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Abstract 

 

This thesis describes the design, preparation, and testing of a range of protease inhibitors. 

Chapter One introduces the concept of peptidomimetics, and discusses how proteases almost 

universally bind their ligands in a β-strand conformation. The idea of constraining a 

compound into a biologically active conformation by the introduction of a ring or bridge is 

discussed. The technique of ring closing metathesis as a strategy for macrocyclisation is 

introduced. The chapter also discusses calpain and HIV proteases and their structures and 

implications in human disease. 

 

Chapter Two surveys the acyclic calpain inhibitors reported in the literature. A series of N-

heterocyclic peptidic calpain inhibitors were docked in silico into an ovine m-calpain 

homology model using Glide, which revealed that compounds 2.60 – 2.67 all adopted a β-

strand conformation upon binding. The modelling revealed low energy conformations of 2.60, 

2.61 and 2.66 not in a β-strand geometry. The synthesis and testing of these inhibitors is 

described, with 2.63 displaying an IC50 of 40 nM against m-calpain in an in vitro assay. 

 

Chapter Three describes the design and synthesis of the β-strand mimic macrocycle 3.8, 

which was prepared using ring closing metathesis. The chapter also describes the design of a 

number of calpain and HIV protease inhibitors that incorporate 3.8. Each inhibitor is 

designed to bind and inhibit a specific protease target. 

 



vii 

Chapter Four describes the synthesis and testing of a series of macrocyclic calpain and 

proteasome 20S inhibitors. The preparation of the aldehydes 3.9 and 3.10 by elaboration of 

the macrocycle 3.8 is described. As well, the preparation of 3.10 from the N-capped 4-

fluorosulphonyl diene 4.4 is described. The most potent macrocycle in the series was 3.10, 

which displays an IC50 against m-calpain of 2000 nM, and an IC50 against the chymotrypsin 

like activity of proteasome 20S of 2 nM. 

 

Chapter Five describes the synthesis of a series of building blocks, and their use in the 

attempted preparation of the potential HIV protease inhibitor 3.12a, as well as the successful 

preparation of the potential HIV protease inhibitors 3.11 and 3.12b. Preliminary studies 

testing the biological activity of compounds 3.11, 3.12b and 5.21 found that they displayed a 

percentage inhibition of HIV-1 subtype B protease of 86, 63, and 26%, respectively. The Ki 

of 3.11 against HIV-1 subtype B protease was also determined to be 62 nM. The activity of 

3.11 against HIV-1 protease establishes that the common macrocyclic core 3.8 can be 

incorporated into inhibitors of both calpain, and HIV-1 protease. 

 

Chapter Six describes the preparation of a key macrocycle by cross-metathesis. The 

preparation of 6.4 by cross-metathesis of the olefins 6.5 and 6.24 is described, as well as the 

elaboration of 6.4 to give the macrocycle 6.1. A systematic study of the cross-metathesis of 

the olefins 6.5, 6.6, 6.23 and 6.24 is described. Their percentage conversion to 6.4 was 

calculated using high performance liquid chromatography analysis. The highest conversion to 

6.4 was found to be 60%, from the cross metathesis of an equimolar mixture of 6.6 and 6.23. 
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Chapter Seven describes a multi-gram synthesis of the potent macrocyclic calpain inhibitor 

CAT0811. The key step in the synthesis is the base induced macrocyclisation of the iodo-

peptide 7.10 to give 7.6. The macrocycle 7.6 was also prepared by macrolactamisation of the 

pseudopeptide 7.9. The synthesis was found to be scalable, affordable and efficient, and 

removes the need for Grubbs’ 2nd generation catalyst (II).  
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