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Abstract: Among the great challenges facing the Society is the search for solutions to cancer. This 

disease presents high cellular oxidative stress, as a result of the imbalance between the oxidizing 

species generated in the cells and antioxidant compounds [1] One of the strategies used in the 

treatment of cancer is based on the use of Photodynamic therapy (PDT). PDT is a safe and non-

invasive technique for the treatment of different types of cancer in diverse locations, as well as non-

cancer diseases [2]. Thus, our research focuses on search for new compounds with potential 

application in this field, among which the selenopyrylium salts stand out. 
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1. Introduction 

Nowadays, treatment of cancer is approached through different strategies, among wich PDT can 

be mentioned. PDT consists of the local or systemic application of a photosensitive compound (the 

photosensitizer), which accumulates mainly in the pathological tissues. Photosensitive molecules 

absorb light of the appropriate wavelength, initiating the activation processes that lead to the 

selective destruction of tumour cells [3,4]. 

An adequate photosensitizer must obey a number of features such as maximum absorption 

length between 600 and 800 nm, minimum absorption length between 400 and 600 nm, high purity 

and stability at room temperature, and high selectivity with tumour tissues, among others [5]. In this 

context, selenopyrylium salts emerge as potential candidates to photosensitizers due to fit with most 

of these features. 

Therefore, the aims in the present work are the synthesis and characterization of monocationic 

selenopyryllium salts, using a methodology that does not involve organometallic reagents, and the 

evaluation of their photophysical properties for their possible application as photosensitizers in PDT. 

2. Experimental Methods 

All chemicals were purchased and used without further purification. Evaporations were 

conducted under reduced pressure. TLC was performed on silica gel plates (MN ALUGRAM Xtra 

SIL G/UV 254). All new compounds were synthesized following the below general procedure. 

Detection of compounds was accomplished with UV light (254 nm) and characterization by 1H and 
13C NMR and Mass spectrometry. 
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2.1. Example of Synthesis of Selenopyrylium Salt 

2,4,6-Triphenylselenopyrylium Perchlorate 

 

To a solution of pyrylium tetrafluoroborate salt (1 mmol) previously solved in toluene (5 mL) 

and prepared in a sealed tube, Woollins’ reagent (1 mmol) was added. The mixture was stirred at 150 

°C for 24 h, monitored by TLC (4:1 Cyclohexane:EtOAc). After cooling, the resulting mixture was 

filtered off and the rest in the tube was washed with EtOH (2 × 10 mL) and filtered as well. The solvent 

of the filtered was then coevaporated with EtOH under vacuum. The resulting solid was redissolved 

in CH2Cl2 (5 mL) and HClO4 (50 µL) was added dropwise, leaving the mixture stirring during 1 h. 

Firstly, treatment with diethyl ether (10 mL) and cooling in the fridge during 1 h led to the formation 

of a precipitate which was filtered off and it led the separation of pyrylium (solid) and 

selenopyrylium salt (filtrate). After that, evaporation of filtrate and treatment with CH2Cl2 (10 mL) 

and cooling again in the fridge during 1 h led to the separation of the rest of subproducts (solvent) 

and the desired compound (30 mg, 25%) as an orange solid. 
1H NMR (500 MHz, acetone-d6): δ 9.24 (s, 2H, H-3 and H-5), 8.42 (d, 2H, J = 7.4 Hz, H-2a and H-

6a), 8.30 (d, 4H, J = 7.4 Hz, H-2b, H-6b, H-2c and H-6c), 7.82 (m, 9H, H-3a, H-4a, H-5a, H-3b, H-4b, H-

5b, H-3c, H-4c and H-5c). 

3. Results and Discussion 

The preparation of selenopyrylium salts has been a laborious process since, although selenium 

chemistry has advanced a lot in recent years, its reactivity is not as well known as that of carbon. 

Initially, two routes for the synthesis of these compounds were contemplated. The first one 

consists of an opening-closing process through a 1,5-dicarbonyl intermediate. The second route is a 

one pot reaction between the pyrylium salt and a selenant agent to obtain the desired product 

(Scheme 1). 

After a great variety of trials in each one of the proposed routes, it was possible to optimize a 

methodology for the adequate obtaining of these compounds. This methodology was based on the 

reaction of the selenopyrilium salt with Woollin’s reagent under high temperature (Scheme 2). 

Some examples of the selenopyrylium salts prepared (1–4) are collected in Table 1. These 

compounds were characterized by 1H NMR, 13C NMR and HRMS. 
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Scheme 1. Synthesis of selenopyrylium salts by reaction with WR. 

 

Scheme 2. Synthesis of selenopyrylium salts by reaction with WR. 

Table 1. Some selenopyrylium salts prepared. 

Selenopirilio R1 R2 Yield (%) 

1 H H 50 

2 F H 46 

3 Ph Me 37 

4 H Me 52 

Due to the structural similarity of the selenopyrilium salt and its starting counterpart, 

comparative analyzes of the 1H NMR spectra were carried out in the same solvent with respect to the 

starting pyrylium salt during the purification process. Furthermore, HRMS-ESI allowed us to 

distinguish the cation of selenopyrylium salt from the pyrylium one during the purification. 

The symmetric selenopyrylium salts obtained 1–4 show in the 1H NMR spectrum in DMSO-d6 a 

characteristic signal which consists in a singlet in the range of 9.30–8.93 ppm for the two equivalent 

protons H-3 and H-5 of the selenopyrilium ring. 

4. Conclusions 

New selenopyrylium salts have been prepared and characterized by two different 

methodologies: starting from pent-2-en-1,5-diones and starting from selenopyrilium salts. Thus, it 

has been found that the most efficient methodology is the one that starts from pyrylium salts, since 

it involves fewer reaction steps and, in turn, offers significantly higher yields. Furthermore, the 
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photophysical properties of the compounds obtained are currently being studied in order to verify 

their applicability in PDT. 
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