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Summary 
 

Synthesis of 1,3-diene-containing �-amino acids 
and peptides via N-acyliminium ions 

 
 In the last 50 years, many non-proteinogenic �-amino acids have been isolated from 
various natural sources. Among these are several interesting compounds containing one or 
more unsaturated CC-bonds in the side chain. The large structural variety in the side chains of 
the �-amino acids provides several opportunities for applications in chemistry, biology and 
material science. This thesis focuses on the synthesis of new unsaturated amino acids and, in 
particular, 1,3-diene-containing �-amino acids (1 – 3, Figure 1). Furthermore, a new, fast and 
robust method is developed for the synthesis of 2-substituted piperazines (4). 
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Figure 1 

 
 In Chapter 1, an overview is presented on the synthesis of �-vinylic, �-allylic and �-
propargylic amino acids and on the isolation of such molecules from natural sources. 
 Chapter 2 deals with the synthesis of various unsaturated amino acids via N-
acyliminium ion chemistry. First, several glycine-derived N-acyliminium ion precursors were 
prepared, followed by the synthesis of the appropriate trimethylsilylmethyl-substituted 
allenes. These allenes served as the nucleophile for the N-acyliminium intermediate to deliver 
the dienyl side chain. Starting from suitably protected �-methoxyglycine 5, a wide variety of 
amino acids containing unsaturated side chains were synthesized in good to excellent yield. 
(6-9, Scheme 1). The amino acids bearing an additional acetate group (viz. 8) were subjected 
to conditions inducing cyclisation by lactone formation and Pd-catalyzed allylic alkylation. 
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Summary 

 In Chapter 3, the method developed in Chapter 2 was extended to di- and tripeptide N-
acyliminium precursors. First a series of serine-containing dipeptides were synthesized, which 
were then oxidized using Pb(OAc)4 to afford three different types of acetoxyglycine-
containing dipeptides in a short and efficient way (10-12, Figure 2).  
 The N-terminal iminium ion precursors (10) reacted similar to precursor 5 (Scheme 1). 
The C-terminal and �-glutamyl iminium ion precursors (11 and 12) reacted sluggishly, 
requiring longer reaction times and higher temperatures. A test system set up to gain further 
insight into the problems in these reactions revealed an unexpected Ritter reaction for 
reactions carried out in acetonitrile. 
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Figure 2 
 
 In Chapter 4, the first total syntheses are described of the naturally occurring �-dienyl 
amino acid 1 (Figure 1) and its �-glutamyldipeptide 21 (Scheme 2) which were both isolated 
from the garden shrub Philadelphus coronarius.  The synthetic sequence was first tested on a 
diastereomeric mixture. Both the syntheses of 21 via an amino acid coupling (route B, 
Scheme 2) and via an N-acyliminium ion reaction in the dipeptide (route A) were 
investigated. When the synthesis of the diasteromer mixture was proven to be successful, we 
set out for the synthesis of the pure natural isomer. Dienyl amino acid 1 was obtained in high 
yield and enantiomeric purity via enzymatic resolution by using the amidase from 
Pseudomonas putida. Application of this molecule in route B involving coupling with an 
enantiopure glutamic acid derivative led to the successful synthesis of (S,S)-�-glutamyl 
dipeptide 21 in a good overall yield. 
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Summary 

 Finally, Chapter 5 details the investigations aimed at a fast and robust synthesis of 2-
substituted piperazines. Commercially available N-methyl- and N-benzylpiperazine were 
equipped with a directing ortho metallating (DOM) group (Boc, 22, 23, Scheme 3). Then, 
deprotonation of the piperazine derivative at the 2-position was achieved using sec-BuLi 
creating organolithium species 24 (M = Li). Reaction of tin or silicon nucleophiles with 24 
gave the corresponding substitution products in high yields. However, carbon electrophiles 
like allyl bromide gave poor yields. When the intermediate lithium salt was first converted 
into a copper species using CuCN·2LiCl (24, M = Cu), carbon nucleophiles could also be 
introduced in high yields. This methodology was extended to the preparation of 2,6-
disubstituted piperazine 27. X-ray analysis showed that the second substituent was introduced 
in a trans-fashion relative to the first substituent.  
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