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The N-demethylation of tropane and opiate alkaloids provides valuable nortropane and 

noropiate intermediates for the semi-synthesis of various medicines such as ipratropium 

bromide and naloxone which are both on the Model List of Essential Medicines established by 

the World Health Organization (WHO) [1]. Although conventional chemical methods such as 

von Braun’s reaction or chloroformate-based reactions are capable of performing the N-

demethylation transformation, those methods use toxic solvents and chemicals and produce 

hazardous wastes. While the oxidant-iron catalytic system is more efficient for the N-

demethylation of tropane alkaloids, oxidant-palladium catalytic systems are more developed 

for the N-demethylation of opiate alkaloids and are applied in batch and flow conditions on a 

large scale. Although current methods provide nortropanes and noropiates, continuous 

development of the current methods and the introduction of new synthetic alternatives are 

required to produce highly demanded medicines, which are more consistent with green 

chemistry principles such as less waste production, less hazardous chemicals applications, and 

higher efficiency. Besides the N-dealkylation of natural compounds, N-dealkylation is also a 

common in vivo metabolic reaction for drugs containing secondary or tertiary amines which 

is catalyzed by members of the cytochrome P450 enzyme family. Drug metabolites are among 

the most valuable chemicals needed for the development of safe and effective pharmaceuticals 

since they are critical for preclinical ADME (adsorption, distribution, metabolism, and 

excretion) studies during the early stages of drug discovery and development. Although 

different in vivo (e.g., animal models) or in vitro (e.g., perfused organs, liver microsomes) 

methods are available, these methods are not suitable to produce sufficiently large quantities 

of metabolites to study their chemical structure or toxicology. Therefore, the synthesis of drug 

metabolites with high yield and selectivity remains a challenging task for synthetic organic 

chemists. Chapter One of this thesis gives a comprehensive overview of N-dealkylation 

strategies based on transition-metal catalyzed, electrochemical, photochemical, and enzymatic 

reactions.  

Synthetic electrochemistry has experienced a renaissance in recent years and a growing 

community of chemists from both academia and industry applies electrochemistry to develop 

new chemical transformations, due to a better understanding of electrocatalysis, the 

availability of standardized equipment, and the inherent sustainability of electrochemical 

transformations. Although electrochemistry is in use on a megaton scale in industrial 
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electrosynthesis for the production of commodity products such as aluminum and chlorine or 

in analytical chemistry as various sensors, its application in synthetic electrochemistry is less 

developed, opening new opportunities for the development of new electrochemical reactions 

for producing complex molecules. In Chapter Two of this thesis, an electrochemical synthetic 

approach using home-made electrochemical reactors was developed for the synthesis of 

nortropane alkaloids from their naturally available parent tropane alkaloids. This method 

provided an alternative for the existing iron-oxidant-based N-demethylation methods, in 

which direct electron abstraction was used instead of oxidants. Not only were nortropanes 

obtained in high yields in gram-scale synthesis, but the electrochemical reaction was also 

selective enough to isolate the final product using liquid-liquid extraction avoiding 

chromatographic purification. Importantly, this chapter showed the potential of application of 

a home-made electrochemical reactor for the synthesis of valuable pharmaceutical 

intermediates without the need to purchase commercial reactors. Finally, further mechanistic 

studies provided a fundamental understanding of the developed electrochemical reaction 

facilitating the further development of this method. In Chapter Three, the home-made 

electrochemical reactor was further applied for the electrochemical N-demethylation of more 

difficult molecular structures, opiate alkaloids. Although a direct electrochemical approach 

failed to perform this reaction on opiates, using TEMPO as electron mediator enabled the 

successful N-demethylation of opiate alkaloids and allowed the synthesis of 10 different 

noropiates in mg- and g-scales using either electrochemical batch or flow cells. As a 

potentiostat system often is considered an expensive black-box and an entry barrier for organic 

chemists to practice synthetic electrochemistry, a low-cost simple DC-to-DC converter 

connected to a solar-panel-powered battery, was used to drive the electrochemical N-

demethylation of opiates on a multi-gram scale. At last, and similar to Chapter Two, different 

control experiments were carried out to gain more insight into the mechanistic pathways 

providing the groundwork for further development and optimization of this synthetic 

approach. In Chapter Four, a technical note was given for the design, fabrication, and 

performance tests of a high-throughput electrochemical experimentation system. Following 

cumbersome parameter investigation studies in previous chapters based on the one-reaction-

at-a-time approach, a multi-electrochemical-rector platform was conceptualized and 

practically realized, which allowed to perform up to 42 different electrochemical reactions 
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simultaneously using different reaction conditions. This study provides a valuable toolbox to 

optimize existing electrochemical reactions and to further discover new electrochemical 

transformations.  

Nanoporous gold (NPG) is an unsupported three-dimensional material considered to be the 

catalyst of the 21st-century. NPG is fabricated by the selective dissolution of one or more non-

noble metals from an initial gold-metal alloy in a corrosive medium, such as concentrated 

nitric acid. During dissolution, the remaining gold atoms start to move freely along the 

interfaces between the solvent and the alloy. If the alloy’s composition (i.e. the ratio of gold to 

the other metals) is in a suitable range, the gold atoms restructure into a three-dimensional 

continuous porous network. The ease of NPG preparation by simple free corrosion from the 

master alloy in combination with its high activity, selectivity, reusability, and long-term 

stability has attracted a growing interest to further apply this material as a catalyst. In Chapter 

Five of this thesis, a new application for NPG as a catalyst was explored by introducing the 

oxidative N-dealkylation of drug molecules containing secondary or tertiary amines enabling 

the synthesis of valuable N-dealkylated drug metabolites. This reaction is capable of removing 

different alkyl groups such as methyl, ethyl, and isopropyl. Importantly, reusability and 

recyclability of the prepared NPG samples were investigated showing that the catalyst is 

reusable for at least 8 cycles. Although different N-dealkylated metabolites were successfully 

synthesized using the developed method, further studies are required to understand the 

mechanistic pathways of the reaction to further develop and increase the efficiency of the 

reaction in terms of enhancement of isolated yields and the catalyst-to-reactant ratio.  
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