction yield: 41.1%. MP: 109–110°C. Rf: 0.09 (CH2Cl2). ESI-MS spectrum m/z 317.16 [M+H]+. HRMS 

(ESI) spectrum m/z 317.1097 [M+H]+. 1H NMR spectrum in CDCl3: δ 8.18 (dt, J = 7.3, 1.0 Hz, 1H), 7.93 (d, 

J = 7.1 Hz, 2H), 7.81 (dt, J = 9.3, 1.2 Hz, 1H), 7.46 (t, J = 7.5 Hz, 2H), 7.36-7.21 (m, 3H), 7.01 (d, J = 8.2 

Hz, 1H), 6.78 (ddd, J = 9.3, 6.4, 1.0 Hz, 1H), 6.56 (td, J = 6.8, 1.2 Hz 1H), 3.91 (s, 3H). 13C NMR spectrum 

in CDCl3: δ 147.53, 146.90, 138.32, 134.64, 131.31, 128.84 (2C), 127.38, 126.99 (2C), 126.72, 121.97, 

121.62, 121.00, 119.80, 119.18, 114.86, 113.40, 112.06, 56.18. ATR: 2960, 2835, 1594, 1515, 1254, 1217, 

1129, 768, 692 cm–1. 

4 Conclusion 

Two new 1,3-diarylated-imidazo[1,5-a]pyridine derivatives have been synthesized by means of the easy to 

scale up, one-pot condensation of phenyl(pyridin-2-yl)methanone with natural aldehydes directly obtained 

by steam distillation and solvent extraction. 

Reaction yields were good and the obtained imidazo[1,5-a]pyridines show remarkable optical properties 

depending on the chemical structure of the substituent in position 3 derived from the employed aromatic 

aldehydes. Compound 1 and 2 display intense fluorescent emissions, large Stokes’ shifts and typical 

halochromic and solvatochromic effect. 

Theoretical design of such compounds and investigation on the introduction of some other systems into 

imidazo[1,5-a]pyridines for functional materials can be considered in choosing other aromatic plants or 

natural starting materials. These compounds represent an interesting class of fluorescent molecules easily 

tuneable with potential interest in the fields of fluorescence microscopy, down-shifting luminescent layer 

technologies and for pharmaceutical applications. Moreover, high reaction yields, absence of catalysts, high 

accessibility and stability, nontoxicity of reagents accounts for promising scale up perspectives of this 

synthetic approach. 

On the basis of these promising synthetic success, further studies are in progress to test other medicinal and 

aromatic spices or natural products to obtain new imidazo[1,5-a]pyridines derivatives as tuneable and low-

cost fluorescent materials. 
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