
  

Chem. Proc. 2020, 1, Firstpage-Lastpage; doi: FOR PEER REVIEW www.mdpi.com/journal/chemproc 

Proceedings 

Solvent-Free Asymmetric Alkoxy-Selenylation of 
Styrenes Using I2 / DMSO Catalytic System † 

Juliano B. Azeredo 1,*, Antonio L. Braga 2 and Claudio Santi 3 

1 Department of Pharmaceutical Science, UNIPAMPA, BR 472 - Km 585, 97501-970 Uruguaiana, RS, Brazil; 

jbraunquimico@gmail.com 
2 LabSelen - Department of Chemistry- CFM -UFSC , 88040-9 Florianópolis, SC, Brazil; albraga1@gmail.com 
3 Department of Pharmaceutical Sciences, University of Perugia Via del Liceo 1, 06134 Perugia, Italy; 

claudio.santi@unipg.it 

* Correspondence: jbraunquimico@gmail.com 

† Presented at the 1st International Electronic Conference on Catalysis Sciences, 10–30 November 2020; 

Available online: https://sciforum.net/conference/ECCS2020. 

Published: 10 November 2020 

Abstract: Herein, we reported a study about the employment of the I2/DMSO catalytic system in the 

asymmetric alkoxy-selenyation of styrenes by using chiral non-racemic reagents and how it 

influences on the diastereoisomeric excess of the corresponding -alkoxy-selenides. The use of [(1S) 

-1-(methylthio)ethyl]phenyl diselenide provided products in satisfactory yields and 

diastereoisomeric excesses. Comparative study between microwave heating and room temperature 

was also performed. 
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1. Introduction 

Organoselenium compounds have been widely studied in recent years due to the diverse 

therapeutic properties attributed to them, especially the antioxidant activity and the ability to mimic 

some enzymes [1–3]. Recently, the discovery that Ebselen showed important anti-viral activity 

against the main protease of the virus that causes COVID-19, has put selenium in an even greater 

level of prominence in the academic community [4]. From the synthetic point of view, these 

compounds are important building blocks since they can perform several organic transformations 

due to the particular reactivity of the selenium atom [5–7]. These reasons make the development of 

these compounds an area that has been attracting more and more researchers. 

In this context, one of the most studied methods for the construction of the C-Se bond is the 

addition of electrophilic selenium species to olefins with the formation of the seleniranium 

intermediate, that is subsequently attacked by a nucleophile [8,9]. When the nucleophile is an alcohol, 

the reaction is called alkoxy-selenylation and the products, -alkoxy-selenides, which are obtained 

mostly with Markonikov regiochemistry, have a stereogenic carbon that, without the control of the 

reaction conditions, will be obtained in a racemic mixture [10]. 

In order to control the formed chiral center, several optically active diselenides have been used 

as selenylation agents and chiral auxiliaries in the olefin alkoxy-selenylation reactions. Diselenides 

that contain nitrogen, oxygen and sulfur heteroatoms in the chiral portion of their structures [11] as 

well as diselenides derived from terpenes [12] are examples of the successful use of these reagents. 

Considering that these reactions lead to the formation of a new stereogenic center, it is possible to 

analyze the influence of the reagent in the induction of chirality, by determining the diasteroisomeric 

excess of the desired product. 

On the other hand, the generation in situ of electrophilic selenium species is a very useful method 

since it avoids previous stages of preparation, which makes the synthesis more direct. Among the 
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methods for the alkoxy-selenylation of alkenes, the most used is the oxidation of dioganoyl 

diselenides in the presence of various oxidizing agents, such as, for example, ammonium persulfate 

[13], oxone [14], hypervalent iodine reagents [15] as well as inorganic metallic reagents like Mn(OAc)2 

[16], CuSO4 [17] and Ce(NH4)2(NO2)6 [18]. Although all of these methods are efficient, they have some 

environmental disadvantages such as long reaction times, use of large amounts of solvents and / or 

metals as well as use of strong oxidizing agents. These particularities make the study of new 

environmentally methodologies for the alkoxy-selenylation of olefins be an important field of 

synthetic organic chemistry. 

In this context, molecular iodine (I2) has been establishing itself as a versatile and sustainable 

reagent for the in situ preparation of electrophilic selenium species since it is solid, non-toxic, non-

metallic and of low cost [19,20]. We demonstrated the efficiency of catalytic amounts of this reagent 

in association with stoichiometric amounts of DMSO in alkoxy-chalcogenylation reactions of olefins 

using non-chiral dichalcogenides [21]. This methodology allowed the preparation of a series of 

compounds using only equivalent amounts of the reagents, in the absence of solvents, besides being 

extremely energy efficient, forming the desired products in just 10 min in microwave. 

As a continuation of this work, herein, we report a versatile and environmentally sustainable 

method for the asymmetric alkoxy-selenylation of styrenes using the catalytic system I2/DMSO in the 

presence of chiral non-racemic diselenides and alcohols in a solvent and metal-free reaction medium 

(Scheme 1). 

 

Scheme 1. I2-catalyzed alkoxy-selenylation of styrenes under solvent-free conditions. 

2. Materials and Methods 

2.1. General Procedure for the Synthesis of Compounds 3a-i 

The styrenes (0.5 mmol), diselenides (0.25 mmol), iodine (20% mol), respective alcohol (2 equiv.) 

and DMSO (1 equiv.) were placed in a dry microwave glass tube. The tube was sealed and placed 

into a CEM Discover microwave apparatus. Initially, an irradiation power of 100 W was applied. 

After the temperature reached 50 °C, the instrument was automatically adjusted to maintain a 

constant temperature. The reactions conducted at room temperature were performed using a Schlenk 

tube open to air for 24 h. After the corresponding time, the reactions were quenched with a solution 

of sodium thiosulfate 10% and the aqueous layer was extracted with ethyl acetate. The organic phase 

was dried over MgSO4 and filtered, and the solvent was completely removed under vacuum to give 

the crude products. Purification was carried out by flash chromatography using mixtures of 

hexane/ethyl acetate as eluent. 

3. Results and Discussion 

The studies were conducted using styrene and the chiral non-racemic diselenide in the presence 

of 2 equivalents of the corresponding alcohol, 20 mol% of I2 and 1 equivalent of DMSO. For 

comparison purposes, the experiments were carried out using heating of 50 °C by microwave 

irradiation and 24 h at room temperature (Figure 1). Initially the reactions were carried out using 

methanol as alcohol. Using the [(1S)-1-(methylthio)ethyl]phenyl diselenide in microwave conditions, 

the corresponding product 3a was obtained with 95% yield and 68% diastereoisomeric excess (d.e) in 

10 min. The same reaction conducted at room temperature led to the formation of 3a in 75% yield and 

80% of d.e. Using the camphor-derived diselenide, the corresponding product 3b was obtained in 36% 
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yield after 15 min and 20% of d.e. Similar results were obtained at room temperature, where after 24h, 

3b was obtained in 41% and d.e of 20%. Modest results, on the other hand, were obtained with the 

use of a chiral diselenide derived from amide. The corresponding product 3c was not obtained after 

20 min of reaction in the microwave and at room temperature, after 24 h, it was obtained in 45% yield 

and only 11% d.e. 

 

 

Figure 1. Target molecules in the alkoxy-selenylation protocol. a Microwave, 100 W, 50 ºC; b r.t. Isolated 

yields. d.e determined by 1H or 77Se NMR. 

Subsequently, methanol was replaced by the natural product menthol in order to evaluate the 

influence of chiral centers present in the alcohol portion of the -alkoxy-selenides on the 

diastereoisomeric excesses. In the reaction of menthol with diphenyl diselenide, the desired product 

3d was obtained in 55% yield and 20% d.e after 15 min. Similarly, at room temperature, 53% yield and 

16% d.e were found. Using menthol in association with the camphor-derived diselenide, the 

corresponding product 3e was obtained only at room temperature, after 24 h, with 44% yield and 54% 

d.e. Menthol in association with [(1S)-1-(methylthio)ethyl]phenyl diselenide did not lead to the 

formation of the corresponding product 3f under any of the conditions. Although the results have 
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been modest, the products are of great relevance since they add the properties of natural products 

with the selenium. 

As the best results were obtained with the [(1S)-1-(methylthio)ethyl]phenyl diselenide and 

methanol as alcohol, it was performed the variation of the styrenes in the reaction under microwave 

irradiation conditions. Using -methylstyrene, a high yield and a low diastereoisomeric excess was 

observed, since the desired product 3h, was obtained in 95% after 15 min and d.e of only 21%. A more 

satisfactory result was obtained when trans--methylstyrene was used. In that case, after 15 min, the 

corresponding product 3i was achieved in 75% yield and 68% of d.e. When the hindered styrene 1-

phenyl-1-cyclohexene was used, there was no formation of the desired product 3j. 

The good results obtained with the use of the [(1S)-1-(methylthio)ethyl]phenyl diselenide can be 

explained by the proximity of the sulfur atom with the selenium atom. It is already known that there 

may be an interaction between these atoms as a result of the orbital interaction between the 

heteroatom non-ligand electron pair and the low-energy anti-ligand orbital of the SeR portion [22,23]. 

This would bring the stereogenic center closer to the reaction center during the selenylation, resulting 

in asymmetric induction. This interaction could be proven with the use of the chiral diselenide 2e, 

with the presence of a nitrogen atom. When we trying to perform the methoxy-selenylation with 

styrene, a complex was obtained where the selenium makes a bond with iodine and a strong 

interaction with the nitrogen atom. The stability of product 3k allowed it to be isolated and 

subsequently, ORTEP analysis proved the link between nitrogen and selenium (Scheme 2). 

 

Scheme 2. N-Se-I interactions, detected by ORTEP analysis of 3k. 

4. Conclusions 

As conclusion, a continuation of the protocol developed for the alkoxy-selenylation of styrenes 

employing the sustainable system I2/DMSO was carried out. Equivalent amounts of reagents and 

oxidant were used avoiding the use of solvent and metallic reagents in its process. This method was 

used in the asymmetric synthesis of -alkoxy-selenides, using non-racemic chiral diselenides to 

evaluate the application of this reaction system to obtain diastereoisomerically enriched compounds. 

In addition, the chiral terpene menthol was also target of study. It was also, demonstrated the 

viability of this protocol using two different energy sources, microwave irradiation and room 

temperature conditions, where similar results were obtained in both methods. 

Among the diselenides used, the [(1S)-1-(methylthio)ethyl]phenyl diselenide was the one that 

presented the best results in terms of yield and diastereoisomeric excess. These results confirm that 
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the presence of heteroatoms in the vicinity of the selenium atom and the ability to induce chirality 

resulting from this asymmetry. To our surprise, the use of diselenide 2e, led to the formation of 

crystals where X-ray structures confirmed that it is a complex formed by the atoms of N-Se-I, showing 

the formation of the species R-Se-I and the interaction of selenium with the heteroatom. Additional 

studies are still ongoing in our laboratory. 

Author Contributions: Conceptualization, C.S. and A.L.B.; methodology, J.B.A. formal analysis, J.B.A.; 

investigation, J.B.A.; resources, C.S.; writing—original draft preparation, J.B.A.; writing—review and editing, 

C.S and A.L.B.; visualization, C.S and A.L.B.; supervision, C.S and A.L.B; project administration, C.S. All authors 

have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Acknowledgments: The authors kindly acknowledge CAPES for a fellowship to J.B.A (7706-13-8). CNPq is also 

acknowledged for the doctorate fellowship received by J.B.A. 

Conflicts of Interest: The authors declare no competing financial interest. 

References 

1. Nogueira, C.W.; Zeni, G.; Rocha, J.B.T. Organoselenium and organotellurium compounds: toxicology and 

pharmacology. Chem. Rev. 2004, 104, 6255–6285. 

2. Tiekink, E.R.T. Therapeutic potential of selenium and tellurium compounds: Opportunities yet unrealized. 

Dalton Trans. 2011, 41, 6390–6395. 

3. Nascimento, V.; Alberto, E.E.; Tondo, D.W.; Dambrowski, D.; Detty, M.R.; Nome, F.; Braga, A.L. GPx-Like 

activity of selenides and selenoxides: experimental evidence for the involvement of hydroxy perhydroxy 

selenane as the active species. J. Am. Chem. Soc. 2012, 134, 138–141. 

4. Jin, Z.; Du, X.; Xu, Y.; Deng, Y.; Liu, M.; Zhao, Y.; Zhang, B.; Li, X.; Zhang, L.; Peng, C.; et al. Structure of 

Mpro from COVID-19 virus and discovery of its inhibitors. Nature, 2020, 582, 289–293. 

5. Freudendahl, D.M.; Santoro, S.; Shahzad, S.A.; Santi, C.; Wirth, T. Green chemistry with selenium reagents: 

development of efficient catalytic reactions. Angew. Chem., Int. Ed. 2009, 48, 8409–8411 

6. Godoi, M.; Paixão, M.W.; Braga, A.L. Chiral organoselenium-transition-metal catalysts in asymmetric 

transformations. Dalton Trans. 2011, 40, 11347–11355. 

7. Sharpless, K.B.; Laurer, R.F. Selenium dioxide oxidation of olefins. Evidence for the intermediacy of 

allylseleninic acids. J. Am. Chem. Soc. 1972, 94, 7154–7155. 

8. Tiecco, M.; Lorenzo, T.; Tingoli, M.; Chianelli, D.; Bartoli, D. Methoxychlorination and dimethoxylation of 

alkenes the reactions of substituted styrenes with phenylselenenyl chloride in methanol. Tetrahedron 1988, 

44, 2261–2272. 

9. Zhao, L.; Li, Z.; Wirth, T. Asymmetric Methoxyselenenylations with Chiral Selenium Electrophiles. Eur. J. 

Org. Chem. 2011, 7080 – 7082. 

10. Takahashi, T.; Nagashima, H.; Tsuji, J. Preparation of 1-phenylseleno 2-alkanones from terminal olefins 

and their application to organic synthesis. Tetrahedron Lett. 1978, 19, 799–802.  

11. Tiecco, M.; Testaferri, L.; Santi, C.; Tomassini, C.; Marini, F.; Bagnoli, L. Temperini, A. Preparation of a New 

Chiral Non‐Racemic Sulfur‐Containing Diselenide and Applications in Asymmetric Synthesis. Chem. Eur. 

J. 2002, 1118–1124. 

12. Tiecco, M.; Testaferri, L.; Santi, C.; Marini, F.; Bagnoli, L.; Temperini, A., Asymmetric selenomethoxylation 

of alkenes with camphorselenenyl sulfate. Tetrahedron Lett., 1998, 39, 2809–2812. 

13. Tiecco, M.; Testaferri, L.; Tingoli, M.; Bagnoli, L.; Santi, C. Catalytic conversion of β,γ-unsaturated esters, 

amides and nitriles into γ-alkoxy or γ-hydroxy α,β-unsaturated derivatives induced by persulfate anion 

oxidation of diphenyl diselenide. J. Chem. Soc. Chem. Commun. 1993, 7, 637–693. 

14. Perin, G.; Santoni, P.; Varcellos, A.M.; Nobhe, P.C.; Jacob, R.G.; Lenardão, E.J.; Santi, C. 

Selenomethoxylation of Alkenes Promoted by Oxone. Eur. J. Org. Chem. 2018, 10, 1224–1229. 

15. Tingoli, M.; Tiecco, M.; Testaferri, L.; Temperini, A. Iodosobenzene Diacetate and Diphenyl Diselenide: An 

Electrophilic Selenenylating Agent of Double Bonds. Synth. Commun. 1998, 28, 1769–1778. 

16. Lee, D.H.; Kim, Y.H. Regioselective Phenylselenenylation at the 5-Position of Pyrimidine Nucleosides 

Mediated by Manganese (III) Acetate. Synlett. 1995, 4, 349–350. 



Chem. Proc. 2020, 1, FOR PEER REVIEW 6 

 

17. Tiecco, M.; Testaferri, L.; Tingoli, M.; Bagnoli, L.; Marini, F. Ring-closure reactions of alkenyl oximes 

induced by persulfate anion oxidation of diphenyl diselenide. Formation of 1,2-oxazines and cyclic 

nitrones. J. Chem. Soc., Perkin Trans. 1 1993, 17, 1989–1993. 

18. Bosman, C.; D’Annibale, A.; Resta, S.; Trogolo, C. Oxidation of diphenyl diselenide with ceric ammonium 

nitrate: a Novel route for functionalization of olefins. Tetrahedron Lett. 1994, 35, 6525–6528. 

19. Wang, X.; Chen, F. Tetrahedron Iodine-catalyzed disulfidation of alkenes 2011, 67, 4547–4551. 

20. Gabriele, E.; Singh, F.V.; Freudendahl, D.M.; Wirth, T. Selenenylations of alkenes with styrene nucleophiles. 

Tetrahedron 2012, 68, 10573–10576. 

21. Vieira, A.A.; Azeredo, J.B.; Godoi, M.; Santi, C.; da Silva Junior, E.N.; Braga, A.L. Catalytic 

Chalcogenylation under Greener Conditions: A Solvent-Free Sulfur- and Seleno-functionalization of 

Olefins via I2/DMSO Oxidant System. J. Org. Chem. 2015, 80, 2120–2127. 

22. Wirth, T. Chiral selenium compounds in organic synthesis. Tetrahedron 1999, 55, 1–28. 

23. Iwaoka, M.; Tomoda, S. Nature of the Intramolecular Se···N Nonbonded Interaction of 2-

Selenobenzylamine Derivatives. An Experimental Evaluation by 1H, 77Se, and 15N NMR Spectroscopy. J. 

Am. Chem. Soc. 1996, 118, 8077–8081. 

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 

 

©  2020 by the authors. Submitted for possible open access publication under the terms 

and conditions of the Creative Commons Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/). 

 


