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Abstract Given the central role of carbonyl compounds in chemical synthesis, considerable effort has been devoted to 
developing more sustainable and efficient methods for accessing aldehydes and ketones at both laboratory and industrial 
scales. In recent years electrochemical oxidations of alcohols have seen increased interest in academic settings as a 
method to removing the toxic and environmentally damaging reagents, such as transition metal catalysts, found in 
classical alcohol oxidations. This review aims to deliver a concise summary of the current synthetic electrochemical 
methods available and place them in context of the traditional oxidations they aim to replace.   
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The oxidation of alcohols to aldehydes and ketones remains a fundamental transformation in organic 
chemistry, underpinning both fine-chemical synthesis and large-scale industrial manufacturing. 
Conventional oxidation methods often rely on stoichiometric reagents or precious-metal catalysts, 
generating waste and limiting sustainability. As the demand for greener chemical processes intensifies, the 
development of environmentally benign oxidation strategies has become a central objective in modern 
synthetic research. 
 
Electroorganic synthesis has emerged as a powerful alternative, replacing traditional redox reagents with 
electric current as a clean, tunable, and inherently sustainable oxidant. This approach eliminates hazardous 
oxidants while enabling precise control over potential, selectivity, and reaction kinetics. In particular, the 
electrochemical oxidation of primary and secondary alcohols has gained prominence as a versatile platform 
for sustainable oxidation chemistry. Among various strategies, mediated (indirect) electrooxidation has 

proven especially effective: instead of direct substrate oxidation at the electrode, a redox-active mediator is 
electrochemically generated to perform the oxidation under milder, more selective conditions. 
 
Nitroxyl radicals, halides, and sulfides have emerged as leading mediator systems, each offering distinct 
mechanistic profiles, operational advantages, and environmental considerations. Despite substantial 
advances, challenges persist regarding scalability, generality, and mechanistic understanding. This review 
critically examines the evolution of mediator-enabled electrochemical alcohol oxidation, summarising key 
mechanistic insights, highlighting landmark studies, and identifying the remaining hurdles and future 
directions necessary for broad and practical adoption.

Conall Molloya 
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K.Lam@greenwich.ac.uk 
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Figure 1 Nitroxyl mediated electrochemical oxidation of alcohols to aldehydes and ketones 1 
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Figure 2 Nitroxyl mediated electrochemical oxidation of alcohols to aldehydes and ketones 2
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Figure 3 Halide Mediated Oxidations 1
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Figure 4 Halide Mediated Oxidations 2
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Figure 5 Halide, nitrate and sulifde mediated oxidations of alcohol
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