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Summary 

The interest of scientists for chirality is related to the recurrence of this feature in 

nature. On one side, it is necessary to develop methods to achieve chiral drugs in only 

one enantiomer, given that the configuration of the drugs influences its biological 

activity. Asymmetric catalysis represents a convenient solution to this problem, as it 

allows for the use of expensive chiral auxiliaries in substoichiometric amount. On the 

other side, the scientific community is intrigued by emulating the way chirality is 

generated in living systems: with this purpose, reactions are designed where a molecule 

can orchestrate its own formation via asymmetric autocatalysis or autoinduction of 

chirality. This thesis addresses both topics: the first part concerns the enantioselective 

C-C bond formation through the conjugate addition of Grignard reagents to symmetric 

heteroaryl alkenes. 

Specifically, Chapter 2 describes the asymmetric copper(I)-catalyzed addition of 

Grignard reagents to symmetric heteroaryl disubstituted alkenes. The reactivity of 

these substrates is rather problematic, given that the non-catalyzed addition of 

organomagnesium reagents competes with the catalyzed one. Additionally, the 

variation of the heteroaryl substituent strongly affects the outcome of the reaction, as 

well as the length of the alkyl chain of the nucleophile. For this reason, each substrate 

requires specific reaction conditions. The use of a Lewis acid promotes the conjugate 

addition, but, simultaneously decreases the enantioselecivity. After optimization, we 

could obtain the product in good to excellent ees. Good yields are obtained when small 

chain Grignard reagents were employed, but decreases for longer alkyl chains. 

 

Chapter 3 regards the synthesis of chiral molecules bearing two pyridyl moieties via 

the addition of organomagnesium reagents to bispyridyl alkenes. Substrates bearing 4-

pyridine require the activation of a Lewis acid to undergo conjugate addition, but, at 

the same time, a too strong activation results in the lack of enantioselectivity. After the 

optimization of the reaction conditions, the products were obtained in good yields and 

excellent enantioselectivities. Instead, alkanes with 2-pyridyl substituents cannot be 

prepared stereoselectively. However, a catalyst-free protocol was developed that could 

afford the CA product in excellent yields. In this Chapter, the reactivity of activated 

heteroaryl alkenes towards the CA of Grignard reagents is also compared.  
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The last half of this work turns to reactions where the product influences the 

enantioselectivity in its own synthesis. The two cases discussed are substantially 

different from each other: one regards asymmetric autoinduction in metal-catalysis, 

while the other autocatalysis in an organocatalytic reaction. 

In Chapter 4, the 1,2-addition of a Grignard reagent to enals and enones entails the 

formation of an alkoxide, which interacts with the Cu(I)/chiral phosphine complex 

(catalyst). As the new copper complex undergoes transmetallation faster than its 

precursor, the formation of the product has a positive influence on the 

enantioselectivity. This process is more prominent for reactions where the background 

addition of the organometallic reagent competes with the catalytic pathway. The 

presence of asymmetric autoinduction was studied by monitoring the ee in the course 

of the reaction and by using the product as an additive for its own formation. 

 

The thesis ends with Chapter 5 that narrates the design of an asymmetric organic 

autocatalyzed reaction. This project is inspired by CBS reduction of ketones and 

imines. In order to achieve autocatalysis, we synthesized ketones and imines that 

afford an amino alcohol, which can form an oxazaborolidine upon reaction with 

borane. We divided the study in two branches: one that regards the reduction of an 

imine, the second of a ketone. Both substrates are synthesized in low yields due to the 

instability of the product or of the intermediates. In the case of the imine reduction, 

the autocatalytic reaction occurs with lack of enantioselectivity. For what concerns the 

second pathway, testing the autocatalyst on a model ketone revealed a 

matched/mismatched behavior. However, their activity in the autocatalytic reaction 

could not be studied due to the small amount of substrate available and its 

decomposition. We conclude that this system is not suitable for asymmetric 
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autocatalysis, given the fact that the in situ formation of the oxazaborolidine is required 

for an efficient catalyst. Moreover, substrates do not have similar characteristics, which 

is instead a requirement for autocatalysis. 
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