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Summary 

 

In this thesis, the potential of Lewis acids (LAs) to module chemical transformations is 

explored, namely in autocatalysis (Chapters 1-5) and in dearomatization (Chapter 6). 

In Chapter 2, we explore the nucleophilic addition of Et2Zn to benzaldehydes in 

the presence of a silicon-based LA (TBDMSCl). In these transformations, the very 

product of the reaction, EtZnCl, can act as LA, promoting an autocatalytic 

transformation. Autocatalytic rate enhancement was demonstrated by kinetic 

studies using in situ Raman spectroscopy. Finally, we confirmed by 29Si NMR that 

TBDMSCl undergoes electrophilic activation by EtZnCl leading to the active 

autocatalyst (TBDMSCl-EtZnCl complex). This autocatalyst activates aldehyde 

towards nucleophilic attack by Et2Zn and therefore facilitates self-amplification. 

 

Next, in Chapter 3, we explored autocatalytic processes in the reduction of amides with 

borane. As suggested in the literature, amides are susceptible to reduction in the presence 

of borane. As a result, unstable hemiaminals are formed. These hemiaminals possess two 

structural features, namely a Lewis acidic boron center for the electrophilic activation of 

the substrate and a Lewis basic nitrogen center (LB) for the coordination of borane. The 
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coordination of the oxygen atom to the boron promotes the hydride shift from the boron 

species to the amide, analogously to the mode of action in Corey-Bakshi-Shibata (CBS) 

catalysis. Therefore, hemiaminals were envisioned as catalysts promoting an autocatalytic 

process. Hence, we aimed to obtain stable hemiaminals and study their auto- and cross-

catalytic behavior. We have found that tertiary trifluoroacetic carboxamides in the 

presence of BH3∙SMe2 evolve via a reductive autocatalytic process, which was confirmed 

by kinetic studies using 19F NMR spectroscopy. To see whether hemiaminals can engage 

in cross-catalysis, the borane reduction of a set of different amides was performed, 

observing that one of the produced hemiaminals can amplify the rate of the production 

of another one. 

 

Despite the fact that we could confirm autocatalysis in the case of amide reduction with 

boranes, how the initial hemiaminal is generated in the background reaction is still an 

incognita. In Chapter 4, molecular modeling was considered to unravel this aspect. The 

study was carried out to shed light on whether the first reduction step is a synchronous 

process or not, what is the role of the amide substituent, and how amide reduction 

correlates with well-developed aldehyde reduction. As was found, the borane reduction 

of amides proceeds via the formation of the complex trans-AB, which undergoes 

isomerization to cis-AB followed by a conformational reorganization leading to 

hemiaminals. 
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Finally, Chapter 5 encloses our attempts to confirm our design of new template-based 

autocatalysis. As reported, template formation is the most common approach to the 

design of new autocatalytic reactions. Typically, pericyclic reactions are employed for the 

formation of a template since, in this case, the template has the strongest autocatalytic 

effect on the overall reaction rate. Unlike reported works, in Chapter 5, the light-driven 

reaction has been examined to design autocatalysis for the first time. The product of the 

pericyclic [4+4] photodimerization of 1-azaanthracene was expected to act as a template 

for self-generation in the presence of acidic linkers. Due to the antiperiplanar position of 

the pyridine rings, the product (template) would pre-orientate two units of 1-

azaanthracene in space, in principle, facilitating its reaction. However, as was found 

experimentally, none of the examined linkers promoted the formation of the template. In 

Chapter 5, we discuss these results in detail. 

 

Lastly, in Chapter 6 we have explored the potential of different LA to promote 

dearomative reactions and subsequent evolution of the dearomatized intermediate via a 

conjugate addition. Specifically, we explored the dearomatization of a series of naphthol 

derivatives towards the ketone tautomer (naphthone). It was found that the ratio 

between the naphthol and the naphthone strongly depends on the nature of the LA, and 

only in the presence of AlCl3 the equilibrium is completely shifted towards the 

dearomatized intermediate. Having found after scoping of various Lewis acids that AlCl3 

is the most powerful LA promoting the dearomatization of naphthol, we selected it to 

study the addition of various nucleophiles to the ketone intermediate. To perform a 

conjugated addition on the ketone, different organometallics and organophosphines 
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were explored. They rendered the corresponding dearomatized products with moderate 

to excellent yields. Finally, the mechanism for the formation of the highly reactive 

naphthone intermediate was rationalized using molecular modeling. 
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