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Description 
This PhD thesis is part of the PEPR project ECOCHEM (Eco-friendly and intensified chemical reactions), involving 11 
laboratories and funded by the National Research Agency (ANR). The project proposes a sustainable, scalable and efficient 
route to epoxidize olefins using water as the oxygen source, bio-inspired catalysts and ionic liquids as conducting solvents 
under sono-electrochemistry. 

The direct transfer of an oxygen atom into a target molecule is a fundamental reaction in organic chemistry. For several 
decades, oxidation reactions have been investigated to produce various chemicals including epoxides. Epoxides are important 
oxygenated intermediates giving access to a large variety of daily products [1,2]. Yet, the synthesis of epoxides usually involves 
non-environmentally-friendly oxidants [3,4] displaying a low atom economy. Hence, despite their high oxidizing potential these 
species are converted into undesirable by-products such as that must be treated. For this reason, the development of clean 
and efficient processes for the manufacture of epoxides is a great challenge. To solve this problem, some processes use 
catalysts, including bio-inspired-homogeneous complexes [5], that generate hydrogen peroxide in situ by either reducing 
oxygen or oxidizing water in both chemical or electrochemical ways [6]. Electrosynthesis processes that aim at transforming 
organic molecules into products with higher added value via electron(s) transfer in association with water as an abundant, 
sustainable and safe oxygen atom source, present a recognized great potential [7]. Despite the advantages offered by organic 
electrosynthesis (safety, greenness, low price, energy efficiency, etc. [8]) and a significant renewed interest from chemists [9], 
its widespread application in synthetic organic chemistry is still limited [10] because of some issues to overcome. Among 
those, (i) aqueous and organic electrolytes present limited electrochemical stability [11] (ii) reactants can have a low solubility 
in these electrolytes; and (iii) electrochemical reactions may be slower than homogeneous chemical ones [12]. 

This thesis proposes a sustainable and efficient process combining electrochemistry, ultrasound (US) and ionic 
liquids (ILs) for the synthesis of epoxides from olefins using water as the oxidant and a bio-inspired catalyst. Indeed, 
(US) in electrochemistry is known to enhance the outcomes of heterogeneous reactions mainly through extremely facilitated 
mass-transfer that can lead to increased yield [13] and selectivity [14], electrode de-passivation and thermal effects [13]. 
Homogeneous chemical reactions can be also affected through the intense emulsification induced by the US and the 
generation of highly reactive radical species such as H• and OH• produced by sonolysis of the medium under the intense 
sound field [13,15]. 

The first part of the study will be devoted to the synthesis, the characterization and the modification of the bio-inspired 
catalysts based on earth-abundant first-row transition metal such as manganese, iron, cobalt. Based on the literature, easily 
scalable, as green as possible, synthesis procedures will be used and improved in a green perspective. 
Another part of the work will be devoted to the synthesis and characterization of IL, and the electroless epoxidation of 
cyclooctene, as model substrate, and Mn(TPP)OAc, as model catalyst, without or with US. Under electroless conditions, H2O2 
will be used as oxidant to serve as a reference for the sono-electrochemical transformation. Ionic liquids will be chosen based 
on previous studies involving ionic liquids and electrochemistry, or epoxidation using porphyrins under ultrasonic irradiation . 
Finally, catalysts will be tested for electro-epoxidation. The best experimental conditions (potentials, electrode materials…)  
will be evaluated and the best catalysts will be also tested upon immobilization onto the electrode surface. In parallel, a 
laboratory-scale’s sono-electroreactor will be designed to implement sono-electro-epoxidation experiments. 
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[8] D. Cardoso, B. Šljukic, ́D. Santos, C. Sequeira, Org. Process Res. Dev. 21, 1213−1226 (2017), DOI: 10.1021/acs.oprd.7b00004. 

[9] C. Schotten, T. Nicholls, R. Bourne, N. Kapur, B. Nguyen, C. Willans, Green Chem., 22, 3358-3375 (2020), DOI: 10.1039/d0gc01247e. 

[10] A. Shatzkiy, H. Lundberg, M. Käskäs, ChemElectroChem, 6, 1-27 (2019), DOI: 10.1002/celc.201900435. 

[11] M. De Blanco, M. Modestino, Trends in Chemistry, 1, 8-10 (2019), DOI: 10.1016/j.trechm.2019.01.001. 

[12] B. Frontana-Uribe R. Little, J. Ibanez, A. Palma, R. Vasquez-Medrano, Green Chem., 12, 2099-2119 (2010), DOI: 10.1039/C0GC00382D. 

[13] B. Pollet, Power Ultrasound in: Electrochemistry: From Versatile Laboratory Tool to Engineering Solution, John Wiley & Sons ed. (2012), ISBN: 978-0-470-97424-7. 

[14] P. Cognet, A.-M. Wilhem, H. Delmas, H. Aït Lyazidi, P.-L. Fabre, Ultrasonics Sonochem. 7, 163-167, (2000), DOI: 10.1016/S1350-4177(00)00036-5. 

[15] R. Campton, J. Hardcastle, J. del Campo, J. Wadhawan in: Encyclopedia of Electrochemistry, 328-349, Wiley-VCH (2007), DOI: 10.1002/9783527610426.bard030210. 

 

Skills        Key words 
Chemical engineering and chemistry   Chemical Reaction, Catalysis,  
Taste for teamwork,     Electrochemistry,  
Good experimental skills and Adaptability    Ultrasound, Sustainable processes 
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