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Summary 

 

Enzymes are the catalysts in living systems and responsible for the production of new 
compounds, usually with very high stereoselectivity. Each enzyme has an active site 
where the stereoselective reaction takes place. The mimicking of the active site of 
enzymes with an active metal center has received extensive attention for several 
decades. However, the mimicking of the active site without a metal center has only been 
studied intensively since the end of the last century. This way of synthesizing chiral 
molecules is now referred to as asymmetric organocatalysis and has become a well–
established field for the synthesis of enantiomerically enriched compounds. A well–
studied class of catalysts are Cinchona alkaloids (scheme 1). These alkaloids play a 
dominant role in the field of asymmetric organocatalysis because they are inexpensive, 
are available in two pseudoenantiomeric forms and feature useful functional groups in a 
highly chiral environment. The nitrogen atom in the quinuclidine ring is able to 
deprotonate a variety of nucleophiles, while the C9 OH–group can activate electrophiles 
through hydrogen bonding. This allows the Cinchona alkaloids to act as so–called 
bifunctional catalysts. Also these alkaloids can be easily modified by introducing 
functional groups with the purpose of improving the catalyst activity.  

 

Scheme 1. The four major compounds of Cinchona alkaloids. 

In chapter 1, a short introduction is given about covalent and non–covalent activation in 
asymmetric organocatalysis. Furthermore, the historical background of Cinchona 
alkaloids is described, including their discovery, isolation, characterization and total 
synthesis. Finally the application in chemistry of Cinchona alkaloids is discussed. 
Cinchona alkaloids and derivatives are able to catalyze many reactions with high levels 
of enantiomeric excess. However, the mechanisms of non–covalent activation by 
Cinchona alkaloids are far from being understood.  

Chapter 2 describes the organocatalytic functionalization of α–amino acids derivatives 
through the introduction of a thiol at the β–carbon atom (scheme 2). In order to achieve 
this a new class of Michael acceptors based on α,β–dehydro–α–amino acids were 
developed. Protecting the amine with a TFA–group was crucial in order to suppress the 
enamine character of the double bond. The α,β–dehydro–α–amino acids derivatives 
were successfully applied as acceptors in the thiol addition to these derivatives. 
Cinchona alkaloids functionalized at the C6’–position proved to be good catalysts giving 
high yields, poor to moderate diastereoselectivity and ee’s up to 95% for the major 
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diastereoisomer. By changing the thiol nucleophile (PhSH to BnSH) inversion of the 
stereochemistry at the β–carbon atom for the major diastereoisomer was observed. The 
addition products were converted successfully into suitable building blocks for peptide 
chemistry.  

 

Scheme 2. Thiol functionalization of α–amino acids derivatives. 

Optimization studies for the thiol addition to α,β–dehydro–α–amino acids are described 
in chapter 3. In order to increase the applicability of this method two major issues had to 
be addressed: i) improvement of the diastereoselectivity and ii) the use of catalysts that 
can be easily obtained. In order to improve the diastereoselectivity, the type of hydrogen 
bond donor was changed, leading to a change in the catalyst activity. Protection of the 
C9 OH–group of quinidine with the more stable benzyl group, resulted in easier 
syntheses of the catalysts. The introduction of different types of hydrogen bond donors 
at the C6’–position like urea, benzimidazole, amide and sulfonamide is described first. 
Thiol additions to both α,β–dehydro–α–amino acid derivatives and to α,β–unsaturated 
N–acetylated oxazolidinones were investigated (scheme 3).  

 

Scheme 3. Optimization studies. 

In the latter reaction it was found that by changing the hydrogen bond donor motif from 
thiourea to sulfonamide inversion in the stereochemistry of the product was observed. 
The introduction of electron donating substituents on the sulfonamide improved the 
enantioselectivity. Moreover, the sulfonamide catalysts proved to be the best catalysts 
in the thiol addition to α,β–dehydro–α–amino acid derivatives in terms of 
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diastereoselectivity and enantioselectivity. Inversion of the stereochemistry as 
compared to the thiourea catalyst was not observed. Both reactions tolerated benzylic 
and allylic thiols giving in all examples high levels of enantiomeric excesses. To 
demonstrate the applicability of this chemistry, the β–functionalized amino acids were 
applied successfully in native chemical ligation.  

Chapter 4 concerns an experimental study performed in order to gain more insight in to 
the mechanisms of Cinchona alkaloid catalyzed reactions. Novel synthetic analogues of 
quinidine were prepared, all having modifications in the quinuclidine ring system 
(scheme 4). These modifications influence the direction of the lone pair on the nitrogen 
atom and its basicity. The preferred synthetic route to construct the bicyclic system dealt 
with a cyclization reaction of secondary amines to epoxides. This cyclization strategy 
was not successful for the synthesis for the [3.2.2]–analogue. Therefore a racemic 
synthesis was performed followed by separation of the enantiomers. The novel 
analogues were examined in four different types of conjugate additions and compared 
with three known catalysts. The results show that the modifications in the quinuclidine 
ring have a significant influence on the enantioselectivity. The activities of the catalysts 
were obtained by kinetic measurements and the pKAH’s were determined with 
fluorescence spectroscopy. The results indicate that the activity of the catalysts is not 
directly correlated with the basicity of the tertiary amine.  

 

Scheme 4.  Novel synthetic analogues of quinidine applied in conjugate additions. 

To further improve the use of Cinchona alkaloids (analogues) for studies on the 
mechanism of organocatalytic reactions, a new synthetic strategy to Cinchona alkaloids 
(analogues) is described in chapter 5. The key step in this approach is an intramolecular 
hydroamination of alkynes yielding 2–alkylidenequinuclidines (scheme 5).  

 

Scheme 5. Intramolecular hydroamination of alkynes. 

It was found that AgOTf was a superior catalyst for the cyclization. The products of this 
process were obtained in high yields and in most examples the Z–isomer was obtained.  
Only when the alkyne was substituted with a quinoline moiety after cyclization the Z–
isomer isomerized completely to the more stable E–isomer. The difference between the 
reactivity of cis–di–substituted and mono–substituted piperidines was also investigated. 
The cis–di–substituted piperidines reacted faster than the mono–substituted ones 
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because of the conformational preference of the propynyl group for the axial position. 
After cyclization the Cinchona alkaloids dihydroquinidine and dihydroquinine were 
obtained in a two–step procedure. 

 

 


