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Abstract 

Iminosugars are naturally occurring polyhydroxylated alkaloids. These natural 

mimics of carbohydrates have found clinical use with their biological activity 

mainly attributed to their inhibition of glycoprocessing enzymes. The 

background to this thesis and the intramolecular tandem allylic azide 

rearrangement ï Huisgen cycloaddition are discussed in Chapter 1.  

Chapter 2 describes the synthesis of iminosugar derivatives from D-glucono-ŭ-

lactone which is an extension of work carried out previously in the Murphy 

group for the preparation of 1-deoxyiminosugars. This route was particularly 

successful in the highly stereoselective preparation of iminosugars fused to 

triazoles from an intramolecular rearrangement-cycloaddition between azide and 

alkyne groups. However the rearrangement-cycloaddition between azide and 

alkene groups based on intermediates with the glucose configuration suffered 

from poor yields.  

An alternative route using a zinc-mediated reductive fragmentation reaction from 

a variety of commercially available sugars to prepare allylic azide precursors was 

next explored. This is discussed in Chapters 3-5, which also describe the 

rearrangement-cycloaddition reactions of these intermediates which lead to 

iminosugars based on glucose, mannose and galactose. The importance of a 

conformational constraint to achieve the cycloaddition emerged. Again, the 

cycloaddition of the glucose intermediates was affected by poor yields. However, 

results with the mannose and galactose derivatives were more promising. The 

stereoselectivity was assigned using NMR coupling constants (JH1-H2 and JC1-H1 

values), NOEs, X-ray crystallography and comparisons with analytical data for 

compounds already described in the literature. The stereoselectivities were 

rationalised with the aid of models built using molecular mechanics. The 

synthesis of a natural C-glycoside iminosugar was achieved. 

Overall this thesis demonstrates that an allylic azide rearrangement carried out in 

tandem with Huisgen cycloaddition is diastereoselective in ring formation and 

should be useful in organic chemistry. 
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Symbols and Abbreviations 

 

Ŭ alpha  

Ac acetyl 

ACN acetonitrile 

AcOH acetic acid 

Ac2O acetic anhydride 

apt d apparent doublet (spectral) 

aq  aqueous 

Ar aromatic 

ASSC active site specific chaperone, pharmacological chaperone 

ɓ beta 

Bn benzyl 

Bu, nBu, tBu butyl, normal (primary) butyl, tert-butyl 

Bz benzoyl 

°C degree Celsius 

cat. catalytic 

cm
-1

 wavenumber (IR units) 

CDCl3 deuterated chloroform 

CF Cystic Fibrosis 

CFTR cystic fibrosis transmembrane regulator 

CMR chemical molar refractivity 

COSY correlation spectroscopy 

CSA camphorsulfonic acid 

CuAAC copper(I)-catalysed azide-alkyne cycloaddition 

ŭ chemical shift (ppm downfield from TMS) 

d doublet (spectral) 

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene 

DCM dichloromethane 

dd doublet doublets (spectral) 

ddd doublet of doublets of doublets (spectral) 

DEPT distortionless enhancement by polarisation transfer 

DHAP dihydroxyacetone phosphate 

DIAD diisopropyl azodicarboxylate 

DIBAL -H diisobutyl aluminium hydride 

DIPEA N,N-diisopropyl-N-ethylamine 

DGJ 1-deoxygalctonojirimycin  

DMAP 4-(N,N-dimethylamino)pyridine 

DMF N,N-dimethylformamide 

DMJ 1-deoxymannojirimycin 

DMP 2,2-dimethoxy propane 

DNJ 1-deoxynojirmycin 

D2O deuterated water 

DPPA diphenylphosphoryl azide 

dt  doublet of triplets (spectral) 

EDG electron donating group 

eg for example 

eq (molar) equivalents  
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ER endoplasmic reticulum 

Et ethyl 

et al. et alii (and others) 

Et3N triethylamine 

Et2O diethyl ether 

EtOAc ethyl acetate 

EtOH ethanol 

ESI-HRMS  Electrospray Ionization-High Resolution Mass Spectrometry 

EWG electron withdrawing group 

FTIR Fourier Transfer Infrared Spectroscopy 

g, mg gram(s), milligram(s) 

Gal galactose 

Glc glucose 

h hour(s) 

HAJ Homoallonojirimycin 

HCl Hydrochloric acid 

HGJ Homogalactonojirimycin 

HIV Human immunodeficiency virus 

HNJ homonojirimycin 

HMBC heteronuclear multiple bond correlation spectroscopy 

HMJ homomannojirimycin 

HPLC High Performance Liquid Chromatography 

HSQC heteronuclear single quantum correlation spectroscopy 

Hz Hertz 

IC50 50% inhibition concentration 

Im Imidazole 

IR infrared spectroscopy 

J Coupling constant (Hz) 

Ki  dissociation constant of an enzyme-inhibitor complex 

L litre(s) 

lit. literature reference 

LRMS Low Resolution Mass Spectrometry 

KHMDS potassium bis(trimethylsilyl)amide 

N normal 

m multiplet (spectral) 

M molar 

m/z  mass over charge ratio 

Man mannose 

Me methyl 

MeOD deuterated methanol 

MeOH methanol 

MHz mega Hertz 

min minute(s) 

ml, ɛl millilitre(s), microlitre(s) 

mol, mmol mole, millimole 

MOM methoxy methyl 

Ms mesylate 

NaH sodium hydride 

NaHMDS sodium bis(trimethylsilyl)amide 
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NaIO4 sodium periodate 

NDMBA N,N-dimethylbarbituric acid 

NIS N-iodosuccinimide 

NJ Nojirimycin 

NMR Nuclear Magnetic Resonance 

NaN3 sodium azide 

OsO4 osmium tetroxide 

PG protecting group 

pH power/potential of hydrogen 

pTsCl para-toluenesulfonyl chloride 

Ph phenyl 

PMB para-methoxybenzyl 

PPh3 triphenyl phosphine 

ppm parts per million 

Pr, iPr propyl, isopropyl 

Py  pyridine 

q quartet (spectral) 

R any group other than H 

RAMA rabit muscle aldolase (fructose-1,6- diphosphate aldolase) 

ref reference 

Rf retention factor 

rt room temperature 

RuAAC ruthenium-catalysed azide-alkyne cycloaddition 

[Ŭ]D specific rotation  

s singlet (spectral) 

satd saturated 

SM starting material 

t triplet (spectral) 

td triplet of doublets 

TBAF tetra-n-butylammonium fluoride 

TBS tert-butyldimethylsilyl 

TES triethylsilyl 

Tf trifluoromethanesulfonyl (triflate) 

TFA trifluoroacetic acid 

THF tetrahydrofuran 

TLC thin layer chromatography 

Tr triphenyl methylene (trityl) 

tPSA topological polar molecular surface area 

UV Ultraviolet  
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1.1 General Overview of Iminosugars  

Iminosugars are polyhydroxylated alkaloids; they are the natural mimics of 

carbohydrates in which the endocyclic oxygen atom has been replaced with a 

nitrogen atom (Fig 1.1). This simple change leads to some remarkable biological 

properties. 

 

Fig 1.1 Glucose and its natural analogue, Nojirimycin 

The first syntheses of these carbohydrate analogues by Paulsen,
1, 2

 Jones
3, 4

 and 

Hanessian
5, 6

 and their discovery as natural products by Inouye
7, 8

 was reported in 

the 1960ôs.  

The growing research on iminosugars is a result of their ability to inhibit 

glycoprocessing enzymes.
9, 10

 Inhibitors of these enzymes are important 

therapeutic targets for the treatment of the associated diseases such as cancer, 

diabetes, lysosomal storage disorders and rare genetic disorders.
11, 12

   

Due to their potential in medicine, a large number of synthetic approaches 

towards piperidines have been developed in order to generate biologically active 

analogues.
13-19

  

These small molecules are highly functionalised and stereochemically complex, 

making them challenging synthetic targets. This thesis is concerned with a novel 

stereoselective synthesis of C-glycoside iminosugars from simple carbohydrate 

building blocks. 

1.2 Natural Occurrence 

There are five main classes of iminosugars: piperidines, pyrrolidines, 

pyrrolizidines, indolizidines and nortropanes (Fig 1.2); of which the 

hydroxylated piperidines will be the focus of this work. 



Introduction to Iminosugars Chapter 1 

3 

 

Fig 1.2 Naturally occurring iminosugars 

Most naturally occurring polyhydroxylated alkaloids have been isolated from 

plants, with a few isolated from bacteria and fungi.
20

 Nojirimycin (NJ) was the 

first iminosugar to be discovered in 1966, isolated from Streptomyces.
21, 22

 It has 

antibiotic and antimicrobial properties and was also found to be a potent inhibitor 

of Ŭ- and ɓ-glucosidases
23

 as might be expected from its structural resemblance 

to glucose. This potent inhibition of a culture broth of Streptomyces also led to 

the isolation of mannojirimycin
24

 and galactostatin.
25

  

The isolation of other hydroxylated piperidine alkaloids from plants and micro-

organisms quickly followed. Fagomine was isolated from Fagopyrum 

esculentum in 1974.
26

 1-Deoxynojrimycin (DNJ) was isolated from Morus in 

1976,
27

 it had previously been synthesised by Paulsen in 1967.
28

 It was also later 

found to be produced by bacteria, Bacillus
29

 and S. lavandulae.
30

 Swainsonine 

was isolated from Swainsona canescens in 1979.
31

 Castanospermine was 

discovered in the leaves, seeds and bark of Castanospermum austral in 1981.
32

  

In recent years, there has been an increase in the number of novel water-soluble 

alkaloids isolated, which would suggest that many more await discovery. It is not 
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unusual that they have been synthetically prepared before their discovery as 

natural products. 

1.2.1 Iminosugar C-Glycosides  

An exact iminosugar mimic of a glycoside structure, like nojirimycin, would 

result in a labile N,O-acetal function (Fig 1.3), making them unsuitable probes in 

biological research. Most iminosugars have to be stored as bisulfite adducts. 

 

Fig 1.3 Hemiacetal structures of nojirimycin 

The 1-deoxy iminosugars lack the hemiacetal function of NJ which increases 

their stability. As a result, most of the synthetic targets have been based on these 

deoxy-iminosugars. An alternative is to replace the oxygen of the iminosugars 

pseudo-anomeric centre for a methylene group resulting in a stable C-glycoside 

mimic (Fig 1.4).
33

  

 

Fig 1.4 Stable iminosugars 

Iminosugar C-glycosides provide the opportunity for the synthesis of a stable 

class of aza-mono and di-saccharides which may have more potent and/or 

specificity in comparison to the simpler 1-deoxysugars.                                        
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Fig 1.5 Examples of naturally occurring C-glycosides
34-40

 

The first naturally occurring C-glycoside to be discovered from a plant, 

Omphalea diandra, was Ŭ-homonojirimycin (Ŭ-HNJ) (1) (Fig 1.5).
41

 It is an 

inhibitor of Ŭ- and ɓ-glucosidases
41, 42

 and a more specific Ŭ-glucosidase inhibitor 

than DNJ.
36

 The alternative positioning of a substituent linked to C-1 rather than 

to the endocyclic N-atom, leading to a stronger influence on the piperidine ring, 

may explain the improved results observed with iminosugar C-glycosides. Also, 

more favourable interactions with the enzyme lipophilic pocket may be achieved 

with this alternative, perhaps improved, position of the alkyl chain.
43, 44

 

Both Ŭ- and ɓ-homomannojirimycin (HMJ) (3 and 4), were isolated from a 

member of the genus Aglaonema in 1997
34

 and in 1998 from the bulbs of 

Hyancinthus.
35

 They are inhibitors of Ŭ- and ɓ-mannosidases respectively.
34

  

Adenophorine (7), a naturally occurring C-glycosides bearing a lipophilic 

substituent at the 6-position, was isolated from the roots of Adenophora. It is a 

good Ŭ-galactosidase inhibitor and moderate Ŭ-glycosidase inhibitor.
37

 

Homogalactostatin (HGJ) (Fig 1.6) has not yet been isolated from nature. Both 

anomers were prepared by Martin and co-workers.
45, 46

 Ŭ-HGJ retains the potent 

activity of its parent GJ and 1-DGJ as an inhibitor of Ŭ-galactosidases, but not of 

ɓ-galactosidases. ɓ-HGJ is a weak Ŭ-galactosidase inhibitor. Derivatives of HGJ 

have been isolated, such as a galactostatin,
47

 ɓ-1-C-butyl-deoxygalactostatin (6) 

and batzellaside (9); it seems likely Ŭ- and ɓ-HGJ will be discovered naturally.  
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Fig 1.6 Homogalactonojirimycin 

1.3 Biological Activity and Therapeutic Applications 

Natural and synthetic piperidines inhibit oligosaccharide processing enzymes: 

glycosidases,
10, 48

 glycosyltransferases,
49, 50

 glycogen phosphorylases,
51-53

 

nucleoside-processing enzymes,
54, 55

 a sugar nucleotide mutase
56, 57

 and 

metalloproteinases
58

. These enzymes are involved in a whole range of essential 

biological transformations and inhibition of these enzymes can disrupt the 

biosynthesis of oligosaccharides, interfering in all of these processes.
59

 It is these 

biological properties that contribute to iminosugars being important therapeutic 

agents in the treatment of cancer,
50

 diabetes,
50

 viral diseases such as HIV, 

hepatitis B and C,
60

 lysosomal storage disorders including Gaucher disease
59, 61

 

and Fabryôs disease
62

 and rare disorders such as cystic fibrosis.
63

 

Their resemblance to carbohydrates allows iminosugars to be recognised by and 

interact with carbohydrate receptors without being processed by the pathways 

that they target. They can be transported by carbohydrate transporters, are 

normally well absorbed and can cross the blood-brain barrier, have both chemical 

and metabolic stability, are water-soluble (polar nature) and are normally 

excreted unchanged from the body.
64

 

Iminosugars have long been used as medicines, even before their discovery. 

Medicinal preparations of the mulberry plant in 17
th
 century China were used for 

the treatment of diabetes. It is now known that some of the major components of 

the leaves of Morus alba (white mulberry) are iminosugars such as DNJ and its 

glycosides.11
 This led to the preparation of derivatives of DNJ in modern 

medicine as inhibitors with increased activity against diabetes and the eventual 
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release of a marketed drug Miglitol (Glyset
TM

, Bayer) in 1996 for type II diabetes 

(Fig 1.7). 

 

Fig 1.7 Marketed Iminosugar Drugs 

Also based on 1-DNJ is Miglustat (Zavesca
TM

, Actelion), an oral administered 

drug approved in 2003 for Gaucher disease. It has been approved in certain 

countries for the treatment of Niemann Picks disease and is currently being 

investigated to treat Tay-Sachs disease and cystic fibrosis. There are many 

examples of iminosugars in various stages of clinical trials (Fig 1.8).  

Fig 1.8 Iminosugars currently undergoing clinical evaluation 

Although there are encouraging results, variability in activity and specificity/poor 

clinical selectivity resulting in considerable side-effects has hampered the 

development of iminosugars in clinical applications. There is a need to identify 

new targets with improved activity and selectivity and difficulties in their 

complexities in synthesis and purification to overcome. 
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1.3.1 Glycosidase Inhibition  

Iminosugars are mostly recognised for their ability to inhibit glycosidases
10, 65

 

(Table 1.1). Glycosyl transferases and glycosidases are enzymes that catalyse the 

formation and hydrolysis of glycosidic bonds. The general mechanisms for 

inverting and retaining glycosidases (ɓ-glycosidase) are shown (Fig 1.9 and 

1.10). 

 

Fig 1.9 Inverting glycosidases 

Inverting glycosidases operate via a single-displacement mechanism in which 

water attacks the anomeric center and displaces the aglycone. This is assisted in 

the enzymeôs active site by two carboxylic acid residues from either aspartic or 

glutamic acid side chains; one of the carboxylic acids acts as a general base for 

the attacking water molecule and the other as an acid that protonates the 

glycosidic bond. Displacement of the aglycone by water produces the hemiacetal 

product via an oxo-carbenium-ion-like transition state. 

Fig 1.10 Retaining glycosidases 

Retaining glycosidases operate via a double displacement mechanism that 

involves a covalent enzyme-glycosyl intermediate. A narrower active site does 

not accommodate water initially and instead the carboxylic acid group positioned 

closer attacks the anomeric site to produce a covalent enzyme-glycosyl 
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intermediate. The aglycon diffuses out of the active site and in a second step a 

water molecule attacks the anomeric center under base catalysis of the remaining 

carboxylate.
9, 66, 67

  

It is thought that iminosugars can act as transition state inhibitors by mimicking 

their carbohydrate analogues. An iminosugar of identical or similar 

stereochemistry to that of a natural carbohydrate is often, but not always, a 

specific inhibitor for the associated processing enzymes. 

Iminosugar Glycosidases Inhibited 

1-DNJ 
-hglucosidases (including  isomaltase, maltase, sucrase, 

trehalase, invŜǊǘŀǎŜύΣ  ƎƭǳŎƻǎƛŘŀǎŜ L ŀƴŘ LLΣ ʲ-ƎƭǳŎƻǎƛŘŀǎŜǎΣ ʰ-
ƳŀƴƴƻǎƛŘŀǎŜǎΣ ʰ- ŀƴŘ ʲ-ƎŀƭŀŎǘƻǎƛŘŀǎŜǎΣ ʰ-L-fucosidase 

NJ 
-hglucosidases (including sucrase, maltase, isomaltase and 
ŀƳȅƭŀǎŜύΣ ʲ-ƎƭǳŎƻǎƛŘŀǎŜǎΣ ʲ-galactosidases, N-acetyl- -̡D-
glucosaminidases 

-hHNJ -hƎƭǳŎƻǎƛŘŀǎŜǎ όƛƴŎƭǳŘƛƴƎ ǎǳŎǊŀǎŜΣ ƳŀƭǘŀǎŜΣ ǘǊŜƘŀƭŀǎŜύΣ ʲ-
ƎƭǳŎƻǎƛŘŀǎŜǎΣ ʰ-galactosidases, lactase, glucosidase I and II 

-̡HNJ -̡glucosidases 

1-DMJ -hƳŀƴƴƻǎƛŘŀǎŜǎ όƳŀƴƴƻǎƛŘŀǎŜ LύΣ ʰ-fucosidase 

MJ -hmannosidases 

-hHMJ -hmannosidases 

-̡HMJ -̡mannosidases 

1-DGJ -hgalactosidase 

GJ -hgalactosidases, ̡ -galactosidases 

-hHGJ -hgalactosidases 

Adenophorine -hƎŀƭŀŎǘƻǎƛŘŀǎŜΣ ʰ-glucosidases 

DMDP 
-hglucosidases (including  maltase, sucrase, trehalase, 
ƛƴǾŜǊǘŀǎŜύΣ  ʲ-glucosidases (cellobiase), human lysosomal -̡
ƳŀƴƴƻǎƛŘŀǎŜǎΣ ʲ-ƎŀƭŀŎǘƻǎƛŘŀǎŜǎΣ ʲ-xylosidase 

Fagomine -hglucosidases (including isomaltase and sucrase) 

Castanospermine 

-hglucosidases (including amyloglucosidase, sucrase, maltase, 
ƛǎƻƳŀƭǘŀǎŜΣ ǘǊŜƘŀƭŀǎŜΣ ŀƳȅƭŀǎŜύΣ ƎƭǳŎƻǎŘƛŀǎŜ L ŀƴŘ LLΣ  ʲ-
glucosidases όƛƴŎƭǳŘƛƴƎ ƭŀŎǘŀǎŜ ŀƴŘ ŎŜƭƭƻōƛŀǎŜύΣ  ʲ-
ƎƭǳŎƻŎŜǊŜōǊƻǎƛŘŀǎŜΣ  ʲ-xylosidase 

Swainsonine -hmannosidases 

Alexine 
Disaccharide-ǘȅǇŜ ʰ-glucosidases (amyloglucosidase and 
ǘǊŜƘŀƭŀǎŜύΣ ʲ-galactosidases 

Australine Disaccharide-ǘȅǇŜ ʰ-glucosidases (amyloglucosidase sucrase, 
ƳŀƭǘŀǎŜύΣ ƎƭǳŎƻǎƛŘŀǎŜ LΣ  ʲ-ƎƭǳŎƻǎƛŘŀǎŜǎΣ ʲ-galactosidases 

Calystegine A3 -̡ƎƭǳŎƻǎƛŘŀǎŜǎΣ ʲ-galactosidases  

Calystegine B4 -hƎƭǳŎƻǎƛŘŀǎŜǎΣ ʲ-glucosidases 

Table 1.1 Iminosugar glycosidase inhibitors
9, 20
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It is the inhibition of these enzymes that allow iminosugars to play a pivotal role 

in many diseases.  

1.3.1.1 Anti viral Agents and Peptidomimetics 

Many viruses are enveloped; their protein capsids are contained in a membrane 

composed of glycoproteins, which make them susceptible to inhibitors of 

glucosidases. A number of iminosugars have been shown to exhibit anti-viral 

activities, particularly towards Human Immunodeficiency virus (HIV).
68-70

  

HIV encodes two glycosylated envelope proteins, gp120 and gp41. During 

infection, gp120 undergoes a conformation change upon binding to CD4, 

exposing gp41. This leads to fusion with the host cell and uptake of the virus into 

the cell. Compounds that disrupt this interaction, preventing viral-cell contact, 

have potential as anti-viral agents for HIV.
71

  

Treatment of HIV infected cells with N-butyldeoxynojirimycin blocked viral 

infectivity in vitro. The conformational change of gp120 on binding to CD4 did 

not occur and this prevented fusion of the host cell with the virus.
72, 73

 However, 

a key challenge was to develop potency without compromising toxicity. 

Mootoo and co-workers prepared C- and aza-C-glycoside analogues of ɓ-

galactosylceramide containing a simple C-17 hydrocarbon chain as a ceramide 

substitute to determine their binding to HIV gp120 (Fig 1.11).
74

 They reported 

that the aza-C-glycoside derivative below binds HIV-1 gp120 with comparable 

or higher affinity than ɓ-galactosylceramide. 

 

Fig 1.11 ɓ-Galactosylceramide and iminosugars containing lipids 
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Previous work carried out in the Murphy group has based peptidomimetics on 

iminosugars such as DNJ and DMJ as ligands for somatostatin receptors and HIV 

protease.
75

 Peptidomimetic research has a goal of developing active compounds 

with improved pharmacokinetic properties. The general principle is that 

pharmacophoric groups are grafted onto a nonpeptide scaffold, which can orient 

them in the direction of their respective binding substrates (Fig 1.12).
76

 

 

Fig 1.12 Peptidomimetics based on 1-DNJ 

Chery and Murphy
77, 78

 designed an inhibitor based on the naturally occurring 

glycosidase inhibitor, 1-deoxymannojirimycin (Fig 1.13). 

Fig 1.13 Design of carbohydrate and iminosugar peptidomimetics  

There are advantages of using DMJ or other iminosugars, over the pyranosides, 

as scaffolds in peptidomimetic design. The iminosugars could be charged at 
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physiological pH,
79

 pharmacophoric groups can be grafted to the ring nitrogen   

and they can act as hydrogen bond donors. This contrasts with carbohydrate 

scaffolds, where the pyranose oxygen atom has hydrogen acceptor potential. 

Molecular modelling indicated that the protonated nitrogen could hydrogen bond 

with a carbonyl group of HIV-protease amide backbone.
80, 81

 

There is potential to base scaffolds on iminosugar C-glycosides. 

1.3.1.2 Anticancer Agents 

Cancer is unregulated cell growth or cell migration that can be caused by 

mutagens, infections and viruses. Treatments include surgery, radiotherapy, 

chemotherapy or immunotherapy. Inhibitors of tumour metastasis and 

angiogenesis are important as suitable drug candidates for cancer treatment.
82

  

Iminosugars have been shown to interact with enzymes involved in the metabolic 

pathway of glycans responsible for tumour cell invasion and migration. 

Nojirimycin, swainsonine and castanospermine were all found to behave as 

competitive inhibitors of N-linked glycan processing in the Golgi, and reduced 

invasion and inhibited tumour metastasis. Swainsonine, the lowest toxicity of the 

three, reached phase II trials; however as a result of their inhibitory activity 

towards all N-linked glycan biosynthesis, the side effects were too severe.
83

  

Siastatin B is a naturally occurring 1-N-iminosugar that resembles -glucuronic 

acid. Nishimura has synthesised gem-diamine 1-N-iminosugars as a new class of 

glycosidase inhibitors.
84-86

 Two gem-diamine 1-N-iminosugars have been 

identified as inhibitors of an enzyme in heparan sulfate synthesis, which could be 

of therapeutic benefit for treating tumour growth and metastasis. (Fig 1.14).
87

  

 

Fig 1.14 Uronic acid-type iminosugar inhibitors 
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Murphy and co-workers synthesised hybrids of 1-DNJ and 5-aryl-1,2,3-triazole 

as bifunctional inhibitors of angiogenesis.
88, 89

 One bifunctional compound was a 

more potent inhibitor of angiogenesis in vitro than either 1-DNJ or 5-aryl-1,2,3-

triazole alone. This compound, N-(8-(3-ethynylphenoxy) octyl-1-

deoxynojirimycin (Fig 1.15), was shown to suppresses growth and migration of 

human lung cancer cells.
90, 91

  

 

Fig 1.15 N-(8-(3-Ethynylphenoxy) octyl-1-deoxynojirimycin  

1.3.1.3 Lysosomal Storage Disorders and Pharmacological Chaperones 

Lysosomal enzymes are synthesised in the ER and are responsible for the 

degradation of oligosaccharides, glycolipids, glycoproteins and other cell 

components. A mutation in a lysosomal enzyme can lead to lysosomal storage 

disorders, such as Gaucher disease, Fabryôs disease, Tay-Sachs disease or 

Pompeôs disease. These mutated enzymes, while often catalytically competent, 

can be unable to pass the quality control mechanisms of the ER, resulting in 

reduced lysosomal trafficking, substrate accumulation and cellular dysfunction. 

Gaucher disease is an autosomal recessive lysosomal storage disorder caused by 

a deficiency of ɓ-glucocerebrosidase (Gcase). It is characterised by the 

accumulation of glucosylceramide leading to severe symptoms such as 

hepatosplenomegaly, anemia and skeletal lesions in type I and neurological 

manifestations in type II and III. Enzyme replacement therapy (ERT) is effective 

for type I. Currently there is no available enzyme or substrate replacement 

therapy for type II and III due to the difficulty of delivering the enzyme/substrate 

to the CNS.
92

 

Overkleeft and co-workers synthesised a series of lipophilic C-glycoside 

iminosugars as glucosyltransferase inhibitors.
93

 A ɓ-aza-C-glycoside analogue 

(Fig 1.16) showed improved inhibitory potency for glucosylceramide synthase 
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over the therapeutic agent N-butyl-1-DNJ currently marketed for Gaucher 

disease.
61, 94

  

 

Fig 1.16 Enzyme inhibition of glucosylceramide synthase values for ɓ-

adamantan-1-yl-methoxy-1-DNJ and N-butyl -1-DNJ 

An alternative therapy available now is the use of hydrophilic active-site specific 

chaperones (ASSCs) or pharmacological chaperones (PCs). These are small 

molecules that bind to the active site of mutant lysosomal enzymes in the ER, 

stabilize and induce their proper folded conformation (Fig 1.17).
95

  

Iminosugars can be effective ASSCs; they display high affinities to the biological 

active site of their target proteins, they diffuse easily into the cell, they are 

reversible inhibitors and they can cross the blood-brain barrier.
83

 

 

Fig 1.17 Iminosugars as pharmacological chaperones 
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Fan et al. have reported that 6-C-nonyl isofagomine is the most potent Gcase 

inhibitor to date (IC50 = 0.6 nM) (Fig 1.18).
96

 

 

Fig 1.18 Proposed binding of 6-C-nonly isofagomine with human Gcase 

Recently, a series of O-alkyl iminoxylitol derivatives were synthesised and 

compared as ɓ-Gcase inhibitors. A structure-activity study showed a dramatic 

influence of the position of the alkyl chain (Ŭ-C1, O2, O3 or O4) on human 

Gcase inhibition, with 2-O-alkyl derivatives as the most promising class of 

compounds for ASSC therapy (Fig 1.19).
97, 98

  

 

Fig 1.19 2-O-alkyl iminoxylitol compounds 

1.3.1.4 Rare Disorders - Cystic Fibrosis 

Cystic fibrosis (CF) is an autosomal recessive disorder caused by mutations in 

the gene encoding the cystic fibrosis transmembrane conductance regulator 

(CFTR). These mutations cause lowered expression and activity of CFTR, 

affecting the exocrine organs, mainly the lungs and digestive system. The most 

common CFTR mutation (delF805) results in improper folding in the ER and 

subsequent degradation. Compounds that correct the folding and trafficking 

defects in the CFTR are of great interest as potential therapeutic agents for this 

disease.
63, 99
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Ireland has the highest incidence of CF in the world with 1 in every 10,000 

people diagnosed with the disease and 1 in 19 classed as carriers. This is almost 

four times the average of every EU country and the US. There is no cure and 

currently life expectancy in Ireland is 25 years.
100

  

Becq and co-workers showed that miglustat (Fig 1.20) restored transport and 

activity of the CFTR in cells and temporarily relieved the effects of the 

disorder.
101, 102

 Clinical trials were initiated in 2007. A study in 2009 showed that 

daily treatment of low concentrations of miglustat for 2 months results in 

progressive, stable, reversible and sustained correction of del F508 CFTR 

trafficking.
103

 

 

Fig 1.20 Miglustat and isoLAB 

Preliminary studies show that 1,4-dideoxy-2-hydroxymethyl-1,4-imino-L-threitol 

(isoLAB) partially rescues the defective del F508 CFTR function and may have a 

role against CF.
104

  

1.4 Synthetic Strategies 

Challenges when considering the preparation of iminosugar C-glycosides: 

¶ the (piperidine) ring must be generated efficiently 

¶ multiple stereogenic centres must be obtained with high stereochemical 

control 

¶ protecting groups must be carefully considered due to the high density of 

functional groups 

There are two general approaches to their preparation; through asymmetric 

synthesis, introducing stereocenters or chiral pool, beginning from a chiral 

starting material with the appropriate stereochemistry already in place. Due to 

their similarities and availability, carbohydrates have been a common building 

block for iminosugar synthesis.
33, 83, 105-108
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General synthetic strategies reported in the literature can be divided into two 

main categories depending on the disconnections made in the retrosynthesis; C5-

N or C1-N disconnection (Fig 1.21) and C1-CH2R disconnection (Fig 1.22). 

Disconnecting at C-N, a final intramolecular cyclization is used to build the 

iminosugar ring. Double and single reductive amination have been the most 

popular method of cyclization. Activating a leaving group resulting in cyclization 

is an alternative method. A C-C disconnection uses an electrophilic donor; this 

approach has been less exploited.
33

  

 

Fig 1.21 Synthesis via C5-N or C1-N key disconnection
33
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Fig 1.22 Synthesis via C1-CH2R disconnection
33

 

The use of a thermally promoted intramolecular 1,3-dipolar cycloadditions in the 

synthesis of iminosugar C-glycosides have been reported by Fleet
109

 and 

Overkleeft
110

. Cycloaddition of an azidoester and subsequent sodium 

cyanoborohydride reduction gave an eight carbon homologue of Ŭ-HMJ (Scheme 

1.1). 

 

Scheme 1.1 Fleetôs synthesis of an eight-membered homologue of Ŭ-HMJ  



Introduction to Iminosugars Chapter 1 

19 

 

Overkleeft and co-workers prepared highly functionalised piperidines via a 

tandem retro-Michael-[2+3]-cycloaddition (Scheme 1.2). 

 

Scheme 1.2 Overkleeftôs synthesis of piperidines 

1.4.1 The 1,3-Dipolar Cycloaddition 

The Huisgen Cycloaddition or 1,3-dipolar cycloaddition is the reaction of a 1,3-

dipole with a dipolarophile to give a five membered heterocycle (Fig 1.23).  

 

Fig 1.23 Huisgen cycloaddition between and azide and alkene 

A 1,3-dipole describes a system of three atoms over which are distributed four ˊ 

electrons (Fig 1.24). There are two types of dipoles; propargyl-allenyl or allyl.  

 

Fig 1.24 1,3-Dipole systems 
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The three atoms can be a variety of combinations of C, N and O (Fig 1.25). 

Dipolarophiles are compounds with C-C and C-N double and triple bonds, as 

well as many carbonyl functions.
111, 112

 

 

Fig 1.25 Some examples of 1,3-dipoles  

Azides are well known to behave as 1,3-dipoles in thermal cycloaddition 

reactions. The cycloaddition of an azide with an alkene gives an unstable 

triazoline. Triazoline decomposition (Fig 1.26) can proceed through a diradical 

or zwitterionic intermediate to form an aziridine, imine or a range of different 

products depending on reaction and substrate conditions.
113, 114

 

Fig 1.26 Mechanism of 1,2,3-triazoline decomposition 

1,3-Dipoles containing a functional group that can act as a dipolarophile are 

extremely interesting substrates. The first example of a double bond participating 

in an intramolecular 1,3-dipolar cycloaddition with a suitably placed 1,3-dipole 

was reported by LeBel and Whang in 1959.
115

 Intramolecular cycloadditions
116-

118
 are usually found in molecules large and flexible enough to accommodate the 

required arrangement of the azide and dipolarophile in two approximate parallel 
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planes, one atop the other (Fig 1.27). Substituents, therefore, have an influence 

on the geometry of the cycloaddition.  

 

Fig 1.27 Overlap of 1,3-dipole and dipolarophile 

One of the most attractive features of an intramolecular cycloaddition is the 

opportunity to control the stereochemistry of the products at multiple centers.  

1.4.2 Access to 1-DNJ derivatives via azide-alkene cycloaddition 

Previous research carried out in the Murphy lab by Dr Ying Zhou describes the 

synthesis of DNJ derivatives via intramolecular Huisgen cycloaddition between 

an azide and an alkene (Scheme 1.3).
116

 

 

Scheme 1.3 General scheme for Zhouôs ñAccess to 1-DNJ derivatives via 

Azide-Alkene cycloadditionò 

The synthesis began from 14 which was prepared from -glucono-ŭ-lactone as 

described previously by Fleet and co-workers.
119

 Regioselective mesylation of 

the primary hydroxyl group, followed by exchange of the mesyl group for an 

azide, benzylation and regioselective acetal cleavage gave 15. Oxidative 
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cleavage using NaIO4 gave the aldehyde 16. The alkene 17 was prepared using 

methyl triphenylphosphonium bromide and base via Wittig reaction (67%). 

 

Scheme 1.4 Reagents and consitions: a) MsCl, 2,6-lutidine, CH2Cl2. 75% b) 

NaN3, DMF, 85 °C c) NaH, BnBr, THF d) AcOH, e) NaIO4, CH2Cl2/H2O, 82% f) 

Ph3PCH3I, NaHMDS, THF -78 °C, 67%
 

The thermally promoted intramolecular cycloaddition of 17 was investigated. 

Heating in DMF or toluene gave, in a stereoselective manner, the 1,2,3-triazoline 

18. A fraction containing the aziridine 19 was obtained after treatment of 19 with 

silica gel, suggesting that the acidic nature of the gel promoted loss of nitrogen. 

The aziridine was treated with 10% Pd-C to give an inseparable mixture of 20 

and 21. The formation of 21 is explained by hydrolysis of the aziridine in the 

presence of adventitious water.  

 

Scheme 1.5 Thermally promoted intramolecular cycloaddition 
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The stereoselectivity was rationalized by comparing the relative energy of two 

proposed transition states 17a and 17b (Fig 1.28). Allylic strain destabilizes the 

transition state conformer 17b compared with 17a and progression of the 

reaction through 17a gives an identical configuration to DNJ.  

 

Fig 1.28 Proposed transition states for Huisgen cycloaddition 

The one-pot conversion of 17 with a variety of nucleophiles was also 

investigated. Alkene 17 was heated in toluene for 1 h and then reagents were 

added and heating continued (Table 1.2). 

 

Entry Reagents and Conditions Products 

1 70% AcOH, 110 °C, 1 h Inseparable mixture 

2 70% AcOH, rt, 15 h 
Aziridine 19 (15%),                                            
Azepane 22 (33%),                                    

2-O-benzyl DNJ (14%) 

3 
Toluene, 110 °C, 1 h, then NaN3 
(5.0 eq), AcOH (1.5 eq) 

23 (R = N3, 35%) 

4 
Toluene, 110 °C, 1 h, then 
MeOH  60 °C, 1 ha 

24 (R = OMe, 20%) 

5 
Toluene, 110 °C, 1 h, then AcOH 
(5.0 eq), 110 °C, 1 ha 

25 (R = OAc, 45%) 

6 
Toluene, 110 °C, 1 h, then PhSH  
rt, 15 ha 

26 (R = SPh, 57%) 

a
Toluene removed before addition of reagents 

Table 1.2 Summary of one-pot investigations 
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This thesis describes the continuation of this work, with 1,3-dipolar 

cycloadditions carried out using a modified intermediate of the type below 

(Scheme 1.6). 

 

Scheme 1.6 General Intermediate towards iminosugar C-glycosides 

By introducing an aliphatic group (R) to give a secondary azide and using similar 

methodology as seen previously, we propose to synthesize C-glycoside 

iminosugar analogues. Specifically we will introduce a vinyl group at this 

position, creating an allylic azide, to investigate the Huisgen cycloaddition in our 

preparation of iminosugar C-glycosides. 

1.4.3 The Allylic Azide Rearrangement 

Azides can be valuable functional groups in organic synthesis. They are useful 

building blocks in the preparation of heterocycles and nitrogen-containing 

compounds and are inert under acidic and basic conditions. They are often used 

in powerful transformations including the Staudinger reaction, Schmidt reaction, 

Curtis rearrangement and the aza-Wittig reaction. They have a special reactivity 

in cycloadditions, pericyclic reactions and more recently in ñClickò reactions.
120-

122
 

 

Fig 1.29 Resonance structures and reactivities of azides 
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Their unusual reactivity is due to the polar mesomeric resonance structures A-C 

(Fig 1.29), explaining the dual nucleophilic and electrophilic character of the 

proximal and distal nitrogens.  

The ability of allylic azides to undergo [3,3]-sigmatropic rearrangement was first 

reported by Winstein and Young
123

 in 1960 and Heasley and VanderWerf in 

1966.
124

 The rearrangement generally occurs at room temperature, creating an 

interconverting mixture of isomers (Fig 1.30).  

 

Fig 1.30 The allylic azide rearrangement 

The rearrangement has also been interpreted as a 1,3- and 1,1-intramolecular 

dipolar cycloaddition and cycloreversion involving a strained triazoline as an 

intermediate (Fig 1.31).
112

 

 

Fig 1.31 Dipolar cycloaddition and cycloreversion 

Trost
125

 reported on the presence of intramolecular hydrogen bonding between 

allylic azide and free hydroxyl groups leading to a shift in the equilibrium of 

isomerisation. The 1,2-isomer was favoured (9:1) due to intramolecular hydrogen 

bonding occurring, which is not possible with the 1,4-isomer (Fig 1.32). 
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Fig 1.32 Intramolecular H -bonding between azides and alcohols 

Sharpless and co-workers investigated the selectivity of the allylic azide 

rearrangement, comparing primary, secondary and tertiary aliphatic allylic azides 

(Fig 1.33). A trapping experiment was carried out, reacting each type of azide 

with phenylacetylene using a copper catalyst. Both steric and electronic effects 

were shown to influence the reactivity of allylic azides.
126
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Fig 1.33 Selectivity in the allylic azide rearrangement
126

 

Excellent selectivity was shown between primary vs. tertiary and secondary vs. 

tertiary, with no detectable products arising from tertiary azides. Mixtures were 

detected when comparing primary and secondary allylic azides (~7:3, 1°:2°). On 

introducing a free hydroxyl adjacent to the allylic azide, evidence showed that 
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the H-bonding effects between the hydroxyl and the azide groups could 

significantly alter the equilibrium in these dynamic systems. The equilibrium 

between primary and secondary allylic azides changed significantly (~1:1, 1°:2°). 

Sluggish rearrangement rates can be due to inductive electronic effects and 

hydrogen bonding effects. 

Aubé and co-workers demonstrated how differences in the azides reactivity 

patterns and the effect of substituents can prove advantageous. They combined 

the allylic azide rearrangement and the intramolecular Schmidt reaction to 

prepare substituted lactams stereoselectively (Scheme 1.7). They found that by 

altering substituents and their orientation, they could change the outcome of the 

reaction and the products.
127

 

 

Scheme 1.7 Stereocontrol in a combined allylic azide rearrangement and 

intramolecular Schmidt reaction
127

 

Although possible to take advantage of the significant stereochemical differences 

between substrates; this rearrangement is generally viewed as a liability in 

organic synthesis and as a functional group is avoided. In this work we propose 

to make use of the allylic azide rearrangement in tandem with the 1,3-dipolar 

cycloaddition to prepare iminosugar C-glycosides (Scheme 1.8). 



Introduction to Iminosugars Chapter 1 

29 

 

 

Scheme 1.8 Proposed route for the tandem allylic azide rearrangement ï 

Huisgen 1,3-dipolar  cycloaddition 

The key reaction will not be without difficulties. The tandem rearrangement ï 

cycloaddition will have the potential of producing two new stereogenic centers at 

C-1 and C-5. All  four allylic azide isomers (E, Z, R and S) could exist in a 

dynamic equilibrium. We hypothesised that either the R- or S-isomer would be 

more reactive in an intramolecular cycloaddition and lead to the 

diastereoselective formation of piperidines via triazoline and aziridine 

intermediates, generating two new stereocenters (Fig 1.34). 

 

Fig 1.34 Possible isomers of proposed intermediates 
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1.5 Thesis Aims and Target Compounds 

In the general introduction, motivation for this project has been outlined. The 

main aim was to investigate the tandem allylic azide rearrangement ï Huisgen 

cycloaddition towards the preparation of iminosugar C-glycosides. These small 

carbohydrate mimetics have huge medicinal potential, particularly as potent 

glycosidase inhibitors. Their synthesis is challenging and it is important to 

develop novel pathways to natural and non-natural iminosugars.  

 

Fig 1.35 Target Compounds 

These analogues, 1-C-ethylene-deoxynojirimycin (27), 1-C-ethylene-

deoxymannojirimycin (28) and 1-C-ethylene-deoxygalactostatin (29), arising 

from triazoline decomposition could potentially give a range of different 

analogues by using different nucleophiles (R = -OH, -OR, -N3, -SR). The alkene 

moiety could be exploited by a range of different methods such as oxidation to 

give access to natural products HNJ (1) and HMJ (3). Cross metathesis or 

addition reactions of the terminal alkene would allow preparation of iminosugar 

conjugates. This thesis deals with the investigation of these possibilities.



 

 

 

 

 

 

 

Chapter 2  

Homonojirimycin Derivatives from D-Glucono-ŭ-

lactone 
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2.1 Introduction  

2.1.1 Previous syntheses of homonojirimycin and analogues 

Few polyhydroxylated piperidine alkaloids are commercially available; there 

have been many attempts to develop methods to prepare this class of compounds. 

Ŭ-HNJ was first prepared from the bisulfite adduct of nojirimycin in 8 steps 

(Scheme 2.1).
128

  

Scheme 2.1 Synthesis of Ŭ-HNJ from NJ  

The first total synthesis of Ŭ-HNJ was reported in 1990 by Kibayashi and co-

workers. The chiral allylic alcohol was prepared from diethyl L-tartrate in 6 

steps. The cyclisation step was carried out using Et3N in refluxing methanol and 

deprotection in acid gave the final product in 68% yield (Scheme 2.2).
129

 

Scheme 2.2 First total synthesis of Ŭ-HNJ 

Both anomers of HNJ were prepared via a chemoenzymatic approach. The lactol 

synthesised from cis-but-2-ene-1,4-diol was a suitable substrate for rabbit muscle 

fructose 1,6-bisphosphate aldolase. Hydrogenation gave Ŭ- and ɓ-HNJ with high 

selectivity (Scheme 2.3).
130
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Scheme 2.3 Chemoenzymatic approach to Ŭ- and ɓ-HNJ 

Martin and Saavedra prepared ɓ-HNJ stereoselectively via a double reductive 

amination of a 2,6-heptodiulose using ammonium formate and NaBH3CN. The 

diketone was prepared from tetra-O-benzyl- -glucono-1,5-lactone (Scheme 

2.4).
131, 132

  

Scheme 2.4 Synthesis of ɓ-HNJ 

Blériot and co-workers showed that N-benzyl pentahydroxy-azepanes undergo 

ring isomerization during mesylation of the hydroxyl group beta to the nitrogen. 

This is promoted by neighbouring nitrogen participation, forming an aziridine 

which is trapped by chlorine. The resulting chloromethyl tetrahydroxy-

piperidines were converted into their corresponding homoglyconojirimycins 

(Scheme 2.5).
133
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Scheme 2.5 Ring isomerization to homoglyconojirimycins 

Compain and Martin have synthesised an eight-carbon homologue of HNJ, 

similar to the proposed target compounds in this thesis (Scheme 2.6), as a 

method of preparing glycoconjugate mimetics via cross metathesis. 

Intramolecular reductive amination of the amino-sorbose hemiketal liberated 

upon acidic hydrolysis of the isopropylidene provided the diastereomerically 

pure iminosugar in 66% yield.
134, 135

 

Scheme 2.6 Synthesis of homonojirimycin analogue 

Nicotra and co-workers carried out an intramolecular reductive amination to give 

the benzylated intermediate (Scheme 2.7). This intermediate was used to prepare 

bicyclic piperidines containing cyclic carbamate, urea and guanidine moieties.
105, 

136
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Scheme 2.7 Synthesis of homonojirimycin analogue 

2.1.2 Retrosynthesis 

For this work, D-glucono-ŭ-lactone was an obvious starting point for three 

reasons; a) It is a useful enantiopure scaffold from which homonojirimycin 

analogues could be obtained; b) Zhou and Murphy
116

 had used it as a starting 

point towards 1-DNJ derivatives and c) it is cheap and readily available. The 

retrosynthetic strategy to the C-glycoside derivatives was based on Zhouôs initial 

route, with some modifications (Scheme 2.8). 

An allylic alcohol could be introduced via a Grignard or Wittig reaction with the 

aldehyde derived from D-glucono-ŭ-lactone. The alcohol could be displaced to 

give the allylic azide, at which point the rearrangement would be observed. After 

introduction of the alkene moiety, an intramolecular Huisgen 1,3-dipolar 

cycloaddition could be carried out to give access to the 1,2,3-triazoline. This 

reaction would potentially produce two new stereogenic centres. Extrusion of 

nitrogen and subsequent reaction of the aziridine with nucleophiles would give 

access to iminosugar-C-glycoside analogues. Oxidation of the terminal alkene 

and deprotection would allow access to a natural product, homonojirimycin.  
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Scheme 2.8 Retrosynthesis from D-glucono-ŭ-lactone 

2.2 Results and Discussion 

2.2.1 Synthesis of Allylic Azide Intermediates 

The route began from 30, which was prepared from D-glucono-ŭ-lactone as 

described previously by Fleet and co-workers.
119

 

Scheme 2.9 Reagents and Conditions: a) p-TsOH, MeOH, Acetone, DMP, 

73%; b) BnBr, Ag2O, DMF, 9 ï 26% 

Protection of the free hydroxyl group of 30 proved troublesome. Benzyl bromide 

and NaH as a base were too harsh for this intermediate containing the methyl 

ester. Milder conditions using BnBr in the presence of silver(I)oxide in DMF 

provided the benzylated intermediate 31a, however, never with full conversion of 

the starting material resulting in poor yield of 31a. On one occasion, due to 

extended reaction times of 9 weeks, the benzylated product was isolated after 

difficult chromatographic separation in 40% yield. Previous publications in the 
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literature report 74% and 82% for this transformation.
137, 138

 More recently a 

paper reported similar problems and yields to those encountered here.
139

  

 

Other benzylation conditions were tested including neutral conditions reported 

by Poon and Dudley
140

 using 2-benzyloxy-1-methylpyridinium triflate (Scheme 

2.10). However, these conditions were not successful in increasing the yield or 

degree of reaction completion on a reasonably large scale.  

 

Scheme 2.10 Benzylation via benzyl trichloroacetimidate and 2-benzyloxy-1-

methylpyridinium triflate  

Other protecting groups were considered, though due to the chemistry required in 

later steps, few were considered suitable. The MOM ether was introduced using 

MOMCl in the presence of DIPEA to give the fully protected intermediate 31b in 

good yield. Although a considerable improvement in yield, this was not an ideal 

solution to the use of the benzyl ether, as MOMCl is highly toxic and 

carcinogenic and also expensive (10 eq were required for this step). Both 

benzylated and MOM protected intermediates were taken on.  

 

Scheme 2.11 MOM ether protection 

Reduction of 31a-b to the primary alcohol was carried out using lithium 

aluminium hydride. The alcohols 32a-b were oxidised using the Dess-Martin 
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periodinane (prepared according to the method of Ireland and Liu
141

) giving 33a-

b.  

 

Scheme 2.12 Reagents and conditions: a) LiAlH4, THF, 0 °C; b) Dess-Martin 

Periodinane, CH2Cl2, 0 °C 

Preparation of the allylic alcohol from the aldehyde was attempted with (2-

hydroxyethyl) triphenylphosphonium bromide and n-butyllithium; however this 

Wittig reaction did not give the desired allylic alcohol (Scheme 2.13). 

 

Scheme 2.13 Wittig reaction with (2 -hydroxyethyl) tripheny lphosphonium 

bromide 

The aldehydes 33a-b was reacted with a Grignard reagent, vinyl magnesium 

bromide, at -78 °C to give the allylic alcohol 34a-b as a mixture of syn- and anti-

isomers in a ~1:1 ratio. There was no attempt to control the stereochemistry at 

this point as it was assumed that once the azide was introduced the allylic 

rearrangement would occur in a dynamic fashion regardless of stereochemistry. 

Mesylation of the allylic alcohol, followed by exchange of the mesyl group for 

an azide gave the allylic azides 36a-b and as expected, the rearrangement 

occurred.  
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Scheme 2.14 Reagents and conditions: a) Vinyl MgBr, THF, 0 °C; b) MsCl, 

Et3N, CH2Cl2, 0 °C; c) NaN3, DMF, 100 °C 

There are four stereoisomers that this intermediate can potentially adopt. 

However, the only isomer observed by NMR was the trans-primary azide. It was 

not surprising that this was the most stable structure; it is known that secondary 

allylic azides rearrange faster than primary allylic azides and the more 

substituted alkene is favoured.
124

  

Next, the alkene moiety required for the cycloaddition was introduced. Different 

strength aqueous acetic acid solutions were tested; the terminal acetal group was 

cleaved selectively using 60% AcOH. These acidic conditions were not strong 

enough to cleave the MOM protecting group on 36b and 37b was isolated. 
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Scheme 2.15 Selective cleavage of terminal acetonide group 

Oxidative cleavage of the diol using NaIO4 gave aldehyde 38a-b in good yield. 

Compounds 39a-b were prepared via Wittig reaction using methyl 

triphenylphosphonium bromide with base. The Wittig conditions were 

investigated; varying the base (nBuLi, NaHMDS and LiHMDS) and 

temperatures (-78 °C ï rt). The best conditions found were treating the 

phosphonium salt with NaHMDS at -78 °C for 25 min, 0 °C for 15 min and rt for 

25 min. Then, upon re-cooling to -78 °C, the aldehyde was introduced and the 

mixture was stirred for 15 min then RT for 2 h. However, the yields were found 

to be variable (20 ï 55%).  

 

Scheme 2.16 Reagents and conditions: a) NaIO4, CH2Cl2/H2O; b) Ph3PCH3Br, 

NaHMDS, -78 °C to rt, 20 ï 55% 

The two intermediates 39a and 39b were prepared from -glucono-ŭ-lactone in 

10 steps. A few problematic reactions, protecting the secondary hydroxyl, the 

Grignard and the Wittig reactions led to difficulties in scaling-up and the 

isolation of low quantities of the desired intermediates. 
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2.2.2 Thermally promoted intramolecular cycloaddition 

With 39a-b to hand, the rearrangement ï cycloaddition was investigated. The 

heating of 39 to reflux in DMF gave, in a stereoselective manner, the 1,2,3-

triazoline 40 (Scheme 2.17).  

 

Scheme 2.17 Thermally promoted intramolecular cycloaddition 

The yields were significantly lower than that reported by Zhou
116

 (25% vs. 50%), 

due to the added complication of a tandem allylic-azide rearrangement. The 

cycloaddition reaction did not proceed fully to completion despite being left on 

for days/weeks; starting material 39a-b was always recovered. 

The stereochemistry at C-5 was easily assigned using J values and gave the same 

configuration as seen previously (Chapter 1, analogous with DNJ). Overlapping 

signals with the benzylated intermediate 40a made it difficult to confirm the 

stereochemistry at C-1. With 40b, JH1-H2 values isolated were found to be 5.8 Hz, 

which fall between typical J values for alpha or beta sugars (Fig 2.1). 

Comparisons with other J values and literature reports later on help to confirm 

the stereochemistry. 

 

Fig 2.1 J values for 1,2,3-triazoline 40b 
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The optimal temperatures and solvents in which to carry out the tandem 

rearrangement-cycloaddition reaction were investigated (Table 2.1).  

Conditions 
Product/Starting 

Material Recovered 
Yield 

DMF, 110 °C, 6 h 40 10 - 35% 

DMF, rt, 72 h 39 90% 

Toluene, 110 °C, 6 h 40 15% 

Neat, 80 °C, 5 min Decomposition - 

DMF, 70 °C, 12 h 39 90% 

EtOH, 78 °C, 12 h 39 80% 

CHCl3, 40 °C, 24 h 39 90% 

Xylenes, 140 °C, 6 h Decomposition - 

THF, 70 °C, 24 h 39 90% 

H2O, 100 °C, 24 h 39 and decomposition 50% 

ACN, UV, 250 W, 10 min ς 24 h Decomposition - 

Table 2.1 Temperatures and solvents 

Raised temperatures were required for the rearrangement ï cycloaddition to 

occur. The optimal temperature for this cycloaddition was determined to be 

between 90 ï 110 °C. Below this, starting material was recovered exclusively or 

after long periods, starting material and decomposition. Above this range, 

complete decomposition was observed. Increasing the reaction temperature is 

restricted by the thermal lability of most triazolines; some triazolines decompose 

spontaneously at room temperature. Long reaction times gave decomposition of 

azide 39 and triazoline 40. 

Referring to experiments carried out by Zhou, a series of one-pot investigations 

were carried with little success. It was thought that by eliminating the isolation of 

the unstable intermediate, the triazoline, the iminosugar derivatives could be 

prepared directly from 39, however, due to the small amounts of the triazoline 

being generated, this was difficult. 
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Conditions Product Yield 

DMF, then AcOH, 100 °C, 24 h 41a Nu = OAc 11% 

DMF, AcOH, NaN3, 110  °C, 41b Nu = N3, 41a Nu = OAc 9% 

Tol, 110 °C, then H20 at rt Decomposition - 

Tol, 110 °C, then PhSH at rt Decomposition - 

Tol, 110 °C, then NaN3 at rt Decomposition - 

Tol, 110 °C, then MeOH at rt Decomposition - 

Table 2.2 Attempts to react triazoline in situ with nucleophiles 

Heating in DMF first and then adding AcOH led to the isolation of one product 

which was characterised as the 6-O-acetylated sugar 41a. The JH1-H2 value for 

41a was determined as 8.9 Hz (appendix 1). This indicated the beta anomer had 

formed. 

Using NaN3 as a nucleophile, in the presence of AcOH, led to a mixture of 

products obtained, containing the 6-azido product as confirmed by infrared 

spectroscopy (strong peak at 2103 cm
-1

). When the cycloaddition was carried out 

using only NaN3, (no acid present), starting material 39 was recovered 

exclusively.  

We attempted to open the triazoline ring using stronger acidic conditions, HCl or 

H2SO4, hoping to generate the 6-OH or 6-Me products. These conditions 

appeared too harsh for the triazoline. Due to the presence of acid-labile 

protecting groups on 40b, complex mixtures were observed. It was clear that 

although the strength of the acid and its addition to the reaction needed to be 

controlled, the use of acid was necessary for the breakdown of the triazoline ring 

into desired products. 

There are a few reasons that could account for the poor yielding cycloadditions: 
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¶ Higher ratio of the primary (1°) to secondary (2°) azide (exclusively 1° at 

rt) leading to slow formation of products 

¶ Carbon-carbon double bonds that are neither strained nor interacting with 

electron-donating or electron-withdrawing or conjugating substituents 

react slowly with azides
111

  

¶ Intramolecular 1,3-dipolar cycloadditions are possible wherever 

flexibility of the molecule can accommodate the required transition-state 

geometry, i.e. if sufficient overlap of the reacting species is not obtained, 

the cycloaddition will be sluggish or not proceed 

2.2.2.1 Di-substituted Alkene Intermediates 

In an attempt to optimise the cycloaddition reaction, we considered using di-

substituted alkenes. Strained alkenes have been reported to react faster in these 

types of cycloadditions.
111

 It was thought that by introducing substituted alkenes 

this would have an effect on the reactivity of the alkene; altering the 

cycloaddition reactivity. 

From intermediate 38, a number of Wittig reagents were investigated in order to 

access di-substituted alkenes with varying degrees of success. Yields were quite 

poor (Scheme 2.18). 

 

Scheme 2.18 Synthesis of di-substituted alkenes 

Upon heating 42a-c in DMF, no desired products were isolated. Starting material 

was usually recovered in good yield. Conjugated dipolarophiles are generally 

reported to be more reactive than unconjugated dipolarophiles, however in the 



HNJ Derivatives from D-Glucono-ŭ-Lactone  Chapter 2 

45 

 

case of 42c, the bulky phenyl substituent possibly hinders the approach of the 

reactant groups and consequently decreases/blocks the rate of cycloaddition.
142

  

2.2.3 Considering the Stereochemistry  

Although there were difficulties optimizing the low-yielding rearrangement ï 

cycloaddition of 39a-b; it was proceeding selectively. In every case, the 

triazoline was isolated as one stereoisomer (by NMR analysis). With J values 

obtained so far in the 
1
H NMR spectra (Fig 2.1), it was difficult to determine the 

structure as the alpha or beta-anomer.  

Minimization of the allylic strain in the transition state would account for the 

axial substituent forming at C-6. However, at the anomeric position, it was 

unclear why one stereoisomer would form preferentially (Fig 2.2). 

 

Fig 2.2 Proposed transition states 
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It is possible that the allylic azide rearrangement mechanism favours one isomer 

exclusively. Or, there could be a significant energy difference between the S- and 

R-isomers, due to more attainable alignment of the azide and alkene in the 

transition state. A molecular mechanics study was carried out on the four isomers 

of intermediate 39b to try to rationalise the stereoselectivity of the tandem 

cycloaddition. 

Structures were generated by Monte Carlo conformational search method and 

minimized by Macromodel 6.0. An MMFF94s force field was used due to the 

presence of an azide in the structures. The total energy was calculated, which 

include parameters such as stretch, bend, torsion, improper torsion, Van der 

Waals and electrostatic energies. The lowest relative energies of the different 

conformers were compared as an explanation for the preference of one 

conformer over another. Molecular mechanics is empirical and approximate, it is, 

however, a useful technique which is able to tackle many of the important 

questions in chemistry.
143

 

     

E (106.4201 kJ/mol) and Z (108.2329 kJ/mol) 

Fig 2.3 Lowest energy conformers of trans- and cis-isomers 39b (E and Z 

isomers and E values from Macromaodel) 
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S (222.4712 kJ/mol) and R (211.1941 kJ/mol) 

Fig 2.4 Lowest energy conformers of S- and R-isomers 39b (S and R isomers 

and E values from Macromodel) 

Azide 39b exists at room temperature in the trans-configuration as the major 

isomer observed by NMR. This correlates with the lowest total energy value 

106.4201 kJ/mol obtained for the E-configuration. The huge jump in energy 

required from the 1° azide to the 2° azide could explain the low yield of the 

cycloaddition. 

Additional conformational searches were carried out constraining the bond 

distances of the 2° allylic azides up to 1.0 ± 0.5 Ȕ and setting the dihedral angle 

(between the azide and alkene defined below) to zero to help provide a more 

accurate picture of the type of conformer that would undergo the cycloaddition 

(Fig 2.5 and 2.6). The allylic strain was minimised during the conformational 

search to account for the stereochemistry at C-6.
144, 145
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S (243.7666 kJ/mol) R (297.3574 kJ/mol) 

Fig 2.5 Lowest energy conformers of constrained isomers 39b (S and R 

isomers with dihedral angle defined set to zero and distances 1.5 Ñ 1 Ȕ 

From these models, the S-isomer looks to be approaching a chair conformer and 

was calculated to have a lower total energy value. The R-isomer looked to be 

approaching a boat-type transition state. Newman projections below show 

possible gauche interactions (Fig 2.6). Alignment of the alkene in the S 

configuration shows one possible gauche interaction versus two gauche 

interactions for the alkene in the R-isomer configuration.  

    

Fig 2.6 Possible transition states and Newman projections of S- and R-

isomers for 39b  

These factors could account for the stereoselectivity observed with the 

rearrangement-cycloaddition reaction and would predict favourable formation of 

the beta anomer. 
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2.3 Alternative Dipolarophiles 

A major advantage of the route described in this chapter is the preparation of 

intermediate 38 (Fig 2.7). This aldehyde can be exploited in a number of 

reactions. 

 

Fig 2.7 Aldehyde intermediate 

2.3.1 Schmidt/Boyer Reaction 

The Schmidt reaction (Scheme 2.19) is an acid-catalysed reaction of hydrogen 

azide with electrophiles such as carbonyls, tertiary alcohols or alkenes, followed 

by a rearrangement and extrusion of N2 to produce amines, nitriles, amides or 

imines.
146

 An extension of the Schmidt reaction using alkyl azides is the Boyer 

reaction.
147, 148

  

 

Scheme 2.19 Schmidt/Boyer reaction mechanism 
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Acidic conditions/Lewis acids (TFA, BF3.Et2O, TiCl4) are generally used to 

promote lactam formation. Zhou isolated the lactam derivative of DNJ after 

treating the aldehyde with TFA at rt (Scheme 2.20).
149

  

 

Scheme 2.20 Zhouôs lactam 

With the allylic azide intermediate 38, there was no trace of the lactam isolated 

after treatment with TFA at rt. The use of TiCl4 led to decomposition of the 

starting material after 5 min. Heat has been necessary in all previous experiments 

to promote rearrangement to the secondary allylic azide and allow cyclisation. 

Heating the aldehyde in the presence of TFA/AcOH did not give the desired 

lactam, just the deprotected intermediate. 

 

Scheme 2.21 Schmidt/Boyer reaction with allylic azide 

2.3.2 Huisgen Cycloaddition with nitrile dipolarophile 

Bicyclic systems with a piperidine ring fused to a tetrazole ring, often with 

enhanced glycosidase inhibitory activity, have been reported (Fig 2.8).
65, 150

 This 
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has been attributed to their greater rigidity, locking their conformation favouring 

inhibition.
67

  

Fig 2.8 Bicyclic iminosugar-tetrazoles as inhibitors
9
  

Tetrazoles have uses as bioisosteric replacements for carboxylic acids in drug 

design; they have similar pKa and cLogP (Fig 2.9).
151

 

 

Fig 2.9 Tetrazoles as bioisoteric replacement for carboxylic acids 

Aldehyde 38 was reacted with iodine in a mixture of aq ammonia and THF at rt 

to give the nitrile 43 in good yield.
152

 Upon heating to reflux for 3 days only 

starting material was recovered. The reaction was also tested using the MW 

reactor and only starting material recovered.  

Scheme 2.22 Synthesis of nitrile dipolarophile 

The reactivity of dipolarophiles decreases with the introduction of a heteroatom 

(alkynes>alkenes>heteroatoms).
111

 Demko and Sharpless demonstrated that a 
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heteroatom (N, O, S) adjacent to the nitrile dipolarophile increases its reactivity 

in inter- and intra-molecular cycloadditions with azides,
153, 154

 however it was not 

possible to easily introduce a heteroatom to the intermediates prepared here. 

2.3.3 Huisgen Cycloaddition with alkyne dipolarophile 

A 1,3 dipolar cycloaddition reaction between an azide and a terminal alkyne with 

elevated temperatures can give rise to a mixture of regioisomers 1,4- and 1,5-

triazoles (Scheme 2.23).  

 

Scheme 2.23 Azide-alkyne 1,3-dipolar cycloaddition 

Meldal
155

 and Sharpless
156

 working independently, introduced the copper 

catalysed variant, which gives rise to the 1,4-regioisomer exclusively via a 

different mechanism (Fig 2.10).
157

 More recently, a ruthenium based 

cycloaddition has also been introduced which gives 1,5-disubstituted 

regioisomers exclusively.
158

  

 

Fig 2.10 CuAAC mechanism 
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There is interest in triazoles and triazole-fused compounds as targets for 

medicinal purposes.
159, 160

 Examples of triazole-fused iminosugars as inhibitors 

are shown (Fig 2.11).  

Fig 2.11 Reported iminosugar-fused triazole glycosidase inhibitors
83

 

Zhou carried out an intramolecular 1,3-dipolar cycloaddition with an azide and 

an alkyne to give the 1-DNJ derivative.
161

 

 

Scheme 2.24 Zhouôs synthesis of a 1-DNJ triazole derivative 

To prepare an allylic-azide intermediate with the alkyne dipolarophile, the 

aldehyde 38 was reacted with the Ohira-Bestmann reagent and base in MeOH. 

The Ohira-Bestmann reagent, (Dimethyl 1-diazo-2-oxopropyl phosphonate) was 

prepared by the reaction of dimethyl-2-oxopropylphosphonate and p-acetamido-

benzenesulfonyl azide (Scheme 2.25).
162
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Scheme 2.25 Synthesis and reaction of Ohira-Bestmann reagent 

The mechanism of the Ohira-Bestmann is shown (Scheme 2.26). The 

phosphonate adds to the carbonyl compound forming an alkoxide to give an oxa-

phosphetane. A cycloelimination gives a dimethyl phosphate anion and a diazo-

alkene (comparable to the Wittig reaction mechanism). Upon loss of nitrogen a 

vinylidene carbene is formed that undergoes a 1,2-migration of the hydrogen 

substituent to give the desired alkyne. 

 

Scheme 2.26 Ohira-Bestmann mechanism 

The alkyne 44 was heated in DMF to give the iminosugar fused triazole 45 

observed in good yield (60 ï 73%); this was much higher than the azide-alkene 
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cycloaddition and comparable with Zhouôs experiment. Alkynes are generally the 

most reactive partners for azides in these types of cycloadditions.
111

 

 

Scheme 2.26 Preparation of triazole  

Again, one stereoisomer was formed exclusively. The JH1-H2 value of 45 were 

larger than seen previously (6.6 Hz vs. 5.8 Hz), but still not typical of ɓ. Upon 

deprotection, the JH1-H2 value (8.3 Hz) seemed to indicate an equatorial orientated 

alkene (Scheme 2.27).  

 

Scheme 2.27 Deprotection of triazole and J values 

1D 
1
H NOE experiments carried out also indicated the beta structure (Fig 2.12). 

 

Fig 2.12 NOE couplings for 45 
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A coupled 
13

C NMR was carried out, determining JC1-H1 values for 45 to be 142.4 

Hz (Fig 2.13). The other J values observed can be due to 
2
JC1-H1 and 

3
JC1-H1 

couplings. While, there are no reported JH1-C1 values for iminosugars in the 

literature, there are values for carbohydrates. A series of JH1-C1 values for 

iminosugars could show a trend and indicate the formation of  hor ɓ products 

(see appendix 1). A crystal structure of the protected triazole 45 confirmed the ɓ-

product (Fig 2.14).  

 

Fig 2.13 Coupled 
13

C NMR spectrum of protected triazole 45 
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Fig 2.14 Crystal structure of ɓ-triazole 45  

The S-configuration in the triazole intermediate could be preferred, leading to the 

ɓ-anomer. Models of the two isomers are shown below (Fig 2.15). The distance 

between the azide and alkyne were set to 1.5 Ñ 1 Ȕ and the dihedral angle set to 

zero (defined as before in Fig 2.5). There could be a steric interaction of the 

alkene group in the axial position of the R-isomer destabilising this conformer. A 

lower energy transition state could allow for the favourable formation of the beta 

anomer. As discussed previously (Fig 2.6), unfavourable gauche interactions 

with the alkene in the R-isomer could allow for the stereoselective formation of 

the beta-anomer. 
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S (208.3246 kJ/mol) and R (213.3112 kJ/mol) 

Fig 2.15 Proposed transition state of azide-alkyne cycloaddition 

While the yields were much improved on using the alkyne in the cycloaddition, it 

was thought that by using either the ruthenium or copper catalyst, the yields 

would improve further. However, the observed yields were slightly lower than 

with no catalyst (Table 2.3). 

 

Exp Conditions Yield (%) 

1 DMF, 100 °C 60 - 73 

2 CuI, Na ascorbate, H2O/tBuOH, rt, then heat 45 

3 Cp*RuCl(cod), DMF rt, then heat 30 

Table 2.3 Catalysed azide-alkyne cycloadditions 
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Although the difficulties associated with reacting and handling the 1,2,3-

triazolines, their advantage is that there are more options for functionalization. 

Triazoles are stable and generally do not break down. Attempts were made to 

functionalize the alkynes before carrying out the cycloaddition; alkylation 

reactions of the alkynes were carried out using acid chlorides like methyl 

chloroformate in the presence of base (nBuLi) to no success.
163

 Introducing a 

halide using N-iodosuccinimide and AgNO3 also proved futile.
164

  

2.3.3.1 Oxidation of alkene moiety 

Yu
165

 describes a procedure for the oxidative cleavage of olefins by OsO4, NaIO4 

and 2,6-lutidine. Oxidation of the alkene 45 to the diol was carried out using 

catalytic OsO4, followed by addition of NaIO4 for oxidative cleavage. The 

aldehyde was not isolated to prevent epimerisation at the anomeric center 

occurring. NaBH4 was added to the crude aldehyde to give the hydroxyl 47. The 

oxidation proceeded very slowly with low conversion of starting material. 

 

Scheme 2.28 Reagents and conditions: a) OsO4, 2,6-lutidine, NaIO4, 

Dioxane/H2O b) NaBH4, EtOH 

Ozone is often preferred for these oxidations (Scheme 2.30). An A2Z MP-8000 

Corona Discharge Ozone Generator was used to carry out this step. 

An exothermic cycloaddition of ozone with an alkene generates a primary 

ozonide, which has limited stability and undergoes cycloreversion to a carbonyl 

oxide and a carbonyl. These species readily undergo another cycloaddition to 

give an ozonide or other products. The ozonide reacts with reducing agents to 

product the aldehyde.  
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Scheme 2.29 Mechanism of alkene ozonolysis 

Dussault and co-workers have carried out the ozonolysis of alkenes in a 

solvent/water mixture to aldehydes and ketones.
166

 A mixture of O2/O3 was 

bubbled through a solution of the protected triazole in acetone/H2O. Sudan Red 

7B indicator was used to visually determine conversion of the alkene and prevent 

over oxidation of the compound. The crude aldehyde was reduced using NaBH4 

in EtOH (Scheme 2.30) to give compound 47 in 56% over two steps. 

Scheme 2.30 Reagents and conditions: a) O3/O2, Acetone/H2O, 0 °C b) NaBH4, 

EtOH, 56% over two steps 

The JH1-H2 values of 47 were determined as 6.2 Hz, which were comparable to 

previous triazole intermediates. A coupled 
13

C NMR experiment was carried out 

to determine JH1-C1 values (J = 145.7 Hz) (Fig 2.16), which correlated with 

previous values. 
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Fig 2.16 Coupled 
13

C spectra of 47 

Deprotection of 47 in methanolic acid gave the final product, a new compound, 

48 in 88% yield (Scheme 2.31). The JH1-H2 values were determined as 9.3 Hz. A 

coupled 
13

C NMR experiment was carried out to determine JH1-C1 value (J = 

145.1 Hz) (Fig 2.17).  

 

Scheme 2.31 Deprotection of 47  
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Fig 2.17 Coupled 
13

C NMR spectrum of unprotected triazole 48 

All of the JH1-C1 values determined have been in close agreement with each other. 

2.4 Conclusions 

A route was devised based upon previous chemistry carried out by Dr Ying 

Zhou. Overall this route provided allylic azide intermediates in 10 steps from -

glucono-ŭ-lactone. The benzylation step, Grignard and Wittig reactions led to 

isolation of intermediates in poor overall yields. Upon investigation of the key 

step, it was noted that the cycloadditions seemed more complicated than seen 

previously with the primary azide. It was however, a stereoselective 

cycloaddition leading to a beta-configuration. The one-pot experiments were 

mostly unsuccessful due to low yields of the triazoline.  

Molecular mechanics was used to rationalise the stereochemistry of the key 

reaction. All constrained stereoisomers show a lower relative energy in the 

transition state for the S-isomer. There are fewer gauche interactions for the 

alkene in the S-configuration. These reasons perhaps indicate why the beta-

product is observed exclusively over the alpha. 
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A valuable intermediate, aldehyde 38, gave scope for other dipolarophiles to be 

introduced. The alkyne dipolarophile was a successful precursor to 1,2,3-triazole 

products, stereoselectively giving the ɓ-product (confirmed by NMR and X-ray 

crystallography). 

In summary, this route showed some encouraging results, particularly the 

stereoselectivity of the tandem rearrangement ï cycloaddition. However, the 

various problems with this route hampered a full investigation. Alternative routes 

were considered towards the synthesis of the allylic azide intermediates and are 

discussed in the next chapters. 

 



 

 

 

 

 

 

Chapter 3 

Homonojirimycin Derivatives from Methyl Ŭ-D-

Glucopyranoside  
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3.1 Introduction 

3.1.1 A new route from methyl Ŭ-D-glucopyranoside  

Although the route discussed in Chapter 2 did allow for the stereoselective 

preparation of iminosugar analogues, it did suffer from a number of drawbacks. 

An alternative route from commercially available sugars, such as methyl Ŭ-D- 

glucopyranoside, was explored. A reductive fragmentation reaction was used to 

prepare the intermediates (Fig 3.1). 

 

Fig 3.1 Retrosynthesis 

Bernet and Vasella described the zinc-mediated reductive fragmentation of 

methyl 6-deoxy-6-halo-hexopyranosides.
167

 The activated zinc reacts with alkyl 

iodides in an iodine-zinc exchange followed by elimination to give the aldehyde 

(Scheme 3.1). Harsh conditions and high temperatures can lead to experimental 

difficulties. Madsen optimised the fragmentation of 6-iodo-6-deoxysugars using 

sonication.
168, 169
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Scheme 3.1 Mechanism of zinc-mediated reductive fragmentation 

There were many advantages to this synthetic route. It is shorter than the 

previous route; the alkene moiety is easily introduced and there is the potential to 

begin with any commercially available sugar to give access to the corresponding 

iminosugar C-glycosides. 

3.2 Results and Discussion  

3.2.1 Synthesis of mono-protected intermediates 

Using Gareggôs conditions, methyl Ŭ-D-glucopyranoside was heated in THF with 

triphenylphosphine, iodine and imidazole to give the 6-deoxy-6-iodo sugar 

49.
170-172

 The 6-iodo sugar was protected as benzyl, methyl and triethyl silyl 

ethers; protecting groups used had to be stable under the zinc reduction 

conditions and the chemistry of later steps. The fully protected intermediates 

50a-c were sonicated in a mixture of THF and H2O with pre-activated zinc dust 

for 2 - 4 h at 40 °C to give 51a-c. Aldehyde 51a was reacted immediately to 

prevent epimerization using Grignard conditions to give the allylic alcohol 52a 

as a mixture of syn- and anti-isomers (~1:1 ratio) (Scheme 3.2).  
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Scheme 3.2 Reagents and conditions: a) I2, Im, PPh3, THF, reflux, 79%; b) 

BnBr, NaH, DMF, 60%; c) IMe, KOH, DMF, 78%; d) TESCl, Im, CH2Cl2; e) Zn 

))), THF/H2O (9:1), 40 °C; f) Vinyl MgBr, THF, 67% 

Introducing the secondary azide to 52a proved difficult. A range of different 

conditions were tested (Table 3.1). The preparation of the mesylate, tosylate and 

triflate (entries 1, 2 and 9), were investigated and observed by NMR. However, 

after chromatography, decomposition was observed and when brought on 

directly, no azido products were isolated.  
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Exp Conditions 

1 
MsCl, Et3N, CH2Cl2, rt and -78 
°C, then NaN3, DMF, reflux 

2 
TsCl, Et3N, CH2Cl2, rt,              
then NaN3, DMF, reflux 

3 
PPh3, DIAD, DPPA, THF, 0 °C to 
rt 

4 
PPh3, DIAD, Me3SiN3, TBAF, THF, 
0 °C to rt 

5 DPPA, DBU, 0 °C to rt 

6 DPPA, DBU, NaN3 0 °C to rt 

7 pNO2DPPA, DBU, rt 

8 pNO2DPPA, DIAD, 0 °C to rt 

9 
Py, Tf2O, CH2Cl2, 0 °C to rt,    
then NaN3, DMF, rt 

Table 3.1 Azidation reactions 

An alternative route via the Wittig reaction involved heating 51a-c with 

(carbethoxymethylene)triphenylphosphorane in toluene to give the Ŭ,ɓ-

unsaturated esters 53a-c in good yields. Compounds 53a-c were reduced using 

DIBAL -H at -78 °C to give 54a-c. The azide was introduced using Mitsunobu 

type conditions to give 55a-c. The fully protected allylic azides were all observed 

as 1° trans-allylic azide by 
1
H NMR (and as seen previously in Chapter 2). 
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Scheme 3.3 Reagents and conditions: a) Ph3PCHCO2Et, Tol, reflux; b) 

DIBAL -H, CH2Cl2, -78 °C; c) PPh3, DIAD, DPPA, THF 

3.2.2 Cycloaddition Investigations 

Next, the thermally promoted intramolecular cycloaddition of the above allylic 

azides were investigated. However, in the case of these intermediates, heating 

55a-c in DMF for approx. 8 h did not lead to any cyclized products being 

isolated. 

 

Scheme 3.4 Tandem rearrangement ï cycloaddition 

A wide range of conditions, in attempts to optimise the rearrangement-

cycloaddition, were carried out. Varying temperatures and solvents (as described 

in Chapter 2, Table 2.1), using additives (Table 3.2), carrying out one-pot 
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investigations and experimenting with a microwave reactor, did not lead to any 

of the desired products to be observed. 

Some Lewis acid catalysts are reported to co-ordinate to alkenes and/or nitrogen 

functionalities
173, 174

 and many reactions are reported to be improved in their 

presence.
118, 175, 176

 A range of catalysts were chosen due to the co-ordination 

abilities and availability. However, when conditions were too mild; starting 

material was recovered from the reaction and under harsher conditions; 

decomposition was observed.  

 

Conditions Product Yield 

Lewis Acids: AlCl3, TiCl4, FeCl3, 
ZnI2, ZnCl2, BF3.Et2O 

55a-c and decomposition - 

TfOH, CH3CH2CN Decomposition - 

DMF, NEt3/TFA, rt, 24 hr 55a-c 60% 

DMF, I2, 100°C Decomposition - 

Pd(OAc)2 Decomposition - 

Table 3.2 Use of additives to promote cycloaddition 

The fully deprotected intermediate was also prepared. Compound 55c was 

reacted with tetrabutylammonium fluoride to cleave the TES ethers
177

 and give 

the fully deprotected intermediate 56. This triol was observed as a ~1:1 mixture 

of 1° cis- and trans-allylic azides, most likely due to intramolecular hydrogen 

bonding.
125

 Again heating in DMF, the fully deprotected intermediate did not 

lead to any cycloaddition products (Scheme 3.5). 
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Scheme 3.5 Reagents and conditions: a) TBAF, THF, 76% b) Ac2O, Py c) 

DMF, 100 °C 

Acetyl groups were introduced to 56 as electron withdrawing groups (compared 

with benzyl and methoxy protecting groups) to possibly alter the reactivity. Exact 

equivalents of Ac2O were necessary to stop acetylation of the azide functionality. 

Heating of 57 in DMF, gave recovered starting material in 88%.  

A new route had been developed and a range of allylic azide intermediates 

prepared, however, the rearrangement-cycloaddition had not occurred upon 

heating any of the intermediates.  

3.3.3 Synthesis of óconformationally constrainedô intermediates  

For 1,3-dipolar cycloadditions to occur, a highly organised transition state is 

required to allow sufficient overlap of the HOMO and LUMO orbitals. If overlap 

is not sufficient, the reaction can be quite slow and sluggish or not occur at all. 

 

Fig 3.2 HOMO and LUMO overlap of azide-alkene cycloaddition 

Previously, the 1,2,3-triazoline was successfully isolated from intermediate 39 

(Chapter 2); while only starting material or decomposition had been observed 

from intermediates 55a-c, 56 and 57 (Chapter 3). Considering the two general 

structures of the allylic azide intermediates (Fig 3.3), it could be that the diol 

isopropylidene protecting group is acting as a conformational constraint, 
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allowing sufficient overlap of the azide and alkene for the cycloaddition to 

proceed upon heating, which is not occurring on the intermediates discussed so 

far in this chapter. 

 

Fig 3.3 Structures of intermediates from Chapter 2 vs. Chapter 3 

To test this theory, an isopropylidene group was introduced selectively to the C-4 

and C-5 hydroxyls of the triol 56. Acetonide 58 was observed as a mixture of 1° 

cis- and trans-isomers. 

 

Scheme 3.6 Introduction of diol scaffold 

Acetylation of the free 6-OH to give 59 was used to verify that the acetonide had 

been introduced at C-4 and C-5. There was significant downfield shift (~1 ppm) 

of the 
1
H NMR signal for the C-6 proton; this shift is commonly observed for a 

CH proton after acetylation of an adjacent hydroxyl group. The use of 2D-

heteronuclear multiple bond correlation spectroscopy (HMBC) of 59 showed the 

required three bond correlation between the carbonyl of the acetyl group with H-

6 (Table 3.3, Fig 3.4 and 3.5).  
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Scheme 3.7 Acetylation of free hydroxyl 

 

Compound 
1
H NMR (500 MHz, CDCl3) 

58 
ŭ 4.09 (t, J = 4.8 Hz, 1H, H-6), 4.05 

(t, J = 5.1 Hz, 1H, H-6b); 

59 ŭ 5.38 ï 5.33 (m, 2H, H-6a, H-6b) 

 

Table 3.3 
1
H NMR data for  H-6  

 

 

 

 
Fig 3.4 

1
H NMR downfield shift comparison for 58 and 59 
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Fig 3.5 HMBC spectra of 59 

Heating 58 in DMF allowed the cycloaddition to occur and gave the 1,2,3-

triazoline 60 as the major product in yields similar to those seen previously 

(~30%). Again the stereochemistry at C-6 was easily assigned using J values and 

gave the same configuration as before. J values isolated for the anomeric carbon 

were JH1-H2 6.4 Hz. This value, as before (5.8 Hz), falls between typical alpha 

and beta ranges. However, based on experimental and modelling data carried out 

as described in Chapter 2, it is most likely the beta anomer forming. 

 

Scheme 3.8 Cycloaddition reaction 

On one occasion, the migration product of the 1,2-dioxolane 58 to the 1,3-

dioxane 61 was isolated. The dioxane was heated in DMF for 24 h which 
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resulted in full recovery of 61. From this experiment, it was concluded that 

protection of the 1,3-diol does not allow the intramolecular cycloaddition to 

occur (Scheme 3.9). 

 

Scheme 3.9 Cycloaddition of dioxolane-protected azide 61 

The free hydroxyl on compound 58 was also protected using benzyl bromide, to 

provide a direct comparison with compound 39a (Chapter 2). Intermediate 62 

was more stable than 58 and existed exclusively as the 1° trans-allylic azide (by 

1
H NMR). Heating compound 62 in DMF gave the triazoline 63 in 15 - 23% with 

recovered starting material 45%. This compared with yields obtained from the 

intramolecular cycloaddition of 39b. Nucleophilic attack of AcOH on the 

triazoline gave the 6-acetylated iminosugar 64.  

 

Scheme 3.10 Reagents and conditions: a) BnBr, NaH, DMF, 82%  b) DMF, 

100 °C, 23% c) DMF, AcOH, 100 °C, 40% 
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It was not possible to isolate JH1-H2 values for triazoline 63. JH2 values for 64 

were resolved and determined JH2-H1 to be 5.8 Hz. This value correlates with 

values isolated previously and is most likely beta. 

3.3.3.1 Optimisation of rearrangement-cycloaddition reaction 

The rearrangement-cycloaddition was proceeding, however still at low yields. 

We looked at ways in which to improve this. 

The thermally promoted cycloaddition of 58 carried out in HPLC grade DMF (by 

chance) led to the isolation of trace amounts of a side product. This was 

determined to be the 6-OH iminosugar 65, perhaps due to adventitious water 

present in the lower grade DMF. The JH1-H2 value in 65 was 7.8 Hz (apt triplet), 

which would be more indicative of the beta anomer than previous values 

isolated. Deprotection of 65 in acid gave 66 (signals were overlapping; J values 

were not isolated). 

 

Scheme 3.11 Reagents and conditions: a) HPLC grade DMF, 100 °C; b) aq 

AcOH, 24% 

It was thought that by perhaps varying the ratio of DMF to H2O, optimal 

conditions could be determined for the synthesis of 66. An experiment carried 

out with 0.5 to 5 eq of H2O in DMF gave the starting material 12 - 15% and the 
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triazoline 10 ï 20%, however, no improvement on increasing the yield of the 6-

hydroxyl sugar was made. Often, difficulties were encountered in isolating 

compound 65 as a product, even in trace amounts. 

Many cycloaddition reactions have been reported to be improved by the use of a 

MW reactor.
178

 At the appropriate power and temperature, the cycloaddition 

proceeds in a shorter time period than in the oil bath. However, this appears to be 

the only advantage. Above the higher threshold, complete decomposition of the 

azide occurs in less than 5 min (Table 3.4). 

 

Conditions 58 60 Decomposition 

DMF, 80 °C, 200 W, 1 h 18% 15% - 

DMF, 150 °C, 200 W, 5 min - - 100% 

HPLC DMF, 80 °C, 150 W, 1 h 40% 15% - 

HPLC DMF, 150 °C, 300 W, 1 h - - 100% 

Table 3.4 MW studies 

3.3.3.2 Alternative diol protecting groups  

It had been determined that a constraint in the form of a diol scaffold is necessary 

for the cycloaddition to occur. There are a number of options for the protection 

of diol functional groups (Table 3.5).
179
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  Z R R' 

O-methylene C H H 

O-ethylidene C Me H 

O-cycloalkylidenes                    
(n=4 cyclopentylidene               
n=5 cyclohexylidene) 

C (CH2)n 

O-isopropylidene C Me Me 

O-benzylidene C Ph H 

O-benzylidene substituted           
Y = o-NO2, p-OMe, p-NMe2 

C 
Y-C6H4 H 

O-silylene Si Ph Ph 

O-alkylboron B Me Me 

O-cyanoalkylidene C Me CN 
O-(dimethylaminoalkylidene) C Me NMe2 

Table 3.5 Diol protecting groups 

Selected examples were investigated. The use of a p-methoxybenzyl group led to 

complex mixture of inseparable isomers due to lack of selectivity and additional 

chiral centers within the protecting group (Scheme 3.12). Heating the mixture 

did not lead to any cyclized products being isolated. 

Scheme 3.12 Reagents and conditions: a) p-Anisaldehyde dimethylacetal, 

pyridinium p-toluenesulfonate, DMF; b) DMF, 100 °C 

Protection of the triol 56 with a cyclohexylidene group gave, as with the 

isopropylidene, the 4,5-intermediate 67. Upon heating in DMF, the triazoline 68 

was observed, however in very poor yield. Isolated J values for H-1 to H-2 were 

6.5 Hz, which correlates with values for previous triazoline products. 
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Scheme 3.13 Reagents and conditions: a) Cyclohexanone, H2SO4, dioxane, 

73%; b) DMF, 100 °C, 5 ï 7% 

A 7-membered disiloxane protecting group was also investigated. From the triol 

56, a complex mixture was formed. Heating in solvent did not lead to any desired 

products. 

Scheme 3.14 Reagents and conditions: a) TiPDSiCl2, Im, DMF; b) DMF, 100 

°C 

3.3.3.3 Secondary allylic azides 

So far, we had looked at varying the reaction conditions (temperature, solvent 

additives etc.), different protecting groups and substituting the alkene 

dipolarophile, with little success in optimisation. Modifying the azide moiety had 

not yet been considered (Fig 3.6). Possibly, two secondary azides competing 

would allow for a shift in equilibrium towards the azide we wanted to react and 

result in higher yields. 

Fig 3.6 Possible equilibrium of two 2° azides competing 
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To prepare the substituted azide, a methyl group was introduced (Scheme 3.15). 

Intermediate 54c was reacted with the Dess-Martin reagent to give the aldehyde 

69 in good yield. Methyl magnesium chloride was used in the Grignard reaction 

to give the 2° allylic alcohol 70 as a mixture of isomers. Under Mitsunobu 

conditions with DIAD and DPPA, the azide was introduced and deprotection 

with TBAF gave azido-alcohol 72. The isopropylidene group was selectively 

introduced at the C-4 and C-5 position as before to give 73. Compounds 72 and 

73 were observed as complex mixtures of isomers. 

 

Scheme 3.15 Reagents and conditions: Dess-Martin Periodinane, CH2Cl2, 85%; 

b) MeMgCl, THF, 86%; c) PPh3, DIAD, DPPA, THF, 72%; d) TBAF, THF, 

71%; e) Acetone, H2SO4, 74%; f) DMF, 100 °C 

Azide 73 was heated in DMF for up to 24 h. However, mostly starting material 

was recovered (15 ï 55%). 

3.2.4 Consideration of the stereochemistry using molecular mechanics 

Some simple molecular mechanics studies were attempted in order to try to 

rationalise the results. Models of the R and S-allylic azides for both the fully 

deprotected compound 56 and the isopropylidene protected intermediate 58 were 

built and calculations were performed using the Maestro MacroModel molecular 

mechanics program as in Chapter 2. The lowest energy conformations generated 
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by conformational searches are shown below (Fig 3.7 and 3.8). The azide and 

alkene functionalities are in closer proximity for the protected compound 58, but 

still does not seem that they could be easily aligned for the cycloaddition to 

proceed. 

       

S (244.3788 kJ/mol) and R (248.4018 kJ/mol)  

Fig 3.7 Lowest energy conformers of 56 (R and S isomers and E values from 

MacroModel) 

 

 

S (208.6813 kJ/mol) and R (211.2844 kJ/mol)  

Fig 3.8 Lowest energy conformers of 58  

We carried out calculations limiting the distances between the proximal and 

distal atoms of the azide and alkene up to 1.5 ± 1.0 Ȕ. The dihedral angle, 

defined below (Fig 3.9), was set to zero in order to generate a planar arrangement 
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between the azide and the alkene.
180-182

 The allylic strain was minimised to 

account for the stereochemistry forming at C-6. We hoped that this would 

generate a conformer perhaps representative of the transition state. Below are 

pictures of the lowest energy conformers generated within these parameters (Fig 

3.9 and 3.10). 

        

S (327.5133 kJ/mol) and R (317.4515 kJ/mol)  

Fig 3.9 Lowest energy conformers of 56 with dihedral angle (defined by 1-2-

3-4 set to 0) and distances (1.5Ñ1 Ȕ) 

 

 

S (284.7062 kJ/mol) and R (321.6804 kJ/mol) 

Fig 3.10 Lowest energy conformers of 58 with dihedral angle (as before and 

set to 0) and distances (1.5Ñ1 Ȕ) 

There was a huge jump in energy upon constraining the distances and forcing the 

azide and alkene into a closer proximity and also a significant difference in 
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energy between compounds 56 and 58, indicating the importance of the diol 

constraint. The S isomer was found to be lower in energy in 58. 

 Rotating these images, lining up the azide and alkene as we imagine they would 

in a transition state; it looks like both conformers are in a half-chair formation 

(Fig 3.10).  

 

Fig 3.10 Possible transition states of 58 (S and R) and Newman projections 

Newman projections show two gauche interactions for the alkene in the R isomer 

and only one gauche interaction in the S isomer, perhaps a factor in why we 

observed stereoselectivity in the tandem allylic azide rearrangement ï Huisgen 

cycloaddition of these intermediates. 

3.3 Conclusions 

An alternative route to substances for the rearrangement-cycloaddition was 

developed. This route was shorter and had better scope, although the observed 

yields were still poor. The importance of the effect of different protecting groups 

was emerging and the requirement of the 1,2-diol constraint in promoting the 

cycloaddition was discovered. The isopropylidene was the best scaffold 

investigated so far. 

J values isolated compared with values discussed in chapter 2 and it would seem 

that the beta sugars were forming exclusively. Models build for both R and S 

intermediates showed that the allylic azide intermediate could be going through a 
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half chair transition state. Minimisation of gauche interactions in the S-isomer 

could allow for favourable formation of the beta-anomer. 

Despite alternative routes and various attempts at optimisation, this 

rearrangement-cycloaddition was not observed to proceed very successfully from 

these glucose derivatives. This route was also used in the preparation of mannose 

and galactose derivatives which are discussed in the following chapters.



 

 

 

 

 

 

Chapter 4 

Homomannojirimycin D erivatives from Methyl Ŭ-

D-Mannopyranoside 
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4.1 Introduction 

4.1.1 Previous syntheses of homomannojirimycin and analogues 

Fleet and co-workers prepared Ŭ- and ɓ-HMJ via a key intermediate bicyclic 

amino-lactone bearing a D-mannose configuration. The unstable lactone 

underwent nucleophilic attack to give the Ŭ-amino ester which epimerised to the 

ɓ-amino ester. Separation and deprotection afforded both Ŭ- and ɓ-HMJ, as well 

as other isomers such as 6-epi-homomannojirimycin (Scheme 4.1).
109, 183-185

  

Scheme 4.1 Fleetôs synthesis of Ŭ- and ɓ-HNJ 

The first reported synthesis of ɓ-HMJ was a chemoenzymatic approach for the 

synthesis of iminosugars, using an aldolase (D-fructose diphosphate (FDP) 

aldolase) to catalyse the key asymmetric aldol addition reaction (Scheme 4.2).
186

 

 

Scheme 4.2 Wongôs chemoenzymatic synthesis of ɓ-HMJ  

Another chemoenzymatic approach towards the synthesis of ɓ-HMJ was using 

fructose 1,6-bisphosphate (FBP) aldolase (Scheme 4.3). The lactol was 

stereoselectively synthesised via Sharpless epoxidation, treated with rabbit 

muscle fructose 1,6-bisphosphate aldolase and phosphatase and hydrogenated to 

give ɓ-HMJ.
130
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Scheme 4.3 Chemoenzymatic approach to Ŭ and ɓ-HMJ  

Fernández-Mayoralas et al. describe the synthesis of ɓ-HMJ and isomers from - 

and L-diethyl tartrate. The key step involves a proline-catalyzed aldol 

condensation, in which both enantiomers of proline have been used as a catalyst, 

affording complementary anti-aldol products (Scheme 4.4).
187

 

Scheme 4.4 Synthesis of ɓ-HMJ  from L-diethyl tartrate  

Fleet and co-workers prepared ɓ-methyl, ethyl and phenyl-derivatives of 

deoxymannojirimycin.
188

 Some of which have been isolated as natural products 

since by Kato and co-workers.
38

  

Scheme 4.5 Fleetôs synthesis of alkyl C-glycosides  

These compounds (Fig 4.1) were assayed as inhibitors of human liver 

glycosidases. All compounds tested were potent and specific competitive 

inhibitors of human liver Ŭ-L-fucosidase. Introduction of a bulkier aromatic 

group gave a more potent inhibitor than 1-DMJ. However, only 1-DMJ was an 

inhibitor of h -mannosidase.  
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Fig 4.1 Values for inhibition of human liver Ŭ-L-fucosidase catalysed 

hydrolysis of 4-umbelliferyl Ŭ-L-fucopyranoside by DMJ derivatives 

This chapter presents a route allowing access to iminosugar C-glycoside based 

on mannose. The same chemistry employed from glucose (Chapter 3) was used 

to prepare these derivatives. 

4.2 Results and Discussion 

4.2.1 Synthesis and cycloaddition of trans-isopropylidene protected 

intermediate 

The route starts from methyl Ŭ-D-methyl mannopyranoside. The fully 

deprotected azide 80 was prepared via intermediates 74-79 as seen previously in 

chapter 3. The acetonide was introduced to 80 using 2,2-dimethoxypropane in 

the presence of H2SO4 in dry acetone to give 81 (Scheme 4.6).  
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Scheme 4.6 Reagents and conditions: a) I2, PPh3, Im, THF, reflux, 75%; b) 

TESCl, Im, CH2Cl2, 70%; c) Zn ))), THF/H2O, 40 °C, 84%; d) Ph3PCHCO2Et, 

Tol, reflux, 82%; e) DIBAL-H, CH2Cl2, - 78 °C, 84%; f) PPh3, DIAD, DPPA, 

THF, 77%; h) TBAF, THF, 73%; i) p-TsOH, 2,2-DMP, Acetone, 71% 

Acetylation of the free 4-OH of 81 verified the acetonide had been introduced at 

C-5 and C-6. This regioselectivity is different to the glucose derivatives in 

chapter 3, where the isopropylidene was regioselectively introduced at the C-4 

and C-5 position.  

 

Scheme 4.7 Acetylation of free hydroxyl 
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The 
1
H NMR spectra below shows the significant downfield shift of the H-4 

signal upon acetylation (Table 4.1) (Fig 4.2). The HMBC shows the correlation 

between the carbonyl of the acetyl group to H-6 (Fig 4.3). 

Compound 1H (500 MHz, CDCl3) 
13C (126 MHz, CDCl3) 

81 ʵ пΦоф - 4.35 (2H, H-4, H-6) ʵ тлΦп όŘΣ /-4) 

82 ʵ рΦпн όǘΣ J = 5.0 Hz, 1H, H-4) ʵ тнΦп όŘΣ /-4) 

 

Table 4.1 Chemical shifts of H-4 and C-4 

 

 

 

Fig 4.2 
1
H NMR spectra of 81 and 82 
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Fig 4.3 HMBC Spectra of 82 

The isopropylidene protected intermediate 81 was heated in anhydrous DMF for 

6 h and gave the 1,2,3-triazoline 83, stereoselectively, in 50 - 60% and recovered 

starting material 81 in trace amounts up to 10%. This yield is significantly better 

than the experiments carried out with the glucose derivatives. 

 

Scheme 4.8 Thermally promoted cycloaddition 

The JH1-H2 value for the anomeric proton of 83 was 2.2 Hz. In the case of 

mannose, JH1-H2 values alone are not sufficient to confirm the stereochemistry at 

the anomeric centre. A coupled 
13

C NMR experiment was carried out and 

determined JH1-C1 to be 142.2 Hz (Fig 4.4). This compares to the values obtained 

in Chapter 2 for the ɓ-triazoles (142-145 Hz) and could indicate the triazoline as 
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the beta anomer. The other values obtained below are most likely due to 
2
JC1-H1 

and 
3
JC1-H1 coupling. 

 

Fig 4.4 Coupled 
13

C NMR spectrum for 83 

For mannopyranoside, a value of 170 Hz for 
1
JC1-H1 indicates an equatorial 

proton at C-1 and a 
1
JC1-H1 of 160 Hz indicates an axial proton (Fig 4.5).

189
 While 

the 
1
JC1-H1 values observed here differs from these values, we hope that by 

comparing a series of 
1
JC1-H1 values, a trend will emerge (see appendix 1). 

 

Fig 4.5 
1
JC1-H1 values for Ŭ- and ɓ-mannopyranoside 

Following the success of the rearrangement-cycloaddition of 81, we tested the 

one-pot reaction. Intermediate 81 was heated in DMF or toluene for 6 h, then 

cooled to approx. 50 °C and AcOH was charged. The main product was the 6-

acetylated iminosugar 84 in 35% yield from 81. When acid (pH>2) was charged 
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to the pot, the main product isolated after ion exchange chromatography was the 

fully deprotected intermediate 85 (Scheme 4.9). Although, this procedure led to 

the desired products, it was not a completely clean reaction and there were some 

undetermined side products remaining. The JH1,H2 value of 84 was 2.3 Hz. 

 

Scheme 4.9 Reagents and conditions: a) DMF, 100 °C, 6 h; b) AcOH, 50 °C, 8 

h, 35%; c) aq HCl, 80% 

4.2.2 Synthesis and cycloaddition of trans-butane diacetal protected 

intermediate 

Some work was described in Chapter 3 detailing results using different diol 

protecting groups. We decided to investigate further the influence of the diol 

protecting group on the cycloaddition reaction using the more successful 

mannose based derivatives. It was thought a 6- or 7-membered diol protecting 

group would allow more flexibility, while still introducing sufficient constraint 

for the cycloaddition (Fig 4.6). We investigated introducing alternative diol 

protecting groups directly from the triol intermediate (Chapter 3), however, this 

led to mixtures. We looked at introducing these groups at the beginning, 

eliminating the need for deprotection/re-protection steps later on in the scheme. 

 

Fig 4.6 5- vs. 6- vs. 7-membered diol protecting groups 
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The dispirodiketals (dispoke), cyclohexane-1,2-diacetals (CDA) and butane-2,3-

diacetals (BDA)
190

 are specifically designed for the protection of vicinal trans-

diols. BDA was investigated as a 6-membered diol protecting group as it was 

easy to prepare and yields are usually superior to the corresponding cyclohexane-

1,2-diacetal protecting group.
191

 

The BDA group was introduced from reaction of methyl Ŭ- -mannopyranoside 

and butane-2,3-dione in methanol with trimethyl orthoformate and CSA as a 

catalyst.
192

 The route proceeded smoothly to give the allylic azide 93 via 86-92 in 

good yield as a white solid. This is the first allylic azide that was isolated as a 

solid (Scheme 4.10). 

 

Scheme 4.10 Reagents and conditions: a) 2,3-Butanedione, CSA, CH(OCH3)3, 

DMF, reflux, 72%; b) I2, PPh3, Im, THF, reflux, 88%; c) TESCl, imidazole, 

CH2Cl2, 70%; d) Zn ))), THF/H2O, 40 °C, 90%; e) Ph3PCHCO2Et, Tol, reflux, 

83%; f) DIBAL-H, CH2Cl2, - 78 °C, 79%; g) PPh3, DIAD, DPPA, THF, 74%; h) 

TBAF, THF, 63% 
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Heating 93 in DMF proceeded to give the 1,2,3-triazoline 94 in poorer yield than 

the isopropylidene intermediate. However, the triazoline 94 was isolated as a 

white solid. It was possible to grow crystals and obtain a crystal structure (Fig 

4.7). 

 

Scheme 4.11 Thermally promoted cycloaddition of 93 

 

Fig 4.7 Crystal structure of 94 

The structure shows the stereochemistry at the anomeric carbon to be alpha, 

which is the opposite to what has been observed so far. This is the first reported 
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crystal structure of a triazoline fused iminosugar. There are very few reports of 

triazoline crystal structures in the literature.
193

 A coupled 
13

C NMR was carried 

and determined the JC1-H1 value of 94 to be 149.6 Hz (Fig 4.8), which is larger 

than any JC1-H1 values isolated previously, perhaps being indicative of the 

different anomer configuration in this case.  

 

Fig 4.8 
13

C NMR spectrum showing
 
JH1-C1 values for 94  
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Unfortunately due to the lower yield, any one-pot conditions tested did not lead 

to the isolationof iminosugar products from 93. 

The dispoke 93 was benzylated to observe if the free hydroxyl had an effect on 

the cycloaddition (Scheme 4.12). 

 

Scheme 4.12 Reagents and conditions: a) BnBr, NaH, DMF 0 °C 52%; b) 

DMF, 100 °C, 52% 

The benzylated intermediate 95 was reacted as in every other cycloaddition 

experiment. Monitoring by TLC, the reaction proceeded similarly to others. 

Upon chromatography, the major product was determined to be the reduced 

imine product 96.  

It has been shown throughout this work that the protecting groups have a major 

influence over the results of the tandem rearrangement ï cycloaddition. A change 

in reactivity occurred on introducing the benzyl protecting group. It is likely the 

triazoline formed during the reaction but was more unstable than its unprotected 

analogue and broke down to form an imine (Scheme 4.13). 

 

Scheme 4.13 Mechanism of imine formation 

The presence of hydrogen bonding can stabilise certain conformations over 

others that, in the absence of hydrogen bonding, would be favoured. On 
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