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Abstract 

This thesis describes the results of a research program aimed at investigating 

synthetic methodology towards obtaining novel 5,7-diamino-3,5,7,9-tetradeoxy-

nonulosonic acid analogues. Syntheses outlined in this thesis comprise varied 

approaches which include a chemoenzymatic approach and two chemical approaches 

from differing starting materials. 

Pseudaminic acid and legionaminic acid are 5,7-diamino-3,5,7,9-tetradeoxy-

nonulosonic acids that play an essential role in the pathogenic capabilities of numerous 

clinically relevant Gram-negative bacteria. Over the past twenty-five years several 

structural and functional group derivatives of these carbohydrates have been isolated 

from many bacterial species, highlighting the fact that these compounds are widespread 

throughout nature. However, to date their exact biological significance is yet to be 

clearly determined and the limited syntheses described within the literature are for the 

parent compounds only, not structural analogues. Therefore, the primary aim of this 

research program was to fill a void in the literature in regard to creating a versatile and 

efficient synthesis of pseudaminic acid and legionaminic acid analogues. 

Chapter one provides a comprehensive literature overview of the biological role, 

biosynthesis, chemical synthesis reported to date and key structural differences of      

5,7-diamino-3,5,7,9-tetradeoxy-nonulosonic acids, in reference to sialic acids which 

have been well recognised for near five decades as being important in a wide variety of 

disease states.  Chapter one also highlights the importance of the role 5,7-diamino-

3,5,7,9-tetradeoxy-nonulosonic acids have in the life cycle of pathogenic Gram-negative 

bacteria and describes all naturally occurring derivatives known to date and where they 

are found within nature. 

Chapter two outlines in detail our chemoenzymatic approach toward the synthesis 

of novel legionaminic acid analogues. The chapter begins with a detailed discussion on 

the type 1 aldolase, Neu5Ac aldolase enzyme which we used to catalyse all of our 

enzymatic reactions toward legionaminic acid analogues. Following on from this 

discussion, chapter two outlines the complete synthesis starting from D-mannose of two 

novel C-4 nitrogen functionalised Neu5Ac aldolase substrates along with the synthesis 

of D-rhamnose and D-talose, which were also successfully transformed into their 

corresponding nonulosonic acid derivatives via a Neu5Ac aldolase catalysed aldol 
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condensation reaction. The chapter closes with the results of our chemoenzymatic 

approach toward the synthesis of legionaminic acid analogues, detailing the chemical 

yields and relative rate of turn over for our two novel Neu5Ac aldolase substrates and 

that of three known substrates D-mannose, D-rhamnose and D-talose. 

Following on from our chemoenzymatic approach, chapter three outlines our 

attempts at utilising a chemical aldol condensation reaction, with both synthesised and 

known substrates, in order to obtain pseudaminic acid-based analogues. Chapter three 

begins with a discussion of reported uses of chemical aldol condensation reactions 

toward the synthesis nonulosonic acids. This discussion is followed by a detailed 

account of our attempts to synthesise selectively functionalised 6-deoxy-galactosides 

and N-acetyl-glucosamine derivatives as substrates to be condensed with oxaloacetic 

acid in order to create pseudaminic acid analogues. Chapter three finishes with a 

detailed discussion of the results of our attempted synthetic aldol condensation 

reactions. 

Having investigated the synthesis of both pseudaminic acid and legionaminic acid 

analogues via two different aldol condensation reaction methods, we were interested in 

investigating the synthesis of pseudaminic acid analogues from a more advanced 

precursor as a starting material. Chapter four therefore outlines our successful synthesis 

of pseudaminic acid analogues from the nine-carbon sialic acid derivative KDN. 

Chapter four details our novel 10 step synthesis of 8-epi-pseudaminic acid along with 

structurally important precursors that form branching points within our synthesis for 

future work that will allow for other structurally distinct naturally occurring 

pseudaminic acid based analogues to be obtained.  

The final chapter, chapter five brings together all experimental details in support 

of the compounds made and conclusions drawn throughout chapter’s two to four. 

NMR spectroscopy was used extensively throughout this research program to 

unequivocally determine compound structures and aid in assignments of all compounds 

reported, therefore Appendix 1 contains a selection of 
1
H, 

13
C and two-dimensional   

(
1
H-

1
H-COSY) spectra used in this regard.  

 

 


