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C H A P T E R 1 

G E N E R A L I N T R O D U C T I O N 

1.1 Carbohydrates 

The carbohydrates are the most abundant and ubiquitous class of naturally occurring organic 

compounds. They exist in the form of free sugars or monosaccharides, e.g. D-glucose and D-

fructose; disaccharides, e.g. sucrose (domestic sugar), lactose, the principle carbohydrate in 

mammalian milk; and polysaccharides, e.g. starch which is one of the most important carbohydrates 

in the human diet. They are the major constituents of the skeletal structures of plant, bacteria and 

animal cells, and the hard shells of insects and crustácea.1 Cellulose, a polysaccharide, is the 

principal constituent of the cell wall in higher plants (40-50%) and occurs in almost pure form in 

cotton fibres (98%), flax, jute and wood.2 Carbohydrates are also a major source of energy essential 

for growth, replication, maintenance, muscular effort, and heat production. 

Carbohydrates play a central role in a very wide range of biological processes. These include visual 

transduction in the photoreceptor cell of the retina of which carbohydrates constitute 4% dry weight 

of the cells.3 As a constituent of human blood, they play a determinant role in antibody-antigen 

recognition and binding4 and also different sequences of sugars determine the different blood group 

types.5 Antibiotics, many of which are natural secondary metabolites produced by fungi, bacteria 

and actinomycetes often contain carbohydrate moieties in their basic structures, e.g. streptomycin 

(1) an antibiotic which has been used widely for treatment of tuberculosis, and bluensomycin (2) a 

derivative of 1. The sugar part plays a crucial role in optimizing antibacterial activity.6 

HOCH2 

HO. 
-NHCH3 

1 R,= NHC(=NH)NH2, R2 = CHO 
2 R,= NHC(=NH)NH2, R2 = CH2OH 

In the major building blocks of the genetic material, RNA and DNA, the nucleotide components 

contain ribose and 2-deoxyribose sugar moieties, 3 and 4, respectively. The 3,5-sugar-diphosphate 

linkages form the backbone of polynucleotide chains of both RNA and DNA structures.7 
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Chapter 1 

Base s ii P> 

н,с-о-р-сг 

R OH 

3R = OH 
4R = H 

Glycoproteins, which contain carbohydrate units attached to peptide chains by covalent linkages, 

are major constituents of enzymes, hormones, mucins, plasma proteins, collagene and blood group 

substances and may contain more than 50% carbohydrate.8·9 They are fundamental in many 

biological processes including, cell-matrix, cell-cell interaction and adhesion, regulation of cell 

growth, differentiation, recognition, regulation and modulation of protein receptors, fertilisation, 

immune defence, viral replication, degradation of blood clots and inflammation.10-13 Glycoproteins 

also contain chains and spikes of carbohydrate complexes which are involved in the stabilization of 

protein conformations and protection against proteolysis.14 

The carbohydrates are major constituents of numerous other biological systems and consequently 

play a vital role therein. Any malfunction in their metabolism can lead to several diseases and 

medical disorders. Diabetes mellitus is a disease caused by an absolute or relative deficiency of 

insulin, a hormone that regulates carbohydrate metabolism by stimulating and controlling the 

enzymes that are involved in glycolysis.15·16 Obesity is another disorder which is characterised by 

accumulation of fats in adipose tissues and is caused by a lack or deficiency of enzymes required for 

their metabolism.17 Some genetic diseases are a result of defects in certain sugar-processing 

enzymes and the resultant products, which cannot be metabolized further, accumulate in residual 

bodies leading to irreversible cell damage. This includes mannosidosis, a disease caused by the 

absence of mannosidases, and as a result sugar chains containing mannose accumulate in the cells 

giving rise to toxicity. Galactosemia, a defect of galactose 1-phosphate uridyl transferase, is a 

mentally retardating disease which often leads to death at an early age. Other genetical diseases are 

Hurler's and Hunter's syndromes which are disorders of mucopolysaccharide metabolism.18·19 

Cancer, a frequently fatal disease, is often a result of defects in sugar processing enzymes leading to 

uncontrolled proliferation of tumour cells. The transformation of normal cells to cancerous cells is 

also catalysed, or processed, by normal sugar-processing glycosidases. The uncontrolled 

proliferation of tumour cells can be caused by an elevated level of glycosidases at the sites of 

tumours, resulting in aberrant glycosylation, which leads to accumulation of precursors or 

«¿estructures. The overall effects causes dramatic changes in the cell-surface carbohydrates and 

progresses to malignancy.20·21 

Recently, carbohydrates have found use in the development of new models for the treatment of 

cancer. They are used in a mode of treatment whereby antitumour agents are targeted to tumour 
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General introduction 

cells using monoclonal antibody (mAb)-drug conjugates. The technique is used to selectively kill 

cancerous cells without affecting healthy cells by maximizing the concentration of cytotoxic agents 

in the tumour and minimizing their concentrations around healthy cells. The mAb conjugates have 

the ability to recognize and to bind selectively to specific tumour associated antigens. The antitumor 

agent is bound to the mAb and is released as a free drug at the site of the tumour. The release of the 

drug is catalysed by enzymes, and therefore the approach is called Antibody Directed Enzyme Pro

drug Therapy (ADEPT). The model employs the combination of a glycosidase and a sugar-based 

pro-drug, in which a drug is connected to a sugar unit through a spacer by a glycosidic linkage. The 

release of the drug is then effected by hydrolysis of the glycosidic bond by glycosidases such as ß-

glucuronidase, a- and ß-galactosidases and ß-glucosidase. One example of a pro-drug used so far is 

the daunorubicin-based pro-drug 5, hydrolysis of which is catalysed by a-galactosidase (Scheme 

1.1) to deliver daunorubicin (6) which is cytotoxic, inter alia, to murine leukemia cells.22"24 

0 OH Ο Ρ OH Ρ 

enzyme УНУ 
5 (Prodrug) 

Scheme 1,1: Mechanism of drug release in ADEPT 

spacer 

1.2 Glycosidase inhibitors 

Glycosidases are enzymes which catalyse and process the hydrolysis of glycosidic linkages between 

various sugar moieties in oligo-, and polysaccharides and glycoproteins in living cells. They are 

involved in a wide range of processes in organisms such as digestion of food, catabolism, post-

translational modification of glycoproteins and lysosomal catabolism of glycoconjugates.25"29 

The modification or blocking the action of these enzymes has sometimes found useful therapeutic 

application against Diabetes mellitus, and cancer, malaria, fungal infections, and as anti-НГ agents 

for the cure of ATOS and ATOS related conditions, e.g. influenza and leukemia.30-35 The potential 

for the treatment of Diabetus mellitus and cancer relies on the fact that both diseases are the result 

of malfunctions of enzymes involved in the processing of sugars irrespective of their normal 

functions. These defects can be ameliorated by the selective blocking of the functions of the 
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enzymes at the particular sites of defect and hence alleviate the condition.36·37 The antiviral 

activities rely upon the fact that the outer coatings of viruses are often highly glycosylated and 

covered with carbohydrates chains and spikes which the virus uses to attach itself to host cells. 

Consequently, if the enzymes which are involved with glycoprocessing in viruses are targeted and 

selectively hindered, the viruses can be killed or their replication can be impaired.38·39 

1.3 Aza sugars 

A more recent class of glycosidase inhibitors are analogues of monoscaccharides in which the ring 

oxygen has been replaced by nitrogen, these are termed aza sugars. They inhibit competitively 

enzymes involved in glycogenosis, glycoprotein processing and saccharide hydrolysis.28·40-42 

The compounds form a class of polyhydroxylated N-heterocyclic alkaloids which are derived from 

pyrrolidines, piperidines, azepanes, indolizidines, pyrrolizidines, respectively. The inhibition 

activities of the aza sugars rely on their ability to mimic the normal half-chair conformation of the 

sugar intermediate of the glycoside-cleaving transition state 7, and that they also possess a small 

formal charge at normal physiological pH.43 The NH group being isoelectronic with oxygen enables 

aza sugars to assume the same transition state 8, but they are then rendered passive to further 

processing, and, therefore, block the activities of their respective enzymes.40·44 

OH OH H 

HO-Y^iL ,OR HO'V^VOR 
н о \ ^ ! 2 > ' s- н о л ^ ^ ^ 6-

ΟΗ он 

Pyrrolidine derivatives 

The hydroxylated pyrrolidine derivatives formally resemble sugars in their furanose forms. They are 

potent inhibitors of the corresponding glycofuranosidases but have also been shown to inhibit 

structurally related hexosidases. Two of the most important pyrrolidine derivatives are 1,4-dideoxy-

1,4-imino-D-arabinitol (9) and l,4-dideoxy-l,4-imino-D-mannitol (DIM) (10). l,4-Dideoxy-l,4-

imino-D-arabinitol (9), which has been isolated from Angylocalyx boutiqueanus*5, is a potent 

inhibitor of a-glucosidase {K\ = 1.8 χ ΙΟ"7 M) 4 6, ß-glucosidase (K¡ = 2.0 χ ΙΟ"4)40 and α-

mannosidase (K¡ = 1.0 χ IO- 4)5 0, l,4-Dideoxy-l,4-imino-D-mannitol (10) is a powerful and specific 

inhibitor of several mannosidases including Jack Bean α-mannosidase (ATj = 7.6 χ ΙΟ"7 M).4 7 Other 

known imino alditols which have been synthesized and evaluated for their biological activities 

include l,4-dideoxy-l,4-imino-D-lyxitol (11) a potent a-galactosidase (Jti = 2.0 χ ΙΟ"7 M) and α-

mannosidase (AT¡ = 1.4 χ ΙΟ-5 Μ) 4 8 inhibitor; 2,5-dideoxy-2,5-imino-D-mannitol (12) which has 

been isolated from leguminous plants of Denis elliptica and the related Loncocarpus spp.49 has 

been shown to be a strong inhibitor of α-glucosidase {K\ = 3.3 χ ΙΟ"6 M) and ß-glucosidase (K\ = 
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7.8 χ ΙΟ-6 Μ).5 0 Although the mechanism by which the pyrrolidine aza sugars inhibit pyranosidases 

is unknown it is believed that these compounds possess the required structural properties to be 

recognized by the glycosidases, i.e. the correct configurations at the three chiral centres, and in 

addition they can become charged at physiological pH values.51"53 

Η ο ^ γ H H 

"°̂ U нГр ж-уу "^л·^ 
н о * о н но он но он но* он 

9 10 (DIM) 11 12 

Piperídine derivatives 

The first compound that was identified in this class of alkaloidal compounds was nojirimycin (NJ), 

(13) an antibiotic which was isolated from bacteria of the Streptomyces species in 1966, and first 

synthesized in 1967.54 Nojirimycin is fairly unstable under basic and neutral conditions, undergoing 

facile elimination to give compound 14, a 2-pyridinol derivative which is biologically inactive 

(Scheme 1.2). This instability disqualifies the compounds use as a drug. The 1,5-anhydro derivative 

of NJ, l,5-dideoxy-l,5-imino-D-glucitol or 1-deoxynojirimycin (DNJ) (15) is more stable and was 

synthesized prior to being isolated from natural sources.55 The compound possesses a broad 

spectrum of biological activities.56 It has been shown to inhibit several glucosidases, the enzymes 

that are involved in the hydrolysis of short chains of glucose resulting from the breakdown of starch 

in the mammalian gut. The compound has been shown to inhibit a-glucosidase I (K¡ = 20 μΜ), α-

glucosidase Π (Afj = 2 μΜ), ß-glucosidase {K\ = 18 μΜ) and sucrase {КІ = 0.05 μΜ). 5 7 · 5 8 Due to its 

stability and biological activities the compound is now being used as a model in biochemistry and 

for the treatment of various medical conditions. 

OH 

15 (DNJ) 

Scheme 1.2 

A number of strategies for the synthesis of DNJ have been reported to date, striving to create four 

chiral centres in the molecule (for further discussion, see Chapter Π). Many are carbohydrate-based 
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Chapter I 

syntheses using the natural chiral pool of sugars to construct or maintain the required chiral centres. 

Several alternative syntheses from non-carbohydrate sources employing asymmetric induction and 

enzyme-catalyzed reactions have also been reported. The natural sources of DNJ known to date are 

given below (Table 1). 

Table 1: Natural sources 
Source 

Mulberry tree leaves 
Mulberry tree root bark 
Mulberry tree 
Leaves 
Fermentation 

Fermentation 

Euphorbiaceae 

Urannnae Moths 

of 1-deoxyno.iirimycin 
Species 

Morus 
M bombycis KOIDZ 
M nigra 
Jacobima suberecta 
Bacillus amylohquefaciens 
В polymyxa 
В subtihs 
В subtihs var mger 
Streptomyces ¡avendulae 
S ¡avendulae subsp trenalostaticus 
S cereviswe X-2180 
S subruttlus 
Omphalea queenslandiae 
Endospermum medulossum 
Alcides metaurus 
Lyssa macleayi 

Ref. 
59,60 

61 
62 
63 

53,64 

65,66 

67-70 
71 
57 

72,73 
74 

74 

Concurrent with the synthesis of DNJ, considerable effort has been devoted to obtaining the other 

configurationally related isomers and N- substituted derivatives, which have also been shown to 

possess potent biological activities. One of the most important N-alkylated derivative is N-butyl 

DNJ (BuDNJ) (16) which is a potential anti-HIV agent currently undergoing clinical tests.75 The 

compound has been shown to be a strong glycolipid biosynthesis inhibitor (dose = 0.001 mg/ml; 

DNJ = 0.2 mg/ml).76 The compound has also been shown to possess more anti-HIV activity than 

DNJ (dose 0.1 g/ml = 100 CPE reduction: DNJ = 50% CPE reduction).77 It has been found that 

hydrophobic pockets exists at the pyranosyl binding site and that these N-alkyl derivatives are more 

"soluble" in this binding site, and have been shown to possess greater glycosidase inhibitory 

activities than the parent compounds.78 

Bu 
/ 

N 
HO 

HO' 
H 0 OH 

16 (BuDNJ) 

Mannojinmycin (MN) (17) and its 1,5-anhydro derivative, 1-deoxymannojirimycin (DMJ) (18) are 

the two second-most important model compounds in this class of aza sugars. They have been 

isolated from Uraniine moths74, from plants Ompalea queenslandiae14 and Endospermum 

medulossum1*, and the fermentation broth of Streptomyces ¡avendulae.11 Despite the instability of 

MN, the compound has been shown to be a strong (Jf, = 6.5 mM) inhibitor of Jack bean ot-

6 
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mannosidase. DMJ is a potent inhibitor of α-D-mannosidase I (K¡ = 750 μΜ), Jack bean α-

mannosidase (K\ = 0.4 mM) and a-L-fucosidase (K¡ = 5 μΜ).79 

18 (DMJ) 

Azepane derivatives 

The azepane derivatives which are seven membered-ring aza sugars have been shown to be 

potentially better glycosidase inhibitors than the more well known piperidines or pyrrolidine 

derivatives. Very few syntheses of these compounds have been reported (cf. chapter II) so far, 

despite their biological activities. Their activity has indicated that they also assume the same half-

chair transition state conformation required for sugar glycolysis 7. Some of the known azepanes 

include the L-ufo-azepane (19) and D-monnoazepane (20). Compound 19 has been shown to be a 

better inhibitor of ß-galactosidase (K¡ > 1 mM) than deoxygalactonojirimycin and also a better 

inhibitor of α-mannosidase (K\ = 150 μΜ) than deoxymannojirimycin, and compound 20 is a better 

inhibitor of ß-JV-acetylglucosaminidase than l-deoxy-N-g/i<ccjirimycin (AT¡ = 9.8 μΜ). 8 0 - 8 2 

на 

HO^ pH HCL Ч О Н 

'ОН ••(S-OH но*/"Л.., 

ι ι 
Η Η 
19 20 

IndolizidJne derivatives 

The indolizidines are fused piperidine and pyrrolidine bicyclic ring systems with a bridgehead 

nitrogen. They include swainsonine (21), the inhibition activities of which are attributed to the 

similarity of its hydroxyl group stereochemistry to that of mannose in the furanose form. 

Swainsonine has been shown to possess more potent activities than DMJ or DIM, and this is may be 

due to the bicyclic ring which imposes a rigidity of structure, resembling a common intermediate in 

the glycolysis pathway.30 The compound is a potent inhibitor of lysosomal α-mannosidase and 

Golgi processing α-mannosidase Π and has the potential to stimulate immune response and the 

prevention of metastasis in cancer.83 The compound has been isolated from plants of the genus 

Swaiwio«ia84-85and from the plants of the species Astralogus L and Oxytropis DC. 8 6 

Castanospermine (22) is a polyhydroxylated indolizidine in which the array of the hydroxyl groups 

7 
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of its piperidine moiety resembles that of glucose in the pyranose form. The compound is a potent 

inhibitor of lysosomal α-and ß-glucosidase44·87 and glycoprotein processing cc-glucosidases I and 

II.88 It has been isolated from the higher plant species Castanospermum australe*1* and is also a 

potent inhibitor of numerous carbohydrate processing enzymes. It has also been shown to inhibit Gl

and ß-glucosidases in fibroblast extracts, as well as the processing of oligosaccharide portions of 

influenza viral hemaglutin.44·88 The compound has been shown to exhibit powerful effects on the 

biosynthesis of glycoproteins in numerous tumour cells and has, therefore, gTeat potential as an anti

cancer agent.90-92 The compound has also been shown to block the processing and surface 

expression of oncogene products in acute-transforming retroviruses.93 

21 

HO' 

Pyrrolizidine derivatives 

The pyrrolidines are fused pyrrolidines bicyclic ring systems, also with bridgehead nitrogens and 

exhibit several inhibitory activities. Australine (23) which is regarded as a ring-contracted form of 

castanospermine, resembles 2,5-dihydroxymethyl-3,4-dihydroxypyrrolidine (DMDP), an analogue of 

p-D-fructofuranose. The compound, which has also been isolated from Castanospermum australe, is 

a potent inhibitor of fungal α-glucosidase, amyloglucosidase and glycoprotein processing 

enzymes.94"96 Casuarine (24) is the most highly oxygenated bicyclic aza sugar that has been isolated 

so far from natural sources. The compound has been shown to be a potential glucosidase inhibitor.97" 

98 

OH^ OH OH^ OH 

••OH HO»4 I У..ОН 
-N -N 

CH2OH CH2OH 
23 24 

Calystegins 

A new class of aza sugars, which are modified polyhydroxylated nortropane alkaloids with a 

bridgehead NH, have been isolated recently from plants of the Convolvulaceae, Solanaceae and 

Moraceae families. The compounds belong to a class of related tropane alkaloids which include 

medicinally important derivatives such as cocaine, scopolamine and atropine. The new compounds 

8 



General introduction 

termed calystegins A3 (25), B\ (26), B2 (27) and N j (28) have been shown to be potent competitive 

glycosidase inhibitors.99·100 

ÌF* 
R1 R2 R3 R4 R5 

25 OH OH OH H H 
26 OH OH OH H OH 
27 OH OH OH OH H 
28 NH2 OH OH OH H 

1.4 Aims and outline of the thesis 

This thesis describes several carbohydrate-based syntheses of aza sugars employing relatively cheap 

and readily available starting materials and reagents. Reductive amination using azides, nitrites and 

oxime have been used in combination with tosylates or esters as leaving groups, vide infra, with 

simple acetal and ester groups as protecting functions (Scheme 1.3). 
via an AZIDE 

FTC V, 

via a NTTRILE 

reduction 

Ό 
«b 

aza sugar 

R Î R ' R 

OTS ¡ OTs¡ aza «ига, OTs 

via an OXIME 

aza sugar 

NDTS i OTs: 
-*b 

aza sugar 

Scheme 1.3: Basic synthetic approaches used in the thesis 

Chapter I gives an overview of the general role played by carbohydrates for supporting life in 

biological systems, with particular emphasis on their relation to glycosidases, glycoprotein 

9 



Chapter 1 

inhibitors and processors. Some of the known biological activities and the natural sources of aza 

sugars are briefly described in this chapter. 

Chapter II gives a brief review of the main known synthetic strategies employed for obtaining aza 

sugars. 

Chapter III describes the synthesis of the pyrrolidine aza sugar derivatives; l,4-dideoxy-l,4-imino 

D-talitol and D-allitol. 

In Chapter IV facile syntheses of nojirimycin-ô-lactam, 1-deoxynojirimycin and 1-deoxy-L-

κ/onojirimycin from D-glucono-l,5-lactone are presented. 

Chapter V deals with the syntheses of l-deoxy-L-gw/onojirimycin and of 1-deoxy-D-te/onojirimycin 

from D-mannose and D-fructose, respectively. 

Chapter VI reports the syntheses of two seven-membered ring aza sugars, i.e. the azepanes, from D-

isoascorbic acid and D-glucono-l,5-lactone, respectively. 

Chapter П describes the synthesis of a novel tropane bicyclic aza sugar analogue, 9-aza-9-methyl-

6a, 7a, 8ß-trihydroxy-bicyclo-[3.3.1]-nonan-3-one (6a, 7a, 8ß-trihydroxy-pseudopelletierine) 

employing the classical Robinson-Schöpf reaction.101·102 
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C H A P T E R 2 

SYNTHESIS OF AZA SUGARS: A LITERATURE REVIEW 

2.1 Introduction 

A number of synthetic routes have been devised for the synthesis of the various aza sugars because 

of their interesting and important chemical, medicinal and pharmacological properties. These 

syntheses have been achieved from both carbohydrate and non-carbohydrate sources, employing 

various strategies. The main strategies include the use of conventional sugar manipulation methods 

among which reductive amination-cyclization leading to an aza sugar, as well as enzyme-catalyzed 

procedures and asymmetric syntheses. The stereoselective approaches to the synthesis of many 

important biological molecules including many aza sugars and bicyclic analogues were reviewed 

comprehensively in 1995.1 Some aspects of these syntheses are presented briefly here. Currently, 

attention on the synthesis of aza sugars is focussed more on the use of cheap and readily available 

starting materials, attainment of high stereoselectivity, and the employment of short and easily 

adaptable and reproducible procedures. Some aspects of these syntheses are described briefly. These 

principles will represent the basic philosophy of much of the work described elsewhere in this 

thesis. 

2.1.1 Carbohydrate-based syntheses 

The synthesis of aza sugars from carbohydrate takes advantage of their inherent chiral nature which 

makes it easier to carry out required stereochemical transformations. The transformations are often 

easily performed because of the differing reactivities of the various hydroxyl groups of sugars in 

both the pyranose and furanose forms (Figure 2.1).2 These differences present opportunities for 

selective protection and substitution, as well as inversion or retention of stereochemistry. 

least hindered 
can be protected ~> 
selectively OH ζ~ 

' „OH 

most reactive 
to substitution 

XX 
но-^у^сн 
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can be protected 
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Figure 2.1: Different reactivities of hydroxyl groups in sugars 
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Despite all the potentials of using carbohydrates, a number of reported syntheses of aza sugars 

involve 11-16 steps, sometimes employ quite expensive reagents and sophisticated protecting 

groups, and some even lack selectivity. Fleet et α/.3"7, have published several carbohydrate-based 

syntheses, frequently utilizing triflates as leaving groups in key steps (Scheme 2.1). For example, 

2,3-0-isopropylidene-D-gulono-l,4-lactone (1) is selectively protected at C-6 to give 2 which is 

converted to trinate 3. Subsequent trinate substitution by azide ions leads then to 4 which can be 

employed in reductive cyclization reactions. Such syntheses, although interesting academically, are 

not attractive economically. 

r-OR1 

UoR2 

V 

-OR1 

1—UH 

NaA 

= H 
2 R1 = [Si] R2 = Η 

3 R' = [Si] R-1 = S02CF3 

[Si]=Me2'BuSi 
~J 

Scheme 2.1 

2.1.2 Enzyme-catalysed synthesis 

Chemoenzymatic synthesis of aza sugars utilizes aldolases such as D-fructose 1,6-diphosphate 

aldolase (FDP) and Rabbit muscle aldolase (RAMA) because of their high regio-, stereo- and 

chemoselectivity and also because additional stereogenic centers are generated during the enzymatic 

process. A variety of aldehydes or ketone donors have been demonstrated to be good substrates. 

They were converted to aza sugars via Pd/C catalyzed reductive amination-cyclization of azido 

aldehydo- or keto sugars.8'11 Some of the aldolases used so far are shown below (Scheme 2 2a) 

• & 
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СН2ОНГО5, OH 
HO 
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Scheme 2.2a: Enzyme-catalyzed synthesis of aza sugars 
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Investigations of the enzyme reaction using fructose-1,6-diphosphate (ГОР) aldolase, as a catalyst 

in the aldol condensation, demonstrated specificity for dihydroxyacetone phosphate (DHAP) as a 

donor but acceptance of a variety of aldehydes as substrates. It has been shown that the 

stereochemistry of the new product that is formed is completely controlled by the enzyme and is the 

same in all cases. Moreover, that it is the carbanion equivalent (or the enolate si face) generated via 

enzymatic abstraction of the Hs at C-3 of DHAP which always attacks the si face of the aldehyde 

carbonyl group to generate the configuration indicated (Scheme 2.2b).8"12 

0 . О О ОН О OH 

1 3 OH ÖH ÖH 
DHAP 3-Azido-2-hydroxypropanal Ratio 1:4 

Scheme 2.2b: FDP aldolase-calalyzed synthesis 

The reduction of the azido aldoses or ketoses formed proceed via the imine intermediates 5 and 6 

for piperidines and pyrrolidines, respectively, in which the stereoselectivity is controlled by the 

axial substituents whereby hydrogens approach from the opposite side. This steric effect overrides 

the torsional strain which is developed during the reduction.13·14 

,OP 

Y=N 

H2 OHff 

2.1.3 Asymmetric synthesis 

Asymmetric syntheses have also been used extensively to synthesize aza sugars from non-

carbohydrate materials. Some of the starting materials used, inter alia, are D-and L-serine, D- and L-

proline, L-phenyl alanine, D-malic acid, aspartic acid and L-tartaric acid and derivatives.15"23 

22 Synthesis of aza sugars 

2.2.1 Pyrrolidine-type derivatives 

(a) Carbohydrate-based synthesis 

Various compounds in this class of aza sugars have been synthesized from simple carbohydrates 

whereby construction of the pyrrolidine ring usually requires animation at the anomeric centre with 

cyclization to C-4, using mesylates, tosylates or other sulfonates as leaving groups to give 1,4-
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Scheme 2.3: Synthesis of l,4-dideoxy-I,4-imirw-D-glucitol 

Fleet et al.75 have synthesised l,4-dideoxy-l,4-imino-D-arabinitol (18) from D-xylose by 

constructing the pyrrolidine ring between C-2 and C-5 (Scheme 2.4). The synthesis commenced 

with the esterification of the isopropylidenated methyl xylofuranoside 12 which is readily available 

from D-xylose, with triflic anhydride to give trillate 13. Treatment of 13 with sodium azide gave the 

azide 14 with concomitant inversion of configuration at C-2. The azide 14 was hydrolyzed to 15 

under mildly acidic conditions to cleave the 3,5-acetal group, followed by selective tosylation of the 

primary hydroxy group to give 16. 

12 13 14 

iiOMe 

N 3 

H O — - γ υ Ν . . \ Ο Μ β T s O — γ ° 4 . Λ 0 Μ θ 
,-ΟΗ 

HO Ν 3 

15 

НО Ν 3 

16 

МеО О ' 

'NZ 

17 
Z = COOCH2Ph 

Н О ^ ^ ^ 

HO OH 

18 

Scheme 2.4: Synthesis of l,4-dìdeoxy-l,4-imìno-D-arabinitol (18) 
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Hydrogénation (Pd/C) afforded the amine which cyclized on heating with sodium acetate in ethanol 

to give the bicyclic amine via intramolecular cyclization, and was isolated as a carbamate 17 by 

treatment with benzyl chloroformate. Hydrolysis of 17 using aqueous trifluoroacetic acid, followed 

by reduction of the resulting aldehyde and subsequent hydrogenolysis of the carbamate gave 

compound 18. 

Fleet at al? have also reported the synthesis of 2,5-dideoxy-2,5-imino-D-mannitol (33) in 14 steps 

from D-glucose via methyl 2-azido-3-0-benzyl-2-deoxy-a-D-mannofuranoside (26) as the key 

intermediate (Scheme 2.5). Compound 33 was obtained froml,2;5,6-di-0-isopropylidene-D-glucose 

(19) which by benzylation of the free hydroxyl group at C-3 gave 20. The exocyclic acetal group of 

20 was cleaved selectively and the resulting diol 21 treated with dimethyl carbonate to give 22. The 

purpose of protecting the 5,6 position with a carbonate group is to achieve relative stability under 

acidic conditions. Thus, 22 was treated with methanol in the presence of ion exchange resin to give 

23 as a mixture of α,β-furanosides which was separated by flash column chromatography. The 

required ß-anomer was tnflated at C-2 to give 24 and subsequent treatment with sodium azide 

resulted in inversion of configuration to produce the required marmo azide (25). Base-catalysed 

removal of the carbonate protecting group gave the key intermediate 26 which was converted to the 

6-O-benzoyl compound 27 by selective benzoylation of 26 followed by mesylation at C-5 to give 

28. Treatment with sodium methoxide resulted in removal of the benzoyl group with concomitant 

5,6-epoxidation to give 29 which was hydrogenated over palladized charcoal. The product formed 

by cyclization was treated with benzyl chloroformate in the usual manner to give a mixture of the 

compounds 30 and 31 which was separated. Compound 30 which was the major product is the 

result of a 5-exo-tet cyclization process whereas 31 can be accounted for by hydrogenolysis of the 

epoxide 29. Hydrolysis of the carbamate 30 and subsequent reduction of the resulting lactol using 

sodium borohydride, followed by removal of the protecting groups by hydrogenolysis gave the 

target compound 33. Such multistep syntheses are not of general interest, especially in view of the 

lack of selectivity in two of the stages. 
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Scheme 2.5: Synthesis of2,5-dideoxy-2,5-imino-D-mannitol 
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Scheme 2.5 (conti): Synthesis of2.5-dideoxy-2,5-ímino-D-mannitol 

The use of aliphatic 1,4-ketones to construct Pyrrolidine heterocycles by double reductive amination 

was first described by Jones et al.26 (Scheme 2.6a) and has subsequently been employed for the 

synthesis of pyrrolidine aza sugars. Baxter et al.21 reported a very short synthesis of pyrrolidines 

related to D-glucitol 38, D-mannitol 39 and L-iditoI 40 from 5-keto-D-fructose (D-threo-2,5-

hexodiulose) 37 (Scheme 2.6b). The 1,4-diketone 37 was treated with sodium cyanoborohydride in 

the presence of e.g. benzylamine to give a mixture of stereoisomers 38, 39 and 40 which require 

separation making the route less attractive despite the reported high yield. The benzyl group was 

removed by hydrogenolysis using palladium hydroxide on carbon as the catalyst to give the 

corresponding aza sugar, e.g. 38 —> 41. 

Vf ONaBHjCN.NRtOAc I—^ ι—\ 
R - ^ v ^ ^ - ^ - R ' KOH.MeOH i λ . v,.¿ Λ» 

0 2)NaBH4 Η Η 

34 35 36 

Scheme 2.6a: Synthesis of pyrrolidines from 1,4-diketones 
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CH2OH 

0 = Bn 5 n Bn 
HO-] BnNH2, NaBH3CN HOHgCy N CH2OH HOH 2 CyN лСН2ОН ΗΟΗ2α, . Ν CH2OH 

= 0 но4 о н но4 о н но4 он 
СН2ОН 38 39 40 

37 

Вп Η 
HOHüC^N CHjOH ^ HOHüC^N CH2OH 

НО4'* ОН Pd(OHVC НО4 ОН 

38 41 

Scheme 2.6b: Synthesis ofD-glucitol D-mannitol and L-iditolfrom 5-keto-O-fructose 

(b) Enzyme-catalyzed syntheses 

Enzyme-catalyzed syntheses have also been used for obtaining pyrrolidine aza sugar derivatives. 

The synthesis of 2(Л), 5(5)-bis(hydroxymethyl-3(Ä), 4(Ä)-dihydroxypyrrolidine (47) from 1,4-but-

2-ene-diol (42) using fructose-1,6-diphosphate aldolase has been reported.11 This enzyme was used 

in this synthesis because it generates new stereogenic centres with 3R, AR configurations, which are 

the requirement for the synthesis of 47 (Scheme 2.7). The epoxide 43 derived from 42 was 

subjected to a nucleophilic ring-opening reaction with sodium azide to give 2-azido-2-deoxy-L-

threitol (44). Periodate cleavage of the 3,4-diol group gave the Л-2-azido-aldehyde 45 which was 

treated with dihydroxyacetone phosphate and the enzyme to give 5-azido-5-deoxy-L-xy/o-hexulose 

(46). Subsequent reductive aminative-cyclization (Pd/C) gave compound 47. 

OH 

" ^ ^ O H — н о ^ ^ Ч ^ о н - ~ H O v ~ ' S ^ O H "* 
N3 

42 43 44 

?H HO- OH 

N3 но но Ън 
45 46 47 

Scheme 2.7: Synthesis of2(R), 5(S)-bis(hydmxymethyl-3(R). 4(R)-dihydroxypyrrolidine 

The enzyme-induced synthesis of l,4-dideoxy-l,4-imino-D-arabinitol (18) has also been reported, as 

shown below (Scheme 2.8).14 The aldehyde 48 was treated in a similar manner with an aldolase to 

give 18 after hydrogénation. 
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HC> S0H 
О О \ с* 

ш A ^ N H C b z + P O ^ J L , O H i) FDP Aldolase _ / ^L 
H ^^ ^ ^ ^ — •—: *· ^ м ^ - ι 

224 η Η ι ι Μ ι η η ' τ i¡) reduction и 

48 DHAP 18 

Scheme 2.8: Synthesis ofI,4-dideoxy-],4-imino-O-arabinitol 

(c) Asymmetric synthesis 

Various strategies have been reported for the stereoselective asymmetric synthesis of pyrrolidine 

derivatives, which include the use of Grignard and Wittig reactions. Lay et a/.28 have devised a 

novel procedure for the synthesis of alkylated pyrrolidine derivatives involving the addition of a 

Grignard reagent to protected furanosyl amines (Scheme 2.9). The glycosyl amine derivative 49 was 

treated with both saturated and unsaturated Grignard derivatives in tetrahydrofuran to give the more 

favoured threo open-chain amino alditol 50 by chelation control. The amino alditol 50 was then 

transformed by conventional cyclization procedures by employing either trifluoromethanesulfonyl 

anhydride in pyridine or pyridinium chlorochromate and subsequent reduction with borane-

dimethyl sulfide in tetrahydrofuran in the presence of JVyvyvyV-tetraethylenediamine (TMEDA) 

into either pyrrolidine 51 or 52, respectively. 

? B n BnO < 
L ,Ov , \ OH R HN 
^ Q - N H R 1 R̂ MgX ì ^ \ >-R2 

ВпО^Ъвп Bn°V° OBn 

49 50 

R' = Bn,R2 = CH=CH2 or 
R = C(H|3, R = CgH|7 

T^O/pyridine-MejS/TMEDA PCC/BHj-MejS/TMEDA 

OBn 9 H a P h Сбн1Э 

< >-CH=CH2 С >-CeH1 7 

ІГІ_ .к 
OBn OBn OBn OBn 

51 52 

From 50 when R1 = Bn, R2 = CH=CH2 From 50 when R' = n-C6H,3, R
2 = n-C8H17 

Scheme 2.9: Grignard reagent-derived synthesis of pyrrolidines 

Some of the reported syntheses of pyrrolidine-type aza sugars from non-carbohydrate compounds 

frequently involve many steps, viz. the synthesis of l,4-dideoxy-l,4-imino-D-lyxitol (62) from the 

dihydrofuran (53) 2 9 (Scheme 2.10). Alkylation of 53 by treatment with f-BuLi in tetrahydrofuran, 
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fol lowed by benzyloxymethyl chloride to g ive the derivative 5 4 which was simultaneously 

hydrolyzed and oxidized by treament with Jones' reagent (chromic acid and sulfuric acid in water) 

to give the keto acid 55 . Compound 5 5 was then treated with (S)-phenylglycinoI and underwent 

cyclodehydration to g ive the lactam 5 6 which was treated with methyl phenylsulfinate and 

potassium hydride in tetrahydrofuran. The intermediate sulfoxide formed thus was subjected to 

thermal elimination by heating under reflux in toluene to g ive 57. This step introduced a double 

bond required for the introduction of a vicinal diol. This was achieved by treating 5 7 with a catalytic 

amount of osmium tetraoxide and stoichiometric JV-methylmorpholine-JV-oxide in aqueous acetone. 

This step was not stereoselective and a mixture of the endo-exo diols 5 8 a and 5 8 b in the ratio 

(87:13) respectively was obtained which was separated as the corresponding isopropylidene 

derivatives obtained by reaction with 2,2-dimethoxypropane and a catalytic amount of p -

toluenesulfonic acid. Cleavage of the oxazolidine C - 0 bond o f the separated compound 5 9 and 

stereoselective reduction of the lactam carbonyl was achieved by using 9-borabicyclo[3.3.1]nonane 

(9-BBN) in tetrahydrofuran. Catalytic hydrogenolysis of 6 0 using (Pd(OH)2) as a catalyst in the 

presence of di-terf-butyl dicarbonate removed both the N- and 0-benzyl groups to g ive the N-Boc-

lyxitol 6 1 . Removal of the B o c and isopropylidene protecting groups afforded the target compound 

6 2 in 12 .3% overall yield on 5 3 . 

.OBnph p h r

0 B n 

/""" κη Ph г 

H 0 2 C — ' PhCH3.«flux \— 

53R = H 1 55 56 
54R = C H 2 O B o J 

Ph г — 
OBn _. ^ОВп ЛЭВп 

58a 

57 58a (87:13) 58b 

Ph Г 0 8 " rX) QXp HQ рн 
9-BBN 'j—\ Нг/Вос^ y j - HOAc ]~\ 

,»•< > Pd(OHb „../ ) r V 
B n°HoJL он У ¿H S 

MO—-*4ph вое 
59 60 61 62 

Scheme 2.10 

Hassner et a/. 1 5 have synthesized the branched chain hydroxylated pyrrolidine aza sugars 6 8 and 6 9 

from L-serine via intramolecular oxime-olefin cycloaddition (Scheme 2.11). These compounds are 
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selective α-glucosidase inhibitors. L-Serine was converted to the oxazolidine 63, which on 

allylation and DIBAL reduction gave an aldehyde 64 which was converted to oxime 65. 

Intramolecular oxime-olefin cycloaddition gave the cycloadduct 66 which was reduced to give the 

amino alcohol 67. Cleavage of the carbamoyl protecting group of 67 at nitrogen (aqueous CS2CO3) 

afforded compounds 68 and 69 as a mixture of diastereomers (1:3). 

L-Serine 

О О 

Υ Τ 
О О 

63 64 

ΗΝ-0 ΝΗ2ΟΗ 

NH2 

,OH 
° V ° Υ Ν HN^y·"// 

О о 
66 67 68 + 69(1:3) 

Scheme 2.11: Synthesis of pyrrolidine by intramolecular oxime-olefin cycloaddition 

A divergent route to polyhydroxylated pyrrolidine derivatives 72a-h has been described from L-

tartaric acid (70) νια the overall scheme 2.12a, the essential intermediate being imide 71 readily 

obtained from the starting material.30 Reduction of 71 by sodium borohydride-tin(II) chloride in 

ethanol-dichloromethane gave lactam 73, which was converted into the corresponding acetoxy 

compound 74. Treatment of 74 with magnesium bromide and tin reagent led to an amidoalkylation 

with the desired configuration and substituents. The key intermediate species in this cis-

amidoalkylations is the acyl iminium ion 75. High yield syn selective allenylation, allylation and 

ethynylation gave compounds 76a-c, which is explained by favourable orbital interaction or steric 

interaction during the approach of the tin nucleophile syn to the adjacent O-tert butyldimethylsilyl 

group in intermediate 76 (Scheme 2.12b). Compound 76a was transformed into alcohol 77a by 

ozonolysis (O3, CH2CI2, MeOH, DMS) and subsequent reduction (NaBftj, MeOH). Then 

compound 77a was reduced by BH3/DMS complex in THF and subsequently deprotected with 

aqueous acetic acid to produce 72a, which on hydrogénation with Pd(OH)2/C gave xylo imino sugar 

72b. (Scheme 2.12c). Similarly, 76b was converted into 77b, and thence 72e and 72f. 
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retention or inversion functionalization 

О OH TBSQ. STBS ^Л-Г ) 

"A-V" — °=0=° - rVT*0" 
0 H ° Bn reduction R Sualkylal ion 

7» 

L-Toftanc acut 
7 1 72a R = Bn HCl, η = 2, X = αΟΗ, βΗ 

72b R = H HCl,n = 2,X = aOH, βΗ 
72c R = BnHCl,n = 2.X = ßOH,ctH 
72d R = H HCl, η = 2, X = ßOH, oH 
72« R = Bn HCl. η = 1, X = αΟΗ, βΗ 
72f R = Η HCl, η = 1. Χ = αΟΗ, βΗ 
72g R = Bn HCl, η = 1, Χ = ßOH, αΗ 
72h R= Η HCl,n=l,X = ßOH,aH 

Scheme 2.12α Stereoselective uitermolecular cis-amiaoalkyhtions-denved synthesis of pyrrolidines (overall 
scheme) 

Mg-Catalyzed amidoalkylation 

TBSQ,, PTBS T B S Q . , P T B S TBSQ,,PTBS TBSĈ  ^ T B S 
71 - Ц Л н - o ^ L Ä ' Ц?-н] Ä ' °=ζ4" 

Bn Bn Bn Bn 

73 74 75 76a R = - ^ 

76b R= • 

76c R = — = 

Scheme 2 12b. Stereoselective mtermolecular cis-amidoalkylattons of 74 

Щ OTBS TBSQj OTBS HO. OH 

"Ν' Ή 

Bn Bn R 

7 6 a R = ^ * Τ ) . · . > 2 7 2 a H 2 / P d - C 7 2 b 

76bR= = 77b.n=l 7 2 . - ^ ~ „ f 

Scheme 2.12c: Stereoselective intermolecular cis-amtdoalkylations-denved synthesis of pyrrolidines 

Table 2.1. Reagents used in the transformations and products obtained 

entry 

1 

2 

3 

4 

tin reagent 
^ N ^ S D B I | 3 

<Jííss>^SnBu3 

• ^ V ^ S n B i ^ 

solvent 

CH2Cl2 

Toluene 

Toluene 

CH2CI2 

product 

76a 

76a 

76b 

76c 

ratio(cisUrans) 

21:1 

30:1 

9:1 

cis only 

yield 

100 

92 

100 

97 
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2.2.2 Piperidine derivatives 

Carbohydrate-based synthesis 

Many syntheses of the piperidine aza sugars 1-deoxynojirimycin (DNJ), and its analogues, have 

been reported because these compounds have been the main focus of biological studies in many 

systems related to glycosidases and glycoproteins. The majority of the syntheses are carbohydrate-

based using suitable carbohydrate precursors. The syntheses of the more important piperidine-type 

aza sugars are described below. 

Synthesis of 1-Deoxynojirimycin (DNJ) 

The first total synthesis of DNJ (81) was reported by Paulsen et al?1 from L-sorbose via reductive 

aminative-cyclization of an azide (Scheme 2.13). The C-6-O-p-toluenesulfonate group of the 

protected L-sorbose derivative 78 is relatively more hindered than that at C-l which facilitates its 

selective displacement by azide to give azido compound 79. Reductive amination-ring closure gave 

cyclic imine intermediate 80 which underwent stereospecific hydrogénation from only one face 

resulting in generation of the fourth stereocentre. Several other syntheses of DNJ have been based 

on the basic principles.32 

он он 
80 81 

DNJ 

Scheme 2.13: Synthesis of 1-deoxynojirimycin from L-sorbose 

Other transformations of simple sugar derivatives to DNJ have been carried out via metal hydride 

reductive-amination of oximes whereby stereoselective reduction can be explained by a Cram-type 

1,2-induction (Figure l . l). 3 3 The stereoselectivity is a combination of stereoelectronic effects which 

implies a preference for a perpendicular substituent and a steric effect which establishes a 

preference for the nucleophile to approach from the direction occupied by the smallest substituent. 

In this case the oxime group adsorbed on the catalyst, or an intermediate complex, has a 

conformation similar to the side chain and therefore the active hydrogen attacks the less hindered 

left hand side of the oxime to give predominantly the gluco configuration. 
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Figure 1.1: Cram-type 1,2-induction 

The stereoselectivity in the synthesis of aza sugars via reductive aminative-cyclization of oximes 

has been improved using protecting groups to control the substrate conformation. Anzeveno et α/.34 

synthesized DNJ via the glucurono-3,6-lactone derivative 82 in six steps in an overall yield of 30% 

(Scheme 2.14). The selectivity of the reduction of the oxime is controlled by the attack of the 

hydride ion on the convex face of the oxime 83. The final conversion to DNJ was accomplished by 

catalytic hydrogénation (H2-Pd/C) in the presence of Boc-anhydride to give 84. which on further 

reduction (lithium aluminium hydride), followed by sequential treatment with aqueous sulfur 

dioxide solution/hydrogen in the presence of Raney nickel/aqueous barium hydroxide solution gave 

DNJ (81). 

— DNJ (81) 

Scheme 2.14: Synthesis of 1-deoxynojirimycin 

Reductive aminative-cylization to DNJ via azide intermediates has been reported severally. The 

cyclization between C-l and C-5 to give DNJ was achieved by van Boom et α/.35 from a glucose 

derivative 85 with regiospecific epoxide ring opening as a key step (Scheme 2.15). The anhydro 

ring of the derived epoxide 86 was opened by benzyloxy anion to give 87 with a free hydroxyl 

group at C-5. Trifluorosulfonylation gave 88 and displacement with azide ion yielded the azide 89, 

a step which resulted with net retention of configuration at C-5, via a double inversion from 85. 

Removal of the 1,2-acetal group followed by reductive animation of the azide gave DNJ in 61% 

yield from the epoxide 86. 

BnO—ι BnO—ι 
R O - OBn N3" 

ο—γ" °~^Г о—Чг °~\ 

OBn 

*" DNJ (81) 

85 86 87R = H — I 89 
88R = Tf ^ J 

Scheme 2.15: Synthesis of1-deoxynojirimycin from D-glucose 
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DNJ (81) has also been synthesized from other monosaccharides. Vasella et α/.36 have reported the 

synthesis of DNJ from D-mannose which was isopropylidenated under known conditions and then 

transformed into the oxime 90 (Scheme 2.16). The oxime was converted sequentially into the 

pseudo glycal 92 and diol 93 via the nitrone 91. The protected triacetal 94, obtained from 93, was 

transformed sequentially into the hydroxy ester 95 by hydrogenolysis, hydrolysis and 

benzyloxycarbonylation. Lactonization of the hydroxy ester gave 96 which on reduction with 

L1BH4 produced 97 and then palladized-charcoal hydrogénation gave the key intermediate 98 with 

the gluco configuration. Compound 98 was then transformed into 5-amino-5-deoxy-D-glucitol-l-

sulfonate (99) and subsequent treatment with ion exchange resin, Dowex 1 χ 2 (OH- form) afforded 

nojirimycin (100). Catalytic reduction of nojirimycin with Pt20 as the catalyst in ethanol/water gave 

DNJ (81) in 19.5% overall yield. 

D-Mannose · ° 9 0S 
NOH 

\°1 V 

A o - OVO г п . я „ 

-çf *CHCOzlBu b - O ' 
90 91 92 

χ .0-1 ЛГ Χ, C02(Bu 

Ън Vf 
96 

Н О ^ ^ в О з 

HN-
CH2OH 

H n - о н HO-y 

%—.-Γ ^ 
O-Y -NH3

+ 

97 R = Z — I 
98 R = H - J 

Z=BnOCO 

- N H 3

+ 

CH2OH 

99 100 R = OH—I 
81 R = H ^ _ L 

Scheme 2.16: D-Mannose-derived synthesis of 1-deoxynojirimycin (81) 

Synthesis of (+)-l-Deoxymannojirimycin (DMJ) 

The synthesis of DMJ (108) has been reported from both carbohydrate and non-carbohydrate 

sources. These include syntheses from D-Mannose37, D-glucose38, sucrose39, and * L-

gulonolactone40 which is easily obtainable by hydrogénation of L-ascorbic acid (vitamin C). The 
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synthesis from D-mannose requires reductive aminative-cyclization between C-2 and C-6 or C-l 

and C-5, and from D-glucose by reductive aminative-cyclization between C-2 and C-6 and inversion 

of configuration at C-2. Bemotas and Ganem41 synthesized DMJ from methyl-a-D-

mannopyranoside by intramolecular aminomercuration, a method which transforms natural 

monosaccharides into aza sugars having the same relative and absolute configuration (Scheme 

2.17). The starting material was converted into methyl tri-0-benzyl-6-bromo-6-deoxy-a-D-

mannopyranoside (101) which was transformed via 102 into the key intermediate aminoalkene 103 

by heating under reflux with acetic acid-zinc dust in propan-2-ol-water (19:1) containing 

benzylamine and sodium cyanoborohydride, via ring opening with concomitant reductive 

animation. The aminoalkene 103 was then subjected to intramolecular aminomercuration by 

treatment with mercuric trifluoroacetate in tetrahydrofuran to give bromomercurial derivatives 104 

and 106 in the ratio of 7:1. The minor isomer 106 was converted into the target product 108, as 

shown in scheme 2.17. The predominant bromomercurial 104 was sequentially treated with sodium 

borohydride-dimethylsulfoxide-oxygen to give the alcohol 105 which was oxidized (Swern) to give 

the aldehyde and subsequently epimerized with l,8-diazabicyclo[5,4,0]undecene-7 (DBU) in 

dichloromethane followed by reduction with sodium borohydride to afford 107 which upon 

hydrogenolysis gave l-deoxymannojirimycin (108) in 13% overall yield in about 12 steps. 

a-D-Mannose В $ о \ І Х \ » B n o V ? B " 
Ι BnO ' - - r 

OMe 

101 102 

"CHO 

BnO 

BBft> 

106 

ЮЗ 106 
104R = CH2HgBr —ι 
105R = CH2OH ^ J 

»oxidation HOH2C 0 B n HOH2C 0 H 

... . .» Q _ Λ ^ Λ 4 - Ν Β Π Mrogenolys.s / ^ J - N H 

")raducüon ^ о С ^ Д нЯо І І Л 
107 108 

(DMJ) 

Scheme 2.17: Synthesis ofl-deoxymannojirimycinfrom methyl D-mcmnopyranoside 

The synthesis of DMJ in 16 steps from D-glucose has been reported4 (Scheme 2.18). The 

intermediate 3-0-benzyl-l,2;5,6-di-C>-isopropylidene-D-glucose was partially hydrolyzed by mild 

acid to give the monoacetal 109 which on treatment with dimethyl carbonate gave 110. Treatment 

of compound 110 with methanolic hydrogen chloride gave a mixture of methyl-furanosides llla,b 

29 



Chapter 2 

HO—ι 
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116 ~ ~ 
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Scheme: 2.18 Synthesis afl-deoxymannojirimycinfrom D-glucose 

Fumeaux et аіАг have reported the synthesis of DMJ from D-fructose (Scheme 2.19). Treatment of 

D-fructose in methanol containing Amberlyst 15 ion-exchange resin gave the mixed methyl D-

fractofuranosides 119 which were selectively functionalized at C-6 by treatment with 2,4,6-

triisopropylbenzenesulfonyl chloride, followed by acetylation (acetic anhydride-pyridine) to give 

the methyl l,2,4-tri-0-acetyl-a,ß-D-fructofuranosides 120. Conventional azide displacement of the 

tri-O-isopropylbenzenesulfonyl group at C-6 (sodium azide-JVyV-dimethylformamide), gave 121 

which on deacetylation (sodium methoxide) gave the 6-azido-6-deoxy-D-fructoside 122. Treatment 

with trifluoroacetic acid followed by hydrogénation gave l-deoxy/mwwiojirimycin (108), isolated as 

a crystalline hydrochloride salt. 
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D-Fructose 
MeOH 

H+ 

CH2OH CH2X 

\ V CH2OH 

OH 

119 

CH2OH 

OAc 

120X = SO2 

121X = N3 

Scheme 2.19: Synthesis of l-deoxymannojirimyctnfrom D-fructose 

Syntheses of 1-deoxygaiactonojirimycin and its derivatives 

Legier, et α/.43 have reported the synthesis of l-deoxy-D-ga/acfonojirimycin (132) and 1-deoxy-L-

aZ/ronojirimycin (133) from D-glucose in 13 steps (Scheme 2.20). D-Glucose was initially 

isopropylidenated to give l,2;5,6-di-0-isopropylidine-D-glucose (19) which was transformed into 

the D-gulo derivative 127 via the following operations. First DMSO-based oxidation of 19 to 123, 

followed by conversion into enol acetate 124, then reduction by borohydride, subsequent tosylation 

to 125, displacement of tosylate group by acetate (NaOAc-DMF) and finally deprotection with 80% 

acetic acid to 127. Selective protection of the primary C-6 position (tritylation) to 128, oxidation at 

C-5 (pyridinium dichromate-acetic anhydride) to 129 followed by oximation of the resulting ketone 

gave 130; Subsequent hydrogénation gave the 5-amino-D-galacto (131a) and Ъ-altro (131b) 

derivatives as a 1.7:1 mixture of isomers. Compounds 131a and 131b were converted into their 

hydrogensulfite adducts, followed by treatment with barium hydroxide to give 1-deoxy-D-ga/acto-

nojirimycin (132) and l-deoxy-L-aZtronojirimycin (133), respectively. Several other syntheses of 1-

deoxy-D-gatoeionojirimycin and its derivatives have been reported subsequently.44"47 

T v о П Λ OAcoV -όΤλ -О/ \ о 6\ 

19 123 124 

сх 
125 126 

HR,¿Y 
«-R2 

127 R. = R, 
128R, = OH,R; 

- * oV + 

- N H 2 \ H2I 
•-OTr 

OH 1 
OTrJ 130X = NOH ж J 

•-OTr >-OTr 

131a 131b 

Scheme 2.20: Synthesis of 1-deoxy-D-gaiaclonojirimyán and l-deoxy-D-alttOnojirimycin 
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Scheme 2.20 (comd.): Synthesis of Ì-deoxy-D-gdlactonojirimycin and 1-deoxy-D-alttonojirimycin 

Enzyme-catalyzed synthesis of piperidine-type aza sugars 

The synthesis of both DMJ and DNJ has also been achieved from 3-azido-2-hydroxypropanal (134) 

and dihydroxyacetone phosphate (DHAP) (135) in quantitative yields in a one-pot process catalysed 

by Rabbit Muscle Aldolase (RAMA) (Scheme 2.21). Treatment of an equimolar mixture of 134 and 

135 with the enzyme gave the diastereomeric ketoses, 6-azido-6-deoxy-D-fructose (136a) and L-

sorbose (136b) 1-phosphates. Acid-catalyzed hydrolysis of the phosphate ester groups afforded a 

mixture of the free corresponding 6-azido-6-deoxy-hexuloses 137 and 138 which were separated by 

column chromatography on ion exchange resin (DOWEX 1 χ 8, HCO3- form) and the respective 

azido hexuloses were subjected to catalytic hydrogénation (Pt/C) in aqueous medium to give DMJ 

(108) and DNJ (81), respectively.10 

HO H O "X^jCHjOPOaBa f ^ V 
Na^XCH0

 + НО^Д^ОРОз2- — γΤΟΗ + Ns-p '̂ 

,CH2OP03Ba 
ОН 

он он 

134 135 136« 136b 

136а 136b 

*J. 
> 

СН2ОН Л^СНгОН 
ОН м.Д н о Л э н ^ 

ОН 137 ОН 138 

ι ; 
НОН,С но НОН2С 

ОН 
108 81 
DMJ DNJ 

Scheme 2.21: Enzyme-catalyzed synthesis of DMJ and DNJ 
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The enzymes fuculose-1 -phosphate and rhamnulose-1-phosphate aldolases have also been used for 

the synthesis of 1-deoxy-azasugars, via the reaction of 3-azido-2-hydroxypropanal with 

dihydroxyacetone phosphate (DHAP). Thus, the use of racemic 3-azido-2-hydroxypropanal as a 

substrate for rhamnulose-1-phosphate and fuculose-1-phosphate aldolases led to compounds 139a, 

139b, 142a and 142b, respectively (Scheme 2.22a and 2.22b). Straightforward hydrogénation of 

139a and 142a with simultaneous dephosphorylation gave the 1,5-imino-1,5,6-trideoxy-aza sugars 

140, and 143a and 143b. Enzymatic dephosphorylation of 139a and 142a using phosphatase, 

followed by hydrogénation led to the normal 1,5-dideoxy-aza sugars 141 and 144.'l 
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Dondoni et α/.48 have synthesized nojirimycin, mowiojirimycin, and their 3-deoxy derivatives, 

respectively, from L-serine via thiazole intermediates (Scheme 2.23). Three carbon homologation of 

the protected serine 145 using a thiazole-based carbonyl phosphorane 146 afforded the intermediate 

147 which was dihydroxylated (OSO4) and protected to give the key intermediate 148. 

Stereocontrolled reduction of the carbonyl function of 148 with sodium borohydride in methanol 

gave the carbinol with an L-gluco configuration, which was protected with a f-butyldimethylsilyl 
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group to give 149. Alternatively, reduction of 148 with sodium bis(2-methoxy)aluminium hydride 

(Red-Al)® proceeded stereochemically in a controlled fashion to afford the product with the L-

manno configuration, which was acetylated to give 150. Liberation of the formyl function which is 

contained in the thiazole ring of 149 and 150 gave the aldehydes 151 and 152 which after 

conventional removal of protecting groups and subsequent reductive aminative-cyclization gave L-

nojirimycin and L-mannojirimycin, respectively. 
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Scheme 2.23: Synthesis ofL-nojirimycinandL-mmnojirimycin 

A synthesis of D-mannonolactam 162 and, hence (+)-l-deoxyma/wiojirimycin (108) has been 

reported via aza-annulation of a ß-enamino carbonyl substrate in 12 steps (Scheme 2.24). Cook et 

α/.49 achieved these syntheses via the key intermediate 159 which was constructed from propynyl 

benzyl ether (153). Deprotonation and ethoxycarboxylation of 153 gave the ester 154 which on 

treatment with benzylamine and acetic anhydride underwent aza-annulation to furnish ß-enamino 

ester intermediate 155. Catalytic hydrogénation of 155 in the presence of ЫагСОз occurred 

stereoselectively to generate 156 as a translcis mixture (ratio 2:98) which on treatment with 

methylmagnesium bromide under basic conditions (Et3N) gave the corresponding methyl ketone as 

a mixture of translcis isomers (ratio 72:28). The mixture was epimerized under basic conditions 

(DBU) to 157 and then oxidized with trifluoroacetic acid-mCPBA (Baeyer-Villiger oxidation) to 

give 158 essentially as a single diastereomer. De-acetylation (NaOMe) followed by conventional 

benzylation afforded the key intermediate 159. Compound 159 was treated sequentially with lithium 

di-isopropylamide (LDA), phenylselenium chloride, periodate (elimination of selenic acid) to 

produce the α,β-unsaturated compound 160. Cw-dihydroxylation (OSO4) of 160 afforded 161 an 
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intermediate for both D-mannonoIactam and l-deoxymrt/i/iüjirimycin. Reductive deprotection of 

161 afforded mannonolactam 162 directly in 44% yield. Reduction of the lactam carbonyl (L1AIH4-

Et20) gave 163 and subsequent catalytic hydrogénation (Pd/C) produced (+)-l-

deoxyma/wojirimycin (108) in 52% yield. 
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Scheme 2.24: Synthesis ofD-mannono-l,5-lactam and Ideoxymannojirímycin 

2.2.3 New analogues of aza sugars 

Several new types of aza sugar analogues have been synthesized recently from both carbohydrate 

and non-carbohydrate sources. Ichikawa et al.50 have reported the synthesis of a new type of imino 

sugar, in which a nitrogen atom replaces the anomeric carbon of 2,3:5,6-di-0-isopropylidene-D-

mannofuranose (164) (Scheme 2.25). Compound 164 was treated with p-methoxybenzyl chloride in 

AyV-dimethylformamide, together with silver oxide and potassium iodide, to give the glycoside 165. 
Selective hydrolysis of the 5,6-acetal group furnished the vicinal diol which was cleaved with 

sodium periodate to give an aldehyde 166. Treatment of 166 with formaldehyde and sodium 

hydroxide (Moffatt's Aldol-Cannizzaro reaction) gave a C-4 branched furanoside 167 which was 

ditosylated at the 5 and 5' positions. Removal of the p-methoxybenzyl group with 2,3-dichloro-5,6-

dicyano-l,4-benzoquinone (DDQ) regenerated a free anomeric hydroxy! group, and treatment with 

sodium hydride gave the l,5'-anhydro derivative 169. The remaining primary tosyl group of 169 
was displaced by azide ions to give 170. Hydrolysis of the l,5'-anhydro ring and the 2,3-0-
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isopropylidene group using aqueous trifluoroacetic acid, followed by reductive aminative-

cyclisation afforded the novel compound 172. 
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Scheme 2.25: Synthesis of a new type ofimino sugar 

Recently, Hansen et al.51 have reported the synthesis of 1-aza-analogues of L-sugars which are 

related to isofagomine (173), Scheme 2.26a and 2.26b. Compound 182 was prepared from L-

arabinose (174) via the intermediate methylene derivative 178. Benzyl ß-L-arabinoside (175) was 

treated with acetone and 2,2-dimethoxypropane and a catalytic amount of p-toluenesulfonic acid to 

give the known aceta! 176. Oxidation (pyridinium dichromate-Jones' reagent) of the free hydroxy! 

group of 176 gave the ketone 177 which was methylated by treatment with triphenylphosphonium 

methylide (Wittig reaction) to give 178. Reduction of 178 directly using sodium in liquid ammonia 

gave the expected diol 179 which was subsequently di-tosylated in pyridine to give 180. This 

compound on reaction with benzylamine cyclized spontaneously to the protected aza sugar 181. 

Removal of protecting groups in the usual manner gave the target compound 182. 
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Scheme 2.26a: Synthesis ofL-aza sugars from L-arabinose 

A synthesis of 186 has been achieved from α-lactose51 in seven steps via the D-isosaccharino-1,4-

lactone derivative 183 (Scheme 2.26b). Treatment of 183 with liquid ammonia gave the lactam 184 

which was deprotected using aqueous trifluoroacetic acid to give the unprotected lactam 185. 

Subsequent reduction with borane-dimethylsulfide then gave compound 186. The conversion of <x-

lactose into the lactone derivative 183 is very time consuming and proceeds in low yields. 

Η Η Η 

steps ч Д З С н о - Ч - ° Х н о * М г о н н с / М " ™ 
° н2с-о нгс-он м и Н2С-ОН 

183 184 185 186 

Scheme 2.26b: Synthesis ofL-aza sugars from a-lactose 

2.2 A Synthesis of JV-alkylated aza sugars 

Van den Broek et al.52 have outlined three general procedures for obtaining N-alkyl derivatives of 

aza sugars (Scheme 2.27). A free aza sugar is treated with an alkyl halide, normally the alkyl 

bromide, in ЛУ -dimethylformamide using potassium carbonate or cesium carbonate as the base. 

The incorporation of several alkyl groups have been reported by this procedure including methyl, 

butyl, isobutyl, pentyl and benzyl which proceeds smoothly at room temperature within a few hours. 

The second method uses much more reactive alkyl triflates but requires initial protection by 
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benzylation followed by selective W-debenzylation, treatment with the alkyl trinate, and finally 

catalytic hydrogénation of the remaining O-benzyl ether groups to give the N-alkylated derivatives. 

The third method involves catalytic reductive amination of a free aza sugar with an aldehyde. 

Method 1: RCH2Br. CsjCO,, DMF 

Method 2: i) BnBr, NaH, DMF 
ii) Pd(OH)2/C, H2, ЕЮН 
iii) RCHjOH, Tf20,2,6-lutidine, CH2C12 

iv) Pd/C, H2, t-BuOH/HOAc/H20 

Method 3: RCHO, Pd(OH)2/C, H2, rBuOH/HOAc/H20 

Scheme 2.27: Synthesis ofH-alkylated aza sugars 

2.2.5 Polyhydroxy azepanes 

The first total synthesis of a polyhydroxylated azepane derivative was reported by Paulsen et α/.53 

(Scheme 2.28). D-Glucose was converted into compound l,6-imino-l,5,6-trideoxy-D-xy/ohexitol 

(191) via the l,2-0-cyclohexylidene-5-deoxy-hexuronoamide (187). Catalytic reduction of 187 with 

lithium aluminium hydride afforded amine 188 as the hydrochloride salt which on treatment with 

sulfur dioxide gave the acyclic iminosulfite 189. Compound 189 on treatment with aqueous barium 

hydroxide cyclized spontaneously to give the intermediate 190 which was catalytically 

hydrogenated to afford the desired l,6-imino-l,5,6-trideoxy-D-jry/ohexitol (191). 
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Scheme 2.28: Synthesis ofJ,6-imino-1.5,6-trideoxy-D-iiyiohexitolfrom D-glucose 
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Concurrent with the synthesis of 191, the syntheses of the peracetylated derivatives of 1,6-dideoxy-

I,6-imino-D-g/Mcohexitol and l,6-dideoxy-l,6-imino-D-gaiactohexitol via 6-amino-6-deoxy-D-

glucose and б-атіпо-6-deoxy-D-galactose, respectively, were also reported, employing the same 

procedures53. 

Several syntheses of polyhydroxylated azepanes reported so far, utilize nucleophilic ring-opening 

reactions of mono- or ¿«-epoxide derivatives by benzylamine as the key step.62-64 This approach 

usually gives a mixture of piperidino and azepane derivatives in ratios of up to 1:1. Poitout et al.54 

have synthesized two azepane derivatives 197 and 202 from D-mannitol via double nucleophilic 

opening of the C2-symmetrical ¿«-epoxide derivatives (Scheme 2.29). D-Mannitol was converted 

conventionally into the bis-epoxides l,2;5,6-dianhydro-3,4-di-0-benzyl-D-mannitol (193) and the L-

iditol di-epoxide 194 via the ¿»«-ether 192. These were then treated with benzylamine to afford 

compounds 195 and 196 or 199 and 201 which on catalytic hydrogenolysis afforded compounds 197 

and 198 or 200 and 202, respectively. 
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Scheme 2.29: Synthesis oftetrahydroxy D-manno and L-ido azepanes 
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2.2.6 Indolizidines 

Several syntheses of these compounds are carbohydrate based due to the formal resemblance 

between sugars and the polyhydroxylated units of indolizidines. The main focus has been on the 

synthesis of the two naturally occurring representatives of this class of compounds, i.e. 

castanospermine (203)5 5 '5 9 and swainsonine (204)60-66, and their derivatives. The syntheses of 

these compounds are of considerable interest and have been reviewed comprehensively67"74. Since 

these bicyclic systems are not the main interest of this thesis only some relevant aspects will be 

discussed. 

н ? н 9 н HO OH 

H 0 ^ k ^ N ^ / 

203 204 

The total enantiospecific synthesis of castanospermine (203) and its C-l epimer 1-

epfcastanospermine has been achieved75 from D-glucose. Condensation of 2,3,4-tri-O-benzyl-D-

glucopyranose (205) with benzylamine gave the glucosylamine 206 as an anomeric mixture 

(Scheme 2.30). This mixture was reduced with lithium aluminium hydride to give the crude amine 

207 which was trifluoroacetylated to give the amide 208. Selective protection of the primary 

hydroxyl group of this amide with a rerf-butyldimethylsilyl (TBDMS or TBS) group, followed by 

mesylation at C-5, deprotection at C-6 and treatment of the mesylate with methanolic methoxide 

furnished the epoxide 209, with overall inversion of configuration at C-5. The amide group in 209 

was cleaved by reduction with sodium borohydride to give 210 which cyclized spontaneously to a 

mixture of piperidine 211 and azepane 213 which was separated. For the purpose of this synthesis, 

the piperidine 211 was oxidized by the Swem procedure (DMSO-oxalyl chloride) to give the 

aldehyde 214. Condensation of 214 with lithio terf-butylacetate gave 216 as a mixture of separable 

diastereomers. Treatment of the less polar isomer under hydrogenolytic conditions, followed by 

aqueous trifluoroacetic acid, furnished the lactam 219 which was reduced with diisobutylaluminium 

hydride (DffiAL) to give castanospermine (203). Treating the more polar isomer under the same set 

of conditions afforded the C-l epimer of castanospermine, 1-epicastanospermine. The 

trihydroxypipecolate 218, available from 215, via oxidation of 214 followed by hydrogenolysis was 

suggested as a possible intermediate in the biosynthesis of 203. 
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Scheme 2.30: Total synthesis of castanospermine (203) from D-glucose 

Several other indolizidine derivatives have also been synthesized from various monosaccharides. 

For example, the indolizidine 223 has been synthesized from the L-arabinose derived aldehyde 220 

(Scheme 2.31) which was employed as a chiral template to construct all the stereocenters of the 

target molecule.76 Diastereoselective chain elongation of 220 was achieved by allylation to form a 

homoallylic alcohol intermediate which was converted to the Cg-polyol 221 by means of a 

Sharpless asymmetric dihydroxylation (hydroxyquinine 9-phenanthryl ether, K3Fe(CN)6, K2OSO4-

(Н20)г). Subsequent insertion of a nitrogen into the molecule was accomplished by conventional 

azide S N 2 displacement on tosylated 221. Removal of the isopropylidene protecting functions and 

¿ir-tosylation then gave 222. Deprotection and reduction of the azide resulted in concomitant 

cyclization to give the target compound 223. 

MPMO l i n i i n 

,CHO 

1 

220 

-T-0 

Scheme 2.3J MPM =p-methoxyphenylmethyl 

The total synthesis of castanospermine (203) from non-carbohydrate sources has been achieved, 

inter alia , in about 20 steps using a tartrate precursor7?. The building block 225 in this synthesis, 

was obtained in six steps from dimethyl L-tartrate (Scheme 2.32). Asymmetric Sharpless 

epoxidation of 225 gave 226, the oxirane ring of which was cleaved regio- and stereoselectively by 

Et2AlNBn2 to form the amino intermediate 227. Acetylation of the primary hydroxyl group (228) 
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Scheme 2.32 (conta): Total synthesis of castanospermine from tartrate 

Kibayashi et α/.78 have synthesized swainsonine (204) from D-malic acid, a non-carbohydrate 

source (Scheme 2.33). D-Malic acid was transformed into a dioxane dialdehyde 239 which was 

homologated by three carbon atoms using a Wittig reaction and then a series of transformations to 

give the key intermediate, hydroxyamic acid 240. Compound 240 was oxidized with 

tetrapropylammonium periodate in aqueous solution to give the trans cyclo adduct 242 via an 

intramolecular hetero-Diels-Alder cycloaddition of the intermediate acylnitroso 241. Reductive 

cleavage of N-0 bond followed by dihydroxylation of the double bond in 242 gave a diol which on 

protection gave 243. Reduction of the carbonyl group, desilylation of the terminal hydroxyl group, 

and cyclocondensation with carbon tetrabromide-triphenylphosphine-triemylamine afforded 

swainsonine (204), after removal of the remaining protecting functions. 
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Scheme 2.33: Synthesis of swainsonine (204) from D-malic acid 

2.2.7 Pyrrolidines 

Several syntheses of pyrrolizidines have been reported from non-carbohydrate starting materials e.g. 

D-glyceraldehyde79, L-tartrate80 and L-proline.81 Hassner et α/.82 have synthesized (-)-supinidine 

(247) from L-proline employing thermal intramolecular oxime-olefin cycloaddition as the key step 
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(Scheme 2.34). L-Proline was converted into the oxime 244 which underwent intramolecular 

cycloaddition on being heated at 180°C for 15h to give tricyclic derivative 245 which was converted 

to pyrrolizidine 246 and deaminated to give the target compound (-)-supinidine (247). 

L-Proline — - * • < f l ^ / ~ ~ f ^ y - N H 

244 245 

H >^OH H /--он 

~ α>ΝΗ° - c p 
246 247 

Scheme 2.34: Synthesis ofsupinidine (2A7)from I^proline 

The synthesis of l,7a-diepialexine (264) from (5)-pyroglutamic acid has been reported by Dcota 8 3 

(Scheme 2.35). (S)-pyroglutamic acid was converted in several steps into the unsaturated lactam 

248 which was subjected to cw-dihydroxylation with OSO4, followed by isopropylidenation to give 

249. This was treated with vinylmagnesium bromide in tetrahydrofuran to give the enone 250. 

Reduction of 250 with sodium borohydride in the presence of cerium chloride in methanol gave the 

allylic alcohol 251 as a mixture of diastereomers (1:2.4). Ozonolysis of 251 followed by reduction 

with NaBH4 afforded the diols 252 and 254 which were silylated (TBDMS) to give 253 and 255, 

respectively. The isomer 253 with the incorrect configuration for conversion to the target molecule 

was sequentially oxidized (Swem) and reduced (NaBH4) to give 255. The remaining hydroxyl 

group of 255 was mesylated and the product treated with tert-BuOK to give the pyrrolidine 256 by 

intramolecular displacement. After removal of the silyl group from 256 (TBAF) the resulting 257 

was oxidized (Swem) and the aldehyde treated with allylmagnesiumchloride in THF, or allyllitnium 

in ether-THF, to give 259 and the isomeric 262 in ratios of 2.5:1 and 5.4:1, respectively. The 

hydroxyl group in 259 was protected as a MOM ether and selective transformation of the В oc group 

into a benzyl function gave 261. Ozonolysis of 261, followed by reduction (NaBKO gave the 

alcohol 263, which on mesylation followed by cleavage of the protecting groups afforded 264 in 52 

% yield after purification. Compound 262 gave the enantiomeric l,7,7a-triepialexine (265) by a 

parallel series of reactions. 
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Scheme 2.35: Synthesis ofl,7a-diepialexine (264) from (S)-pyroglutamic acid 
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C H A P T E R 3 

SOME FURTHER ASPECTS CONCERNING THE S Y N T H E S I S OF 
l ,4-DIDEOXY-l ,4-IMINO-D-TALITOL A N D D - A L L I T O L 

3.1 Introduction 

The synthesis of l,4-dideoxy-l,4-imino-alditoIs (polyhydroxypyirolidines) have been reported 

severally (see chapter II) using both carbohydrate and non-carbohydrate sources. Some of them 

have involved long routes, not easily adaptable to larger scale reactions and sometimes not 

completely stereoselective.1"4 The syntheses of l,4-dideoxy-l,4-imino-D-talitol (1) and D-allitol (2) 

have been described comprehensively from D-mannose and D-gulono-l,4-lactone, respectively5"7, 

using slightly different approaches. 

CH2OH 

но t)H 

A previous5 synthesis of compound 1, which is a specific and competitive inhibitor of human liver 

oc-mannosidase, involved the use of the readily available diacetal 3 of D-mannose as starting 

material. Reduction (L1AIH4) of 3 gave the protected mannitol derivative 4, which was converted 

into the di-0-mesylate 5 and reacted with excess benzylamine to give the protected pyrrolidine 6. 

Hydrogenolysis (РОУС/Н2) and removal of the protecting groups gave 1, HCl salt, in -50% overall 

yield from D-mannose (Scheme 3.1). 

D-mannose 

Scheme 3.1: Synthesis of 1,4-dideoxy-l,4-imino-D-ialilol (1) 
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Buchanan et al.6 have also reported a synthesis of 1 from D-mannose via the diacetal 3. Treatment 

of 3 with hydroxylamine gave the oxime 7 which on reaction with methanesulfonyl chloride 

furnished the protected D-mannononitrile derivative 8. Reductive aminative cyclization (L1AIH4) of 

8 gave the diacetal 9 (43%), which on treatment with dilute hydrochloric acid and purification using 

ion-exchange chromatography gave 1 (HCl salt) in 20% overall yield from oxime 7 (Scheme 3.2). 

This route was obviously less efficient than the alternative sequence described above. The low yield 

resulted mainly from the reductive cyclization step and is probably due to competitive desulfonation 

(O-S bond cleavage) to yield the amino-mannitol derivative 10 which is incapable of undergoing 

ring closure (cf. also Chapter TV). 

3 NH2OH.HCI ° ^ MsCI 
» /°Нч/ pyridine* 

\ r S ^ C = N - O H ™ 

, 0 -X: 
-OMs 
-o. 

8 
X 

0X0 
О О 

I—( Η 

HO OH 
HC1 ' \ %<°и 

er У 
Η Η 

9 1 

Ν L / ^ N Ν 

OH 

Χ 

10 
Scheme 3.2: Synthesis ofl,4-dideoxy-l,4-imino-O-talitol (i) 

The two routes described previously6·7 for compound 2 from 2,3:5,6-di-0-isopropylidene-D-

gulono-l,4-lactone (11) (Scheme 3.3 and 3.4) employ essentially the same strategies as used above. 

The route involving cyclization of the di-mesylate 13 (derived from the intermediate diol 12) with 

benzylamine to give the N-benzyl derivative 14, followed by reductive de-benzylation and treatment 

of the resultant compound 15 with dilute hydrochloric acid gave the desired product 2 in 48% 

overall yield (Scheme 3.3). The other route (Scheme 3.4) involving reductive cyclization (ІЛАІН4) 

of the nitrile mesylate 17, obtained from 11, by partial reduction to the guióse diacetal 16, followed 

by oximation mesylation, was again less efficient (14%) probably due to partial reductive de-

mesylation of 17 during the reductive cyclization step (vide supra). 
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Q° Q Ρ 
X Q Ρ 

HQ PH 

11 

Η 

"^кГУ** 

12 R = H 

Οχ 
Η ^ 

лОН 

ОН R Ч э х 

1 14R = CH2Ph—ι 2 
13 R = SOjMe . · _ ! 15 R = H - 1 

Scheme 3.3 Synthesis of I,4-äiäeoxy-1.4-imino-O-allitol (2) from D-gulono-l,4-laclone 

Cr О. .OH Ç»N 
' ^ -O. 

g 0 reduction 

CK 
MsO-

16 17 

9VP 

К 

15 
Scheme 3.4: Synthesis ofl.4-dùleoxy-l,4-imino-D-aUitol (2) 

It was decided to re-investigate some aspects of these routes in connection with the overall aims of 

the studies described in this thesis to provide more economical and more practical sequences for the 

preparation of various aza-sugars or derivatives thereof. 

3J. Results and Discussions 

Although D-mannose was a convenient starting material for compound 1 using either route5·6 , it is 

not a particularly cheap monosaccharide compared with others, i.e. D-glucose, D-fructose or D-

gIucono-l,5-lactone. This is especially so when bulk quantities are considered. D-Isoascorbic acid 

(18) is surprisingly cheap as a basic chemical, cheaper in fact than Vitamin С (L-ascorbic acid) and 

many times more (ca 8x) than D-mannose. It has not been exploited to any extent as a synthon for 

obtaining sugar intermediates.8 It was considered worthwhile investigating the use of 18 as 

replacement for D-mannose in the synthesis of compound 1. 

It was known8·9 that simple catalytic hydrogénation of 18 provides D-mannono-l,4-lactone (19) in 

moderately good yields (-50%). This has now been improved (79-84%) by conducting the 

reductions in the presence of 1 equivalent of 98% formic acid. The catalyst (palladized charcoal, 

10%) was recovered by filtration and could be re-used (5-7 times) if it was reactivated by washing 

with warm (60°C) formic acid, followed by water, after each reduction. These two modifications 

now make the preparation of lactone 19 much more attractive economically. The synthesis of 

2,3:5,6-di-0-isopropylidene-D-manno-l,4-lactone (20) was then investigated, since this would be 

the protected derivative required for the preparation of compound 1. Use of the procedure reported5 

for the synthesis of the related isomeric D-gulono derivative 11 presented problems. When the 
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lactone 19 was treated with a mixture of acetone-2,2-dimethoxypropane (5:1) in the presence of p-

toluenesulfonic acid (pH 3) at room temperature for 48 h, analysis (TLC, solvent mixture C) 

indicated the presence of 4 major components. These were tentatively identified to be the required 

20, the two esters 21 and 22 and possibly a mono-acetal (Scheme 3.5). Column chromatography 

failed to separate the mixture. 
C0 2 CH 3 

H O 

H O — 
HO 

HO—I X О — 
X 

. 0 — 

OH L0K 
18 19 20 21 

C02CH3 

H O — 

b< 
22 

Scheme 3.5: Conversion ofO-isoascorbic into starting material for the synthesis of I 

0 - , N H 2 

X Ό — 
IS 19 — - 20 — 

CN 

X 
—OH " —OR — 9 — 1 

— O v X 
23 24R = Ts 

25R = H 

Scheme 3.6: Synthesis ofl,4-dideoxy-l,4-imino-D-talitol {I) from D-isoascorbic acid (18) 

Treatment of 19 with acetone in the presence of anhydrous соррег(П) sulfate/catalytic sulfuric acid6 

provided 20 in excellent yield (91%). These reaction conditions had earlier proven effective6 with 

the L-isomer of 19. A much simpler procedure was one based on an earlier synthesis described by 

Goodyear and Haworth.10 Treatment of 19 with acetone containing 0.25% hydrogen chloride at 

room temperature overnight gave compound 20 in very good yield (86%) after simple neutralization 

with anhydrous sodium hydrogen carbonate and recystallization of the resultant material from 

petroleum ether (80-110°C) (Method C). 

It was decided NOT to convert the diacetal 20 into the oxime 7, by partial reduction followed by 

oximation, (compare Scheme 3.2) but to attempt to prepare a suitably substituted 4-0-sulfonate 

derivative of 2,3:5,6-di-0-isopropylidene-D-mannonitrile directly from 20 via its amide 23. 

Treatment of compound 20 with liquid ammonia (-40°C) gave the pure amide 23 in essentially 

quantitative yield (Scheme 3.6). The material was analytically pure. Treatment of a solution of 23 in 

pyridine with 3.5 mol equivalents of p-toluenesulfonyl chloride gave the nitrile tosylate 24 in 78% 

overall yield from the diacetal 20. The identity of 24 was confirmed by treatment of the known 

oxime 7 (Scheme 3.2) with p-toluenesulfonyl chloride in the same manner, whereon 24 was 
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obtained in 87% yield. The structure of 24 is in essence the same as 8 (Ts instead of Ms). 

Treatment of 24 with L1AIH4 resulted in the reductive aminative cyclization to give 9, which on 

conventional hydrolysis of (lM-hydrochloric acid) gave crystalline 1 as the HCl salt. 

The route described to pyrrolidine 1 (51% overall yield) compares well with that described earlier 

by Fleet et al.5 (-50%) and is a distinct improvement on the closely related alternative6 (Scheme 

3.2). The simple modification of going directly from lactone 20 to the sulfonated nitrile 24 is 

efficient and it seems that much less concurrent desulfonylation (O-S bond cleavage) occurred 

during the reduction step (71 VJ 43%). This may be attributed to the greater steric bulk of the C-4 

tosyloxy group compared with the smaller mesyloxy substituent.6 There is almost no information 

about the comparative reductive desulfonylation reactions of these two groups situated on isolated 

carbon atoms, especially in open-chain compound to support this explanation. 

Attempts were made to extend this route for preparing the other pyrrolidine 2. Commercially 

available D-gulono-l,4-lactone was treated with acetone/0.25% hydrogen chloride to give the 

known diacetal 11 in 88% yield. Treatment of this compound 11 with liquid ammonia gave the pure 

amide 26 which when reacted with excess of p-toluenesulfonyl chloride in pyridine at -20°C for 

three days, followed by a further three days at 0°C gave the tosylated nitrile 27 in 55% from the 

diacetal 11. Reductive cyclization of 27 (LÌAIH4) gave the imino-allitol 15 (96%) which on 

treatment with dilute hydrochloric acid and processing in the described manner5·7 gave crystalline 2 

(98%) as the HCl salt (Scheme 3.7). This represents an overall yield of 45.5% for compound 2, 

based on D-gulono-1,4-Iactone. 
Q ^ N H 2 

D-Gulono-1,4-Iactone 11 NH, 

—O, 

—O' 

HO— 

X 
C-N 

—a 
TsCl —о 

pyridine Tso— 

—Q cx 

X 

toV 

**p 

27 

HQ P H 

LiAHL· 

H 
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2. на 
Scheme 3.7: Synthesis of I,4-dideoxy-l,4-imino-D-allitol (2) from D-gulono-¡,4-Iactone 

This also compares favourably with the route depicted in Scheme 3.37 for compound 2 which was 

obtained in 48% overall yield from the same lactone. It was again much more efficient than the 

route (Scheme 3.46) using the nitrile mesylate 17. 
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During the course of these studies a preliminary attempt was made to convert the known oxime 7 

into the 4-chloro derivative 28, with inversion of configuration at C-4. This would have possibly 

provided access to l,4-dideoxy-l,4-imino-D-mannitol (29). Treatment of 7 with triphenylphosphine-

carbon tetrachloride-imidazole12 failed to yield the expected 28 and the nitrile 25 was isolated in 

69% yield. No explanation for the failure to halogenate at C-4 with inversion can be given apart 

from a possible steric effect of the adjacent eis- erythro isopropylidene group. 

CN 

ci— 

28 

33 Concluding remarks 

The syntheses of compounds 1 and 2 described above made use of cheap starting materials and 

reagents. The two routes compare very favourably with earlier studies5·7 and are much more 

efficient than a published alternative.6 The procedures proceed via amides of protected aldonic acids 

and could, in principle, find wider application. 

3.4 Experimental Section 

General methods 

These general conditions are applicable to all subsequent chapters 

Melting points were determined using a Reichert thermopan microscope and are uncorrected. IR 
Spectra were determined on a Perkin Elmer 298 spectrophotometer. Optical rotations were 
determined with a Perkin-Elmer automatic Polarimeter model 241 MC on a 1% solutions in the 
solvents indicated. !H-NMR spectra were recorded on Braker AC 100 (100 MHz) AC 300 (300 
MHz) and AM 400 (400 MHz) spectrometers at room temperature, TMS (0 ppm) and HDO (4.72 
ppm) were used as internal standards in CDCI3 and D2O, respectively. 13C-NMR were recorded 
using: Braker AC 100, AC 300 and AM 400 spectrometers operating at 25.00,75.00 and 100 MHz, 
respectively and CDCI3 (77.00 ppm) or 1,4-dioxane (external, 67.8 ppm) were used as standards. 
Elemental analyses were obtained on a Carlo Erba instrument CHNS-EA 1108 element analyzer. 
Mass spectra were recorded using a double focussing VG 7070E spectrometer in the mode 
indicated, or a Varían Saturn 2 GC-MS ion-trap system. Thin-layer chromatography (TLC) on pre-
coated plates of silica gel (Merck) was performed with hexane/ethyl acetate (1/1, v/v, solvent A), 
hexane/ethyl acetate (3/1, v/v, solvent B), 1,2-dimethoxy ethane/cyclohexane (3/2, v/v, solvent C), 
dichloromethane/methanol (4/1, v/v, solvent D), dichloromethane/methanol (20/1, v/v, solvent E) 
ethylacetate/acetic acid/water, 3:2:1 v/v, solvent F). Detection was effected with 3% H2SO4 in 
ethanol, or with 7.5 g of К2СГ2О7 in 250 mL H2O containing 12.5 mL IM H2SO4 followed by 

HO— 

унн^ 

29 
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charring at 140°C, and nitrogen containing derivatives with 0.2% ninhydrin in ethanol at 140°C. 
Column chromatography was performed on silica gel 60 (Merck) with the solvent mixtures 
indicated. All solvents were dried under standard conditions. 

D-Mannono-l,4-lactone (19) 

A solution of D-isoascorbic acid (17.6 g, 0.1 mol) in a mixture of methanol (40 mL) and water (10 
mL) containing 98% formic acid (3.0 mL, 1 mole equiv.) was treated with palladized charcoal 
(10%, 1.0 g) and hydrogenated (60 p.s.i.) for 5 days. The inorganic material was collected by 
filtration, washed with a 5% aqueous formic acid solution and retained for further usage (see text). 
The combined filtrate and washings were concentrated in vacuo, water (3 χ 15 mL) distilled in 
vacuo from the residue, and the resultant material recrystallized from ethyl acetate-methanol to give 
19 (14.05-14.95g, 79-84%), m.p. 150-152°C, [a] D +50.9° (H20); lit»·* m.p. 151-152eC, [a] D 

+51.2° (H20). 

2,3:5,6-Di-0-isopropylidene-D-mannono-l,4-lactone (20) 

(i) Method A5-A stirred suspension of compound 19 (1.0 g, 5.6 mmol) in acetone (27 mL) and 
2,2-dimethoxy propane (5.5 mL) was treated with p-toluenesulfonic acid (pH 3) and set aside 
at room temperature for 48h. The mixture was neutralized (NaHCC )̂, filtered, and the filtrate 
concentrated in vacuo. Analysis (TLC, solvent C) indicated the presence of 4 major 
components. Column chromatography (hexane-ethyl acetate, 3:1) failed to separate the 
mixture which was not investigated further. 

(ii) Method B6- The lactone 19 (5.0 g), соррег(П) sulfate (25 g) and concentrated sulfuric acid 
(0.5 mL) were stirred in dry acetone (250 mL) at room temperature for ca 22h and processed 
as described6 to give the diacetal 20 (6.20 g, 91%), m.p. 122-124°C (toluene-hexane), [ a b + 
49.5° (CHCb), lit.10 m.p. 126°C, [a] D + 50.6° (CHCI3). 

(iii) Method C10- A dried suspension of 19 (5.0g, 28 mmol) and anhydrous sodium sulfate 
(2.5g) in dry acetone (400 mL) containing 0.25% hydrogen chloride was set aside at room 
temperature for 17h. The mixture was neutralized by addition of sodium hydrogen 
carbonate, filtered, the inorganic material washed with acetone and the combined filtrate and 
washings concentrated in vacuo. Recrystallization of the residue from petroleum ether (80-
110°C) gave 20 (5.86 g, 86%), m.p. 123-125°C, [ a ] D + 48.6° (CHCI3). 

2,3:5,6-Di-0-isopropylidene-D-mannonamide(23) 

The diacetal 20 (6.0 g, 23 mmol) was added to a stirred mixture of anhydrous liquid ammonia (150 
mL) and di-isopropyl ether (10 mL). The mixture was maintained at about -40°C for 3h whereon it 
was allowed to attain room temperature gradually. The resultant crystalline material was collected 
by filtration to give pure 23 (6.39 g, 99%), m.p. 129-131eC, [ct]D -45° (CHCI3). !H-NMR 
(100MHz, CDCI3) δ: 6.58 and 5.63 (2 bs each IH, NH), 4.72-4.52 (dd, 2H, J = 12.3Hz, H-4) 4.11-
3.97 (m, 4H, backbone H). 1.56 (s. 3H, CMe2), 1.41 (s. 6H, CMe2) 1.35 (s, 3H, CMe2). Anal 
calculated for Ci2H2iN06: С 52.35; Η 7.69; Ν 5.09. Found: С 52.03; Η 7.53; 5.08. 

2,3:5,6-Di-O-isoproylidene-D-mannononitrile-p-toluenesulfonate (24) 
(a) from compound 23 

A stirred solution of the amide 23 (3.0g, 0.011 mol) in dry pyridine (15 mL) was cooled to -15°C, 
treated gradually with p-toluenesulfonyl chloride (7.27 g, 3.5 equiv.) over 30 min. The mixture was 
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set aside at the same temperature for 5h and then for 4 days at 0°C. The mixture was processed in 
the usual manner to give compound 24 (3.76g, 78.5%), m.p. 135-137°C, (propan-2-ol/diisopropyI 
ether), [a]D -9° (CHCI3). Ή-NMR) (lOOMz, CDCI3) δ: 7.83 and 7.32 (2d, each 2H, aromatic H), 
4.81 (m, IH, H-2), 4.77(m, IH, H-4), 4.30-4-02(m, 4H), 2.44 (s, 3H, CH3), 1.46 and 1.35 (2s, each 
2H, CMe2) 1.13 (s, 6H, CMe2). Anal. Calculated for C19H25NO7S: С 55.47; Η 6.08; Ν 3.41; S 
7.79. Found: С 55.4; H 6.18; Ν 3.47; S 7.53. 

(b) From 2,3:5,6-Di-0-isopropylidene-O-mannose oxime (7) 
The oxime 7 1 1 (1.5g) was treated with p-toluenesulfonyl chloride (3.63 g, 3.5 equiv.) in dry 
pyridine (8 mL) as described above in (a) to yield compound 24 (1.95 g, 87%), m.p. 134-136CC, 
[a]D-7.6°(CHCl3). 

Attempted synthesis of4-chloro-4-deoxy-2,3:5,6-Di-0-isopropylidene-O-mannononitrile (28) 

A stirred suspension of the oxime 7 1 1 (4.99g, 18.1 mmol) in acetonitrile (150 mL) was treated with 
imidazole (4.95 g, 72.7 mmol) followed by triphenylphosphine (19.06 g, 72.7 mmol) and 
tetrachloromethane (3..5 mL, 5.58 g, 36.3 mmol) and set aside at room temperature for lh when 
analysis (TLC, solvent A) indicated completion of reaction. The mixture was treated with excess 
tetrachloromethane (7 mL) to decompose excess triphenylphosphine and poured into ice-water 
containing triethylamine (0.05 mL). The mixture was extracted with ether (2 χ 75 mL) and the 
combined extracts washed with brine, dried (Na2S04) and concentrated in vacuo. The resultant 
residue was treated with ether (25 mL) and di-isopropyl ether (125 mL), heated under reflux with 
stirring for 2h, filtered, and the filtrate concentrated in vacuo. Column chromatography (hexane-
ethyl acetate, 2:1) of the residue (6.2 g) gave compound 25 (3.23g, 69%), m.p. 117°C, [afo + 
73.6°(CHC13). !H-NMR (lOOMz; CDCI3) δ: 4.67 (d, IH, J = 6Hz, H-C-CN), 4, 22-3.99 (m, 5H, 
backbone H), 2.52 (IH, OH; exchange with D2O), 1.80, 1.47, 1-41,1.34 (4s, each 3H, CMe2). Anal. 
calculated for C12H19NO5: С 56.02, Η 7.44; Ν 5.44. Found: С 56.55; Η 7.33; Ν 5.49. 

A portion of the product (3.23g, 12.6 mmol) in dry pyridine (12 mL) was treated with p-
toluenesulfonyl chloride (2.87g, 15.1 mmol) in the usual manner to yield the tosylate 24 (4.47g, 
87%), m.p. 135-136°C (propan-2-ol), [α]ο -8.6° (vide supra). 

l,4-Dideoxy-2,3:5,6-di-0-isopropylidene-l,4-imino-D-talitol(9). 

A solution of the nitrile tosylate (24) (5.0 g, 12.2 mol) in ether (40 mL) and 1,2-dimethoxyethane 
(12 mL) was added dropwise to a stirred, cooled (0°C) suspension of lithium aluminium hydride 
(1.84 g, 48.5 mmol) in ether (50 mL) maintained under N2. At the end of the addition the mixture 
was set aside for lh at 0°C and then treated with water (7.4 mL). The mixture was stirred at room 
temperature for 30 min, treated with anhydrous MgSC«4 (5 g), filtered through a layer of MgSÜ4 (-1 
cm) and the inorganic material washed well with ether (100 mL). The combined filtrate and 
washings were concentrated in vacuo and column chromatography (ethyl acetate-methanol-
triethylamine, 80:19:1) of the crude residue gave the pyrrolidine 9 (2.13 g, 72%), m.p. 61-62°C, 
[CE]D -40.1' (CHCI3); lit5 m.p. 60°C, [cc]D -44° (CHCI3); lit.·* m.p. 59-60°C, [ct]D -40.4° (CHCI3) 
!H-NMR (300MZ, CDCI3) δ: 4.73 (m, IH, H-2) 4.49 (dd IH, J3 > 2 = 5.8Hz, H-3), 4.07 (m, 2H, H-5, 
6) 3.86(t, IH, J6a,5 = 7 Hz, H-6a), 3.16 (dd, IH, J4,3 = 1.3 Hz J 4 ' 5 = 5.7Hz, H-4), 3.06 (m, 2H, J l o t, 2 

= 4 Hz, Jißi2 = 13Hz, Hl a , Iß), 2.06 (bs, IH, NH), 1.48,1.42,1.34,1.32 (4s, each 3H, CMe2). 

l,4-dideoxy-l,4-imino-D-talitol (1) hydrochloride 
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Some further aspects concerning the synthesis of 1,4-dideoxy-1,4-imino-d-talitol and d-allitol 

The preceding compound 9 (0.608g, 2.5 m mol) was dissolved in lM-hydrochloric acid (26 mL) 
and stirred overnight at room temperature. Neutralization followed by ion-exchange 
chromatography (Dowex 50 χ 2 H+ form) and lyophilization as described6 gave solid material 
(0.490g, 98%) which on recrystallization (MeOH-ether) gave pure 1 as the hydrochloride salt (0.426 
g, 85.5%), m.p. 142.5-144.5°C, [ct]D -56.4° (H20); lit.5 m.p. 144-145°C, [ct]D -56.3°(H20). lit.6 

m.p. 152-154°C, [a] D -50.5°. »H-NMR (300MHz, CDCI3) δ: 4.30 (dt, IH, J = 1.7Hz and J = 3.9Hz, 
H-2), 4-20 (dd, IH, J2,3 = 4.1Hz, H-3), 3.94 (m, IH, H-5), 3.72 (dd, IH, J5,6b = 3.7Hz, Heb), 3.60 
(dd, IH, J6a,6b = 12.1Hz, J5,6a = 5Hz, H6a), 3.51 (dd, IH, J3 ) 4 = 8.9 Hz, J4>5 = 4.3 Hz, H-4). 

2,3;5,6-Di-0-isopropylidene-O-gulono-l,4-hctone (11) 

Treatment of commercial D-gulono-l,4-lactone (2.95g, 16.5 mmol) with acetone containing 0.25% 
hydrogen chloride as described for compound 19 (Method C, vide supra) yielded the diacetal 11 
(3.77g, 88%) m.p. 151-153eC (pet ether, 80-110°C), [oc]D -68.4° (CHCI3), lit.6 m.p. 152-154°C, 
[a] D -68.70° (CHCI3). 

2,3;5,6-Di-0-isopropylidene-O-gulonamide('26) 

The foregoing diacetal 11 (3.7g) was treated with a mixture of liquid ammonia/di-isopropyl ether as 
described for the preparation of 23 to give the amide 26 (3.93 g, 99%) m.p. 128-140°C, [<X]D + 
48.5° (CHCI3). 1H-NMR (lOOMz, CDCI3) δ: 6.57 (bs, IH, NH). 5.56 (bs.lH, NH) 4.63-4.55 (m, 
2H), 4.4Ы.37 (m,4H, backbone H) 1.59, 1.43, 1.40, 1.37 (4s, each 3H, CMe2). Anal, calculated for 
Ci2H2iN06: С 52.35; Η 7.69; Ν 5.00. Found: С 52.01, Η 7.50; Ν 5.17. 

2,3;5,6-Di-0-isopropylidene-D-gulononitrile-p-toluenesulfonate (27) 

Compound 26 (3.05g, Ί1 mmol) in dry pyridine (18mL) was treated with p-toluenesulfonyl chloride 
(7.49g, 2.5 equiv) as described for 24 to yield the nitrile tosylate 27 (2.62 g, 57.5 %), m.p. 97-99°C 
(MeOH-H20), [a] D + 23° (CHCI3), >H-NMR (100 MHz, CDCI3) δ: 7.79 and 7.26 (2d, each 2H, 
aromatic H), 4.95-4.70 (m, 2H, H-2, H-4), 4.43-4.07 (m, 4H, H-3, H-5, H^, Нбь), 2.45 (s, ЗН, 
СНз), 1.42,1.34,1.20 and 1.15 (4s, each ЗН, CMe2). Anal, calculated for C19H25NO7S: С 55.46; H 
6.12; Ν 3.40; S 7.79. Found: С 55.18; H 5.83; Ν 3.26; S 7.11. 

l,4-Dideoxy-2,3;5,6-di-0-isopropylidene-l,4-imino-D-allitol (15) 

Reduction of compound 27 (0.5 g, 1.22 mmol) with lithium aluminium hydride (0.185g, 48.7 
mmol) followed by processing in the manner described earlier (vide supra) yielded compound 15 
(0.283 g, 96%) as an oil, [a]o +31.5° (CHCI3, lit6 [ a b +34° with ^-NMR spectroscopic values as 
reported6. 

l,4-Dideoxy-l,4-imino-O-allitol (2) hydrochloride 

The foregoing material was treated with lM-hydrochloric acid (12 mL), followed by ion-exchange 
chromatography (Dowex 50 χ 2, H+ form) to give the HCl salt of 2 (229 mg, 98%), m.p. 112.5-
114°C (MeOH-ether), [ o ] D + 28.4°(H20), lit5, m.p. 110-llloC, [ct]D +29.4°(H20) lit.6 m.p. 112-
113°C, [a] D + 25.6° (H20) Ή-NMR (300MHz, ОгО) δ· = 4.36 (dd, IH, J3,2 = 4.2Hz, J = 8.2Hz, 
H-3), 4.30 (m, IH, H-5), 4.07 (m.lH), 3.67(m, 2H, Η^, НбЬ), 3.61 (dd, ш[ J4 i 3 = 8.13Hz, J4r5 = 
3.50 Hz, H-4) 3.39 (dd, IH, Jib>2 = 3.71 Hz, H-lb), 3.30(dd, IH, J =12.78 Hz, J=2.07Hz, H-IJ. 

57 



Chapter 3 

1. Ryu, Y. and Kim, G. J. Org. Chem. 1995, 60, 103. 

2. Meyers, A.I., Andres, C.J., Resek, J.E., McLaughlin, M.A., Woodall, C.C. and Lee, P.H. /. 

Org. Chem. 1996, 61, 2586. 

3. Fleet, G.W.J, and Smith, P.W. Tetrahedron 1987,43,971 

4. Baxter, E.W. and Reitz, A. J. Org. Chem. 1994,59, 3185. 

5. Fleet, G.W.J., Son, J. -C, Green, D.St.C, di Bello, and Winchester, B. Tetrahedron 1988,44, 

2649. 

6. Buchanan, J.G., Lumbard, K.W., Sturgeon, R.J., Thompson, D.K. and Wightman, R.H. J. 

Chem. Soc. Perkin Trans 1 1990, 699. 

7. Fleet, G.W.J, and Son, J. -C. Tetrahedron 1988,44, 2637. 

8. Andrews, G.C., Crawford, T.C. and Bacon, B.E. J. Org. Chem. 1981,46r 2976. 

9. Vekemans, J.A.J.M., Boerekamp, J., Godefroi, E.F. and Chittenden, G.J.F. Reel. Trav. Chim. 

Pays-Bos 1985,104, 266. 

10. Goodyear, E.H. and Haworth, W.N.J. J. Chem. Soc. 1927, 3136. 

11. Dimant, E. and Kampf, A. Carbohydr. Res. 1972,21, 1. 

12. Garegg, P.J. Johansson, R. and Samuelson, B. Synthesis 1984, 168. 

58 



CHAPTER 4 

SYNTHESIS OF l,5-DIDEOXY-l,5-IMINO-D-GLUCITÖL (1-

DEOXYNOJIRIMYCIN) AND l,5-DIDEOXY-l,5-IMINO L-IDITOL (1-DEOXY-
L-/D0NOJIRIMYCIN) FROM D-GLUCONO-l,5-LACTONE 

4.1 Introduction 

The aldonolactones have often been used as starting materials or intermediates for the synthesis of 
pyrrolidine and piperidine aza sugars. They are generally inexpensive and readily available, and 
they also do not require protection of the C-l position.1-3 The aza sugars that have been obtained 
from sugar lactones include inter alia the pyrrolidines, l,4-dideoxy-l,4-imino-D-glucitol (1) from 
D-galactonolactone, and l,4-dideoxy-l,4-imino-D-talitol (2), 1,4-dideoxy-imino-D-ribitol (3), and 
(2S,3Ä,4S)-3,4-dihydroxyproline (4) from D-gulonolactone.3 There are few examples of the use 
of D-glucono-l,5-lactone (5) as a basic material, despite the fact that this is the most readily 
accessible and least expensive of the lactones. There are some instances (vide infra) of its indirect 
use in the form of the tetra-0-benzyI derivative 6, which can be obtained from methyl oc-D-
glucopyranoside via a benzylation-glycosidic hydrolysis-oxidation sequence. The intermediate 
tetra-0-ether 7 is commercially available but at an unattractive price. 

OH OBn OBn 

5 6 7 

The synthesis of aza sugars from lactones often depends on the formation of intermediate lactams, 
which upon reduction give the corresponding aza sugars. l-Deoxymonnojirimycin (14) has been 
synthesized in six steps4 from L-gulono-l,4-lactone (8) which is easily available by catalytic 
hydrogénation of L-ascorbic acid (Scheme 4.1). The lactone 8 was converted into the known 2,3-
O-isopropylidene derivative 9 using standard procedures. Selective protection of the primary C-6 
hydroxy! with the fertbutyldimethylsilyl (TBDMS) group to give 10 followed by formation of the 
trinate 11, introduction of an azide group at the C-5 position with inversion and subsequent 
reduction of the azide 12 resulted in cyclization between C-l and C-5 to give the D-mannono-1,5-
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lactam 13. This afforded DMJ (14) upon reduction with lithium aluminium hydride in 

tetrahydrofuran and subsequent deprotection. 

i-OR1

 r O T B D M S , 

l-°Rz N 3 - L -fo H0 rOH 

^O r ° > 0 _ Г ° > = 0 ^ H l v e с С Х . л О Н Γι) reduction Η Ο γ » γ < 
1 _ / *" J ι ~* )—( cyclization J I (ii)deprotection |^ J^ 

Ck.0 O^N^CHjOTBS ΗθΠ)Η °X° 

OH 

deprotection I JL 
N " X H 2 O H 

9 R ' = R 2 = H - 12 

10 R1 = TBDMS; R2 = H = 1 
11R1 = TBDMS; R2 = S0 2 CFjJ 

13 14 

DMJ 

Scheme 4.1: Synthesis of1-deoxymdimojirimyein from L-gulono-l,4-lactone 

Similar strategies can be used for other lactones whereby retention or inversion of configurations 

at either C-2 or C-5 leads to different aza sugars. 

Recently, Overkleeft5 has reported the syntheses of several aza sugars from monosaccharide 

lactones, including nojirimycin-5-lactam (31) (Scheme 4.2). 

R ^ t 0 B n

 0 Γ0Βη 

B n O ^ > o ^ BnoL-^NH, 

R, Ro 

DMSO 
Ac20 

Q OBn 

B n O L ^ - ^ - N H z 

RO 

15 R, = (2R>OBn; R2 = (4R)-OBn 
16 R! = (2S)-OBn; R2 = (4R)-OBn 
17 Rj = (2R)-OBn; R2 = (4S)-OBn 

18 R, = (2R>OBn; R2 = (4R)-OBn 
19 R[ = (2S)-OBn; R2 = (4R)-OBn 
20 R, = (2R)-OBn; R2 = (4S)-OBn 

EtCÄ» ¡ S Ä 
BnO-7 R, ^ " " " " ζ 

21 R| = (2R)-OBn; R2 = (4R)-OBn 
22 Ri = (2S)-OBn; R2 = (4R>OBn 
23 Ri = (2R)-OBn; R2 = (4S)-OBn 

J NHyMeOH 

NaCNBH3 

НСОгН 

R; 
Bn 

OBn 

NH 

HO 

30 R] = (2S)-OBn; R2 = (4R)-OBn 27 Ri = (2R)-OBn; R2 = (4R)-OBn 
28 R| = (2S)-OBn; R2 = (4R)-OBn 
29 Ri = (2R)-OBn; R2 = (4S)-OBn 

24 Rj = (2R)-OBn; R2 = (4R)-OBn 
25 Ri = (2S)-OBn; R2 = (4R>OBn 
26 Ri = (2R)-OBn; R2 = (4S)-OBn 

HO 
HO. 

^-OH 

он 

31 

оі он 

4^o 
OH 

32 33 34 

Scheme 4.2: Transfonnation of sugar lactones to aza sugars 

The syntheses, which used the benzylated lactones 15-17, were performed via keto amides 21-23 

(Scheme 4.2). The lactones 15-17 were treated with methanolic solutions of ammonia to give the 
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related hydroxy amides 18-20, which were oxidized (dimethyl sulfoxide-acetic anhydride) to give 

the corresponding keto amides 21-23. Treatment of the keto amides with methanolic ammonia 

gave a mixture of two isomeric hydroxy lactams 24-26. Reduction of the mixtures 24 and 26 with 

sodium cyanoborohydride in the presence of formic acid gave in each case a single lactam viz. 27 

and 29, repectively. Reduction of the diastereomers corresponding to 25 under the same 

conditions gave a mixture of the lactams 28 and 30 (ratio 2:3). Catalytic hydrogénation (H2, Pd/C, 

МеОН/НгО/АсОН) of lactams 27-30 gave the corresponding unprotected derivatives 31-34. 

The four-step synthesis of gluconolactam 31 (nojirimycin-5-lactam) starting from commercially 

available tetra-0-benzyl-D-glucopyranose 7. This route is not really economically viable because 

of the relatively high price of the starting compound 7. The protected lactones 15-17 can also be 

obtained from alkyl glycosides but the procedure is rather laborious (vide supra). The use of 

benzyl protecting groups does not offer sufficient flexibility for selective functionalization of 

hydroxyl groups in sugars compared with other protecting groups. 

The synthesis of 1-deoxynojirimycin 

The initial6 synthesis of 1-deoxynojirimycin (36) and nojirimycin-S-lactam (g!ucono-5-lactam 

31) was reported from nojirimycin (35) (Scheme 4.3). Metal hydride reduction (NaBH4) and 

catalytic reduction (РігО-Нг) of 35 gave 36 in 4% and 47% yield, respectively. Nojirimycin (35) 

was transformed into the lactam 31 by hypoiodite (Іг-NaOH) oxidation of the C-l anomeric 

hydroxyl group in 20% yield (Scheme 4.3). The lactam was also obtained by catalytic reduction 

of the potassium salt of the 5-oxime 37 which was obtained from D-xy/o-5-hexulosonic acid, 

prepared by oxidizing glucose with Acetobacter suboxydans. 

ЖЙН reduction 

35 
%H 

Nojirimycin 

COOK* 
- O H 

H O -
-OH 
=N-OH 

CHjOH 

37 

reduction 

1 -Deoxynojirimycin 

reduction 

ОЮО 
31 

nojirimyrin-S-lactam 
(glucono-o-lactam) 

Scheme 4.3: Synthesis cf nojirimycin and I-deoxynojirimycin 

Nojirimycin (35) was also synthesized7 in nine steps from the fully-protected bis-acetal 38 

(Scheme 4.4). Selective cleavage of the 5,6-cyclic acetal group of 38 gave the diol 39, which was 

protected at C-6 (tritylation) to give 40 which on oxidation of the available C-5 hydroxyl group 
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gave the ketone 41. This was converted into the oxime 42 in the usual manner. During the 

reduction of 42 using lithium aluminium hydride, the nucleophilic hydride ion attacks preferably 

on the less sterically hindered face of the C=N bond of the oxime (Cram's rule8·9, see Chapter Π) 

to give product 43 with the D-gluco configuration and thence nojirimycin (35), and DNJ (36). 

НО-, ТЮ-, TrO-, ТЮ

Х ОЙ" HO1"" OBn HO1" OBn X= OBn 
да Η,Ν1"· OBn 

NJ—·• DNJ 

6\ OAç 6\ ¿-γ 6\ 

38 39 40 41X = 0 1 ** 
42X = NOH . J 

Scheme 4.4: Synthesis of nojirimycin and 1-deoxynojirimycin 

When the oxime 42 was subjected to reduction in the presence of Raney nickel, a mixture of the 

L-ido and Ό-gluco isomers was formed in a ratio of 2:1. 

Alternative syntheses of DNJ (36), and the L-ido analogue, from inexpensive D-glucono-1,5-

lactone (5), are the subject of this chapter. Some aspects of the reactions employed are also 

discussed. 

4.2 Results and Discussion 

1 -Deoxynojirimycin 

The synthesis of DNJ (36) from D-glucono-l,5-lactone (5) described here necessitated aminati ve-

cyclization between C-l and C-5 with retention of configuration at C-5. The key intermediate in 

this synthesis (Scheme 4.S), the acetylated ester 45 was obtained in a one-pot reaction sequence 

by treatment of D-glucono-l,5-lactone (5) with a mixture of acetic anhydride and trifluoroacetic 

acid, followed by reaction of the resulting 2,3,4,6-tetra-0-acetyl-D-glucono-l,5-lactone (44) with 

methanol in the presence of a catalytic amount of p-toluenesulfonic acid. The simple sequence 

described here represents a distinct improvement on pre-existing routes to compounds 44 and 45. 

Compound 44 had been obtained previously from 5 by treatment18 with acetic anhydride-zinc 

chloride. This method required an aqueous work-up procedure and it was known that 44 was 

prone to aqueous hydrolysis to give the corresponding free acid as a hydrate. The preparations 

described19·20 previously for 45 involved methylation of pre-formed 44, or the corresponding free 

acid, with diazomethane. It was already known21 that attempts to recrystallize the lactone 44 from 

ethanol gave the corresponding ethyl ester, albeit in low yield. The ester 45 has a free hydroxyl 

group at C-5 which is required for the desired transformations. The free C-5 hydroxyl group of 

compound 45 was oxidized using dimethyl sulfoxide-phosphorus pentoxide to give the fully-

protected D-jry/o-5-hexulonate ester 46. This compound had been reported previously22 from the 
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oxidation of methyl-ß-D-glucopyranoside tetraacetate with chromium oxide in glacial acetic 

acid. Although the yield of this reaction was good (76%) it necessitated the use of the 

inconvenient ß-D-glucoside as starting material since it was shown that the corresponding ct-D-

anomer merely yielded the 1-0-formyl derivative. 

Compound 46 was converted into the corresponding oxime 47 using a solution of hydroxylamine 

hydrochloride in pyridine at 55-60°C. The product 47 (83%) was a mixture of E and Ζ isomers 

(ca 1:3) which were separated by column chromatography. The Ζ isomer was crystalline, 

whereas the other isomer was isolated as a non-crystalline syrup. It had been reported 

previously23 that it was not possible to obtain solid dérivâtes of the corresponding perbenzylated 

derivative of 46 using normal keto group reagents. Extensive elimination reactions were found to 

occur. The use of the more de-activating acetyl group as a protecting function probably accounts 

for the successful reaction observed in this study. 

Attempts to reductively (Pd/C) ring close the oxime 47 were unsuccessful. This was thought to be 

due to immediate acetyl migration upon reduction of the oxime function to an amino group to 

form an acetamido derivative, which would not be sufficiently basic to effect the required ring 

closure. 

CH2OAc 

D-Glucono- ACjO 
1,5-lactone ^-рд 

94.2% 

AcO 
OAc 

96.6% 

44 

Ο^,ΟΜβ 

rOAc^=o ^ 2 - A c °H 
TsOH 

-OAc 

-OAc 

- O H 
L O A c 

45 

CH2OR 

RO^—f 
OR 

38R = H = n 
50R = OAc — 4 
51R = EE 

О ^ О М 

RO-
-OR 

-OR 
= X 
l-OR 

46R = Ac.X = 0(69.4%) —ι 
47R = Ac,X = NOH(83%) — ' 
48R = H, X = NOH(89%) ^J 

-NH 

OH 

36 49 

ЕЕ = ethoxy ethyl 

Scheme 4.5: Synthesis of gluco-S-lactam (31) and 1-deoxynojirimycin (36) 

The oxime 47 was deacetylated by treatment with methanol containing a catalytic amount of KCN 

to give the unprotected oxime 48, a very hygroscopic gum, which was used subsequently without 

further characterization. The deacetylated oxime 48 was reduced under various conditions (see 

Table 4.1) to give mixtures of the D-glucono and L-idono l,5-(6)-lactams (31 and 49), the ratios 

of which were determined from the lactam carbonyl group signals at 175.60 and 174.85 ppm, 
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respectively, in their 13C-NMR spectra. These mixtures could not be separated 

chromatographically and were not investigated further. 

Table 4.1: Reduction of C-5 oxime 48 

Reagents 

Pt20,3.7N HOAc 

NaBH4/NiCl2.6H20 

NaCNBHyTiCiyMeOH 

Raney/Ni, H2, MeOH /NH3 

Reaction Condition 

rT, latm 

-30°C 

rT 

50°C, 50 atm 

Yield (%) 

72.2 

67.2 

50.4 

25.4 

Ratio of compounds 

31:49 

1:0 

2:1 

3:2 

1:3 

Catalytic reduction of the oxime 48 using Adam's catalyst (РЮ2) under slightly acidic conditions 

(3.7N HOAc) afforded the known D-glucono-5-lactam (31) exclusively, the physical data (optical 

rotation and melting point) of which were in agreement with the reported values.10·11 It is 

difficult to explain why reduction under these conditions was so specific compared with the other 

methods. The other reductions operate under essentially basic conditions whereas this one is 

performed in mild acid. Further studies would be required to clarify these points. 

The free lactam 31 was characterized as the crystalline tetra-0-acetyl derivative 50 the physical 

data of which corresponded with the previously reported values.12 The free lactam 31, which is 

insoluble in ethereal solvents was converted into the per-O-(l'-ethoxyethyl) derivative 51 by 

reaction with ethyl vinyl ether in the presence of a catalytic amount of p-toluenesulfonic acid to 

provide an ether soluble, base stable derivative for the subsequent step. Although ethoxyethyl 

groups have been suggested as useful O-protecting functions13·14 they have found limited 

application, so far, in carbohydrate chemistry. They are readily introduced in high yields and are 

very stable under strongly basic conditions. They are easily removed under very mild acidic 

conditions, even in the presence of other acetáis16 and are possibly preferable to the better known 

tetrahydroxypyranyl or benzyl groups which require more forcing conditions for removal. They 

have recently17 been shown to be useful in the synthesis of some methyl 6-O-alkyl-D-

glycopyranosides where an easily introduced-easily removed base-stable protecting function was 

essential. The Г-ethoxyethyl derivatives, which are mixtures of diastereomers, are not usually 

characterized because of their complexity, especially in their ]H-NMR spectra. The group is 

usually considered as temporary, and removed in the last stages of reaction.17 

Reduction of compound 51 with a borane-dimethylsulfide complex in tetrahydrofuran at elevated 

temperature, followed by conventional processing and treatment of the crude product with 

concentrated hydrochloric acid in methanol, gave 1-deoxynojirimycin (36) as the HCl salt (56%), 

the physical constants of which corresponded with those reported24 previously. 

64 



l¿-Dideoxy-l¿-imino -L-idonojirimycin (54) 

The synthesis of l,5-dideoxy-l,5-imino-L-H/onojirimycin (54), which is a C-5 configurational 

isomer of DNJ, was also investigated in this study using three different routes starting from D-

glucono-l,5-lactone, each involving aminative cyclization between C-l and C-5 with inversion of 

configuration at C-5. The main purpose was to investigate further the use of the Г-O-ethoxy ethyl 

group as a simple and versatile protecting function. 

Compound 54 has been definitively synthesized fairly recently26 from the commercially available, 

but relatively expensive, tetra-O-benzyl compound 7 (Scheme 4.6). Reduction (L1AIH4) of 6 gave 

the glucitol derivative 52 which was converted into the di-mesylate 53. Treatment of 53 with 

benzylamine followed by hydrogenolysis (Pd-C, 10%) of this product gave 54 (54%), isolated as 

the hydrochloride, a non-crystalline foam. These authors26 claimed that it had only been 

obtained27·28 previously in the form of W-benzyl 55 or W-benzylhydryl-derivatives 56 in low yields 

during non-sterospecific syntheses of DNJ (36), (Scheme 4.6). They failed to mention that 54 had 

been prepared much earlier29 in a crystalline state as the free base (m.p. 139-141 °C) during studies 

on azepane derivatives. The material was, unfortunately, shown to be a non-competitive inhibitor of 

yeast α-glucosidase during a recent study.26 
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он 

S2R = H 1 54R=H 
53R = OMs«J 55R = Bn 

56R = CH2Ph 

Scheme 4.6: Synthesis ofL-ldonojirimycin (54) 

D-Glucono-l,5-Iactone (5) was treated with ethyl vinyl ether in the presence of a catalytic quantity 

of pyridinium/Moluenesulfonate (PPTS) to give the tetra-O'-O-ethoxyethyl) derivative 57 as the 

basic starting material (Scheme 4.7). Compound 57 which is a complicated mixture of 

diastereomers was not characterized further (vide supra) but used as such in the subsequent steps. 

In the first route treatment of 57 with ammonia gas in ammonium hydroxide-methanol solution 

resulted in the formation of the amide 58, providing a free hydroxyl group at C-5 (Scheme 4.7). 

The amide 58 was characterized by treatment with dilute acetic acid to give the known23 

crystalline D-gluconamide. Treatment of compound 58 with excess p-toluenesulfonyl chloride in 

pyridine resulted in tosylation with concomitant dehydration of the amide group to give the nitrile 

derivative 59 in a one-pot sequence. Reduction (LiAlIL», 0° C) of compound 59 gave a mixture of 

two products (TLC, solvent mixture B). One of these appeared to be 61, whereas the other less 
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mobile component was also not UV active. This suggested that O-S bond cleavage (de-tosylation) 

may also have occurred during the reduction with L1AIH4 to give the glucamine ( 1-amino-1-

deoxy-D-glucitol) derivative 61. This mixture was not separated but treated with potassium 

carbonate in Ν,Ν-dimethyIformamide at 60° С for 48 h, and the product subjected to mild acid 

hydrolysis (80% acetic acid). Column chromatography of the crude mixture, followed by ion-

exchange chromatography (Dowex 50WX 8, H + form) gave pure 54, which was converted into 

the HCl salt, obtained as a glass in 35% overall yield from D-glucono-l,5-lactone (5). Continued 

elution of the column then gave compound 63. The HCl salt of 54 was then converted into the 

free base which was obtained crystalline and shown to have physical constants (m.p.; [OC]D) in 

good agreement with those published originally29. 
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Scheme 4.7: Synthesis ofL-idonojirimycin (54) 

Compound 63 was characterized as the HCl salt, because it was easier to obtain crystalline than the 

free base. It was rather surprising to discover that this particular salt of 63 has never been recorded. 

The HCl salt was authenticated by reacting commercialy available 63 with hydrochloric acid to give 

the required derivative which was analytically pure. 

Treatment of compound 54 with benzyl chloride-potassium carbonate in aqueous methanol gave the 

N-benzyl-derivative 55. Acetylation of the material in the usual manner (acetic anhydride-pyridine) 

gave the N-benzyl peracetate 64 as a non-crystalline glass. The ·Η-ΝΜΚ spectral data of the 

material corresponded with those reported recently30 for this compound. 
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64 R' = Bn, R2 = Ac 
6 5 R ' = R 2 = AC 

Acetylation of 54 (pyridine-acetic anhydride) gave the corresponding per-acetate 65 the specific 

rotation of which [α]ρ +7° (CHCI3) corresponded well with a previously reported29 value of +6°. 

Attempts were made to produce compound 55 from the D-glucono-l,5-lactone derivative 57 (vide 

supra) in a manner very similar to that reported by Haines et al.26 Reduction of 57 with lithium 

aluminium hydride gave the corresponding alditol 66 (96%) which yielded the di-mesylate 67 

(98.5%) on treatment with methanesulfonyl chloride-pyridine in the usual manner (Scheme 4.8). 

Reaction of compound 67 with benzylamine as described earlier26, followed by removal of the O-

protecting groups from the uncharacterised intermediate product gave the N-benzyl derivative 55 in 

89% overall yield from compound 5. 
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Scheme 4.8: Alternative route to the synthesis of 55 

Attempts were also made to obtain the intermediate amine 60 by catalytic hydrogénation (Pd/C) 

of the nitrile 59. This was unsuccessful since hydrogénation ceased after ca 10-20% of the 

calculated amount of H2 had been absorbed. TLC (system B) indicated a mixture of products. It is 

well known that amines can poison the catalyst in hydrogénation reactions. Further attempts were 

not pursued. 

A third alternative route to compound 54 was then investigated. The tetra-0-acetate 45 (Scheme 

4.5) was treated with methane or p-toluenesulfonyl chlorides in pyridine in the usual manner to 

give the known20 mesylate 68, or the previously undescribed tosylate 69. Treatment of either 

compound with sodium azide under a variety of conditions failed to produce the expected 5-

azido-L-idonate 70. These included conducting the attempted azide displacement reactions in 

tyW-dimethylformamide (100°C), dimethyl sulfoxide (100°C), W,N-dimethylformamide, in the 

presence of ammonium chloride (80°C), N,N-dimethylformamide (boiling), and HMPA. 

R ^ 
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In each case the starting compounds were recovered essentially unchanged. It had been noted 

earlier20 that mesylate 68 had resisted reaction with sodium thiocyanate in butanone or N,N-

dimethylformamide but no reasons were proposed. It seems that the adjacent acetate groups are 

responsible for the observed de-activating effects since it had been shown during this present 

study (Scheme 4.7) that when Г-O-ethoxyethyl protecting groups were employed then a 5-

tosylate group, e.g. in compound 60, can undergo displacement with inversion. The employment 

of a more activating leaving group, e.g. trifluoromethylsulfonyl, did not seem pertinent to this 

study in view of its uneconomic costs, and was not investigated. 

4.3 Concluding remarks 

Syntheses of DNJ (36), the lactam (31) and 1-deoxy-L-idonojimycin (54) from inexpensive, 

commercially available D-glucono-l,5-lactone (5) have been successfully achieved. The synthesis 

of 36 and 31 compare favourably with pre-existing routes especially in view of the simplicity of 

this approach. The route employs simple conditions and cheap reagents. The use of Ï-0-

ethoxyethyl as temporary protecting groups features in this route. This simple function, which is 

so easily introduced and removed, but very stable under basic conditions will undoubtedly find 

much wider application in carbohydrate transformation where temporary protection of several 

hydroxyl groups is required.17 Compound 54, which had been described previously26·29·30, was 

also obtained from 5, using two routes, but employing these groups as the main protecting 

functions throughout the complete transformations of 5 into 54. 

Alternative routes to 54 via attempted nucleophilic displacement of sulfonate esters 68 and 69 of 

methyl 2,3,4,6 tetra-O-acetyl-D-gluconate (45) with azide ions were unsuccessful. 
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Synthesis of 1-deoxynojirimycin and 1-deoxy-L-idonojirimycin 

4.4 Experimental section 

For general experimental procedures see chapter 3. 

2,3,4,6-Tetra-0-acetyl-D-glucono-l,5-lactone (44) 

A stirred solution of D-glucono-l,5-Iactone (5 g, 28.09 mmol) in acetic anhydride (30 mL) 
containing trifiuoroacetic acid (2.5 mL) was kept at room temperature for 3h. The mixture was 
concentrated in vacuo and toluene (3 χ 20 mL) was distilled in vacuo from the residue to give 44 
as a colourless syrup (9.15g, 94.2%), [ct]D +73. Γ (CHC13); Lit. 18 [<x]D +79.7° (CHCI3). 

Methyl 2,3,4,6-tetra-O-acetyl-D-gluconate (45) 

A stirred solution of 44 (9.0 g, 26,0 mmol) in methanol (100 mL) containing p-toluenesulfonic 
acid (150 mg) was kept at room temperature for lh when analysis (TLC) indicated completion of 
the reaction. The mixture was neutralized by ion-exchange resin (IRA 400, HCO3- form), filtered, 
and the filtrate concentrated in vacuo to give white crystals which were recrystallized from 
methanol to give 45 (9.5 g, 96.6%), m.p. 114-116°C, [oc]D +20.6° (CHCI3): Lit.19 m.p. 111-
112°C, [ct]D +13.9° (CHCI3). !H-NMR (CDCI3, 300 MHz): δ, 5.71 (t, IH, H-3, J3,2 = 3.78 Hz, 
J3i4 = 3.79 Hz), 5.31 (d, IH, H-2, J2,3 = 3.96 Hz), 5.19 (dd, IH, H-4, J4,3 = 3.6 Hz, J4,5 = 3.6 Hz), 
4.14 (m, 2H, H-6), 3.86 (d, IH, H-5. J 3.73 Hz), 3.74 (s, 3H, OMe), 3.03 (br s, IH, OH), 2.17, 
2.16, 2.14, 2.10 (4s, each 3H, acetate). 13C-NMR (CDCI3, 75 MHz) δ, 171.10 (C=0 ester), 
170.43,169.70,167.30 (C=0 acetate), 71.55 (C-2), 70.66,69.44 (C-3/4), 68.34 (C-5), 64.64 (C-6), 
52.75 (ОСНз-methoxy), 20.70, 2 χ 20.50, 20.39 (4x acetate). Anal, calculated for C15H22O11: C, 
47.62; H, 5.86. Found: C, 47.36; H, 5.81%. 

Methyl 2,3,4,6-tetra-0-acetyl-D-xy]o-5-hexulosonate (46) 

A stirred solution of 45 (9.3 g 24.6 mmol) in DMSO (100 mL) containing phosphorus pentoxide 
(4.19 g, 29.5 mmol, 1.2 eq.) was kept at room temperature for 48 h. The mixture was diluted with 
water (200 mL) and extracted with dichloromethane (2 χ 200 mL). The combined organic layers 
were washed with water until neutral (pH control), dried (Na2S04) and concentrated in vacuo. 
Column chromatography (hexane/ethyl acetate, 3/1 v/v) of the residue gave a pale yellow syrup 
(6.45 g, 69.4%), [a] D -6°, Lit22 m.p. 59-60°C, [a] D -5.6° (CHCI3). 'H-NMR (CDCI3, 300 MHz) δ 
5.71 (t, IH, H-3, J3>2 = 4.32 Hz, J3 ) 4 = 4.32 Hz), 5.48 (d, IH, H-2, J2,3 = 4.40 Hz), 5.33 (d, IH, H-
4, J4l3 = 4.25 Hz), 4.81 (dd, 2H, H-6a/b, J6a,b = 14.53 Hz), 3.76 (s, Ш, OCH3), 2.19, 2.16, 2.14, 
2.13 (4s, each 3H-acetate). 13C-NMR (CDCI3, 75 MHz) 8 197.22 (C=0 ketone), 169.80 (C=0 
ester), 169.37, 169.17, 167.09 (C=0 acetate), 73.69 (C-6), 69.67 (C-2). 69.43 (C-4), 66.52 (C-3), 
52.88 (OCH3). Anal. Calculated for C15H21O11: C, 47.75; H, 5.61: Found: C. 47.28; H, 5.97%. A 
portion of the material in ether gradually crystallized to yield a low melting solid, m.p. 54-55°C. 

Methyl 2,3,4,6-tetra-0-acetyl-D-xy\o-5-hexuIosonate E/Z oximes (47); isomeric mixture 

A stirred solution of the ketone 46 (6.50 g, 17.24 mmol) in pyridine (65 mL) containing 
hydroxy lamine hydrochloride (1.44 g, 20.7 mmol, 1.2 eq.)was maintained at 60°C for 18 h, cooled 
to room temperature, diluted with water (100 mL) and the mixture extracted with ethyl acetate (2 χ 
150 mL). The combined organic layers were washed with water (4 χ 100 mL), dried (Na2S04) and 
concentrated in vacuo. Toluene (3 χ 20 mL) was distilled from the residue in vacuo to give a 
mixture of Z/E isomers. Column chromatography (solvent system B) gave the Z- and ¿-isomers, 
4.4 g and 1.2 g (total yield, 83.0%), as white crystals and a yellow syrup, respectively. The Z-
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isomer was recrystallized from Et 20, m.p. 147-9°C, [a] D -15.0°. (CHCI3) 'H-NMR (CDCI3, 300 
MHz): δ 8.60 (br s, IH, OH-oxime), 6.36 (d, IH, H-2, J2,3 = 7.55 Hz), 5.89 (dd, IH, H-3, J3>2 = 
4.88 Hz, J3>4 = 3.00 Hz), 5.17 (d, IH, H-4, J4,3 = 3.00 Hz), 4.91 (t, IH, Н-ба/b, J6a,b = 12.9 Hz), 
4.50 (d, IH, H-6b/a, J6b,a 12.9 Hz), 3.75 (s, 3H, OCH3), 2.21. 2.18, 2.14, 2.09 (4s, each 3H, 
acetate). 13C-NMR (CDCI3, 75 MHz): δ 170.04 (C=0 ester), 170.03, 169.49, 169.31, 167.24 
(acetate), 150.49 (C=N), 69.81 (C-2), 69.50 (C-4), 66.14 (C-3), 61.27 (C-6), 52.79 (OCH3). Anal. 
calculated for C15H21NO11: C, 45.92; H, 5.65, 3.57: Found: C, 46.21, H, 5.91, N, 3.70%. 

Methyl-D-xyìo-5-hexulosonate oxime (48) 

A stirred solution of the Z-oxime 47 (4.2 g, 10.74 mmol) in methanol (100 mL) containing a 
catalytic amount of potassium cynanide (ca 10 mg) was set aside at room temperature for 72h. The 
mixture was filtered through a layer of silica gel, the inorganic material was washed with excess 
methanol and the combined filtrates and washings were concentrated in vacuo to give an 
extremely hygroscopic yellowish-orange foam (2.1 g, 88.9%), [OC]D -6.2° (H20). 13C-NMR (D2O, 
300 MHz): δ 177.30 (C=0 ester), 161.58 (C=N), 74.75 (C-2), 73.58, 73.30 (C-3/4) 62.21 (C-6), 
55.31 (OCH3). 

b-Glucono-b-lactam (31) 

Method A: Pt20/HOAc 

A solution of the oxime 48 (1.0 g, 4.41 mmol) in 3.7N acetic acid (10 mL) was hydrogenated (48 
psi-Parr apparatus) in the presence of platinum(IV) oxide (300 mg) at room temperature for 18 h. 
The mixture was filtered through a layer of celite and concentrated in vacuo. The residue was 
treated with concentrated ammonia solution (5 mL), stored at room temperature for 24 h and 
concentrated in vacuo. The residue was crystallized from ethanol/water to give white crystals of 31 
(563 mg, 72.2%). M.p. 201-204°C, [<x]D +68° (in H20); Lit.10 m.p. 203-205°C, [<x]D +63° (H20). 
!H-NMR (D20, MHZ 300): δ 4.45 (m, IH), 4.28-4.17 (m, 2H), 3.63-3.51 (m, 3H). 13C-NMR 
(D20, MHz 75) δ 175.90 (C=0), 75.72, 72.33, 70.80, 63.62, 59.78. Anal, calculated for 
C6H11NO5: С 40.91; H 5.72; N 7.95. Found: С 40.63; H 5.71; Ν 8.01%. 

Method В: NaBHVNiCls/MeOH 

NaBU} (1.7 g, 44.8 mmol, 10 equiv.) was added portionwise to a stirred cooled (-30°C) solution 
of the oxime 48 (1.0 g, 4.48 mmol) in methanol (25 mL) containing NiCl2.6H20 (2.10 g, 8.97 
mmol, 2 equiv.). The mixture then was stirred for an additional 30 minutes, filtered through celite 
and the fíltrate passed through a column (2 χ 15 cm) of Amberlite IR-ion exchange resin (H+ 

form) in a methanolic ammonia solution, concentrated in vacuo to give a white spongy powder 
which was a mixture of the gluco lactam (31) and the corresponding L-ido (49) derivative in a 
ratio of 2:1 (535.6 mg, 67.2%), which could not be separated. 

Method С: ЫаСІЧВНзЯіСІз/МеОН 

A stirred solution of the oxime 48 (0.50 g, 2.27 mmol) in methanol (10 mL) containing sodium 
cyanoborohydride (0.43 g, 6.82 mmol, 3 equiv.) and ammonium acetate (1.92 g) maintained under 
nitrogen was treated dropwise with a solution of titanium (Ш) chloride (0.772 g, 5.0 mmol, 2.22 
equiv.) in water (1.0 mL) overnight. The mixture was filtered through celite and concentrated in 
vacuo. Column chromatography (Solvent synstem D) of the residue gave a mixture of compound 
38 and the corresponding L-ido derivative in the ratio of 3:2, (309 mg, 50.4%). 
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Method D: Raney-Nickel catalyst 

A stirred solution of the oxime 48 (0.5 g, 2.27 mmol) in methanolic ammonia solution (10 mL) 
was treated with Raney Nickel (type W-2, 50 mg) and then hydrogenated (50 atm) at 50°C for 18 
h. The cooled mixture was filtered through celite, the organic material was washed with water (10 
mL) and the combined filtrate and washings concentrated in vacuo. Column chromatography 
(solvent system D) of the residue gave a colourless gum which was crystallized (EtOH-НгО) to 
give a mixture of compound 31 and the corresponding L-ido derivative in the ratio of 1:3 (100 mg, 
25.4 96). 

2,3,4,6-Tetra-O-acetyl-O-glucono-b-bctam (50) 

The lactam 31 (100 mg, 0.56 mmol) in acetic anhydride (0.5 mL) and pyridine (8 mL) was set 
aside at room temperature overnight, then the mixture was quenched with water and the product 
extracted with dichloromethane (2 χ 30 mL). The extracts were washed with 2M hydrochloric acid 
(10 mL), saturated sodium hydrogen carbonate (10 mL), dried (Na2S04) and concentrated in 
vacuo to give crude crystalline material which was recrystallized from methanol to give 50 (116 
mg, 60%), m.p. 120-3°C, [ a ] D +102° (CHCI3): Lit.12 m.p 122-3°C, [ a ] D +104°. Anal, calculated 
for Ç14H19NO9: С 48.70; Η 5.55; Ν 4.06. Found: С 49.40; Η 5.58; Ν 4.45%. 

l,5-Dideoxy-l,5-imìno-D-g\\xcitol (1-Deoxynojirimycin) (36) 

A cooled (10°C) solution of the lactam 31 (200 mg) in Ν,Ν-dimethyIformamide (3 mL) containing 
/7-toluenesulfonic acid (5 mg) was treated with ethyl vinyl ether (1.5 mL) and after a further 20 
minutes was set aside at room temperature until the mixture just started to tum pale yellow (-10 
min.), whereon it was poured into ice-water (ce 10 mL) containing Et3N (0.2 mL). The mixture 
was extracted with ether (3 χ 20 mL), and the combined extracts dried (Na2SC>4) and concentrated 
in vacuo to yield a pale yellow gel. A solution of the material in tetrahydrofuran (20 mL) 
containing borane-dimethylsulfide complex (2.0M in THF; 3mL) was heated under reflux for ca 
20 h, cooled to room temperature and concentrated in vacuo. A solution of the residue in methanol 
(10 mL) was treated with 5 drops of concentrated hydrochloric acid and kept at room temperature 
for 24 h, concentrated in vacuo and the resultant material was dissolved in water (20 mL) and 
extracted with ether ( 2 x 1 0 mL). The aqueous layer was concentrated in vacuo and water (3 χ 10 
mL) was distilled in vacuo from the residue to give a crude white solid which was recrystallized 
from methanol/ether (5:1, v/v) to give 1-deoxynojirimycin (36) as the HCl salt (103 mg, 56%). 
M.p. 204-205°C, [ a ] D +40° (H 2 0); Lit2 2 m.p. 203"C, [ a ] D + 45°. !H-NMR (D2O, 300 MHz) δ 
3.80 (dd, IH, Н-ба, J<¡a/5 = 6.3 Hz, Jôa/бЬ = Η.2 Hz), 3.62 (dd, IH, H-6b, J6b/5 2.6 Hz, J6b/6a Η.2 
Hz), 3.46 (ddd, H-2, J2/3 9.2 Hz, J2/U 5.4 Hz) 3.30 (t, IH, H-3, J3/2 = 9.2 Hz, J3/4 = 8.4 Hz), 3.2 (t, 
IH, H-4, J4/3 = 8.4, J4/5 = 9.2 Hz), 3.01 (dd, Η-la, JM = 9.2 Hz, ix¡jXb = 12.4 Hz), 2.50 (ddd, IH, 
H-5, J5/4 = 9.2 Hz, J5/6a = 6.3 Hz, J5/6b = 2.6 Hz). 13C-NMR (D2O, 75 MHz), δ 78.91, 71.00, 
69.8, 62.62, 60.01, 48.86. Anal, calculated for QH14CINO4: С 36.10, Η 7.07, Ν 7.02. Found: С 
35.96, Η 6.96, Ν 6.93%. 

2,3,4,6-Tetra-0-(l '-ethoxyethyl)-O-glucono-l,5-lactone (57) 

To a cooled (~15°C) suspension of D-glucono-l,5-Iactone (10 g, 56 mmol) in 1,2-
dimethoxyethane (100 mL) containing pyridinium-toluenesulfonate (1.0 mg) was treated with 
ethyl vinyl ether (32.2 mL), and the mixture stirred for 2h and then set aside at room temperature 
until the mixture just started to turn pale yellow {ca 2h). Analysis (TLC, solvent B) indicated 
completeness of the reaction. The mixture was treated with saturated aqueous sodium hydrogen 
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2,3,4,6-Tetra-0-(l'-ethoxyethyl)-D-gluconamide (58) 

A cooled (0°) solution of crude compound 57 (30 g) in a 1:1 mixture (400 mL) of methanol and 
aqueous ammonia was treated with ammonia gas for 30 minutes, kept at room temperature for 45 
minutes, concentrated in vacuo, initially at 15 mm and finally at 1 mm to give a brown-orange 
syrup (29.69,96.0%), v m a x (solution; ССЦУспг1 2980, 2920,2870,1690. 
A portion (300 mg) of the resultant material was treated with 80% aqueous acetic acid (3 mL), 
maintained overnight at room temperature, and then concentrated in vacuo to give a white 
crystalline product which was recrystallized (ethanol) to give white crystals (80 mg, 66 %) of D-
gluconamide. M.p. 142°C, [ct]D +17.5° (H20); lit.23 m.p. 143-144 °C »H-NMR (D20, 300 MHz), 
54.05 (d, IH), 3.95 (t, IH), 3.76-3.70 (m, 3H), 3.6 (m, IH). 13C-NMR (D2O, 75 MHz): Ô 180.98 
(C=0), 76.47, 74.98, 73.61, 73.39 and 65.05. 

2,3,4,6-Tetra-0-(l'-ethoxyethyl)-5-0-p-toluenesulfony\-D-glucononitrile (59) 

A cooled (-18°C) solution of the amide 58 (29.3 g, 19.7 mmol) in pyridine (100 mL) was treated 
with p-toluenesulfonyl chloride (42.80 g, 4 eq) for 2 h and stored at -5°C for 7 days. The mixture 
was poured into saturated sodium hydrogen carbonate solution (500 mL), extracted with ether (4 χ 
125 mL) and the combined extracts washed with saturated aqueous sodium hydrogen carbonate 
(100 mL), dried (Na2SÛ4) and concentrated in vacuo. Toluene (3 χ 20 mL) was distilled from the 

residue to give a gel (34.5 g, 99%, ex-D-glucono-l,5-lactone), т а д (solution ССІ4)/ст_1 2980, 

2920, 2895, 2880, 1595, 1480, 1370 1340 cm"1 which was not characterized further and used 
immediately in the following reaction. 

l,5-Dideoxy-l,5-imino-2,3,4,6-tetra-0-(l'-ethoxyethyl)-b-iditol (62) and 2,3,4,6-tetra-0-(l'-
ethoxyethy[)-O-glucamine (61) 

A solution of compound 59 (24.81 g, 40 mmol) in ether (80 mL) was added dropwise over 10 
minutes to a cooled (0°C) stirred suspension of L1AIH4 (4.6 g, 0.12 mmol,) in ether (250 mL) 
maintained under nitrogen. The mixture was set aside at room temperature overnight, cooled to 
0°C, treated dropwise over 15 minutes with H2O (18.4 mL), set aside for a further 30 minutes, 
filtered through a layer (-1 cm) of MgS(>4 and the inorganic material washed with ether (50 mL) 
and the combined filtrate and washings were concentrated in vacuo to give a syrup (21.38 g). 
Analysis of which (TLC, system B) indicated that it contained at least two components. A stirred 
solution of the material in A/,N-dimethylformamide (20 mL) was treated with anhydrous potassium 
carbonate (10 g, 72,5 mmol) and set aside at 60°C for 48 h. The cooled mixture was treated with 
saturated brine solution (300 mL) and extracted with ether (5 χ 75 mL). The combined ethereal 
extracts were washed with brine (3 χ 50 mL), dried (Na2S04) and concentrated in vacuo to give a 
light yellow syrup (16.98 g, 94%). This mixture was not separated or characterized further. 

l,5-Dideoxy-l,5-imino-L-iditol (1-deoxy-L-idonojirimycin) (54) and b-glucamine (63) 

A stirred solution of the foregoing material (16.98 g) in 80% aqueous acetic acid (170 mL) was 
maintained at room temperature for 18 h, concentrated in vacuo, the brown residue dissolved in 
H2O (20 mL) and extracted with ether (2x10 mL). The aqueous layer was treated with activated 
charcoal, stirred at roomteperature for 18h, filtered through a layer of celite (2 cm), and the filtrate 
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was concentrated in vacuo to give a colourless gum (7.9 g, 94%). Flash column chromatography 
(ethyl acetate/acetic acid / H2O, 6:3:2) of a portion (3.83 g) of the crude product gave material 
which was dissolved in water (50 mL) percolated through a column (25x 2cm) of Dowex 50WX8 
ion-exchange resin (H+ form) and the resin washed with water (30 mL) followed by 0.5M 
ammonium hydroxide solution (200 mL). The combined eluate and washings were concentrated in 
vacuo to give a syrup, [a]o -22°C (H2O). The resultant residue was dissolved in water (30 mL) 
and treated dropwise with IM hydrochloric acid to pH 3 and concentrated in vacuo to give 
compound 54, HCl salt (1.35 g, 35%) as a glass, [ot]D -3.7e (H20). lit.26 [a] D - 0.16° (MeOH). 
!H-NMR (CD3OD, 300 MHz): δ 3.97 (m, 2H, H-2,3), 3.92 (dd, IH, J = 1.8 Hz and J = 3.4 Hz, H-
4), 3.91-3.81 (m, 2Н, H-6a,6b), 3.51 (ddd, IH, J = 1.6 Hz, J = 5.0 Hz and J = 8.9 Hz, H-5), 3.40 
(dd, IH, J = 1.3 Hz and J = 13.3 Hz, Η-la) and 3.27 (bd, IH, J = 13.3 Hz, Η-lb). 13C-NMR 
(CD3OD, 75 MHz): δ 69.2,68.9,68.1,61.0,58.6 and 47.3 ppm. 

Continued elution then gave material which was a mixture of compounds (TLC), followed by 
material which appeared to be compound 63. The eluate was concentrated in vacuo, the residue 
dissolved in water and treated with 2M-hydrochloric acid to pH 5, and the mixture concentrated in 
vacuo. The residue was recrystallized from methanol-ether containing a trace of water to give 63, 
HCl salt (0.16 g, 4%), m.p. 135.5-137°C, [a] D -16.1° (H20). 

A solution of compound 54, HCl salt (1.33 g) in water (20 mL) was re-applied to a column (25x 
2cm) of Dowex 50(X8) ion exchange resin (H+ form). The column was washed with water (500 
mL) and then eluted with 0.5M ammonium hydroxide solution (500 mL). The eluate was 
concentrated in vacuo and the residue crystallized and recrystallized from methanol containing a 
trace of water to give pure compound 54 (0.35 g), m.p. 142-143.5°C, [OC]D -32.6° (H2O); lit.29 

m.p. 139-141°C,[a]D -30.9e (H20). 

1-Amino-1-deoxy-D-glucitol (D-glucamine, 63) hydrochloride 

A solution of D-glucamine (0.563 g; ex Fluka) in methanol (10 mL) was treated dropwise with 
2M-hydrochloric acid to pH 1. The mixture was filtered, the filtrate treated with ether to incipient 
turbidity and set aside to give the salt (0.519 g, 77%), m.p. 137.5-139°C. [afo -15.9° (H20). 
Anal, calculated, for СбНібС1Ш5: С, 33.11; Η, 7.41; Ν, 6.44. Found: С, 33.36; Η, 7.60; Ν, 
6.38%. 

N-Acetyl-l¿-dideoxy-l,5-imino-L-iditol-2,3,4,6-tetra-0-acetate (65) 

A sample of compound 55 (98.6 mg) in pyridine (3 mL) was treated at 0°C with acetic anhydride 
(1.5 mL), set aside overnight at room temperature, and then processed in the usual manner to give 
compound 65 (165 mg, 93%) as a gum, [a]D +7° (CHCI3); ih29 [a]D +6° (CHCI3). 

2X4,6-Tetra-0-U '-ethoxyethyl)-D-glucitol (66) 

A stirred, cooled (0°C) suspension of lithium aluminium hydride (0.76 g, 20 mmol) in ether (20 
mL) maintained under nitrogen was treated dropwise with a solution of compound 57 (4.66 g, 10 
mmol) in ether (5 mL), and then set aside at room temperature for 7h. The mixture was cooled to 
0°C, treated carefully with water (3.1 mL) and after lh anhydrous MgSC<4 (2.5 g) was added and 
after 30 mins filtered through a layer (- 1 cm) of anhydrous MgSC>4. The inorganic material was 
washed with ether (5x 10 mL) and the combined filtrate and washings concentrated in vacuo to 
give the alditol 66 (4.52 g, 96%) as a gum, which was not characterized further. 
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l,5-Di-0-methanesulfonyl-2,3,4,6-tetra-0-(]'-ethoxyethy[)-D-glucitol (67) 

A stirred, cooled (0CC) solution of compound 66 (0.996 g, 2.12 mmol) in dry pyridine (3 mL) was 
treated with methanesulfonyl chloride (0.731 g, 6.38 mmol), set aside at 0°C for 48 h and then 
processed in the usual manner to give 67 (1.31 g, 98.5%) as a gum. Vmax (solution ССЦУспг1 

2975, 2925, 2870. 

N-Benzyl-I,5-dideoxy-I,5-imino-L-iditol (55) 

A solution of the dimesylate 67 (1.29 g, 2.06 mmol) in benzylamine (6.3 mL) was heated at 60°C 
for 48h and processed as described.26 Column chromatography (hexane/ethyl acetetate, 6/1, v/v) 
of the residue gave a colourless oil (0.87 g) which was dissolved in 50% aqueous acetic acid (10 
mL) and set aside at room temperature for 3 days. The mixture was concentrated in vacuo water 
(3x lOmL) distilled in vacuo from the residue which was then subjected to column 
chromatography (dichloromethane/methanol; 6/1; v/v) to give compound 55 (381 mg, 94%), [α]ο 
-40.5° (methanol). 'H-NMR (DMSO-D6, 300 MHz): δ 7.31 (m, 4H, aromatic H), 7.22 (m, IH, 
aromatic H), 4.81 (bs, IH, OH), 4.70,4.65,4.26 (3x bs, each IH, OH), 3.71 (m, 2H, H-6,6'), 3.50 
(m, IH), 3.29 (m, IH), 3.12 (t, IH, J = 8.5 Hz), 2.89 (m, IH, H-5), 2.44 (m, 2H, Н-1.Г). 13C-NMR 
(DMSO-Ü6, 75 MHz): δ 140.6, 129.0, 128.9, 127.5, 75.0, 71.9, 70.5, 64.4, 58.8, 56.3 and 51.5 
ppm. 

In another experiment a stirred solution of compound 54 (112.5 mg, 0.564 mmol) in methanol (4 
mL) and water (2 mL) containing potassium carbonate (237 mg) was treated with benzyl chloride 
(0.1 mL) and set aside at room temperature for 5 days. The mixture was treated with water (10 
mL) and di-isopropyl ether-hexane (1:1, 30 mL) and the separated aqueous layer concentrated in 
vacuo, and dichloromethane (2x 5 mL) distilled from the residue. Column chromatography 
(dichloromethane/methanol; 9:1, v/v) of the crude material yielded compound 55 (51 mg, 36%), 
[α]ο -35.4° (methanol). The spectral characteristics were as described above. 

N-benzyl-1,5-dideoxy-l ,5-imino-L-iditol-2,3,4,6-tetra-0-acetate (64)30 

A sample of compound 54 (40 mg) in pyridine (1.5 mL) was treated with acetic anhydride (0.8 
mL), stored overnight at room temperature and processed in the usual manner. Analysis (GLC) of 
the resultant 64 , a colourless, glassy materia] (47 mg, 70%), [afo - 33° (CHCI3) indicated that it 
was pure. 1 H-NMR (CDCI3, 300 MHz): δ 7.30 (m, 5H, aromatic H), 5.29 (t, IH J3 > 2 and J 3 i 4 = 10 
Hz, H-3), 5.17 (dd, IH, J4,3 = 10.4 Hz and J4,5 = 6.0 Hz, H-4), 5.01 (m, IH, H-2), 4.48 (dd, IH, 
Jóa,6b = 12.1 Hz and J6a>5 = 6.9 Hz, H-6a), 3.92 (d, IH, J = 13.1 Hz, benzyl H),3.79 (d, IH, J = 
13.1 Hz, benzyl H), 3.46 (m, IH, H-5), 2.95 (dd, IH, J)a,ib = 12.3 Hz and JU | 2 = 5.9 Hz, H-lb), 
2.09, 2.04, 2.03 and 1.99 (4s, each 3H, acetyl). 13C-NMR (CDCI3, 75 MHz): δ 170.5, 170.2, 
170.0, 169.9,137.9,128.4,128.2,127.5, 71.3, 70.3,69.7, 58.6, 58.4, 57.7,47.5, 21.0,20.7. 

Methyl-2,3,4,6-tetra-0-acetyl-5-0-methanesulfonyI-O-gluconate (68) 

A stirred solution of the ester 45 (3.0g) in dry pyridine (20 mL) was treated methanesulfonyl 
chloride (1.0 mL), set aside at room temperature for 48h and processed in the usual manner to give 
compound 68 (2.97 g, 82%), m.p. 139-142°C (toluene/ethyl acetate, 2:1) [a] D -2.4° (CHCI3); lit.20 

m.p. 141-142°C, [ a b -183° (CHCI3). 
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Methyl 2,3,4,6-tetra-0-acetyl-5-0-p-toluenesulfonyl-D-gluconate (69) 

A stirred, cooled (-15°C) solution of the ester 45 (2.0g) in dry pyridine (25 mL) was treated with 
p-toluenesulfonyl chloride (1.53 g, 1.5 equiv.), stored for 5 days at 5°C and processed in the usual 
manner to afford the tosylate 69 (1.945 g, 69%), m.p. 109-11ГС, [ot]D + 8.4° (CHCI3). "H-NMR 
(100 MHz, CDCI3): δ 7.78(d, 2H aromatic H), 7.35 (d, 2H, aromatic H), 5.51 (m, 2H), 5.2) (m, 
IH), 4.82 (m, IH), 4.31 (dd, IH, J = 14 Hz and 4-Hz, H-6a 4.10 (dd, IH J = 14 Hz and 6 Hz, H-
6b), 2.45(s, 3H, PhCH3), 2.19, 2.10, 2.06, 1.92 (4s, each 3H, CMe2). Anal, calculated for 
C22H28O13S: С 49.62; Η 5.30. Found С 49.40; Η 5.32%. 
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CHAPTER 5 

S Y N T H E S I S OF 1 , 5 - D I D E O X Y- l , 5 - I M I N O - L - G U L I T O L 

( L - f f « / o D N J ) A N D l , 5 - D I D E O X Y - l , 5 - I M I N O - D - T A L I T O L 

( D - i a / o D N J ) 

5.1 Introduction 

Syntheses of l,5-dideoxy-l,5-imino-L-guIitoI (deoxy-I^u/onojirimycin/L-gM/oDNJ) (1) and 1,5-

dideoxy-l,5-imino-D-talitol (deoxy-D-raionojirimycin/D-toZoDNJ) (2) are among the least of those 

reported for aza sugars in the current literature. The biological activity of L-gulo DNJ (1) has also 

not yet been fully established, but compound 3 the L enantiomer of 2 has been shown to be a potent 

α-glucosidase and oc-L-fucosidase inhibitor.1 The only synthesis of 1 described in the literature is by 

Legier and Jülich.2 Pitout et α/.3 have indicated that the compound is obtained in admixture with 

DMJ and Ό·τηαηηο azepane derivatives, respectively. 

r 
нсГуЛж 

OH 

1 

? H Η 

о 
нсГЧ^'"он он 
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Legier2 synthesized L-gulo-ONJ (1) from benzyl 2,3;5,6-di-0-isopropylidene-a-D-mannofuranoside 

(4) (Scheme S.l) in six steps. The 5,6-O-acetal group was hydrolysed selectively using aqueous 

acetic acid to give 5, followed by selective tritylation of the C-6 hydroxyl group and oxidation 

(dimethyl sulfoxide + acetic anhydride) of the C-5 hydroxyl group (5 -» 7). Oximation of the 

resulting C-S keto derivative 7, and subsequent Pd(OH)2/C catalyzed reduction of the oxime 8 gave 

the O-manno 9 and L-gulo 10 amines, respectively. Acidic hydrolysis of the 2,3-OacetaI groups and 

trityl functions of compounds 9 and 10 followed by hydrogenolytic debenzylation of the amines 11 

and 12 resulted in concomitant cyclization to give DMJ (13) and L-gulo DNJ (1), respectively, 

which are enantiomers. 
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Scheme 5.1: Synthesis of l-deoxy-L-gu\onojirimycin (J) 
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Scheme 5.1 (corad): Synthesis of]-deoxy-L-ga\onojirimycin (1) 

Compound 1 is a constituent of the potent a-glycosidase inhibitor 2,6-imino-7-0-ß-D-glycero-L-

gu/o-heptitol (14) a possible candidate for anti-diabetic therapy.2 
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H O ^ - ~ T 

но 
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It is presumed, therefore, that L-gulo DNJ (1) could also be a potent glycosidase inhibitor and 

further efforts need to be made to evaluate its biological activities. 

Hashimoto and Hayakawa1 have described a synthesis of compound 3 from benzyl tri-0-benzyl-ß-

D-ribofuranoside (15) via a ring cleavage reaction using cyanotrimethylsilane (TMSCN) and boron 

trifluoride etherate (Scheme 5.2) to give a mixture of the nitriles 16 and 17 which was separated 

chromatographically. The C-5 position of 16 was selectively de-O-silylated by treatment with ferric 

chloride followed by mesylation in the usual manner to afford 18. Reduction of 18 gave the 1-

amino-1-deoxy-D-allitol derivative 19 which on heating under reflux in ethanol containing sodium 

acetate gave the l,5-dideoxy-l,5-iminohexitol derivative 20. Hydrogenolytic de-O-benzylatJon, 

followed by treatment with HCl, gave 3 as the HCl salt. 
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Scheme 5.2: Synthesis of 1-deoxy-L-tBlonojirimycin (3) 

The only synthesis of compound 2 described4 hitherto utilizes a chemo-enzymatic approach. 

Treatment of a mixture of (Ä)-3-azido-2-hydroxypropanal (21) and dihydroxy acetone phosphate 

(DHAP) with fucose-1-phosphate aldolase, followed by stereospecific reduction of the product gave 

the 6-azido hexulose 22, which underwent reductive aminative-cyclization to give compound 2. 
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Τ + 
О 

H'V^Na 
OH 

fuc-l-P04 
•• 

aldolase 
-PO32 ' 

21 

О OH OH 

reducüon i ¿ N H 

ОН он 

22 

HOVÄ 

Alternative syntheses of 1 from D-mannose, and 2 from D-fructose, via D-psicose, are the subject of 

this chapter. 

5.2 Results and Discussion 

l,5-Dideoxy-l,5-imino-L-giditol (L-Gulo DNJ)from D-mannose 

The synthesis of L-gu/o-DNJ (1) from D-mannose requires an aminative-cyclization process 

between C-l and C-S with prior inversion of configuration at C-S. This was achieved in the 

following manner (Scheme 5.3). D-Mannose was treated with benzyl alcohol in the presence of 

BF3-methanol complex (50-52% BF3) and the crude product obtained thus was treated with a 

mixture of 2,2-dimethoxypropane and acetone containing p-toluenesulfonic acid to afford benzyl 

2,3;4,6-di-0-isopropylidene-a-D-mannopyranoside (23). Catalytic hydrogenolysis of compound 23 

in the presence of palladized charcoal (10%) gave the known diacetal 24 in 67.5% overall yield. 

During these studies, it was shown that compound 24 could be isolated in ca 35-40% directly from 
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D-mannose without the intermediacy of the glycosidation step. Treatment of D-mannose with a 

mixture of of 2,2-dimethoxypropane-acetone in the presence of catalytic amount of anhydrous 

tin(II) chloride yielded a mixture of 24 and the corresponding 2,3;5,6-di-0-isopropylidene-D-

mannofuranose. Acetylation of the crude mixture yielded the crystalline 1-0-acetate 25 derived 

from compound 24, which on treatment with sodium methoxide-methanol gave pure 24. A previous 

report5 on the direct isopropylidenation of D-mannose with 2-methoxypropene claimed that 

compound 24 was isolated in -60% yield, but difficulties were experienced in obtaining consistent 

yields by this procedure. The new method seems to be more acceptable, despite the lower yield. 

Oxidation (dimethylsulfoxide-trifluoroacetic anhydride) of the anomeric centre of 24 afforded the 

lactone 26, which on subsequent treatment with ammonia gas in ammoniacal methanol solution at 

0°C gave the amide 27. The choice of trifluoroacetic anhydride as an activating agent for DMSO in 

the oxidation of 24 was based on the high yields that have been obtained using this reagent with 

minimal formation of by-products i.e. thiomethyl ethers, or esters of the alcohols being oxidized. 

With other reagents viz- DMSO activated with acetic anhydride, these by-products can account for 

10-20% of the yields.6 In some cases the system selected here also requires shorter reaction time 

and it is easier to remove DMSO from the desired end-products. These sequences of reactions 

furnished a derivative 27 which possessed an easily activated nitrogen function at C-l and an 

unsubstituted C-5 hydroxyl group which should be amenable to inversion of configuration. The 

amide was treated with an excess of p-toluenesulfonyl chloride in pyridine which resulted in 

tosylation at the C-5 position and concomitant dehydration of the amide group to give 2,3;4,5-di-0-

isopropylidene-5-O-tosyl-D-mannononitrile (28). Reduction of 28 with lithium aluminium hydride 

in 1,2-dimethoxyethane at 0°C occurred with cyclization to give the protected aza sugar 29 which, 

on hydrolysis with HCl, afforded crystalline l-deoxy-L-^и/о nojirimycin (1) as the HCl salt in 29% 

overall yield. 
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Scheme 5.3: Synthesis ofl-deoxy-L-gulonojirimycin (1) 
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l,5-Dideoxy-l,5-imino-D4d\onojirimycin 

D-Fructose is the second-most abundant naturally occurring monosaccharide after D-glucose. It is 

present in the free state in fruits, vegetables and in honey. It is also a constituent unit of natural di-

and oligosaccharides e.g. sucrose (30), inulin (31) and raffinose (32). 

CHjOH 

CH2OH 

Currently, there is a considerable interest in developing new products based on fructose, which is 

becoming more readily available from high fructose com syrups (HFCS).7·8 These are produced 

commercially in very large quantities from starch using two step enzymatic process. In contrast to 

D-glucose the chemistry of D-fructose has developed at a much slower rate due partly to its earlier 

scarcity in a pure crystalline state, and because unlike the aldoses and other ketoses it exhibits 

complex mutarotational behaviour in solution which makes specific reactions difficult to control in 

terms of product formation. D-Fructose has been employed previously for the simple synthesis of 1-

deoxymannojirimycin.9 It has been used here for a synthesis of compound 2. 

Treatment of D-fructose with acetone in the presence of catalytic amount of elemental iodine at 

room temperature gave the kinetically favoured l,2;4,5-diacetal 33 (Scheme 5.4a). 

MejCO/DMP 

Me£0 / J / O * 4 DMSO. / Ç j f t L · / 4 NaBĤ  A - V L ^ S 6 ^Г 9 ¿ CHzÔ TFAA ΟΥ-* CH2Ô — • О V — С CHaÔ 

A A A 
77.5% 84.9% 86.0% 

33 34 35 
C H Î O R CHîNa _ CH2N3 

Г.0 OAc 
·υ"2 \ /Ч * r ]—{ CH*0Ac 

О Ò (ii)LiN3.HMPA Ò О 0 0 

' > κι.na, / > 047* / \ 

ψ* у$^ .»іі̂  \_Ρ^ ^ 
92.3% ' v 82.0% ' N 94.7% 

36R = H—I 
37R = T s J 38 

Scheme 5.4a: Synthesis of J-deoxy-D-lalonojtrimycin (2) 
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CH2N3 

L o OH 
MeONar \ Д TBDMSCI . 
MeOH V - Í CHzOH imid¡ao\eK>MF V"f C H 2 0 R

 Й О Н 
°*-° °>r0 

A A 
81.0% 86.1% 

40 on 38 41 
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CH2N3 

l A OH TBDMSO-, H· 

w CH*0R ^ s r S^LLS Ü Ï 

42 

H 0 J NH .HCl 

2.HCI 
D-Talo DNJ 

Scheme 5.4a (conti): Synthesis of 1-deoxy-D-laionojirimycin (2) 

The compound was previously obtained with some difficulties by separation from the 

thermodynamically controlled product 2,3;4,5-di-0-isopropylidene-ß-D-fructopyranose, in variable 

yields by fractional crystallization.10·11 Mixtures of 33 and the other isomer are produced during 

conventional acetalization using mineral or Lewis acids as catalysts.12·13 Oxidation of 33 followed 

by borohydride reduction of the resultant 3-keto derivative 34 gave l,2;4,5-di-0-isopropylidene-ß-

D-psicopyranose (35). Two reagents were tested for the oxidation of compound 33. Application of 

the Pfizner-Moffatt reagent (DMSO-DCC) gave the ketone 34 in 80% yield, whereas treatment with 

dimethylsulfoxide in the presence of trifluoroacetic anhydride provided 34 in 85% yield. The use of 

other oxidation methods e.g. RuC>2/NaI04 for producing ketones from secondary alcohols would 

probably have resulted in equally high yields but were not tested here. Acid-catalyzed equilibrium 

of 35 in acetone-2,2-dimethoxypropane gave the thermodynamically more stable l,2;3,4-di-0-

isopropylidene-ß-D-psicofuranose (36) (Scheme 5.4a). The C-6 primary hydroxyl group of 

compound 36 was converted into the corresponding azido derivative 38 using two different 

procedures. The first method involved treatment of compound 36 with l-methyl-2-fluoropyridinium 

tosylate followed by reaction with lithium azide in hexamethylphosphoric triamide (HMPA) to give 

compound 38 (> 80%). The mechanism of azide formation is as shown in Scheme 5.4b, thus 

treatment of an alcohol with l-methyl-2-fluoropyridinium tosylate forms a 2-aIkoxypyridinium salt 

in situ which, when reacted with azide ions, gives the corresponding alkyl azide by S N 2 

substitution.14 

,R . Et3N. 

iTF tH0<ïf ^ 
Me t>Ts R3 

α 
Me"°Ts R3 

LiN3 > 

HMPA n 2 -t—N3 .a Ν О 
Me 

Scheme 5.4b: One-pot azide fimctionalization reaction 

The second procedure to obtain the azide 38 involved treatment of 36 with p-toluenesulfonyl 

chloride-pyridine in the usual fashion to give 37, followed by conventional S N 2 sulfonate 

displacement using sodium azide in DMF. This sequence of reactions were less successful, with 

overall yields for the two-stage process of ca 50%. Despite the superiority of the one-pot procedure 

over the conventional method to obtain the azide 38, the extra costs incurred as well as the toxicity 

hazards associated with the use of HMPA must be borne in mind. 
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The reaction sequences shown in Scheme 5.4a suggest that the protected target compound 42 could 

be obtained theoretically by hydrogénation of the diol 40 which should be accessible by the mild 

acidic hydrolysis of the 1,2-0-isopropylidene group of 38. It has been shown that acidic hydrolysis 

of 1,2-acetals of the ketoses, however, occurs with considerable concomitant degradation. The 

problem in this case was solved by mild acetolysis of the 1,2-group of compound 38 to give the 

diacetate 39 which was subjected to Zemplen deacetylation (NaOMe-MeOH) to give the diol 40. It 

is noteworthy that the 2,3-O-isopropylidene group of 36 remained unaffected by the mild acetolysis 

conditions indicating the stability of 5:5 си-fused bicyclic ring system to these conditions. Since it 

has been shown9·15 that the primary hydroxy 1 group participates in the above degradation process, 

selective protection of the C-l was necessary. This was achieved by treatment of compound 40 with 

terr-butyldimethylsilylchloride-imidazole in DMF to give compound 41. Catalytic hydrogénation 

(Pd/C) of 41 in ethanol afforded compound 42 which was treated with HCl in MeOH to give D-

ta/oDNJ (2) as the HCl salt. Efforts were made to crystallize the free aza sugar and its HCl salt in 

various solvent systems. Although these were mainly unsuccessful the compound crystallized well 

from methanol/ether, but attempts to dry the resulting material proved to be extremely difficult as 

the crystals were highly deliquescent. 

The only other synthesis of 2 described previously, reported it as non-crystalline with a specific 

rotation of -22.4°, whereas the value determined for the material obtained during this current study 

was found to be +2.6°. The earlier1 synthesis of the L-form of 3 did not record a specific rotation 

value; only special data were provided. These, and those reported4 for 2, corresponded well with 

those found currently. The difference in rotational value is difficult to explain. The value reported 

here was obtained consistently (3x) by hydrolysis of the precursor 42, the structure of which is 

strongly supported by X-ray crystallographic analysis (see fig. 5.1 and table 5.1). 

X-ray diffraction analysis of 42 

Fig. 5.1: PLUTON16 generated drawing of X-ray crystal structure of 42 
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X-ray diffraction analysis of 42 

A colourless and irregular shaped crystal of dimensions 0.75 χ 0.18 χ 0.16 mm was mounted on a 

glass fibre and the X-ray diffraction data of compound 42 was collected at -65°C. Crystal data are 

given in Table 5.1. 

Table 5.1: Crystallographic data for compound 42 

Empirical formula 

Colour/shape 

Crystallization 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

Ζ 

Density (calculated) 

Absorption coefficient 

F(000) 

Crystal size 

θ range for data collection 

Index ranges 

Reflections collected 

Independent/observed refis. 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on FA2 

Final R indices [Ι>2σ(Γ)] 

R indices (all data) 

Largest diff. peak and hole 

C15H31NO4S1 

colourless transparent/irregular 

ether 

325.50 

208(2)К 
? 

Monoclinic 

P21 

a = 13.4495(9) Â α = 90°. 

b = 10.5040(5) Â β = 103.509(6) 

с = 13.7440(7) Â γ=90°. 

1887.9(2) Ал3 

4 

1.145 Mg/mA3 

1.246 mmM 

712 

0.75 χ 0.18 χ 0.16 mm 

3.31 to 59.94° 

-14<=h<=15,0<=к<=11, -15<=1<=0 

3106 

2970(Rint=0.0541 )/2787([Ιο>2σ(Ιο)]) 

Full-matrix least-squares on FA2 

2970/1/412 

1.036 

Rl= 0.0408, wR2 = 0.1040 

Rl = 0.0443, wR2 = 0.1072 

0.515 and -0.347 e.AA-3 

The crystal structure was determined using the program CRUNCH.17 The structure was refined by 

full-matrix least-square on FoA2 values using SHELXL-9318 with anisotropic parameters for the 

non-hydrogen atoms. The hydrogen atoms of the methyl groups were refined as rigid rotors with 

idealized sp3 hybridization and a C-Η bond length of 0.97 À to match maximum electron density in 

a difference Fourier map. The hydrogens attached to the nitrogens were taken from a difference 

Fourier map. The hydrogens attached to the oxygens were refined in analogy with the methyl-
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hydrogens with dedicated values for the torsion angle and OH-distance. All other hydrogen atoms 

were placed at calculated positions and were refined riding on the parent atoms. The refinement 

converged to an R-value of 0.0408 for the 2787 unique reflections observed. Data collection and 

processing for 42 were carried out using an Enraf-Nonius CAD4 diffractometer, Θ-2Θ mode with a 

scan time 30s/reflection, graphite monochromated CUKa radiation; 3106 reflections were measured 

of which 2874 were observed. 

5.3 Concluding remarks 

A successful 7 step synthesis of L-guloDNJ (1) from D-mannose is described in the first part of this 

chapter. It compares favourably with the two routes described previously.1·2 The route uses only 

simple protecting groups (isopropylidene) and activating (p-toluenesulfonyl) groups. In the second 

part of this chapter a route to D-totoDNJ (2) from D-fructose is presented. This proved to be less 

problem-free than had been anticipated. The formation of the intermediate 6-azido-l,2;3,4-di-0-

isopropylidene-ß-D-psicofuranose (38) proceeded smoothly using literature based procedures. 

Attempted selective removal of the 1,2-isopropylidene group using ordinary acidic hydrolysis was 

problematical and caused extensive decomposition. This may have been due to intermediate 

formation of an oxonium ion similar to that suggested for the hydrolysis of sucrose and other 

fructosides. It is well known that acid hydrolysis of ketoses leads readily to hydroxyl-

furfuraldehydes (HMF). The formation of similar intermediates e.g. 43 from 38 could have 

accounted for the observed facile decomposition. 

CH2N3 СНгМз 

37 • Г NfCHîOH^ rjVcH2OH 

°3° °X° 
A 43 / \ 

Mild acetolysis of 38 catalyzed by BF3(OEt>2 successfully removed the 1,2-0-isopropylidene group 

without further problems. Standard transformations then led to the expected aza sugar 2. 

5.4 Experimental section 

For general experimental procedures and remarks, see chapter 3 

Formation of2,3;4,6-di-0-isopropylidene-D-mannopyranose (24) 

(a) via Glycosidation 
A stirred suspension of D-mannose (10 g) in benzyl alcohol (200 mL) was treated with BF3.MeOH 
complex (50-52%, BF3) (1.4 mL) and the mixture maintained overnight at about 75eC. The cooled 
mixture was neutralized with solid sodium hydrogen carbonate (pH paper), filtered and concentrated 
in vacuo to give an oil which was dissolved in water (200 mL), extracted with ether (2 χ 150 mL) 
and the aqueous layer was decolourized by treatment with charcoal and then concentrated in vacuo. 
Ethyl acetate (2 χ 50 mL) was distilled from the residue to give a pale brown syrup. A stirred 
solution of the resultant material in acetone (70 mL) and 2,2-dimethoxypropane (70 mL) was 
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treated with p-toluenesulfonic acid monohydrate (40 mg) and set aside at room temperature for 4 h, 
when analysis (TLC) indicated completeness of reaction. The mixture was neutralized (ИаНСОз), 
filtered, concentrated in vacuo, and a solution of the crude product in ethanol (40 mL) was 
hydrogenated (1 atm) in the presence of palladium charcoal (10%, 600 mg) for 48 h. The mixture 
was filtered through celite, the inorganic material washed with ethanol and the combined filtrate and 
washings concentrated in vacuo. Column chromatography (Solvent system B) of the residue gave 
pure 24 (9.7 g, 67.5%), m.p. 137-140°C (petroleum ether 80-100°), [a] D -33.2° (c 1, CHCI3); Lit.5 

m.p. 139-141°C, [a] D -39° (CHCI3). Anal. Calculated for Ci 2 H 2 o0 6 : C, 55.37; H, 7.74. Found: 
55.37; H 7.65. 

(b) via Direct acetalation 

A stirred suspension of of D-mannose (50 g) in a mixture of 2,2-dimethoxypropane (300 mL) and 
acetone (300 mL) containing anhydrous tin(II) chloride (132 mg) was set aside at room temperature 
until a homogeneous solution was obtained. The mixture was treated with anhydrous sodium acetate 
(7 g) and pyridine (30 drops), concentrated in vacuo and the residue was treated with acetic 
anhydride (20 mL) and heated under reflux for 5 min. The cooled mixture was poured into ice-water 
(-2.5 L) and the resultant crystalline material collected by filtration washed with water, dried 
(P2O5) in vacuo and recrystallized from hexane-dichloromethane to give the acetate 25 (20.0 g, 
34.7%) m.p. 140-14ГС. A sample of the foregoing material (100 mg) in methanol (1 mL) was 
treated with IM methanolic sodium methoxide (0.1 mL) for 30 minutes, neutralized with ion 
exchange resin Amberlite IR-120 (H+ form), the resin removed by filtration and the filtrate 
concentrated in vacuo to give 24 (91%) with the same physical constants as noted above. 

2,3;4,6-Di-0-isopropylidene-D-mannono-l,5-lactone(26) 

A stirred, cooled (-60°C) solution of DMSO (2.15 mL, 30.75 mmol, 2 eq) in dry dichloromethane 
(15 mL) was treated dropwise with trifluoroacetic anhydride (3.2 mL, 23.1 mmol, 1.5 eq.) over 10 
minutes and then set aside at the same temperature for a further 10 minutes. A solution of 
compound 24 (4.0 g, 15.38 mmol) in dry dichloromethane was added dropwise to the stirred 
mixture over a period of 10 minutes and after stirring for an additional 30 minutes the mixture was 
treated with triethylamine (6 mL) and then allowed to warm gradually to room temperature. The 
mixture was treated with water (40 mL), the separated aqueous layer extracted with 
dichloromethane (2 χ 20 mL) and the combined organic extracts were dried (Na2S04) and 
concentrated in vacuo. Recrystallization (petroleum ether 80-100°C) of the crude material gave the 
lactone (3.3 g, 82.8%) as fine fibre-like crystals, mp 165-168°C. [a] D +79.2° (CHCI3). Anal. 
calculated for Ci2Hig06: С 55.78; Η 7.03. Found 55.49; Η 6.88. 

2,3;4,6-Di-0-isopropylidene-5-0-p-toluenesulfonyl-O-mannononitrile(2S) 

A stirred cooled solution of the lactone 26 (3 g, 11.58 mmol) in a mixture of methanol (30 mL) and 
25% ammonia solution (30 mL) was treated with ammonia gas for 10 minutes and then left to stir 
at room temperature for 30 minutes. The mixture was concentrated in vacuo to give a colourless 
foam which was dissolved in pyridine (30 mL), cooled to 0°C, treated with tosyl chloride (8.83 g, 
46.33 mmol, 4 equiv.) and after 1 h at this temperature was set aside at ca 5°C for 5 days. The 
mixture was poured into ice water (200 mL) and the white solid was collected by filtration and 
recrystallized from methanol to give the nitrite 28 (3.4 g, 71.4%) mp. 129-13ГС, [a]o = -11.06° (c, 
CHCI3). 'H-NMR (CDCI3 400MHz) δ 7.84, 7.34 (ABq, 4H, aromatic H), 4.8 (d, IH, H-2, J2,3 4.72 
Hz), 4.75 (t, IH, H-4, J4>3 9.2 Hz, J4,s 18.0 Hz), 4.28 (ddd, 2H, H-6a/b, J6,5 6.8 Hz, J6a,6b = 25.3 
Hz), 4.2 (t, IH, H-3, J3,2 = 4.9 Hz, J3 > 4 = 9.0 Hz), 4.10 (m, IH, H-5), 2.4 (s, 3H, tosyl Me), 1.48, 
1.35,1.14,1.30 (4s, each 3H, CMe2). 13C-NMR (CDCI3 75 MHz) δ 144.90, 133.62,129.33, 128.65, 
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(Carom). 116.59 (C = N), 111.42 and 111.336 (2qC), 80.27 (C-2), 77.48(C-3), 74.34(C-4), 67.95 (C-
6), 66.48 (C- 5), 26.38, 25.67, 25.58, 25.45 (2 χ CMe2) and 21.60 (CH3 tosyl). Anal, calculated for 
C19H25NSO7: С 55.46, Η 6.12, Ν 3.40, S 7.79. Found: С 55.32, H 6.07, Ν 3.47, S 7.92%. 

l-Deoxy-2,3;4,6-di-0-isopropylidene-L-gulonojirimycin (29) 

A solution of the nitrile 28 (1.75 g, 4.26 mmol) in 1,2-dimethoxyethane (20 mL) was added 
dropwise over 10 minutes to a stirred, cooled (0°C) suspension of L1AIH4 (0.647 g, 17.03 mmol, 4 
equiv.) in 1,2-dimethoxyethane (20 mL) maintained under nitrogen. The mixture was set aside for 4 
h, diluted with 1,2-dimethoxyethane (40 mL), treated dropwise over 15 minutes with H2O (6 mL), 
set aside for 30 minutes, filtered through a layer (-1 cm) of MgSC<4, the inorganic material washed 
with 1,2-dimethoxyethane (10 mL). The combined filtrate and washings were concentrated in vacuo 
to yield a colourless syrup (1.12 g) which crystallized on standing. Recystallization from di-
isopropyl ether gave 29 (0.860 g, 83%), m.p. 55-57°C, [<x]D -23.8° (CHCI3). !H-NMR (CDCI3, 
300MHz) δ 4.754.71 (m, IH, H-2), 4.50 (dd, IH, ), 4.05 (m, 2H, Н-ба/ь), 3.85 (t, IH, Н-5), 3.15 
(dd, IH, H-3), 3.06 (t, 2H, H-l). "C-NMR (CDCI3, 75 MHz) δ 111.50 and 109.34 (2 χ qC), 83.93 
(C-2), 82.130 (C-3), 75.90 (C-4), 66.80 (C-5), 66.76 (C-6), 53.08 (C-l), 26.42, 25.28 and 24.14 
(CMe2) Anal, calculated for C12H21NO4: С 59.24; Η, 8.70; Ν, 5.76. Found: С, 59.00; Η, 8.57; Ν 
5.64%. 

l-Deoxy-L-g\ilonojirimycin.HCl(í) 

A stirred solution of a portion of the foregoing product (100 mg) in methanol (20 mL) containing 
cone, hydrochloric acid (5 drops) was maintained at room temperature for 18 h, when charcoal (20 
mg) was then added. The mixture was heated under reflux for 20 minutes, cooled, filtered, the 
residue washed with methanol (10 mL), the filtrate and the washings were concentrated in vacuo to 
give a colourless gum. The crude gum was crystallized from methanol/ether to give 1.HC1 salt (103 
mg, 90%), mp. 142-3°C, [a]D -45.0° (MeOH). Lit2 (free base) m.p. 150-151°C [a]578 -21° (H20) 
•H-NMR (D2O, 300 MHz) δ 4.31 (m, IH, 2-H), 4.21 (dd, J, IH, 4-H), 3.80-3.75 (m, IH, H-2), 
3.66-3.61 (m, IH, H-5), 3.56-3.49 (m, IH, Н-6а/ь), 3.21-3.15 (m, IH, Н-ба/ь), 3.04-3.00 (m, IH, H-
Іа/b ), 2.87-2.82 (m, IH, Н-1а/ь). 13C-NMR (D2O, 75 MHz) δ 74.57(C-5), 71.69/70.19 (C-3,4), 
65.82 (C-l), 64.19 (C-2), 52.29 (C-6). Anal, calculated for C6H14CINO4: С 36.10, Η 7.07, Ν 7.02. 
Found: С 35.92, Η 6.98, Ν 6.91%. 

l,2:4,5-Di-0-isopropylidene-$-D-fructopyranose (33) 

A stirred suspension of ß-D-fructose (10.0 g, 55.5 mmol) in acetone (250 mL) containing iodine 
(745 mg, 2.94 mmol, 0.05 equiv.) was maintained at room temperature for 3 h. The mixture was 
treated with 0.5M aqueous sodium thiosulphate solution until colourless, concentrated in vacuo, and 
the resultant product was dissolved in a mixture of dichloromethane (250 mL) and water (50 mL). 
The separated organic layer was washed with water (2 χ 100 mL), 10% aqueous sodium chloride 
solution (100 mL), dried (Na2S04) and concentrated in vacuo. Recrystallization of the crude 
crystalline material from di-isopropyl ether-hexane gave the di-acetal 33 (11.2 g, 77.5%), m.p. 117-
118°C, [<X]D -144.0" (acetone); Li t 1 0 m.p. 119-120°C, [a]o -158° (acetone). Anal. Calculated for 
C12H20O6: C, 55.37; H, 7.79. Found : C, 55.48; H, 7.59%. 

l,2:4,5^i-0-isopropylidene-^-O-CTyÜao-2,3-hexodiulo-2,6-pyranose(34) 

Method A. A suspension of anhydrous phosphorous pentoxide (1.31 g, 9.23 mmol, 1.2 equiv.) in 
dimethyl sulfoxide (2 mL) was added to a solution of 33 (2 g, 7.6 mmol) and 
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dicyclohexylcarbodiimide (4.75 g, 23.1 mmol, 3 equiv.) in a mixture of dimethyl sulfoxide (8 mL), 
ethyl acetate (5 mL) and pyridine (4 mL). After ca 15 minutes an exothermic reaction ensued and 
the reaction mixture was cooled with ice water for -5 minutes and then allowed to proceed at room 
temperature for 24 h. The mixture was filtered and the dicyclohexylurea was washed with ethyl 
acetate (5 χ 20 mL), and a solution of oxalic acid in methanol was added gradually to the above 
combined filtrates and washings. The mixture was filtered after gas evolution had ceased, the 
dicyclohexylurea washed with ethyl acetate and the combined filtrates and washings were washed 
with saturated aqueous NaCl solution (2 χ 20 mL) and then with saturated aqueous ЫаНСОз (2 χ 20 
mL), water (2 χ 50 mL), dried (Na2S04) and concentrated in vacuo . The residue crystallized on 
standing at room temperature and was recrystallized from petroleum ether (40-60°) to give white 
fibre-like crystals (1.6 g, 80.3%), m.p. 102-4°C, [<x]D -102° (acetone); Lit11 m.p. 101-102°C, [a]D -
104.7° (acetone). Anal, calculated forCi2Hi906: C, 55.59; H, 7.39. Found: C, 56.04; H, 6.90%. 

Method B: Trifluoroacetic anhydride (7.8 mL, 56 mmol, 1.5 eq) was added dropwise over 10 
minutes to a stirred, cooled (-60°C) solution of dimethylsulfoxide (5.3 mL, 74.62 mmol, 2 equiv.) in 
dry dichloromethane (40 mL). The cooled mixture was then treated dropwise over 10 minutes with 
a solution of 33 (9.70 g, 37.30 mmol) in dry dichloromethane (10 mL), set aside at the same 
temperature for 30 min and then treated with triethylamine (15 mL), whereon the mixture was 
allowed to attain room temperature gradually, washed with water (20 mL) and the water layer 
extracted with dichloromethane (2 χ 25 mL). The combined organic extracts were dried (Na2S04) 
and concentrated in vacuo to give a crude pale yellow syrup. Column chromatography (Solvent 
system A) and recrystallization of the resultant material from petroleum ether (80-100°) gave 
compound 34 as fine white crystals (8.3 g, 85%). 

l,2:4,5-Di-0-isopropylidene-$-O-psicopyranose (35) 

A stirred solution of compound 34 (8.0 g 30.88 mmol) in absolute ethanol (100 mL) and water (37.5 
mL) was treated dropwise over 30 min with a suspension of sodium borohydride (2.34 g, 61.76 
mmol, 2 equiv.) in ethanol (25 mL) and on completion of addition, the mixture was set aside for 30 
min, and then concentrated in vacuo to dryness. The residue was dissolved in a mixture of ether 
(200 mL) and water (50 mL) and the separated organic layer was washed with brine (50 mL), dried 
(Na2S04) and concentrated in vacuo. Recrystallization of the residue from hexane (42-60°C) gave 
spongy white crystals (6.9 g, 86%) m.p. 65-7°C [a]p -121.2° (acetone) ; Lit.11, m.p. 68-9°C, [a]o -
116.4° (acetone). 

1,2,3,4-Di-0-isopropylidene-$-D-psicofiiranose (36) 

A stirred solution of 35 (6.5 g, 25.00 mmol) in acetone (90 mL) and 2,2-dimethoxypropane (10 mL) 
containing perchloric acid (70%, 0.15 mL) was maintained at room temperature for 2h, then treated 
with concentrated ammonia (25 %, 0.30 mL) and concentrated in vacuo. A solution of the residue in 
dichloromethane (50 mL) was washed with water (10 mL), dried (Na2SC>4), concentrated in vacuo, 
and the residue distilled in vacuo (lfr3 mmHg, 70°C-Kugelrohr) and the resultant material (6.0 g, 
92.3%) was crystallized and recrystallized from hexane-dichloromethane (10:1) to give pure 36, 
m.p. 55-57°C, [a] D -96.9° (acetone); Lit.19 m.p. 56-57.5°C, [ct]D -98.2° (acetone). 

l,2;3,4-Di-0-isopropylidene-6-0-p-toluenesulfonyl-$-O-psicqfuranose (37) 

A stirred, cooled (0°C) solution of the alcohol 36 (3.0, 19.23 mmol) pyridine (30 mL) was treated 
with p-toluenesulfonyl chloride (2.6 g, 13.85 mmol, 1.2 equiv.) and after a further for lh was set 
aside overnight at room temperature. The mixture was poured into ice water (-100 mL) and the 
solid material was collected by filtration, dried (in vacuo) and recrystallized from methanol to give 
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pale yellow crystals (2.87 g, 60.0%), mp 101-3eC, [a] D -38.2e (CHCI3); Lit.1» 99.5-100°C, [a] D -
40.4° (CHCI3). Anal, calculated for Ci9H2608S: С 55.06; H 6.32; S 7.74. Found: С 54.97; H 6.19; 
S 8.00%. 

6-Azu1o-6-deoxy-l,2;3.4-di-0-isopropylidene-$-D-psicofuranose (38) 

Method A: Compound 36 (5.12, 19.69 mmol) was added to a stirred suspension of l-methyl-2-
fluoropyridinium p-toluenesulfonate (6.13 g, 21.66 mmol, 1.1 equiv.) in chloroform (200 mL) 
containing triethylamine (3 mL). The mixture was stirred for lh and then concentrated in vacuo to 
give a yellowish orange syrup which was dissolved in hexamethylphosphoric triamide (50 mL) and 
treated with lithium azide (4.82 g, 98.46 mmol, 5 equiv.) and maintained at 80°C for 2 h. The 
cooled mixture was poured into ice-water (150 mL), extracted with ether (2 χ 150 mL), and the 
combined ether extracts washed with brine (60 mL), dried (Na2SC>4) and concentrated in vacuo. 
Column chromatography (Solvent system A) of the residue gave 38 as a colourless syrup (4.6 g, 
82%). [cc]D +4.0° (CHCI3), IR(neat) vm a x 2100 (-N=N=N) cnr1. 'H-NMR (CDCI3, 300 MHz) δ 4.6 
(dd, 2H, H-la/b, J 6.3 Hz, J l a / l b 12.2 Hz), 4.33 (d, IH, H-3/4, J3/4 9.8 Hz), 4.20 (t, IH, H-5 J5,6 7.10 
Hz), 4.06 (d, IH. H-4,3 J4,3 9.8 Hz), 3.54 (dd, IH, H-6a/b. J6,5 7.56 Hz, J6a/6b 12.5 Hz), 3.30 (dd, 
IH, H-6b/a, J6,5 7.13 Hz, J 6b,a 12.8 Hz), 1.44, 1.43, 1.34, 1.32 (4s, each 3H, CMe2).

 l3C-NMR 
(CDCI3, MHz 75) δ 113.8 (C-2), 112.92, 111.92 (2 χ qC), 85.19 (C-5), 84.08, 82.32 (C-3/4), 53.22 
(C-6), 26.4,26.36,26.20,25.10 (4 χ CMe2). 

Method B: A stirred solution of l,2;3,4-di-0-isopropylidene-6-0-p-toluenesulfonyl-ß-D-
psicofuranose (37) (2.0 g, 4.83 mmol) in Л^Д-dimethylformamide (10 mL) was treated with sodium 
azide (1.57 g, 15 mmol) and set aside at 80 °C for 20 h. The mixture was poured into ice-water (70 
mL), extracted with ether (3 χ 50 mL) and the combined organic extracts washed with brine (50 
mL), dried (Na2SC«4) and concentrated in vacuo. Column chromatography (Solvent system A) of 
the crude material gave pure 38 (0.895 g, 65.0%), vide supra. 

6-azido-6-deoxy-l,2-Di-0-acetyl-2,3-0-isopropylidene-$-O-psicofiiranose (39) 

A stirred, cooled (0°C) solution of the azide 38 (4.3,15.08 mmol) in acetic acid (74 mL) containing 
BF3.0Et2 (0.37 mL) was set aside for 2h. The mixture was then poured into ice saturated with 
aqueous sodium hydrogen carbonate solution with vigorous stirring and left to stand at room 
temperature until effervescence has ceased. The mixture was extracted with CH2C12 (2 χ 100 mL) 
and the combined organic extracts dried (Na2S04) and concentrated in vacuo to give a crude brown 
syrup. Column chromatography (Solvent system B) of the residue gave compound 39 as a 
colourless syrup (4.8 g, 94.7%), [a] D +16.4° (CHCI3), Ж (neat) v m M 2100 (N=N=N), 1740 (C=0) 
cm-1. ^-NMR (CDCI3, 300 MHz) δ 4.95 (d, IH, H-5, J5,6 6.06 Hz), 4.76 (dd, IH, H-3, J3>4 2.35 
Hz), 4.62 (ddd, 2H, H-la/b, J 12 Hz, Ju,ib 22.75 Hz), 4.50 (ddd, IH, H-4, J4 i 3 2.35 Hz), 3.55 (dd, 
IH, H-6a/b, J6r5 7.00 Hz, J^b 12.71 Hz), 3.35 (dd, IH, Н-бЬ/а, J6(5 6.24 Hz,' J6b,a 12.71 Hz), 2.1, 
2.08 (s, 6H, 2 χ CH3CO), 1.51, 1.33 (2s, each 3H, CMe2).

 13C-NMR (CDCI3, 300 MHz) δ 170.0. 
169.20 (2 χ СНзСО). 114.14 (C-2), 110.64 (qC-acetal), 86.41 (C-5), 85.30, 82.02 (C-3/4), 62.43 
(C-l), 52.74 (C-6), 26.44,25.00 (C-(CH3)2 acetal), 21.91,20.78 (2 χ CH3CO). 

6-AzMo-6-deoxy-]-0-teit-butyUimethylsilyl-2,3-0-UopropylUüne-$-D-psicofuranose (41) 

A stirred solution of compound 39 in methanol (60 mL) was treated with 0.5% methanolic sodium 
methoxide (17 mL) and after a period of 5 min. was neutralized with Amberlite IR-120 ion-
exchange resin (H+ form), filtered and the filtrate concentrated in vacuo. Column chromatography 
(Solvent system A) of the brown syrup residue gave a colourless syrup (2.35 g) which was 
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dissolved in Ν,/V-dimethylformamide (10 mL), cooled to 0°C, treated with a mixture of tert-
butyldimethylsilyl chloride (5.06 g, 33.57 mmol) and imidazole (6.52 g, 96.0 mmol) and, after 5 
min, was set aside at room temperature for a further 30 min. Ether (200 mL) was added to the 
mixture which was then washed successively with water (3 χ 50 mL), brine (50 mL), dried 
(Na2S04) and concentrated in vacuo to give compound 41 (2.80, 81.0%) as a colourless syrup [<X]D 
-12.7° (CHCI3). 1H-NMR (CDCI3, 300, MHz) δ 4.62 (m, 2H, H-6), 4.25 (t, IH, H-5, J 5 ) 6 7.43, 7.02 
Hz), 4.12 (br s, OH), 3.80 (dd, IH, H-la/b, Ji a,i b = Ю.54 Hz), 3.63 (m, IH, H-lb/a, Jib.la = 9.2 
Hz), 3.42 (d, IH, H-3/4, J3,4 = 5.1 Hz), 3.20 (dd, IH, H-4,3, J4>3 = 6.6 Hz), 1.46, 1.31 (2s, each 3H, 
CMe2), 0.92, 0.91 (2s, 9H, CMe3), 0.12, 0.09 (s, 6H, 2SiMe2). 13C-NMR (CDCI3, MHz 75) δ 
112.74 (qC-acetal), 105.98 (C-85.35 (C-5), 84.89, 82.69 (C-3/4), 64.61 (C-l), 53.42 (C-6), 26.52, 
26.31 (2 χ CMe2-acetal), 25.73,25.14, 24.95 (3 χ CMe3.fert-butyl), 2 χ 18.22 (2 χ SiMe2). 

6-0-teñ-Butyldimethylsilyl-l-deoxy-2,3-0-isopropylidene-O-toionojirimycin (42) 

A solution of compound 41 (2.0 g, 5.57 mmol) in ethanol (20 mL) was treated with palladized 
charcoal (10%, 0.2 g) and then hydrogenated (1 atm) for 18 h at room temperature. The mixture was 
filtered through a layer of celite, the inorganic material washed with ethanol (10 mL) and the 
combined filtrate and washings concentrated in vacuo to give crude 42 (1.651 g) as pale yellow 
crystals. Column chromatography (solvent system D) of the material gave pure 42 (1.52 g, 86.1%) 
as white crystals m.p. 69-70°C, [cc]D +16.0° (CHC13). !H-NMR (CDCI3,400 MHz) δ 4.15 (dd, IH, 
H-3 J3,2 3.03 Hz), 4.04 (t, IH, H-5, J5 > 6 5.60 Hz), 3.69 (t, 2H, H-6a/b, J6>5 1.5 Hz, J6a,6b, 5.9 Hz), 
3.68 (s, IH, H-4), 3.12 (dd, IH, Η-la, J i i 2 3.93 Hz, Ji^ib 9.1 Hz), 2.93 (m, IH, H-2), 2.6 (dd, IH, 
Η-lb, J ib,2 1-42 Hz, Jib.ia H-6 Hz), 1.55, 1.33 (2s, each 3H, CMe2), 0.87 (3s, each 3H, CMe3), 
0.05 (2s, each 3H, SiMe2). ІЗс-NMR (CDCI3, 100 MHz) δ 109.10 (qC-acetal), 74.42 (C-2), 71.68 
(C-3), 64.49 (C-4), 63.57 (C-l), 57.65 (C-5), 48.34 (C-6), 25.84, 25.42 (2 χ CMe2). Anal, calculated 
for: Ci5H3iNSi04: С 56.75; Η 9.84; Ν 4.41. Found: С 56.33; Η 9.48; Ν 4.40%. 

1-Deoxy -Ό-Xaionojirimycin (2).HCl 

A stirred solution of a portion of the foregoing compound 42 (100 mg) in methanol (10 mL) 
containing hydrochloric acid (5 drops) was kept at room temperature for 18 h, treated with activated 
charcoal (20 mg), heated under reflux for -20 min, filtered, and the filtrate concentrated in vacuo to 
give a colourless gum which crystallized from methanol-ether (3:1) to give 2.HC1 (41 mg, 65%) as 
very hygroscopic white crystals which resisted attempts to be made anhydrous. [а]ц +2.6° (MeOH); 
Lit.4 [a]D-22.4°. ^ - N M R ^ O . S O O M H z ^ . i e a n , IH, H-3), 4.10 (m, IH, H-5). 3.83 (s, 1H.H-
4), 3.79 (t, 2H, H-6), 3.45 (dd, IH, H-la), 3.34 (ddd, IH, H-2) 3.20 (dd, IH, Η-lb) "C-NMR (D2O, 
75 MHz) δ 70.03 (C-2), 69.53 (C-3), 69.04 (C-4), 62.80 (C-l), 61.56 (C-5), 50.73 (C-6). 
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C H A P T E R 6 

SYNTHESIS OF l,6-DIDEOXY-l,6-IMINO-D-MANNITOL (.D-MANNO-3,4,5,6-
TETRAHYDROXY AZEPANE) AND l,6-DIDEOXY-l,6-IMINO-D-GLUCITOL 

(D-GLt/CO-3,4,5,6-TETRAHYDROXY AZEPANE) 

6.1 Introduction 

Seven-membered polyhydroxy "aza" sugars (azepanes) have also been shown to possess 

glycosidase inhibition activities, often greater than their corresponding five and six membered 

analogues.1"3 Descriptions of their syntheses are not abundant in the literature. In some of those 

that have been reported, the compounds have been obtained in admixture with the corresponding 

six-membered piperidine aza sugars3·4 (see also chapter Π). 

This chapter deals with the stereoselective synthesis of the D-manno derivative 1 and its D-gluco 

analogue 2. They have been obtained stereoselectively from D-isoascorbic acid (3) and D-glucono-

1,5-lactone, respectively, both of which are cheap and readily available starting materials. 

6.2 Results and discussions 

l,6-Dideoxy-l,6-imino-D-mannitol(l) 

The syntheses of both title compounds, l,6-dideoxy-l,6-imino-D-mannitol (1) and the 1,6-dideoxy-

1,6-imino-D-glucitol (2), involve C-l and C-6 cyclization with overall retention of configuration. In 

this study, the synthesis of 1 was carried out from D-isoascorbic acid (3). Stereoselective catalytic 

hydrogénation (Pd/C) of the double bond in 3 using a modified procedure furnished D-mannono-

1,4-lactone (4) as the key starting material. The obtained lactone 4 was treated with a mixture of 

acetone-anhydrous copper(II)sulfate-sulfuric acid (cf chapter 3) to give the known di-0-

isopropylidene-D-mannono-l,4-lactone derivative (5) (Scheme 6.1). Although D-isoascorbic and L-

ascorbic acids have a great potential as sources of synthons in organic synthesis their use have not 

been exploited widely, despite their low cost.5·6 The protected lactone S is more readily obtainable 

from D-isoascorbic acid than from D-mannose, which would require initial protection to give 

2,3;5,6-di-0-isopropylidene-D-mannofuranose followed by oxidation of the free anomeric hydroxyl 

group.7 This oxidation step is not always facile, and the isolation of the pure oxidation product 

from excess reagent, and by-products can be tiresome, and the yields are sometimes low.9 
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Scheme 6.1: Synthesis of l,6-dideoxy-l,6-imino-D-mannitol (1) 

HO OH 

1.HC1 

The required C-l and C-6 aminati ve cyclization requires the introduction of a reactive nitrogen 

function at either C-l or C-6, for the conversion of the sugar lactone into the corresponding lactam 

(see Chapter П). A free primary C-6 hydroxy! group was required for this purpose. The exocyclic 

5,-6 acetal group was selectively cleaved under mild acidic conditions (HOAc) to give compound б 

with a free hydroxyl function at C-6. This derivative had been obtained earlier8 by the direct 

reaction of 4 with acetone in the presence of a trace of hydrogen chloride. This reaction was found 

to be difficult to control and led to the co-production of varying amounts of the diacetal 5 which 

made purification of the crude material difficult. The introduction of an azide group at the C-6 

position was then achieved in a one-pot procedure using a combination of methods10 in which a 

primary hydroxyl group is treated with an equimolar mixture of triphenylphosphine (РпзР)-сагЬоп 

tetrabromide (CBr.4) and lithium azide (L1N3). The reaction proceeds νια a bromo intermediate, 

which is formed in situ, followed by SN2 displacement with azide ions. The method of introducing 

an azide via this procedure utilizes relatively cheap reagents and the work-up procedure is less 

laborious than with the conventional method which involves sulfonation of the primary hydroxyl 

group followed by displacement of the sulfonate group by azide ion. The azide 7 obtained was 

hydrogenated catalytically (Pd/C) which resulted in concomitant cyclization to give 1,6-dideoxy-

l,6-imino-2,3-0-isopropylidene-D-mannono-l,6-lactam (8). Reduction of the lactam with a borane-

tetrahydrofuran complex in tetrahydrofuran, followed by treatment with hydrochloric acid 

simultaneously cleaved the 2,3-acetaI group and decomposed the borane adduct 9 to give 

compound 1 as a crystalline hydrochloride salt. 

1,6-Dideoxy-l ,6-imino-D-glucitol (2) 

The synthesis of compound 2 from D-glucono-l,5-lactone was carried out via the previously 

described acetylated ester 10 (see Chapter 4). The key step in this synthesis was an iodination 
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reaction which was carried out by employing a mixture of chlorotrimethylsilane (Me3SiCl) and 

sodium iodide (Nal) in dichloromethane whereby iodotrimethylsilane (Me3SiI) is produced in situ 

by a displacement of the chloro substituent (Scheme 6.2).1 1·1 2 The reaction then proceeds via a 5,6-

acetoxonium ion intermediate 11 
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Scheme 6.2: Synthesis of l,6-dideoxy-l,6-imino-D-glucitol (2) 

A mechanism for the displacement of the hydroxyl group by iodine in this reaction is shown below 

in Scheme 6.3. 

R-Q. t/ 
SiMe3 

u + MejSil«*—. R - o ' SN2> | _ n + HOSiMej 
π V , , - H 

Scheme 6.3: Mechanism of the conversion of an alcohol into an iodide 

The 'H-NMR spectrum of the product indicated an upfield shift of the C-6 methylene protons from 

4.13 ppm to 3.31 ppm, and the C-5 proton was shown to be shfted downfield from 3.86 ppm to 4.94 

ppm. The absolute structure of the resulting methyl 6-deoxy-6-iodo-2,3,4,5-tetra-0-acetyl-D-
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gluconate (12) was confirmed by X-ray crystallography (Fig 6.1 and Table 6.1). During the course 

of this study, the preparation of intermediate 12 from 2,3,4,6-tetra-0-acetyl-D-glucono-l,5-lactone 

(18) was reported13 (scheme 6.4). 
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Scheme 6.4: Synthesis of methyl-6-deoxy-6-iodo-2.3,4,5-tetra-0-acetyl-O-gluconate (12) 

l-OAc 

OAc 

•—I 

Compound 18 when treated with iodotrimethylsilane underwent intermolecular reaction via the 

intermediate acetoxonium ion 19 to afford 12 on treatment with methanol. No physical constants 

were recorded for the product.13 This study also showed that the reaction of iodotrimethylsilane 

with sugar lactones or aldonic acid derivatives protected by ester groups leads to primary iodides 

with the same configuration. 

The iodide 12 was treated under conventional conditions with sodium azide in NJ4-

dimethylformamide to give methyl 6-azido-2,3,4,6-tetra-0-acetyl-D-gluconate (13) which was 

deprotected14 (MeOH/KCN) to give 14 (not isolated), which was reduced catalytically (Pd/C) with 

concomitant cyclization to give the lactam 15. The lactam 15, which is insoluble in ethereal 

solvents, was protected as the per (l'-ethoxyethyl) derivative 16 by reaction with ethyl vinyl ether 

in the presence of a catalytic amount of /7-toIuenesulfonic acid. The protected product 16 was not 

isolated but reduced directly with a borane-dimethylsulfide complex in tetrahydrofuran, followed 

by conventional processing and treatment with concentrated hydrochloric acid in methanol to give 

2 as the HCl salt which could not be obtained crystalline (Scheme 6.2). 

Fig. 6.1: PLUTONI * generated drawing of the crystal structure of12 
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X-ray diffraction analysis of 12 

A yellow-brown, regularly shaped crystal of dimensions 0.18 χ 0.15 χ 0.05 mm was mounted on a 

glassfiber and the structure of 12 was determined at room temperature. Crystal data are given in 

Table 6.1 

Table 6.1 : Crystal data and structure refinement for compound 12 

Emperical formula 

Colour/Shape 

Crystallization 

Formular weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

ζ 

Density (calculated) 

Absorption coefficient 

F(OOO) 

Crystal size 

θ range for data collection 

Index range 

Reflections collected 

Independent reflections 

Refinement method 

Data/restrants/parameters 

Goodness-of-fit on F2 

Final R indices Ρ>2σ(Γ)] 

R indices (all data) 

Extinction coefficient 

Largest diff. peak and hole 

Ci5H2iIO10 

yellow-brown transparent/regular 

ether 

488.22 

293(2) К 

1.541838 Â 

Orthorhombic 

P212121 

a= 5.8588(5) À a = 90° 

b= 10.6536(4) A b = 90e 

с = 32.5113(11) A g = 90° 

2029.3(2) Ал3 

4 

1.598 Mg/mA3 

12.833 mmM 

976 

0.18 χ 0.15x0.05 mm 

2.72 to 69.78° 

-7<=h<=0, -12<=k<=0,0<=1<=39 

2238 

2238 (R im = 0.000)/1644(ГДо > 2σ(Ιο)]) 

Full-matrix least squares on FA2 

2235/0/241 

1.104 

Rl = 0.0593, wR2 = 0.1590 

Rl= 0.0844, wR2 = 0.1879 

0.0030(4) 

1.928 and-1.110 e.AA-3 

The crystal structure was determined using the program DIRDIF.16 The structure was refined by 

full-matrix least-squares on FoA2 values using SHELXL17 with anisotropic parameters for the non-

hydrogen atoms. The hydrogen atoms of the methyl groups were refined as rigid rotors with 

idealized sp3 hybridization and a C-Η bond length of 0.97 A to match maximum electron density in 
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a difference Fourier map. All other hydrogen atoms were placed at calculated positions and were 

subsequently refined riding on the parent atoms. The refinement converged to an R-value of 0.0593 

for the 1644 unique reflections observed. Data collection and processing for 12. Enraf-Nonius 

CAD4 diffractometer, Θ-2Θ mode with scan width 1.5 (0.736 + 0.393іап )°, maximum scan time 30 

s/reflections, graphite monochromated CUKa radiation; 2238 reflections measured of which 1644 

observed ([Ιο>2σ(Ιο)]) (2.72 < θ < 69.78). 

63 Concluding remarks 

The syntheses of the polyhydroxylated azepanes 1 and 2 described in this chapter use the readily 

available D-isoascorbic acid (3) and D-glucono-l,5-lactone, as cheap starting materials. The 

procedures described for these syntheses could eventually be adapted for larger scale production. 

The use of the acetylated ester 10 in this chapter further illustrates the versatility of D-glucono-1,5-

lactone as a basic synthon (for the synthesis of 1-deoxy-D-nojirimycin and its C-5 epimer.l-deoxy-

L-íí/onojirimycin from this lactone, see Chapter Г ). 

6.4 Experimental section 

For general experimental procedures and remarks, see chapter Ш. 

D-Mannono-J,4-lactone (4) 

Reduction of 3 (3.0 g) as described earlier (chapter Ш) gave 4 (2.7 g, 89%) as white crystals, m.p. 
150-152°C (methanol-ethyl acetate 1:1), [ot]D +51.4° (H20): Lit6 m.p. 151-152°C, [a] D + 51.2 ° (c, 
1 in H20). 

2,3:5,6-Di-0-isopropylidene-D-mannono-l,4-lactone (5) 

Treatment of 4 (2.5 g, 14.04 mmol) with acetone as described in chapter Ш (method C) gave 5 (3.0 
g, 82%) as fine fibre-like white crystals, m.p. 124-125°C, [<x]D +51° (CHCI3): Lit.» m.p. 126 °C, 
[ct]D +50.6°. 

2,3-O-Isopropylidene-D-mannono-l,4-lactone (6) 

A solution of compound 5 (2.5 g, 9.62 mmol) in 80% aqueous acetic acid (25 mL) was set aside at 
room temperature for 18 h. The mixture was concentrated in vacuo, and water (4 χ 20 mL), and 
toluene (25 mL) were distilled in vacuo consecutively from the residue to give a colourless gel 
which crystallized out on standing at room temperature. The crude material was recrystallized from 
di-isopropyl ether/ethyl acetate to give 6 (1.72 g, 81.5%) as white crystals, m.p. 129-13ГС, [a]o 
+49.6° (acetone); Lit.8 m.p. 133°C. [a] D + 55° (H20) !H-NMR (CDCI3, 300 MHz) δ 5.08 (d, IH, 
H-2, J2,3 = 5.30 Hz), 5.02 (dd, IH, H-3, J3,2 = 5.30 Hz, J3,4 = 3.38 Hz), 4.59 (dd, IH, H-4, J4,3 = 
3.32 Hz, J 4 i 5 = 9.24 Hz), 4.0-3.93 (m, IH, H-5), 3.78 (dd, IH, H-6a, J6aj5 = 2.68 Hz, J6a,6b = 12.32 
Hz), 3.64 (dd, IH, H-6b, J6b,5 = 4.92, J6a,6b = 12.34), 1.39, 1.36 (2s, each 3H, CMe2). 13C-NMR 
(D20, 300 MHz) d 175.00 (C=0), 112 (qC), 75.80 (C-4), 74.10, 73.99 (C-2,3), 66.15 (C-5), 60.36 
(C-6), 23.67,22.63 (СМег). 
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6-azido-6-deoxy-2,3-0-isopropylidene-D-mannono- 1,4-lactone (7) 

A stirred mixture of 6 (1.5 g, 6.88 mmol), triphenylphosphine (1.84 g, 7.02 mmol, 1.02 equiv.), 
lithium azide (3.3 g, 68.8 mmol, 10 equiv.) and carbon tetrabromide (2.33 g, 7.02 mmol, 1.02 
equiv.) in N^-dimethylformamide were set aside at room temperature overnight. The mixture was 
treated with methanol (3 mL), stirred for 30 minutes longer, and then concentrated in vacuo . 
Column chromatography (solvent system B) of the residue afforded 7 (1.28 g, 72%) as a colourless 
gel, [ct]D +34° (CHCI3). IR(neat)vmax 2990, 2960 (OH), 2100 (-N=N=N), 1790 (C=0) cm-1. »H-
NMR (CDCI3, 300 MHz) δ 4.95 (d, IH, H-2, J2(3 = 5.38 Hz), 4.86 (dd. IH, H-3), J3>2 = 5.37 Hz, 
J3,4 = 3.55 Hz), 4.61 (dd, IH, НЧ J4,3 = 3.55 Hz, J4,5 7.29 Hz), 4.23-3.92 (m, IH, H-5), 3.70 (br s, 
IH, OH), 3.60 (dd, IH, H-6a, J&^ = 8.0 Hz, J6a,6b = 13.04 Hz), 3.56 (dd, IH, H-6b, J6b,5 = 5.20 

. Hz, J6b,6a = 13.04 Hz), 1.39. 1.38 (2s, each 3H, CMe2).
 13C-NMR (CDCI3, 75 MHz) 6 174.61 

(C=0),'l 15.16 (qC), 80.58 (C-2), 77.13 (C-3), 76.65 (CM), 70.63 (C-5), 53.04 (C-6), 27.30, 26.35 
(CMe2). 

l,6-Dideoxy-2,3-0-isopropylidene-l,6-imino-D-mannonolactam(S) 

A solution of compound 7 (1.0 g,4.12 mmol) in ethanol (10 mL) was treated with palladized 
charcoal (10%, 0.1 g) and then hydrogenated (1 atm) for 18 h at room temperature. The mixture 
was filtered through a layer of celite, the inorganic material washed with ethanol (10 mL), and the 
combined filtrate and washings concentrated in vacuo to give crude crystalline material which was 
recrystallized from isopropyl ether to give compound 8 (614 mg. 69% g) as white fine crystals, 
m.p. 185-188°C, [a] D +6.4 ° (CHCI3); iH-NMR (CDCI3, 300 MHz) δ 4.40-4.32 (m, 2H, Н-6а/6Ь), 
3.97 (t, IH, H-3), 3.87 (d, IH, H-2), 2.96-2.73 (m, 2H, H^/5), 1.42, 1.32 (2s, each 3H, CMe2). 
'3C-NMR (E^O, 75 MHz) δ 174.98 (C=0), 112 (qC), 75.66,75.49 (C-2/3), 73.59 (CM), 68.30 (C-
5), 43.57 (C-6), 27.41, 25.38 (CMe2). Anal, calculated for C9Hi5N05: С 49.76; Η 6.96; Ν 6.45. 
Found: С 49.48; Η 6.86; Ν 6.32%. 

l,6-Dideoxy-],6-imino-D-mannitol (1) 

A solution of compound 8 (300 mg, 1.38 mmol) in tetrahydrofuran (10 mL) containing borane-
tetrahydrofuran complex (1.0M solution in THF, 1.5 mL) was heated under reflux for ca 20 h, 
cooled to room temperature and concentrated in vacuo. A solution of the resultant but, not isolated, 
complex 9 in methanol (10 mL) was treated with 2 drops of concentrated hydrochloric acid and 
kept at room temperature for 24 h, concentrated in vacuo and the resultant material was dissolved 
in water (15 mL) and extracted with ether (2 χ 10 mL). The aqueous layer was concentrated in 
vacuo and water (3 χ 10 mL) was distilled in vacuo from the residue to give a crude white solid 
which was recrystallized from methanol/ether (5:1, v/v) to give compound 1 (221 mg, 80%) as the 
HCl salt. M.p. 184-186°C, [a] D -45° (H20); Lit.1 m.p. 183-185°C, [a] D -38°. IH-NMR (D2O, 300 
MHz) δ 3.86 (m, 2H, H-2,5), 3.62 (s, 2Н, Н-3,4), 2.71 (dd, 2Н, Н-1а,6Ь, J i ^ = J 6 a i 5 = 8.3 Hz, 
Jla,lb = Í6a,6b = 13.3 Hz), 2.63 (dd, 2H, H-lb,6b, Jib.2 = hbj = 3.38 Hz, Jib.u = hbfi* = 13.3 Hz). 
13C-NMR (Ε>2θ, 75 MHz) δ 75.73 (2x, C-2,5), 73.08 (2x, C-3,4), 53.84 (2x, C-1,6). 

Methyl 6-deoxy-6-iodo-2,3,4,5-tetra-0-acetyl-D-gluconate (12) 

A stirred mixture of methyl 2,3,4,6-tetra-O-acetyl-D-gluconate (l.O.g, 2.65 mmol, cf chapter V) 
chlorotrimethylsilane (1.15g, 10.58 mmol, 4 equiv.) and sodium iodide (1.59g, 10.6 mmol, 4 
equiv.) in dichloromethane (10 mL) was set aside at room temperature for under nitrogen for 18h. 
The mixture was treated with a mixture of 5% sodium thiosulfate and saturated sodium hydrogen 
carbonate (50 mL, 1:1) and the separated organic layer was washed again with a mixture of 5% 
sodium thiosulfate and saturated sodium hydrogen carbonate (25 mL, 1:1), brine (50 mL), water 
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(25 mL), dried and concentrated in vacuo.. Recrystallization of the crude crystalline material from 
ether afforded 12 (1.12 g 87%) as white crystals, m.p. 124-125°, [a] D +18° (CHCI3); •H-NMR 
(CDCI3, 300 MHz), δ 5.52 (t, IH, H-3, J3,2 = 4.2 Hz), 5.39 (dd, IH, H-4, J4>3 = 4.1 Hz, J4,5 = 6.85 
Hz), 5.20 (d, IH, H-2, J2 > 3 = 4.25 Hz), 4.96-1.90 (m, IH, H-5), 3.75 (s, 3H, OCH3), 3.40 (dd, IH, 
H-6a, J6a,5 3.78 Hz. J6a,6b =1127 Hz). 3.24 (dd. IH, H-6b, J6b,5 = 7.03 Hz. J6b,6a =1127 Hz), 
2.18, 2.13, 2.10, 2.09 (4s, each 3H, COCH3) ІЗС-NMR (CDC13, 300 MHz) δ 169.83, 169.73, 
169.35, 169.13 (4 χ COCH3). 168.94 (C=0, ester), 72.54 (C-2), 2 χ 70.77 (C-3.4), 70.47 (C-5), 
65.36 (C-6), 52.72 (OMe), 22.43, 20.62, 20.46, 20.37 (4 χ COCH3) Anal calculated for 
C,5H2iIO,0: С 36.90; Η 4.34. Found: С 37.05; Η 4.33%. 

Methyl 6-azido-6-deoxy-2,3,4,5-tetra-0-acetyl-D-gluconate (13) 

A stirred solution of compound 12 (1.09 g, 2.05 mmol) in ΛΓ,Ν-dimethylformamide (5 mL) was 
treated with sodium azide (0.504 g, 10.27 mmol, 5 equiv.) and set aside at 60 °C for 20 h. The 
mixture was poured into ice-water (20 mL) and the mixture extracted with ethyl acetate (2 χ 30 
mL). The separated organic layer was washed once with water (20 mL) and the combined organic 
extracts washed with brine (30 mL), dried (Na2S04) and concentrated in vacuo to give material 
which crystallized on standing at room temperature. Recrystallization from ether gave compound 
13 (712 mg, 86%) as white crystals, m.p. 68-69°, [a]D +16° (CHC13). 'H-NMR (CDCI3, 300 MHz) 
δ 5.55 (t, IH, H-3, J3,2 = 4.4 Hz, J 3 i 4 = 4.4 Hz), 5.46 (dd, IH, H-4, J4,3 = 4.4 Hz, J 4 i 5 = 6.8 Hz), 
5.21 (d, H-2, J2,3 = 4.4 Hz), 5.06-5.03 (m, IH, H-5), 3.75 (s, 3H, OMe),'3.53 (dd, IH, Н-ба, J6a,5 = 
3.94 Hz, J6a ) 6 b = 13.4 Hz), 3.39 (dd, IH, H-6b, J6b,5 = 6.1 Hz, J6b,6a = 13.4 Hz), 2.18, 2.12, 2.09, 
2.08 (4s, each 3H, COCH3). 13C-NMR (CDCI3, 75 MHz), δ 169.52, 169.40, 2 χ 169.30 (4 χ 
СОСНз), 168.94 (С=0, ester), 70.33 (C-2), 69.23, 69.12 (С-3,4), 68.18 (C-5), 52.72 (OMe), 49.97 
(C-6), 22.43, 20.62, 20.46, 20.37 (4 χ COCH3). Anal, calculated for C15H21N3O10: С 44.67; Η 
5.25; Ν 10.42. Found С 44.83; Η 5.16; Ν 10.34%. 

6-Amino-6-deoxy--D-glucono-1,6-lactam (15) 

A solution of the protected azide 13 (600 mg, 1.49 mmol) in methanol (20 mL) containing a 
catalytic amount of potassium cyanide (10 mg) was set aside at room temperature for 48 h. The 
mixture was Altered through a layer of silica gel and the filtrate concentrated in vacuo to dryness to 
give a brown residue. Column chromatography (solvent D) of the material gave a colourless gel 
which was not characterized further but used directly in the following step. A solution of the gel 
(0.32 g,1.36 mmol) in ethanol (5 mL) was treated with palladized charcoal (10%, 40 mg) and then 
hydrogenated (1 arm) for 18 h at room temperature. The mixture was filtered through a layer of 
celite, the inorganic material washed with ethanol (10 mL) and the combined filtrate and washings 
concentrated in vacuo to give crude crystalline material which was recrystallized from methanol to 
give 15 (168 mg, 70%) as white crystals, m.p. 202-204°, [a] D +13° (H20). »H-NMR (ОгО, 300 
MHz) δ 4.45 (d, IH), 4.18-3.94 (m, 2H), 3.63-3.51 (m, 3H). 13C-NMR (E^O, 300 MHz), 175.80 
(C=0), 75.70 (2x, C-2.5), 73.60 (2x, C-3.4), 69.28 (C-6). Anal, calculated for 0>ΗπΝ0 5 : С 40.91; 
Η 5.72; Ν 7.95. Found С 40.73; Η 5.71; Ν 8.03%. 

1,6-Dideoxy-1, б-imino-D-glucitol (2) 

A stirred cooled (10eC) solution of the lactam 15 (120 mg, 0.7 mmol) in ^VJV-dimethylformamide 
(2 mL) containing p-toluenesulfonic acid (5 mg) was treated with ethyl vinyl ether (1.5 mL) and 
after a further 20 minutes was set aside at room temperature until the mixture just started to turn 
pale yellow (-10 min.), whereon it was poured into ice-water (ca 10 mL) containing triethylamine 
(0.2 mL). The mixture was extracted with ether (3 χ 15 mL), and the combined extracts dried 
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(Na2SC>4) and concentrated in vacuo to yield a pale yellow gel. A solution of the material in 
tetrahydrofuran (20 mL) containing borane-methyl sulfide complex (2.0 M solution in THF, 3 mL) 
was heated under reflux for ca 20 h, cooled to room temperature and concentrated in vacuo. A 
solution of the residue in methanol (10 mL) was treated with 3 drops of concentrated hydrochloric 
acid, kept at room temperature for 24 h, concentrated in vacuo and the resultant material dissolved 
in water (20 mL) and extracted with ether (2 χ 10 mL). The aqueous layer was concentrated in 
vacuo, and water (3 χ 10 mL) was distilled in vacuo from the residue to give white gum (90.7 mg, 
67%) which resisted crystallization from methanol/ether (5:1, v/v),. [a]p -15° (H2O); Lit.3 , [α]ρ -
23e. !H-NMR (D2O, 300 MHz), δ 3.65 (m, H-2), 3.46 (dd, H-3, J3 > 2 = 5.32 Hz, J3>4 = 1.6 Hz), 2.90 
(dd, Н-Іа, Jia.2 = 3.5 Hz, J l a , i b = 15.1 Hz), 2.69 (dd, Η-lb, Jib.2 = 3.46 Hz, Jib.u = 15.1 Hz); ™C-
NMR (D2O, 75 MHz) δ 76.8, (2x, C-2,5) 75.7(2x, C-3,4) 52.5 (2x C-l, 6). Anal, calculated for 
C6H14CINO4: С 36.10, Η 7.07, Ν 7.02. Found: С 36.40; Η 6.93; Ν 6.86%. 

6.5 References and notes 

1. Qian, X., Moris, V, -F. and Wong, C, -H. Bioorg. Med. Chem. Lett., 1996, 6,1117. 

2. Poitout, L., Mener, Y.L. and Depezay, J.-C. Tetrahedron Lett., 1994,35,3293. 

3. Dax, К., Gaigg, V., Koblinger, B. and Stutz, A.E. J. Carbohydr. Chem., 1990, 9, 479. 

4. Legier, G. and Jülich, E. Carbohydr. Res., 1984,128,61. 

5. Vekemans, J.A.J.M., Boerkamp, J., Godefroi, E.F. and Chittenden, G.J.F. Reel. Trav. Chim. 

Pays-Bos, 1985,104,266. 

6. Vekemans, J.A.J.M., Franken, G.A.M., Deppens, C.W.M., Godefroi, E.F. and Chittenden, 

G.J.F. J. Org. Chem., 1988,53,627. 

7. Doane, W.M., Shasha, B.S., Russell, CR. and Rist, CE. /. Org. Chenu, 1967,32, 1080. 

8. Goodyear, E.H. and Haworth, W.N. J. Chem. Soc., 1927,3136. 

9. Mancuso, A.J. and Swern, D. Synthesis, 1981,165. 

10. Hata, T., Yamamoto, I., and Selcine, M. Chem. Lett., 1975,977 and refs. cited therein. 

11. Jung, M.E. and Lyster, M.A. J. Am. Chem. Soc., 1977,99,968. 

12. Jung, M.E. and Omestein, P.L. Tetrahedron Lett., 1977,31,2659. 

13. Heck, M.P., Monthiller, S., Mioskowski, C, Guidot, J.P. and Gall, T. Le Tetrahedron Lett., 
1994,35,5445. 

14. Herzig, J., Nudelman, A, Gottlieb, H.E., and Fischer, B. J. Org. Chem., 1986,51,727. 

15. Spek, A.L., PLUTON: a program for plotting molecular and crystal structures, University of 
Utrecht, The Netherlands, 1995. 

16. Beurskens, P.T.; Beurskens, G.; Bosman, W.P.; Gelder, R. de, Garcia-Granda, S., Gould, R.O.; 

Israel, R.; Smits, J.M.M.DIRDIF-96. A computer program system for crystal structure 

determination by Patterson methods and direct methods applied to difference structure factors; 

Crystallography Laboratory, University of Nijmegen, The Netherlands, 1996. 

17. Sheldrick, CM. SHELXL-93, Program for the refinement of crystal structures, University of 
Gottingen, Germany, 1993. 

101 



Chapter б 

102 



C H A P T E R 7 

SYNTHESIS OF A DERIVATIVE OF 9-AZA-9-METHYL-6o, 7a, 
TRIHYDROXYBlCYCLO-[3.3.1]-NONAN-3-ONE (6a, 7a, 8ß-

TRIHYDROXYPSEUDOPELLETIERINE) 

7.1 Introduction 

The potential pharmacological and chemotherapeutic applications of swainsonine (1), 

castanospermine (2) and 6-epicastanospermine (3) have resulted in extensive investigations of these 

compounds and structurally related analogues.1"3 Although they occur naturally (see Chapters 1 & 

2) their syntheses are not easy to perform (see Chapter 2), especially on large scales. 

ОН ОН 9 Н н ÇH ? Н н он 
- r но, T -ЙЬ^"ХІ> < І Н 

HO 

During the course of the current study, which was aimed at synthesizing simple aza sugar 

derivatives, it was decided to attempt to prepare a new form of simple bicyclic aza compound. It 

seemed most obvious to consider the synthesis of polyhydroxy compounds based on the tropane 

bicyclic skeleton. Compounds belonging to the novel nor-tropane series have been reported.4·5 

Calystegin Bi (4) is a competitive inhibitor of ß-glucosidase and ß-galactosidase, and calystegin B2 

(5) is a potent inhibitor of ß-glucosidase and α-galactosidase. Calystegins A3 (6) and B4 (7) have 

exhibited good inhibitory activities toward midgut trehalases of Bombyx mori and Spodoptera 

litura.*¿ These compounds have one of their hydroxyl groups situated at one of the bicyclic 

bridgehead positions. This makes their synthesis challenging, especially on a production basis. 

OH 

Sftr - W ~ W ^ 
This study was, therefore, aimed at preliminary investigations into the synthesis of simpler 

polyhydroxylated tropane analogues other than, but similar to, the calystegins. 

Trepanes, and their derivatives are members of a class of azabicyclic alkaloids many of which 

possess important pharmacological activities. Some of the more important compounds include 

atropine (8), scopolamine (9) and pseudottopine (10). These compounds have been isolated from 

plants such as Hyoscyamus niger and Atropa belladonna.6 Atropine (8) is known for its 

antispasmodic, antisecretory and sedative action in the symptomatic treatment of stomach disorders 

and for its mydriatic properties in opthalmology.7·8 Cocaine (11) which is found in plant species of 
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Erythroxylon coca, has been used historically as a local anaesthetic. The compound possesses 

stimulatory properties and is used pharmacologically.8 It also possesses unfortunate habit forming 

properties and is an illegal substance in most countries. 

N—' с н э 

/--j-^v^COOCHa 

^L-OOCCeH5 

H 

11 

О ÇH2OH 
о-с-сн 

I 
CeH5 

о СН2ОН 
II ι * 

о-с-сн 
I 

СвН5 

10 

The 3-nor-granatols-W-substituted esters (12) and Ν-ω-hydroxyalkylgranatinine esters (13) are also 

important trepane alkaloids valued for their anticonvulsant and anticholinergic activities, 

respectively.9 

(CH2)nOCOR 

R = CH(Ph)2 
or 
R = С(РЬ)гОН 

OCOR 
η = 1 or 2 

7.2 Synthesis of trepanes and analogues 

Interest in the chemistry of trepanes and their analogues was initiated by Willstätter10 who 

synthesized tropinone (14) from cycloheptanone. Robinson11·12 then postulated a route for the 

biosynthesis of trepane alkaloids suggesting that the reactions occur by condensation of simple 

fragments, i.e. succindialdehyde with acetone and methylamine. The di aldehyde could, in theory, be 

evolved from simple amino acid precursors. 

-CH3 

The postulated synthesis was then achieved by carrying out a reaction with the above reagents, and 

tropinone (14) was obtained, albeit in low yield. Later12, a more efficient method was devised in 

which acetone was replaced by the calcium salt of acetone-1,3-dicarboxylie acid and using basic 

condition to give 14 in 42% yield. Schöpf et a t 1 3 · 1 4 modified the original procedure by controlling 
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the reaction conditions, i.e. pH (at an approximate value of 7.4) and temperature, whereon the yield 

of tropinone was raised to 92.5%. The general synthesis is depicted in Scheme 7.1. 

¿CHO ,COOH 

' CH2 u n /—Ç Ч 
(CH2)n + MeNHjHCl + ¿ = 0 " 2 ° • ' (CH2)n ме>=0 + 2C02 + 2H20 

¿H2 ¿H 2 PH5-7 ^L-^T 
CHO ч с о о н 

Scheme 7.1: Robinson-Schopf 'synthesis 

The mechanism of this reaction is still not clearly defined but it has been proposed to proceed via a 

double Mannich condensation (Scheme 7.2). It has been suggested15 that the reaction commences 

with nucleophilic attack of a primary amine on the electrophilic carbon of the dialdehyde 15 which 

is then followed by condensation with acetonedicarboxylic acid, in its enolic form in aqueous 

solution. The intermediate 16 contains an iminium moiety which serves as an electrophilic centre 

for the attack by the enolic form of the dicarboxylic acid. Subsequent reaction of the secondary 

amine thus obtained on the remaining carbonyl group, followed by ring closure via the enolized 

intermediate (Scheme 7.2), yields 17. Decarboxylation of 17, which is attended by noticeable 

evolution of carbon dioxide, leads to the tropane skeleton 18. 

+ HüN-Me-

15 16 

, с о 2 н 

C0 2 H 

/V 
, с о 2 н 

ІМ ) 

COjH 

со2н 

\==0 СОгН 
δι- δ-

(H2C)Í\ ^ _2 С (, (Н?СК\ \ 
— - | ΝΜβ >=0 -* Ι ΝΜβ >=0 

„ Nco2H 

Scheme 7.2: Proposed mechanism for Robinson-Schöpf reaction 

Several other syntheses of trepanes, and their analogues, have been reported employing this basic 

approach.10"18 
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There are few examples of simple polyhydroxy derivatives of the normal tropane skeleton (8-aza-8-

methyl bicyclo[3.2.1]octane), i.e. with hydroxyl groups situated on the pyrrolidine ring and in 

addition to a hydroxyl group at C-3, which is usually acylated. One of these, meteloidine (19), was 

first isolated by Pyman and Reynolds19 from Datura meteloides. Hydrolysis with barium hydroxide 

yielded the free base teloidine (20). The 6,7-dihydroxy (glycol) group was assumed to be cis 

because of lack of optical activity and the inability to effect enantiomeric resolution.20 The structure 

was later confirmed by synthesis.21 The synthesis of (±)-<z//oteloidine (24), pseudo(±)-a//oteloidine 

(25) and an optically pure isomer have also been reported.22 

.Me 
Me 

N 

HO 

о2сс=снсн3 
CH, 

> 20 V H 

Zeile and Heusner22 synthesized (±)-a//oteloidinone (23) from dihydroxy succindialdehyde (22), 

which was derived from furan (21) (Scheme 7.3). Stereoselective reduction of the carbonyl group of 

23 with potassium borohydride-sodium amalgam, or with Raney nickel catalyst afforded (±)-

a/toteloidonine (24) and pseudo (±)-a/foteloidonine (25), respectively. 

Me 
OHN 

Q 
21 

CHO 

—-- h 0 4 

~*"~^ HO-| ι 

MeNH, 

Me 
PHN ^ А , OH 

н' он 
CCKCHjCOjHfe 

сно он 
22 

Scheme 7.3: Synthesis of(±)-ailoteU>idinone (23) 

The synthesis of pseudopélltúmne (28), a six-membered ring homologue of 14 has been reported23 

from glutaraldehyde (27) in 73% yield (Scheme 7.4). The dialdehyde 27 was obtained from 2-

ethoxy-3,4-dihydro-2//-pyran (26) by treatment with concentrated hydrochloric acid. 
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ex., 
CHO 

/ 
cone. HCl (CH2)3 

Ч Г "OC2H5 \ 
CHO 

26 27 

СН2С02Н 

+ > о -
сн2со2н 

им2ии2м ^ ^ _ _ _ _ 

27 + MeNH2 + \ = 0 ·" ( N - M e ^ O + 2 СОг + 2 Н 2 0 

28 

Scheme 7.4: Synthesis ofpseudopelletìerine 

Apart from the Robinson-Schöpf based syntheses, other alternative syntheses of the trepanes have 

been reported severally.6·24-29 The use of an iron carbonyl-promoted cyclo-coupling reaction 

between α,α-dibromo ketones and 1,3-dienes leading to 4-cycloheptenones has been reported.30 

When a mixture of tetrabromoacetone, Af-carbomethoxypyrrole and Fe2(CO)9 was heated at 50 е, a 

mixture of the adducts 29 and 30 was obtained in 52% yield (Scheme 7.5). Separation by column 

chromatography followed by concomitant reduction of the double bond and debromination by 

catalytic hydrogénation (10% Pd/C) in ethyl acetate and ethanol gave the tropinone 31, which was 

further reduced by di-isobutylaluminium hydride (DIBALH) to a mixture of the epimeric alcohols 

32 and 33. 

CHaOCON. u M CH3OCC* 
Br2CHCOCHBr2 

+ — 
Fe^CO), 

Br Bri 

f^n Af-carbomethoxypyrrole 

CH3OCON, 

29 + 30 by^ge"^1 

"-u4k MeN 

l o n / j \ \ РШАШ- / T " ^ 

31 32R = OH;R'= H 
33R = H; R' = OH 

Scheme 7.5: Iron carbonyl promoted cyclocoupling-based synthesis oftropaius 

This procedure has been modified to provide a general method for the synthesis of tropanes31 

(Scheme 7.6). Reductive dehalogenatioq of α,α-dibromo ketones 35 with sodium iodide in the 

presence of polyfunctionalized pyrroles 34 produces polyfunctionalized tropinones 36. The 

preparation of a polyfunctionalized pyrroles and dibromo ketones e.g. 34 and 35, respectively, is 

however, costly and involves many steps. 
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Scheme 7.6: Improved Iron carbonyl promoted cyclocoupling-based synthesis oftropanes 

Considering the vast natural chiral pool which carbohydrates offer, very little attention has been 

paid to the utilization of carbohydrate-derived dialdehydes in the Robinson-Schöpf reaction for the 

synthesis of substituted tropane alkaloids. The only recorded carbohydrate-based synthesis is that 

described by Guthrie and MacCarthy32 who used the dialdehyde 37 derived from methyl ß-L-

arabinopyranoside. Condensation of 37 with acetone-1,3-dicarboxylic acid and methylamine 

hydrochloride in the usual manner gave a mixture of 2(5)-a- and ß-methyl-3-oxagranatan-7-one 

(40) and (41) (Scheme 7.7). The isomers were separated by column chromatography to give 40 in 

ca 40% and 41, isolated as its methiodide, in 6% yield, respectively. The related dialdehydes 38 

and 39 were also employed to give the products 42 and 43, respectively. 

.Me 

R 
—nur» 

MeNHj.HCl 
)f~CHO 

\ _ С ч ~ OC(CH2.C02H)2 
°4 

-CHO 
RO 

О 

37R = H.R = Me Jf * l " e ^ 
« и Ι в-м- 2 42 R = Η. R' = CH2Ph 
3 ! » R - R - M e 43R = R = M e 

Scheme 7.7: Synthesis of2(S)-a-andß-methyl-3-oxagranatan-7-one 

The current chapter describes the D-mannose-based synthesis of a derivative of the trihydroxylated 

preudopelletierine compound, 9-aza-9-methyl-6a, 7a, 8ß-trihydroxybicyclo-[3.3.1]-nonan-3-one 

(6(X, 7a, 8ß-trihydroxypseudopelletierine) (48) employing classical Robinson-Schöf conditions. 

Compound 48 can be considered as a realistic alternative model for pyrrolidine and indolizidine 

compounds of biological interest, e.g. compounds 1-3. 

7 J Results and discussion 

There are only three possible trihydroxy-pentandials obtainable from monosaccharides. These have 

the ambino (44), xylo (45) and ribo (46) configurations, respectively. 
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H O 
HO-

CHO 
-OH 

CHO 

44 

CHO CHO 
HO-

HO-
-OH 

-OH 
-OH 
-OH 

CHO CHO 

45 46 

The synthesis of the basic skeleton 47 from monosaccharides requires a five-carbon trihydroxy 

dialdehyde derivative. Only 44 would lead to a chiral product 48, whereas 45 and 46 would yield 

meso products, e.g. 49 and 50, because of the plane of symmetry through the middle of the bicyclic 

system. 

Э̂Н ме)=0 toH^N-My=0 

OH OH 

49 50 

The product 48, being polyhydroxylated and chiral could be a very promising candidate as a 

potential glycosidase inhibitor. The current study was aimed at the synthesis of compound 48 by 

using a derivative of the arabmodialdehyde 44 obtainable from D-mannose as the principal starting 

material. 

Several procedures were investigated to prepare 44 from 2,3;5,6-di-0-isopropylidene-D-mannose 

(51) or derivatives thereof. Selective cleavage of the exocyclic 5,6-acetal group of 51 under mild 

acidic conditions to yield a free 5,6-glycol group, which could be cleaved eventually by periodate to 

give the C-5 aldehyde, was unsuccessful. D-Mannose was the only product isolated from this 

reaction. This can be explained on the basis of the acidic effect of the anomeric proton which under 

the acidic reaction conditions also assisted in the hydrolysis of the 2,3-acetal group despite the 

expected stability of the 5,5-erufocyclic fused ring system. This result was unexpected since it is 

well known that the corresponding l,2;5,6-di-0-isopropylidene-D-glucofuranose undergoes 

selective cleavage at the exocyclic position without problems. The issue was solved by first 

acetylating the anomeric hydroxyl group of 51 by treatment with pyridine-acetic anhydride and a 

catalytic amount of 4-(WV-dimethylamino)pyridine (DMAP) to give 52, followed by successive 

selective cleavage of the 5,6-acetal group to give crystalline 53 (Scheme 7.8). Deacetylation of the 

C-l acetate group of 53 using modified Zemplen conditions (methanol-triethylamine) afforded the 

target 5,6-glycol 54. Treatment of 54 with sodium metaperiodate in aqueous solution gave the 

protected dialdehyde 2,3-O-isopropylidene-D-arafcwopentadialdose (55), which was characterized 

by reduction with lithium aluminium hydride and the product 56 treated with acetic anhydride in 

pyridine to give the known44 l,4,5-tri-0-acetyl-2,3-O-isopropylidene-D-arabinitoI (57). The 

protected dialdehyde 55 was then subjected to reaction under standard14·32 Robinson-Schopf 

conditions by setting aside a mixture of 55, trimethylamine hydrochloride and 1,3-acetone 
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dicarboxylic acid in a buffered sodium acetate solution (pH -7.4) for seven days at room 

temperature. The mixture was then saturated with potassium carbonate to effect complete 

decarboxylation of the intermediate 1,5-diester which is formed during the reaction. The product 

mixture was then extracted continuously with dichloromethane to give compound 58, after 

purification by column chromatography, in ca 27% overall yield from 55. The dialdehyde 55 could 

lead to two possible configurational isomers of the target molecule, one with the 6,7-0-

isopropylidene protecting group above the plane of the ring and the other one below. The isomer 

with the isopropylidene group below was the only one isolated and was characterized by 

spectroscopy and elemental analysis. The absolute structure was also determined by X-ray 

crystallography (Fig. 7.1, Table 7.1). Attempts to isolate the alternative isomer have so far been 

unsuccessful. 

><gn ~ ъ<°п _ но-, _ 

rX. 

51 

OH 
Ac2Q/DMAP ^ Ό 

pyridine 

98% 

OAc 
Н О А с ^ Н О Ч / О 

H2O W < > O A o 

88% «__J 

52 53 

MeOH 

Et3N 
95% 

HO-i 
HO-

* 

CHO 
o-
o-

- O H 
CHO 

55 

.X 
54 

OH 

L1AIH4 

Et,0 

63.8% 

55 

CH2OH 

- O H 

CH20H 

56 
(not isolated) 

- К 
CHO 

- O H 
CHO 

pyridine 

73% on 55 

CH2OAc 

-OAc 
CH2OAC 

57 

55 
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N - M e ^ O _ 
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Scheme 7.8: Synthesis of 6a, 7a, 8ß-trihydroxypseudopelUiierine (58) 
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Fig. 7.1: Pluton4i drawing of the crystal structure of6a, 7a, 8ß-trihydroxypseudopelletierine (58) 

X-ray diffraction analysis of 58 

A colourless and regularly shaped crystal of dimensions 0.56 χ 0.22 χ 0.18 was mounted on a glass 

fibre and the structure of 58 was determined at room temperature. Crystal data are given in Table 

7.1, below. The crystal structure was determined using the program CRUNCH.33 The structure was 

refined by full-matrix least-squares on FoA2 values using SHELXL34 with anisotropic parameters 

for the non-hydrogen atoms. All hydrogen atoms were taken from a different Fourier map and were 

freely refined. The refinement converged to an R-value of 0.0274 Data collection and processing for 

58 were carried out by Enraf-Nonius CAD4 diffractometer, Θ-2Θ mode with scan width 1.5°, 

maximum scan time 30s/reflections graphite monochromated CuKct radiation, 1574 reflections 

measured of which 1429 were observed. 

Table 7.1: Crystallographic data for 6a, 7a, 8ß-trihydroxypremfopeHetierine (58) 

Emperical formula 

Colour/shape 

Crystallization 

Formular weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

ζ 

Density (calculated) 

Absorption coefficient 

Q2H19NO4 

colourless/regular 

Diisopropyl ether 

241.28 

293(2) К 
? 

Monoclinic 

P21 

a = 8.0273(8) A alpha = 90 deg. 

b = 6.7459(4) A beta = 95.866(7) 

с = 11.5210(7) A gamma = 90 deg. 

620.61(8) Ал3 

2 

1.291 Mg/mA3 

0.097 mmM 
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F(000) 260 

Crystal size 0.56 χ 0.22 χ 0.18 mm 

θ range for data collection 2.96 to 26.29 ° 

Index range -9<=h<=5, -8<=k<=4, -14<=1<=14 

Reflections collected 1777 

Independent reflections 1581(Rint=0.0076)/1429([Io>2sigma(Io)]) 

Refinement method Full-matrix least-squares on FA2 

Data/restrants/parameters 1581/1/231 

Goodness-of-fit on F 2 1.086 

Final R indices [Ι>2σ(Ι) RI = 0.0274, wR2 = 0.0618 

R indices (all data) Rl = 0.0330, wR2 = 0.0645 

Extinction coefficient 0,072(5) 

Largest diff. peak and hole 0.143 and-0.093 e.AA-3 

The effectiveness of the Robinson-Schöpf synthesis is always dependent upon the ease of the 

availability of the required dialdehyde. It was thought necessary to investigate alternative routes to 

compound 55 to improve the efficiency of the synthesis. 

A second method investigated to obtain the dialdehyde 55 was a variation described by Xie et α/.35 

for obtaining dialdehydes from di-O-isopropylidene hexafuranoses whereby paraperiodic acid 

(H5IO6) was used to both cleave the exocyclic O-isopropylidene group and to cause cleavage of the 

glycol to the corresponding aldehyde. In this study, 2,3;5,6-di-0-isopropylidene-D-mannofuranose 

(51) was treated with paraperiodic acid in ethyl acetate and processed according to the reported 

procedure.35 The dialdehyde obtained was treated directly under Robinson-Schöpf conditions (vide 

supra) without further purification. The crystalline product obtained was not the expected 

compound 58. The material was optically inactive and obtained in only 6% yield and was 

eventually identified21 as the isopropylidene-teloidinone 59. 

59 

It would appear that the 4-carbon dialdehyde 60 had been obtained instead of the expected 55. This 

can be explained by assuming that 55 had undergone "over" oxidation in its open form or that the 

original diacetal 51, also in its acyclic form 61, first underwent hydrolysis of the 5,6-O-acetal 

followed by oxidation to give 60. These results were rather unexpected since it had been shown that 

the lactones 62 and 63 underwent normal exocyclic acetal cleavage followed by oxidation under 

these conditions35, but these products were reduced immediately with borohydride. Compound 60 

was further characterized as the bü-phenylhydrazone 64 which was also optically inactive (Scheme 

7.9). 
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Scheme 7.9: Characterization of compound 60 

The reason for the low yield (6%) of 59 is difficult to understand. It is known36 that the D-threo 

enantiomer of 60 is extremely alkali labile and it could be that the conditions used for the Robinson-

Schöpf reaction, ~pH 8, were unfavourable for the dialdehyde 60, because of its base sensitivity. 

The unexpected dialdehyde 60 was also treated under Robinson-Schöpf conditions with 

benzylamine HCl instead of methylamine HCl to give 8-azabicyclo-8-benzyl-6,7-0-

isopropylidenedioxy-[3.2.1]-octan-3-one (65), but again in low yield (7%) (Scheme 7.10). The 

parent compound 66 of the aceta] 65 was prepared initially by Buechi et al.37 from non-

carbohydrate based intermediates and can lead to пог-tropane derivatives after hydrogenolysis of 

the benzyl group. The structure of 65 was confirmed by X-ray crystallography, Fig. 7.2 and Table 

7.2. 

CHO 
Robinson-Schopf 

> ^ 
X I вп о 

(benzylamine) 

CHO 

60 65 

Scheme 7. JO: Synthesis of 8-azabicyclo-8-benzyl-6,7-Q-isopropylidene-

[3.2.1l-octan-3-one (65) 

HO-, 

HO 
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Fig. 7.2: Plutôt drawing of the crystal structure of 65 

X-ray diffraction analysis of 65 

Á colourless and regular shaped crystal of dimensions 0.42 χ 0.37 χ 0.22 mm was mounted on a 

glass fiber and the structure of 65 was determined at room temperature. Crystal data are given in 

Table 7.2. The crystal was determined using the program CRUNCH.33 The structure was refined by 

full-matrix least-squares on FoA2 values using SHELXL34 with anisotropy parameters for the non-

hydrogen atoms. All hydrogen atoms were placed at calculated positions and were freely refined 

subsequently. The refinement converged to an R-value of 0.0485 for the 2628 unique reflections 

observed. Data collection and processing for 65 were carried out using Enraf-Nonius CAD4 

diffractometer Θ-2Θ mode with scan width 1.5°, maximum scan time 30s/reflections graphite 

monochromated CUKa radiation; 3074 reflections measured of which 2715 were observed. 

Table 7.2: Crystallographic data for compound 65 

Empirical formula 

Colour/shape 

Crystallization 

Formula weight 

Temperature 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

Ζ 

Density (calculated) 

Absorption coefficient 

F(000) 

C17H21NO3 

colourless transparent/regular 

ether 

287.35 

293(2) К 

Monoclinic 

C2/C 

a = 30.1678(6) Â α = 90°. 

b = 8.3243(2) Â β = 90° 

с = 13.2833(2) Â γ = 9 0 ° . 

3107.47(11)ΑΛ3 

8 

1.228 Mg/mA3 

0.676 mmM 

1232 
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Crystal size 

θ range for data collection 

Index ranges 

Reflections collected 

Independent/observed refis. 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on FA2 

Final R indices [Ι>2σ(Ι)] 

R indices (all data) 

Extinction coefficient 

Largest diff. peak and hole 

0.42 χ 0.37 χ 0.22 mm 

3.15 to 69.97° 

-34<=h<=36,0<=k<=10, -16<=1<=0 

3074 

2933(Rint=0.0256)/2628([Io>2<i(Io)]) 

Full-matrix least-squares on FA2 

2933/0/275 

1.036 

Rl= 0.0485, wR2 = 0.1339 

Rl= 0.0527, wR2 = 0.1399 

0.0035(2) 

0.522 and-0.174 e.AA-3 

Several other attempts were made to obtain the dialdehyde 55 in a more reliable manner. Compound 

52 was treated with paraperiodic acid in ethyl acetate to give compound 67 in 83 % yield, which 

was deacetylated (MeOH-Et3N) to give 55, identical with the material obtained from compound 54, 

in 94% yield. This seemed to be a very reliable method involving in situ cleavage of the 5,6-acetal 

group and its subsequent periodate-cleavage. 

ΛΊ 
,χ 

67 X = Ac 
69 X = Bz 
71 X = Bn 

OX 

68 X = Bz 
70 X = Bn 

Attempts to use the corresponding known38 1-O-benzoate 68 in a similar manner were less 

successful. The expected product 69 was obtained in -98% yield by treatment of 68 with 

paraperiodic acid in ether, followed by processing in a recently described39 manner. However, 

removal of the C-l benzoate ester group (MeOH-Ei3N) caused some problems in that it was very 

difficult to remove high boiling methyl benzoate (198°C) from the sensitive dialdehyde. Its 

presence was considered undesirable in the Robinson-Schöpf reaction mixtures. 

A third alternative was then investigated. The known40 benzyl-a-D-mannofuranoside 70 was treated 

with 1.3 molar equivalents of paraperiodic acid in ethyl acetate to give the crystalline aldehyde 71 

in 93%, after column chromatography. Hydrogenolysis (Pd/C, 10%) of the material gave pure 55 in 

quantitative yield. The material was identical with samples prepared earlier (vide supra) of the same 

compound. 

Having a reliable preparation of 55 at hand, further elaboration of the Robinson-Schöpf can be 
undertaken. 
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7.4 Concluding remarks 

The synthesis of the polyhydroxylated tropane analogue 58 is described in this chapter. The yield of 

58 was modest (27.3%) and attempts were made to improve the efficiency of production of the 

necessary intermediate dialdehyde 55. This was achieved eventually by the use of benzyl 2,3;5,6-di-

O-isopropylidene a-D-mannofuranoside (70). The method involved a combined hydrolysis of the 

5,6-acetal group and a glycol-cleavage reaction using paraperiodic acid (H5IO6) in ethyl acetate. 

The protected skeleton 72 of the novel compound 58 offers various possibilities for transformation 

of the molecule into other chemically and potentially pharmaceutically interesting molecules. For 
example, introducing an electron-withdrawing group (e.g. tosyl group) at the C-8 position followed 
by SN2 displacement by a nucleophile e.g. an azide ion, and subsequent reduction could lead to the 

introduction of an amine group at C-8, with inversion of configuration. The presence of the active 

methylene protons at the C-2 and C-4 positions suggest interesting addition reactions at these 

positions, e.g. addition of hydroxylmethyl groups using formaldehyde. Use of benzylamine instead 

of methylamine in the Robinson-Schopf reaction with dialdehyde 55 could lead to nor-tropane 

analogues which in combination with functionalization or derivatization on other positions would 

lead to calystegin-type analogues. Selective reduction or reductive amination at the C-3 carbonyl 

group could lead to other interesting options. 

"nor" derivatives 
via reductive debenzylation 

SN2 substitution 
(inversion) 

active methylene-additions 

selective 
reduction 

LG = leaving group, 
e.g. OTs, OMs 

7 J Experimental section 

For general experimental procedures and remarks, see Chapter 3. 

l-0-Acetyl-2,3:5,6-di-0-isopropylidene-a-X)-tnarmofúranose(S2) 

A stirred solution of 2,3;5,6-di-0-isopropylidene-D-mannofuranose (51)42 (20.8 g, 57.69 mmol) in 
pyridine (36 mL) containing a catalytic amount of 4-(W,N-dimethyIamino)pyridine (DMAP) was 
treated with acetic anhydride (10 mL) and then set aside overnight at room temperature. The 
mixture was treated with toluene (36 mL) and concentrated in vacuo, the residue treated with water 
(200 mL) and extracted with dichloromethane (3 χ 100 mL). The combined organic extracts were 
washed with water (2 χ 200 mL), dried (Na2SC«4) and concentrated in vacuo to give 52 as a 
colourless gel (22.9 g, 98%), [a] D +48° (CHCI3); Lit.42 [ a ] D +45«. The material had spectral 
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characteristics consistent with those recorded.42 

i-0-Acetyl-2,3-O-isopropylidene-b-mannofuranose (53) 

A solution of compound 52 (22 g, 72.84 mmol) in 80% aqueous acetic acid (220 mL) was set aside 
at room temperature for 18 h. The mixture was concentrated in vacuo, and water (4 χ 50 mL) and 
toluene (25 mL) were distilled in vacuo consecutively from the residue to give a colourless gel 
which crystallized on storage at room temperature. The crude material was recrystallized from di-
isopropyl ether/ethyl acetate to give white crystals, (16.8 g, 88%), m.p. 74-76", [a]p +48° (CHCI3). 
1H-NMR (300 MHz, CDCI3 + D2O) 6: 6.15 (s, IH, H-l), 4.92 (dd, IH, J3 j 2 = 6.0 Hz, J3,4 = 3.9 Hz, 
H-3), 4.71 (m, IH, H-2). 4.09 (dd, IH, J4 | 3 = 3.9, J4.5 = 8.4 Hz, H^), 4.00 (m, IH, H-5), 3.85 (dd, 
IH, Jfc.,5 3.1 Hz, J6a,6b = П.6 Hz, H-6a, 3.7 (dd, IH, J6b,5 = 5.5 Hz, J6a,6b = 11.6 Hz, H-6b), 2.07 
(s, 3H, acetate), 1.49 and 1.35 (2s, each 3H, CMe2). Anal, calculated for CnHigOj: С, 50.38; H, 
6.82. Found: С, 50.21; H. 6.91%. 

2,3-O-Isopropylidene-D-mannofuranose (54) 

A solution of l-0-acetyl-2,3-isopropylidene-D-mannofuranose (53) (16 g, 61.1 mmol) in methanol 
(100 mL) containing Et3N (0.8 mL) was maintained at room temperature for 3 days, and then 
concentrated in vacuo to give compound 54 as a gum which did not crystallize, (12.7 g, 95.4%). 
[ab +5° (H2O). Lit.43 m.p. 80.5-82°C; [ a b +4.5°C. The compound was used as such in the 
following reaction. 

2,3-O-Isopropylidene-O-zidbino pentodialdose (55) 

Sodium metaperiodate (14.7 g, 68.7 mmol, 1.2 equiv.) was added portionwise over 20 minutes to a 
stirred solution of 54 (12.5 g, 57.3 mmol) in water (230 mL) containing sodium hydrogen carbonate 
(2.1 g) at room temperature. The mixture then set aside for further 30 minutes, filtered, and the 
filtrate was extracted with dichloromethane (3 χ 100 mL). The combined organic layers were dried 
(Na2S04) and concentrated in vacuo to give compound 55 as a white foam (6.8 g, 63.8%), [CX]D 
+7° (CHC13). !H-NMR (100 MHz, CDC13) δ: 9.64 (d, 2H, CHO), 5.6-4.5 (m, 4H, skeletal H), 4.08 
(bs, IH, OH), 1.48-1.43 (bs, 3H,CMe2), 1.30 (s, 3H, CMe2). 

l,4,5-Tri-0-acetyl-2,3-0-isopropylidene -D-arabinitol (57) 

A solution of the dialdehyde 55 (100 mg, 0.53 mmol) in 1,2-dimethoxyethane (5 mL) was added 
dropwise over 10 minutes to a stirred, cooled (0°C) suspension of L1AIH4 (80 mg, 2.13 mmol, 4 
equiv.) in 1,2-dimethoxyethane (5 mL), maintained under nitrogen. The mixture was set aside 
overnight at room temperature, diluted with 1,2-dimethoxyethane (10 mL), treated dropwise over 15 
minutes with water (1 mL) and after a further 30 minutes, filtered through a layer (-1 cm) of 
MgS04. The inorganic material was washed with 1,2-dimethoxyethane (5 mL) and the combined 
filtrate and washings were concentrated in vacuo to yield a colourless syrup which was treated with 
a mixture of pyridine (3 mL) and acetic anhydride (1.5 mL), stored overnight at room temperature 
and processes in the usual manner. Column chromatography (solvent system B) of the resultant 
material gave compound 57 (123 mg, 73%) as a colourless syrup, [cefo +3.2° (CHC13); Lit.41 [afo 
+2.8°. IH-NMR (CDC13, 100 MHz): δ 5.22 (t, IH, H-3), 4.47-3.66 (m, 6H, backbone H), 2.15, 
2.11,2.06 (3s, each 3H, CMe2). 1.51,1.37 (s, 6H, CMe2). 
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9-Aza-9-methyl-8ß-hydroxy-6a, 7a, 8ß-isopropylidenedioxy-[3.3.1]-nonan-3-one (58) 

A stirred solution of 2,3-O-isopropylidene-D-arabmo pentadialdosc 55 (6 g, 31.9 mmol) in water 
(100 ml) was treated with acetone-1,3-dicarboxylie acid (9.01 g, 63.8 mmol, 2 equiv.) dissolved in a 
buffered solution prepared from sodium acetate (13.1 g, 159.5 mmol, 5 equiv.) in water (370 mL), 
and methylamine hydrochloride (4.3 g, 63.8 mmol, 2 equiv.) dissolved in water (30 mL). The 
mixture (pH -7.4) was stirred at room temperature for 8 days, treated with excess potassium 
carbonate (-5 g) and then extracted continuously for 2 days with dichloromethane. The extract was 
dried (Na2S04) and concentrated in vacuo to give a crude brown gum (6.5 g) which was purified 
by column chromatography (solvent system C) to give 58 (1.77 g, 27.3%) as white crystals. 
Recrystallization from di-isopropyl ether gave fibre-like white crystals, m.p. 145-146°C, [a]o + 
66.8° (CHCI3). 1H-NMR (CDCI3, 400 MHz): δ, 4.44 (t, IH, H-6, J6,5 = 7.36 Hz, J6>7 = 6.26 Hz), 

4.26 (d, IH, H-7, J7>6 = 6.12 Hz), 3.90 (s, IH, H-8), 3.4 (t, IH, H-5, J5,6 = 7.22 Hz, J5,4 = 7.13 Hz), 
3.27 (d, IH, H-l, Ji'2 = 8.05 Hz), 2.97 (br s, IH, OH), 2.69 (s, 3H, N-СНз). 2.65 (d, IH, H-4, J4a,4a· 
= 17.35 Hz), 2.62 (d, IH, H-2, J2a,2a· = 17.58 Hz), 2.44 (dd. IH, H-4, J4,5 = 6.86 Hz, J4a,4a· = 17.16 
Hz), 2.25 (dd, IH, H-l, J2,i = 1.51 Hz, J2a,2a' = 17.77 Hz), 1.50, 1.3 (2s,each 3H, CMe2).

 13C-NMR 
(CDCI3, 400 MHz): δ 205 (C=0), 109 (qC), 74.83 (C-8), 71.42, 70. 36 (C-6/7), 60.14, 57.56 (C-
1/5), 41.77 (N-Me), 36.71, 34.32 (C-2/4), 25.29, 24.29 (CMe2). Anal, calculated for: Ci2Hi9N04: 
С 59.74; Η 7.94; Ν 5.80. Found: С 59.87; Η 7.88; Ν 5.87. 

Direct oxidation of2,3;5,6-di-0-isopropylidene-a-D-mannofiiranose (51) with Η$10(, 

A stirred solution of compound 51 (1.0 g, 3.8 mmol) in ethyl acetate (4 mL) was treated with 
paraperiodic acid (1.0 g, 4.6 mmol, 1.2 equiv.). After 50 min, analysis (TLC, System A) indicated 
the absence of 51. The mixture was filtered, the filtrate diluted with ethyl acetate (50 mL), washed 
with water (2 χ 20 mL), dried (Na2S04) and concentrated in vacuo to give a white foam (0.6 g, 
82%). The product was treated with a mixture of acetone- 1,3-dicarboxylic acid (1.2 g), and 
methylamine hydrochloride (0.58 g) dissolved in a buffer solution prepared from sodium acetate, 
and processed as described above for compound 55 to yield compound 59 (47.5 mg, 6%), m.p. 86-
89°C, [ot]D 0°; Ut 4 4 m.p. 89-90°C. >H-NMR (300 MHz, CDCI3): δ 4.27 (s, 2H, H-6,7), 3.40 (m, 
2Н, Н-1,5), 2.58 (s, ЗН, N-Me), 2.57 (dd, 2Н, JatfMMb = 17.6 Hz, Ji,2a,4a.5 = 3Hz, H-2a,4a), 1.39 
and 1.15 (2s, each ЗН, CMe2). 

In another experiment the crude oxidation product (0.6 g) was dissolved in ethanol (3 mL), treated 
with Phenylhydrazine (0.7 mL) and the mixture heated under reflux for 30 min. A precipitate 
resulted upon cooling and the supernatant liquid was decanted. The solid material was dissolved in 
benzene (40 mL) dried (Na2S04) concentrated in vacuo. The resultant material was recrystallized 
from aqueous ethanol to give the bi'j-phenylhydrazone 64 as pale yellow crystals, m.p. 124-129°C, 
[cc]D 0° (CHCI3). Anal, calculated for Ci9H2 2N402: С 67.43; H 6.55; Ν 16.56. Found: С 67.31; Η 
6.43; Ν 16.11%. 

In a further experiment, a sample of the above oxidation product (9.0 g) in water (120 mL) was 
treated with acetone 1,3-dicarboxylic acid (19.7 g, 5 equiv.) dissolved in sodium acetate buffer (pH 
7.4,400 mL) followed by benzylamine hydrochloride (13.8 g, 2 equiv.) in water (100 mL) and then 
set aside at room temperature for 8 days. The resultant mixture was processed in the manner 
described earlier (cf. compound 58) and the resulting oil subjected to column chromatography 
(hexane-ethyl acetate, 2:1) to yield compound 65 (1.07 g, 7%), m.p. 75-76°C. »H-NMR (300 MHz, 
CDCI3): δ 7.34 (m, 5H, aromatic H), 4.44 (s, 2H, H-6,7), 4.12 (s, 2H, CH2-N), 3.59 (d, 2H, H-l, 5), 
2.68 (dd, 2H, J2a,2b,4a,4b = 17.3 Hz, Ji,2b,4b,5 = 6.0 Hz, H-2a,4a), 2.24 (m, 2H, H-2b, 4b) 1.61 and 
1.29 (2s, each ЗН, CMe2.). Anal, calculated for C17H21NO3: С 71.06, H 7.37, Ν 4.87. Found: С 
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71.30, H 7.77, N4.98%. 

Reaction of ]-0-Acetyl-2,3;5,6-di-0-isopropylidene-a-l)-mdnnoîuTanose (52) with paraperiodic 
acid in ethyl acetate 

A stirred solution of compound 52 (24.2 g, 80.2 mmol) in ethyl acetate (750 mL) was treated with 
paraperiodic acid (21.9 g, 96.3 mmol, 1.2 equi ν), set aside in darkness for 1.5 h when analysis 
(TLC, system A) indicated total consumption of 52. The mixture was filtered, the residue washed 
with ethyl acetate (50 mL) and the combined filtrate and washings washed with saturated aqueous 
sodium hydrogen carbonate (2 χ 200 mL). The separated aqueous layer was washed with ethyl 
acetate (150 mL) and the combined organic layers dried (Na2S04) and concentrated in vacuo to 
give 67 as a pale yellow oil (15.3 g, 83%), [a] D +20° (CHCI3). ^-NMR (300 MHz, CDCI3): δ 9.68 
(d, IH, CHO), 6.33 (s, IH, H-l), 5.14 (dd, IH, J3>2 = 5.7 Hz, J3,4 = 4.3 Hz, H-3), 4.76 (d, IH, H-2), 
4.45 (dd, IH, J4>5 = 4.2 Hz, J4>3 = 1.3 Hz, H-4), 2.08 (s, 3H, acetate), 1.46 and 1.31 (2s, each 3H, 
CMe2). 

Treatment of a portion of the product (1.13 g) in methanol (45 mL) containing triethylamine (0.2 
mL) at room temperature for 4-5 days, followed by concentration in vacuo gave compound 55 
(0.86,94%), which was identical (TLC, system A) with compound 55 obtained earlier (vide supra). 
The 'H-NMR spectral characteristics were also in agreement with those determined earlier. 

Reaction of l-0-benzoyl-2,3;5,6-di-0-isopropylidene-a-1)-mannofuranose (68) with paraperiodic 
acid in ether39 

Compound 683 8 (1.095,3 mmol) was added to stirred suspension of paraperiodic acid (1.026 g, 4.5 
mmol, 1.5 equiv) in dry ether (25 mL) maintained under nitrogen, and then set aside in darkness for 
20 h. The mixture was filtered through a layer of silica gel and the filtrate concentrated in vacuo to 
give compound 69 (0.96 g. 98%), [a] D +21.6° (CHCI3); lit39 [a] D +23.Γ (CHCI3). ^-NMR (100 
MHz, CDCI3): δ 9.67 (d, 2H, J5)4 = 1.4 Hz, CHO), 8.00 (m, 2H, aromatic H), 7.49 (m, 3H, aromatic 
H), 6.56 (s, IH, H-l), 5.20 (dd, IH, J3(4 = 4.2 Hz, J3,2 = 5.7 Hz, H-3), 4.93 (d. IH. J3,2 = 5.7 Hz, H-
2), 4.76 (dd, IH, J3,4 = 4.2 Hz and J4>5 = 1.4Hz. H-4), 1.50 and 1.34 (2s, each 3H, CMe2). 

Reaction of benzyl 2,3;5,6-di-0-isopropylidene-a-D-mannofuranoside (70)40 with paraperiodic 
acid in ethyl acetate 

The glycoside 70 4 0 (2.0 g) in ethyl acetate (10 mL) was treated with paraperiodic acid (1.69 g, 1.3 
equiv) and after lh processed as described above. Column chromatography (solvent A) of the 
resultant material gave compound 71 (1.48 g, 93%), m.p. 84-86eC (hexane-di-isopropyl ether), [CX]D 
+ 25.3e (CHCI3). IH-NMR (300 MHz, CDCI3): δ 9.67 (d, IH, CHO) 7.32 (m, 5H, aromatic H), 
5.28 (s, IH, H-l), 5.10 (dd, IH, J3>4 = 4.3 Hz, J3 i 2 = 5.8 Hz, H-3), 4.71 and 4.52 (ABq, 2H, CH2), 
4.69 (d, IH, H-2), 4.44 (bd, IH. J = 4.2, H-4), 1.43 and 1.28 (2s. each 3H, CMe2). Anal, calculated 
for C I J H I 8 0 5 : С 64.74; Η 6.52. Found: С 64.90; Η 6.34. 

A portion of the product (0.68 g) in methanol (10 mL) was hydrogenated (1 aim) in the presence of 
palladized charcoal (10%, 100 mg) for 6h, when reaction (TLC, system B) was complete. 
Processing in the usual manner gave compound 55 (0.46, 99%), [CC]D +6-5° (CHCI3); the spectral 
data for the material were identical with that recorded for compound 55 earlier (vide supra). 
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SUMMARY 

Aza sugars, some of which are naturally occurring, are analogues of monosaccharides in which the 

ring oxygen has been replaced by nitrogen. The compounds form a class of polyhydroxylated N-

heterocyclic alkaloids which are derivatives of pyrrolidines, piperidines, azepanes, indolizidines and 

pyrrolidines, respectively. They resemble normal glycosidase substrates by mimicking their 

pyranosyl and furanosyl conformations, and they are recognized by the corresponding enzymes but 

are not subjected to further metabolic action. The glycosidase inhibition activities of aza sugars 

have found potential clinical and chemotherapeutic application as antifungal, antitumor, 

antidiabetic, antimalarial, and antiviral, especially anti-НГ , agents. For these reasons, many efforts 

to synthesise aza sugars have been reported, especially of 1-deoxynojirimycin (DNJ, 1) which has a 

broad range of biological activities. The iV-alkylated derivative of 1, Af-butyl DNJ (BuDNJ, 2), 

which is also a potential anti-HIV agent, is currently undergoing clinical tests. Other important aza 

sugars include the piperidino derivative 1-deoxymannojirimycin (DMJ, 3), the pyrrolidine 

derivatives l,4-dideoxy-l,4-imino-D-arabinitol (4) and l,4-dideoxy-l,4-imino-D-mannitol (DIM, 5), 

indolizidine derivatives swainsonine (6) and castanospermine (7) and the pyrrolizidine derivatives 

australine (8) and casuarine (9). 
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Many of the reported syntheses of aza sugars employ expensive reagents and involve several steps, 

many of which are not totally stereospecific. < 

The primary objective of this thesis was to study some synthetic procedures to obtain aza sugars 

using simple carbohydrates as starting materials because of their comparatively low costs, the 

attainment of high stereoselectivity, and the employment of short, easily adaptable, reproducible 

procedures. Simple leaving groups e.g. tosylates or esters have been employed, in combination with 

simple protecting functions. Reductive-aminative cyclization was achieved using azides, oximes 

and nitriles as intermediates which are also cheap and readily available derivatives 

Chapter 1 gives a simple account of the general role played by carbohydrates in supporting life in 

biological systems, with particular emphasis on the relation to glycosidases, glycoprotein inhibitors 
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and processors. Some aza sugars are presented in this chapter with their known biological activities 

and their respective natural sources. 

Chapter 2 gives an overview of the known main synthetic strategies employed previously for 

obtaining aza sugars. 

Chapter 3 describes syntheses of l,4-dideoxy-l,4-imino-D-talitol (16) from D-mannono-l,4-lactone 

(11), obtainable from D-isoascorbic acid (10), and of 1,4-dideoxy-D-allitol (18) from D-gulono-1,4-

lactone (17). Reductive-aminative cyclization of the intermediate 2,3:5,6-di-0-isopropylidene-D-

mannonitrile (14), with concomitant inversion of configuration at C-4 gave 15. Removal of the 

protecting groups on 15 afforded 16 in 51% overall yield (scheme 1). 
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The route for the synthesis of 16 was then emulated for the preparation of l,4-dideoxy-l,4-imino-D-

allitol (18), from commercially available D-gulono-l,4-lactone (17). Crystalline 18 was obtained as 

the HCl salt in 45.5% overall yield. The overall yields of compounds 16 and 18 compare very 

favorably with those recorded for reported alternative routes. 
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Chapter 4 describes a short synthesis of 1-deoxynojirimycin (DNJ, 1) and exploration of three 

different routes to l,5-dideoxy-l,5-imino-L-Wonojirimycin (20) which is a C-5 configurational 

isomer of DNJ, from D-glucono-l,5-lactone (19). The syntheses of both compounds required 

aminative cyclization between C-l and C-5 with retention of configuration at C-5 for DNJ 1 and 

124 



Summary 

inversion of configuration at C-5 to produce 20, which was obtained crystalline. Some derivatives 

and reactions of 20 were also investigated. 
CH2OH 
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Simple conditions and cheap reagents were again utilized in these syntheses. The use of Г-0-ethoxy 

ethyl groups, as temporary protecting functions, featured prominently in the synthesis of 20. These 

are easy to introduce (ethyl vinyl ether / acid catalyst) and remove (aqueous acetic acid), but are 

very stable under basic conditions. This simple function will undoubtedly find much wider 

application in other carbohydrate transformations where temporary protection of several hydroxyl 

groups is required. 

In Chapter 5 the syntheses of 1-deoxy-L-gM/onojirimycin (L-guloDNJ, 28) (Scheme 2) and of 1-

deoxy-D-fa/onojirimycin (D-taloDNJ, 38) (Scheme 3) from D-mannose and D-fructose, respectively, 

are described. The synthesis of 28 described in this thesis is a more suitable route compared with 

that reported previously in which compound 28 was obtained in admixture with 1-

deoxymannojirimycin (3). 

Scheme 2 

D-MannoM 

The synthesis of 38, involving 10 steps, is also acceptable considering the low costs of the starting 

material, D-fructose (scheme 3). A problem was experienced during attempted acidic hydrolysis of 

the 1,2-0-isopropylidene group of the intermediate 33 which was expected to yield a free ketose 

necessary for reductive-aminative cyclization. This proved troublesome possibly due to competitive 

acid catalyzed dehydration and only decomposition products were isolated. The problem was solved 
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by using mild acetolysis conditions (BF3-Et20 - acetic anhydride) followed by deacetylation and 

selective protection of the primary hydroxyl group at C-l (ierf.-butyldimethylsilyl, TBDMS) to give 

the protected ketose 36. Reductive-aminative cyclization of 36 furnished crystalline 37, which on 

hydrolysis (dilute hydrochloric acid) gave 38 as the HCl salt. The specific optical rotation (+2.6°) of 

38 observed in this study disagrees with the only other reported value (-22.4°) for this compound. 

The structure of 38 was strongly supported by X-ray crystallographic data obtained for its 

crystalline precursor 37 (scheme 3). 

Scheme 3 

D-FmctOM-
Me2CO 

\ 20 за ai 

CH2OH 
CH2N3 CH2N3 

M6.CO/DMP k ° Y ^ / О І F O ? \ Y ^ 
H* \ /I У m ι IN. HMPA \ / I — о 

CH2N] 

АсгО 
MeONa 

\_/Чн2ОАсМвОН 

ÇH,N, 

TBDMSCI 
" 2 ° " DMF " 

.ОН ЧНд NH γ} NH 

Pd/C TBDMSO-l^ V \ HCL HO-t 
H2OTBDMSEtOH 

37 38 

Chapter 6 describes the stereoselective syntheses of two seven-membered ring aza sugars, i.e. the 

azepane derivatives, from D-mannono-l,4-lactone (11) and D-glucono-l,5-lactone (19), 

respectively. The synthesis of both compounds, l,6-dideoxy-l,6-imino-D-mannitol (45) and the D-

glucitol (SO) required C-l / C-6 cyclization with retention of the stereochemistry of both starting 

compounds. In the previous synthesis of 45, involving nucleophilic ring opening reactions of mono-

or bis-epoxide derivatives by benzylamine, a mixture of piperidine and azepane aza sugars was 

obtained. In this current study, the stereoselelective synthesis of 45 was achieved starting from D-

mannono-l,4-lactone (11) obtained from D-isoascorbic acid (10, vide supra) and reductive-

aminative cyclization was effected via an azide group introduced at the C-6 position (Scheme 4). 
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Scheme 4 
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The key starting material for the synthesis of 50 was methyl 2,3,4,6-tetra-O-acetyl-D-gluconate (46) 

obtained in improved yield from D-glucono-l,5-lactone (19). The stereoselectivity of the reductive 

ring closure was achieved by taking advantage of the migration of an acetyl group from C-6 to C-5 

in 46 upon treatment with Me3SiCl/NaI in CHCI3 during which an iodide group was introduced at 

the primary C-6 position via an oxetonium ion intermediate 47 to give 48. Displacement of the 

iodide group with azide ions followed by reductive-aminative cyclization of the resultant compound 

49, furnished crystalline 50 as the HCl salt after suitable removal of the protecting groups (scheme 

5). 
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Chapter 7 describes the synthesis of a novel tropane type of bicyclic aza sugar, which is a 

derivative of 9-aza-9-methyI-6a,7a,8ß-trihydroxy-bicyclo-[3.3.1]-nonan-3-one (6a,7ct,8ß-tri-

hydroxypseudopelletierine), (51) employing the classical Robinson-Schopf reaction. The required 

5-carbon dialdehyde 52 required for this reaction was derived from D-mannose (Scheme 6). 
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Scheme 6 
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Compound 51 is a simple analogue of some naturally occurring polyhydroxylated aza sugars 

including swainsonine (6) and castanospermine (7). The objective of this study was to attempt to 

synthesize a new type of simple polyhydroxylated bicyclic compounds based on the trepane 

skeleton. Replacement of the N-Me in 51 by an N-H bridge-head would lead to novel nor-tropane 

compounds some of which have been isolated recently from plants of the Convolvulaceae, 

Solanaceae and Moraceae families. During this study the synthesis of two known tropane 

derivatives, 8-azabicyclo-8-benzyl-6,7-0-isopropylidene-[3.2.1]-octan-3-one (53) and 8-azabicyclo-

8-methyl-6,7-0-isopropylidene-[3.2.1]-octan-3-one (54) was achieved employing the Robinson-

Schöpf reaction and a 4-carbon dialdehyde which was obtained inadvertently from D-mannose. 

Χ Ί )Ν~Μ^=Ο yC] /-°n>=< 
53 54 
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SAMENVATTING 

Aza-suikers, waarvan een aantal in de natuur voorkomt, zijn analoga van monosaccharides waarin 

het zuurstofatoom in de ring vervangen is door een stikstofatoom. Deze verbindingen vormen een 

klasse van poly-gehydroxyleerde N-heterocyclische alkaloïden welke afgeleid zijn van pyrrolidines, 

piperidines, azepanen, indolizidines en pyrrolizidines. Ze zijn vergelijkbaar met de normale 

glycosidase-substraten omdat de pyranosyl en furanosyl conformâmes worden nagebootst en als 

gevolg hiervan worden ze door de corresponderende enzymen herkend, maar er niet door 

gemetaboliseerd. De hieruit voortvloeiende glycosidase remmende eigenschappen van aza-suikers 

hebben geleid tot potentiële klinische en chemotherapeutische toepassingen als antischimmel-, 

antitumor-, antidiabetische-, antimalaria- en antivirale-, met name anti-HIV-, middelen. In verband 

met deze fysiologische eigenschappen zijn er vele pogingen tot synthese van aza-suikers beschreven 

in de literatuur, met name gericht op de synthese van het 1-deoxynojirimycine (DNJ, 1) dat een 

breed spectrum aan biologische activiteiten bezit. Het N-gealkyleerde derivaat van verbinding 1, het 

N-butyl DNJ (BuDNJ, 2), dat eveneens een potentieel anti-HIV middel is, wordt momenteel 

klinisch getest. 

Andere belangrijke aza-suikers zijn onder meer het piperidino-derivaat 1-deoxymannojirimycine 

(DMJ, 3), de pyrrolidine derivaten l,4-dideoxy-l,4-imino-D-arabinitol (4) en l,4-dideoxy-l,4-

imino-D-mannitoI (DIM, 5), indolizidine derivaten swainsonine (6) en castanospermine (7) en 

tenslotte de pyrrolizidine derivaten australine (8) en casuarine (9). 
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Veel van de beschreven syntheses van aza-suikers maken gebruik van kostbare reagentia en 

vereisen een groot aantal stappen, waarvan een aantal niet stereospecifiek verloopt. 

Het primaire doel van het in dit proefschrift beschreven onderzoek is het bestuderen van een aantal 

synthetische procedures gericht op de bereiding van aza-suikers, uitgaande van simpele, relatief 

goedkope, koolhydraten waarmee een hoge graad van stereoselectiviteit kan worden bereikt en 

waarbij korte, gemakkelijk aan te passen en reproduceerbare methoden kunnen worden toegepast. 

Simpele elimineerbare groepen zoals tosylaten en esters zijn gebruikt, in combinatie met 

eenvoudige beschermgroepen. Reductieve aminering en cyclisatie werd bewerkstelligd via azides, 
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oximen en nitrillen als intermediairen, wederom gebruik makend van goedkope en gemakkelijk 

toegankelijke reagentia. 

Hoofdstuk 1 geeft een overzicht van de algemene rol van koolhydraten bij het instandhouden van 

leven in biologische systemen, met de nadruk op de relatie met glycosidases, glycoproteine 

remmers en processoren. In dit hoofdstuk wordt ook een aantal aza-suikers met bekende biologische 

activiteiten beschreven, alsmede de natuurlijke bronnen ervan. 

Hoofdstuk 2 geeft een overzicht van de belangrijkste synthetische strategieën die in het verleden 

toegepast zijn voor de bereiding van aza-suikers. 

In hoofdstuk 3 worden de syntheses van l,4-dideoxy-l,4-imino-D-talitol (16) via D-mannono-1,4-

lacton (11) uitgaande van D-isoascorbinezuur (10) en de synthese van 1,4-dideoxy-D-allitol (18) 

vanuit D-gulono-l,4-lacton (17)beschreven. Reductieve aminering en cyclisatie van het 

intermediaire 2,3:5,6-di-0-isopropylideen-D-mannonitril (14) met gelijktijdige inversie van de 

configuratie op C-4 gaf verbinding 15. Verwijdering van de beschermgroepen van 15 gaf 16 in 51% 

totale opbrengst (schema 1). 

Schema 1 

но он 

10 и 
C»N 

>C 
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ti μ* HO— 

13 

ψ$ fÇtf 
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De synthese van 16 werd daarna aangepast voor de bereiding van l,4-dideoxy-l,4-iminö-D-allitol 

(18) uitgaande van het commercieel verkrijgbare D-gulono-l,4-lacton (17). Verbinding 18 werd in 

45.5% opbrengst verkregen als een kristallijn HCl-zout. De totale opbrengsten van 16 en 18 zijn 

zeer gunstig vergeleken met de gerapporteerde waardes via alternatieve routes. 

OH OH — 9-C 
—OH 

^-OH 
17 

ie 
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In hoofdstuk 4 wordt een korte synthese van 1-deoxynojirimycine (DNJ, 1) en de exploratie van 

drie verschillende routes gericht op de synthese van l,5-dideoxy-l,5-imino-L-/donojirimycine (20), 

(dit is een C-5 configuratie isomeer van DNJ) uitgaande van D-glucono-l,5-lacton (19) beschreven. 

De synthese van beide verbindingen vereist aminering en cyclisatie tussen C-l en C-5 met behoud 

van configuratie op C-5 voor DNJ (1) en met inversie van configuratie op C-5 voor verbinding 20. 

Deze laatste verbinding kon kristallijn worden verkregen. 

Tevens werden ook enkele reakties van 20 bestudeerd en derivaten ervan bereid. 
СНгОН 

ЦП 

СНгОН 

H O N — f 
он 

19 ^ 
ОН 

20 

Gemakkelijk toepasbare reaktieomstandigheden en goedkope reagentia werden ook in deze 

syntheses gebruikt. Met name het gebruik van de Г-0-ethoxy-ethyl groep als tijdelijke 

beschermfunctie is een belangrijke karakteristiek van deze synthese van verbinding 20. Deze groep 

is eenvoudig te introduceren (ethylvinylether/ zure katalysator) en te verwijderen (waterige 

azijnzuur oplossing), maar is zeer stabiel onder basische condities. Deze beschermfunctie zal zonder 

twijfel toepasbaar zijn in een groot aantal andere omzettingen van koolhydraten waarbij meerdere 

hydroxylgroepen tijdelijk beschermd moeten worden. 

In hoofdstuk 5 worden de syntheses van l-deoxy-L-g«/onojirimycine (L-guloDNJ, 28; schema 2) 

en van l-deoxy-D-te/onojirimycine (D-taloDNJ, 38; schema 3), uitgaande van respectievelijk D-

mannose en D-fructose, beschreven. De in dit hoofdstuk beschreven synthese van 28 is een 

efficiëntere benadering dan de eerder in de literatuur beschreven methode, waarbij verbinding 28 

verkregen werd als een mengsel met 1-deoxymannojirimycin (3). 

Schema 2 
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De synthese van 38, ¡η 10 stappen, is ook acceptabel gezien de lage kosten van de uitgangsstof D-

fructose (schema 3). Een probleem trad aan het licht bij pogingen tot zure hydrolyse van de 1,2-0-

isopropylideen-groep van intermediair 33, waarbij een vrij ketoside zou moeten worden verkregen 

dat noodzakelijk is voor de reductieve aminering en cyclisatie. Deze stap bleek moeilijk 

uitvoerbaar, waarschijnlijk veroorzaakt door het optreden van zuur-gekatalyseerde dehydratatie, en 

er werden uitsluitend afbraakprodukten geïsoleerd. Dit probleem kon worden opgelost door gebruik 

te maken van milde condities voor acetolyse (BF3-Et20 / azijnzuur anhydride) gevolgd door 

deacetylering en selectieve bescherming van de primaire hydroxylfunctie op C-l (r-

butyldimethylsilyl; TBDMS) met als resultaat het beschermde ketoside 36. Reductieve aminering 

en cyclisatie van 36 leverde kristallijn 37 op, dat na hydrolyse (verdund zoutzuur) het HCl-zout van 

38 gaf. De specifieke optische rotatie van 38 (+ 2.6°) die werd waargenomen is totaal afwijkend van 

de enige andere gerapporteerde waarde voor deze verbinding (- 22.4°). De juistheid van stniktuur 38 

wordt echter sterk ondersteund door de met behulp van Röntgen-analyse opgehelderde stniktuur van 

de kristallijne precursor 37 (schema 3). 
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In hoofdstuk 6 wordt de stereoselectieve synthese van twee zeven-ring aza-suikers (azepane 

derivaten), uitgaande van respectievelijk D-mannono-l,4-Iacton (11) en D-glucono-l,5-lacton (19) 

vermeld. De synthese van beide verbindingen, l,6-dideoxy-l,6-imino-D-mannitol (45) en het 

overeenkomende D-glucitol (50), vereist C-l en C-6 cyclisatie met behoud van de stereochemie van 

beide uitgangsstoffen. In een eerdere synthese van 45, gebruik makend van nucleofiele ring-

openings-reakties van mono- of bis-epoxide derivaten door benzylamine, werd een mengsel van 

piperidine en azapan aza-suikers verkregen. Bij het huidige onderzoek werd een stereoselectieve 

synthese van 45 bewerkstelligd via het intermediaire D-mannono-l,4-lacton 11 uitgaande van D-
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isoascorbinezuur (10). Reductieve amincring en cyclisatie werd gerealiseerd via een op positie C-6 

geïntroduceerde azide groep (schema 4). 

Schema 4 
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Belangrijkste uitgangsstof voor de synthese van 50 was methyl 2,3,4,6-tetra-O-acetyl-D-gluconaat 

(46) dat in verbeterde opbrengst kon worden verkregen uit D-glucono-l,5-lacton (19). De 

stereoselectiviteit bij de reductieve ringsluiting werd verkregen door gebruik te maken van de 

migratie van een acetyl groep van C-6 naar C-5 in verbinding 46 bij behandeling met Me3SiCl / Nal 

in CHClj. Hierbij wordt een jodium-atoom geïntroduceerd op de primaire C-6 positie via oxetonium 

ion 47, dat uiteindelijk resulteert in verbinding 48. Vervanging van de jodide-functie door een 

azide-ion, gevolgd door reductieve aminering en cyclisatie van het azide 49, geeft tenslotte na 

verwijdering van de beschermgroepen de verbinding 50 als kristallijn HCl-zout (schema 5). 
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In hoofdstuk 7 wordt de synthese van een nieuw tropaan-type bicyclische aza-suiker, afgeleid van 

9-aza-9-methyl-6a,7a,8ß-trihydroxy-bicyclo-[3.3.1]-nonan-3-on (6a,7a,8ß-trihydroxypseudo-pel-
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letierine 51), met behulp van de klassieke Robinson-Schöpf reaktie beschreven. Het voor deze 

reaktie vereiste 5-koolstof dialdehyde 52 werd verkregen uitgaande van D-mannose (schema 6). 

Schema 6 
CHO 

CHO 

D-Mannos* 

H O — 

CHO 

Verbinding 51 is een eenvoudig analogon van enkele in de natuur voorkomende poly-

gehydroxyleerde aza-suikers met inbegrip van swainsonine (6) en castanospermine (7). Doel van dit 

deel van het onderzoek was te trachten een nieuw type van eenvoudige, poly-gehydroxyleerde 

bicyclische verbindingen gebaseerd op het trepaan skelet te synthetiseren. Vervanging van de /V-Me 

in 51 door een N-H bruggehoofd zou leiden tot nieuwe nortropane verbindingen, waarvan enkele 

recent geïsoleerd zijn uit plantenmateriaal uit de Convolvulaceae, Solanaceae en Moraceae 

families. In de loop van dit onderzoek kon de synthese van twee bekende trepaan derivaten; 8-

azabicyclo-8-benzyl-6,7-0-isopropylideen-[3.2.1]-oktaan-3-on (53) en 8-azabicyclo-8-methyl-6,7-

0-isopropylideen-[3.2.1]-oktaan-3-on (54) tot stand worden gebracht met behulp van de Robinson-

Schöpf reaktie, uitgaande van een 4-koolstof dialdehyde waarvoor bij toeval een geschikte synthese 

methode vanuit D-mannose gevonden was. 
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