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ABSTRACT 

This thesis describes novel applications of carbohydrate starting materials in the preparation of 

chiral synthons as well as various compounds of biological interest. In Chapter 1, a synthesis of 

carbocyclic sugars from carbohydrate-derived dialdehydes using organocatalysis has been 

developed. Carbocyclic sugars are a common motif present in many natural products of synthetic 

interest including pancratistatin and aminocyclitol antibiotics and this chapter presents a new 

method for the construction of protected inososes from alditols which may serve as a platform for 

more complex syntheses. Sorbitol, mannitol, and galactitol were converted via 1,6-tritylation, 

perbenzylation or permethylation, detritylation, and Swern oxidation into 2,3,4,5-tetra-O-

alkyldialdoses that were cyclised via the benzoin reaction promoted by a triazolium carbene. 

Manno- and galacto-configured dialdehydes gave predominantly single inosose stereoisomers in 

up to 65% yield while the gluco-dialdehyde afforded a mixture of three stereoisomers in 61% 

overall yield. The inososes were stereospecifically reduced using sodium borohydride and then 

deprotected to give allo- and epi-inositol in good yield that confirmed the structural and 

stereochemical assignments. An interesting rearangement of the compounds synthesised in 

Chapter 1 was discovered in an attempt to generate aminocyclitols. It was found that inosose-2-O-

mesylates underwent exclusively α’-addition in the presence of azide and it was reasoned to be 

taking place via an oxygen-stabilised oxyallylic intermediate. Chapter 2 further investigates this 

rearrangement and extends it to the use of alcohols as nucleophiles to yield α-ketoketals as well as 

phenylenediamine to give access to fused quinoxalines, a privileged scaffold in medicinal 

chemistry. 

Chapter 3 describes the functionalisation of the biorenewable chiral pool material (–)-

levoglucosenone (6,8-dioxabicyclo[3.2.1]oct-2-en-4-one, LGO) using a series of Pd-mediated 

cross-coupling reactions. Iodination of LGO followed by Suzuki–Miyaura cross-coupling reaction 

with boronic acids by employing the Buchwald ligand SPhos with Pd(OAc)2 afforded 3-aryl 

derivatives in excellent yields. Selective Mizoroki-Heck arylation reaction at the 2-position was 

achieved with aryl iodides with K3PO4 as base and SPhos ligand with Pd(OAc)2 (1–5 mol-%). A 

selective hydroarylation reaction (formal conjugate addition) was developed by using the same 

aryl iodides, benzyldiethylamine, Pd(OAc)2, and P(o-tol)3. The products were converted, either 

directly or after alkene reduction, through a Baeyer–Villiger oxidation into chiral 3- and 4-

substituted 5-(hydroxymethyl)dihydrofuran-2(3H)-ones, which are of interest as chiral building 

blocks as well as fragrance and flavouring agents. 
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Chapter 4 describes a method for synthesising enantiopure cyclopropyl esters, with the key step 

being a strong base-promoted 3-exo-tet carbocyclisation of various 4,5-epoxyvalerates generated 

efficiently from LGO. The cyclisation was found to be completely diastereoselective giving only 

the trans-substituted products. This protocol was extended to the synthesis of known GABA 

receptor agonist (1S,2S)-trans-2-aminomethylcyclopropanecarboxylic acid ((-)-TAMP) in 8 steps 

from LGO in 35% overall yield as well as its enantiomer in 10 steps and 15% overall yield. Some 

of the aryl-substituted products of the palladium-mediated cross-coupling reactions described in 

Chapter 3 were also converted through to 1,1,2- and 1,2,3-trisubstitued cyclopropanes, and a 

formal synthesis of (2S,1’S,2’S,3’R)-2-(2’-carboxy-3’-phenylclopropyl)glycine (PCCG-IV) was 

described.  The efficiency of the carbocyclisation was observed to greatly increase with the 

presence of a phenyl group at the 3-position of the 4,5-epoxyvalerate and this was explained on 

the basis of a Thorpe-Ingold effect in which the phenyl group compresses the C2-C3-C4 bond 

angle and facilitates the cyclisation. The stereochemical configuration at this position was found 

to control the diastereoselectivity of the reaction, and these results were rationalised on the basis 

of steric arguments and favourable transition-state geometries. 
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