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Abstract

Novel Di-branched Monosaccharides and Imino Sugars
K. Victoria Booth, St John’s College, University ©kford
D. Phil Thesis, Michelmas Term 2009

Branched chain sugars display a varied and valuadslge of biological activities. This thesis
concerns the synthesis of 3,5@imethylD-glucose, a potential inhibitor of glycogen
phosphorylase (GP), and therefore a proposed thetiapagent for type 2 diabeteShapter 1
looks at the occurrence of branched sugars in #terad world and current therapies for type 2
diabetes. Inhibition of GP is explored, and theenaolar modelling studies which led to the design
of the project targetChapter 1 also looks into the development of new foodstutig chemistry
and biochemistry of imino sugars and branched hgdpooline analogues.

In Chapter 2, a range of different approaches to 3,%dnethyl-D-glucose are investigated. Most
of the initial investigations were carried out dre t-enantiomer, a readily available test system
deriving from 2€-methylD-ribono lactone. Z=-Methyl-D-ribono lactone is synthesised rapidly
from D-glucose in a one-pot reaction; as the key stantwadgerial for this work, the scalability of
this process was investigated. One of the attem@yatheses of di-methyl glucose lead to the
development of a route towards 3,5imethyl fructose, a novel dibranched ketose sugavas
envisaged that through an enzymatic transformaititomight be possible to produce 3,5@H-
methyl glucose stereoselectively. Synthesis of athntiomers of 3,5-dt-methyl glucose and
mannose are reported, alongside results of GPIbitigm studies. Analysis of the preferred ring
size of a range of di-methyl branched sugars and sugar lactones gedearatdis work is also
presented.

Chapter 3 explores the chemistry of 2,4-@HnethylL-arabinono lactone, a key intermediate in the
synthesis of 3,5-dG-methylLi-glucose. From this lactone a novel deoxy sugate@xy-2,4-dicC-
methylL-arabinono lactone, was generated. Routes towardslextion of imino sugars were
explored, resulting in the synthesis of a methynioched isofagomine analogue. A substituted
aziridine was synthesised, from which a route th-&-methyl branched piperidine was proposed,
and a pyrrolidine. Also presented is a synthesisa alihydroxy di€-methyl branched proline
analogue.

Detailed NMR analysis of several of the sugars gded in this work was carried out by Dr M.
Wormald, of the University of Oxford Biochemistrgphrtment. The results of these investigations
are presented in thppendix.

Throughout this work, the presence of quaternangres has posed a problem with the assignment
of relative configuration. As a result, this workash been greatly supported by X-ray

crystallography, and the structures shown hereineweholly generated by me. Several other

crystals were run during the course of this wor&t all pertaining to these projects, and are
provided in theCD appendix
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Note Concerning Nomenclature

The numbering convention used in this report f@igasment of spectroscopic data is derived

from the systematic naming of materials accordiagldPAC recommendatioris Some

examples are given below for reference.

4010H

Melll 3 2
HO OH

3-C-methyl-L-erythrose

s 0.0

0 Me

AYO
2,4-di-C-methyl-3,4-O-isopropylidene
-L-arabinono-1,5-lactone

Bn
5 N 1
Me'u4
3
HO
OH NHAc

N-Benzyl-2-deoxy-2-C-N -acetyl-
methyl-1,5-imino-4-C-methyl-L-ribitol

1

] o Me
Mel 1N 4 32 OH
HO OH

1-deoxy-4-C-methyl-L-ribulo furanose

0.0

5
3
o)
AYO

2-deoxy-3,4-O-isopropylidene-4-C-methyl-
2-C-methylene-L-erythro-pentono-1,5-lactone

H, O
@,,2
N \| 1
5 2 N J\O@
Mel " 4 3 Me
HO OH

2,5-Dideoxy-2,5-imino-2,4-di-C-methyl-L-ribonic acid
[3(R),4(S)-Hydroxy-2,4-di-C-methyl-L-proline]

! McNaught, A. D.Carbohydrate Researcti997, 297, 1-92.



Chapter 1 Introduction

Chapter 1

| ntroduction

This thesis describes the synthesis of both enaeti® of 3,5-dic-methyl glucosel (Figure 1.1),

of which theb-enantiomer has been predicted to be a potentiditor of glycogen phosphorylase.

OH

0
HO
HO\—~ OH
Me OH

Me

Figure 1.1: 3,5-Di-C-methyl-D-glucose 1.
Herein are also described routes towards otherchesh chain sugars and novel imino sugars,
which derive from a common intermediate in the Bgsis of 3,5-die-methyl glucosel. Also

discussed are routes towards branched amino acidssingly branched sugars.

1.1 Introduction to Branched Carbohydrates

1.1.1 The Carbohydrate Family

Carbohydrates comprise the most abundant grougtofal products.The name derives from the
French hydrate de carborig implying a molecule consisting solely of carbdmydrogen and
oxygen; more recently, the term carbohydrate hgmmced to include a variety of heteroatoms
such as nitrogen, leading to molecules called in{moaza) sugars, or replacement of the ring
oxygen by carbon, giving carbasugars. Oxidation eedliction of the anomeric centre further
enhances the variety of monosaccharides, provididgnolactones and alditols; oxidation at C2,
rather than C1 generates the ketose class of cattaibs. Replacing a hydroxyl group with
hydrogen gives deoxy sugars, of biological sigafice as 2-deoxp-ribose forms the sugar

backbone of DNAFigure 1.2).
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CH,OH COOH OH
OH OH HOOC 0
OH OH Hom HO °
HO OH
HO HO OH HO ono
CH,OH COOH
alditols aldaric acids uronic acids aldonolactones
OH OH (o)
HO OH HO OH P HO
HO HO HO OH HO OH
OH OH
deoxy sugars monosaccharides ketoses
OH H OH OH
AU A U A o A e
HO OH HO OH HO OH HMOH
OH OH OH OH
imino (aza) sugars carbasugars thiosugars inositols

Figure 1.2: Classes of carbohydrates.
Carbohydrates perform a variety of biologically mnant roles. The most well known is that of an
energy source; the word ‘carbohydrate’ has beemptadoby nutritionalists to denote a food with
little or no other nutritional value, beyond beiagource of starch and therefore enér§yarch is
an insoluble glucose oligomer, synthesised by plasttheir principal food reserve; animals store
glucose as the polymer glycogen. Polysaccharidasbgbydrate oligomers) fulfil a variety of
significant roles, including providing structuralpport within organisms. The polysaccharide chitin
forms the exoskeleton of invertebrates, whilst tilacose polymer cellulose constitutes the
supportive tissue of plant cell walls. The polydarodes dextran and pectin possess gelling

properties, whilst murein is found adding rigidieybacterial cell walls.

Cell walls contain other polysaccharides concemti cell signalling. Lectins, carbohydrate-
specificreceptors are present on cell surfaces and cara@btevith sugar®n apposing cells. This
can result in the adhesion of the two cells andchfgortant in manyntercellular activities including

infection by bacteria and virusésnd sperm-egg recognitién.
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1.1.2 Singly Branched Sugars

A further class of carbohydrates exists, namelyn&inad chain sugars. These are carbohydrates
possessing one or more additional functional gralpsg the carbohydrate backbone, for example
a methyl or hydroxy methyl group. This class ofbcdrydrates was first discovered in the early

twentieth century, with the discovery of apiadeand hamamelos8 in parsley and witch-hazel

(Hamameli$ respectively Kigure 1.3).°

O ~OH O ~OH
HO
HOHO OH HO OHOH
apiose hamamelose
2 3

Figure 1.3: The first isolated examples of branched sugars.

Until relatively recently, these compounds weresstal as ‘rare sugars’, and were thought to hold
little biological significancé. In the last few decades however, increasing nusnbémbranched
sugars have been discovered, frequently in polysames, and in particular as components of
antibiotic or bacterial cell walls. For exampleCanethylD-mannose4 (Figure 1.4 has been
found to be one of the three sugars in the trisaodé repeating unit from the outer membrane of
the Helicobacter pyloribacterium. This pathogen is thought to be the mepuse of chronic
gastritis, gastric and duodenal ulcers and has tmeleed to the development of gastric cancgA
derivative of 3€-methylLi-mannose is one of the sugars in the pentasacehdwaghten of
Mycobacterium avium serovarAnother 3€-methyl branched sugar:olivomycose5, has been
found to be present in the trisaccharide unit ofes® antitumor antibiotics of the aureolic acid
group’® Moenuronic acid6, a 4C-methyl branched sugar, is found in moenomycin Arams-

r11213 and aceric acid7 was found in the pectic polysaccharide

glycosylation inhibito
rhamnogalacturonan-lIF{gure 1.4).'* Other examples include 6-deoxyc3methyl mannoses
(evalose), isolated from the O antigen Nifrobacter hamburgensid and 6-deoxy-3z-methyl-

gulose (virenoseY isolated as the-enantiomer from the anti-tumor antibiotic virenazim/'®
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Although full structural confirmation is pending,virenose is believed to also have been found in

the bacteriunCoxiella burnettii(Figure 1.4).*’

™" Me MecooH
HO OH HO o HO ~ OH

Me 4, 5 6
HsCu, O OH Me HO.0 Thte

HO o

HO.C= HO OH Me OH

HO OH o I on

7 8 9

Figure 1.4: Branched sugars from polysaccharides.

1.1.3 Biological Importance of Singly Branched Sugars

Despite the ever increasing number of branchedrsug@alated, the role of these types of molecules
is far from clear. One of the few examples of awnpclearly defined role of a branched sugar in a
biological system is that of potassiumC2nethylD-erythronatelO, which was found to control
circadian rhythm in leguminous plarffsThe closely related structure,2methyl-D-erythritol-4-
phosphatell, is known to be an intermediate in the non-mewa@npathway of terpene

biosynthesisKigure 1.5)."%2%%!

COOK OH
Me——OH Me——OH
H——OH H——OH
_OH - 0-PO;
10 11

Figure 1.5:Biologically active branched sugar derivatives.

One proposed explanation for the existence of wmusugars in bacterial cell walls is that the
differing surface polysaccharides exhibited by ¢éheathogens may exist as a form of antigenic
variation and/or reflect the adaptation of bactesigins to a particular host population, as heenb
reported for other pathogenic fact6f&Vhat is known, however, is that the introductidra®ranch

point can drastically alter biological activity. Fexample, branched nucleosides, suchZasndl13,
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have been shown to inhibit the replication of tlepdtitis C virus>?*whilst 14 exhibited anti-HIV

activity (Figure 1.6.%°

NH, 0 0
M
ﬁN </N NH e\kaH
o NAO o N N/)\NHZ o N/go
HO/U Hoﬁ How
——=Me ——=Me // =z
HO OH HO OH HO
12 13 14

Figure 1.6: Branched nucleoside analogues as therapeuticaagent
The introduction of branch points can negativelypatt upon biological activity. Introduction of a

4-C-methyl branch into known potent glycosidase intioibDFJ (deoxyfuconojirimycin}5 resulted

in the complete removal of biological activifyigure 1.7).%°

OH OH
: : Me
HO\[\/jNOH HO\[\/\J\\OH
N~ 'Me N~ 'Me
H H
DFJ 15 4-C-methyl DFJ
a potent glycosidase inhibitor no glycosidase inhibition

Figure 1.7: An example of methyl branching completely removiigjogical activity.
1.1.4 Doubly Branched Sugars
Whilst singly branched sugars are now known todbatively common in the natural world, sugars
with two or more branch points are considerablgmaand to date, few true examples have been
found. Often one of the branches can be more dtyrielentified as a deoxygenated centre, rather
than a true branch point, for example in the obguharide segment of apoptolidl.?’282°30
Here, the carbohydrate shown in green is more cibyrdescribed as a 6-deoxy species, whilst the
apparent ‘3,5-d=-methyl sugar’ shown in blue can be otherwise atereid as a 6-deoxy, G-
methyl sugari.e. singly branched. The complex oligosaccharide portif everninomicin 13,384-1

17 contains an example of a 2,3@imethyl sugar, with additional deoxy centres at2hend 6-

positions Figure 1.8.%*
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deoxy sugar

HC A~
omeo o Ol// E 0’: 0 0 CH3
BOGE ot th )
. ; "o
HO B "
HO CH; o ' e o HO OH
Cl 0o
H,C  OMe 17

Figure 1.8
As is the case with many of the singly branchedassighe role of the d-methyl branched sugars
is not clear, but it is known that apoptolidlé possesses anti tumor activity>> Moreover, the
carbohydrate portion containing the branched shgarbeen shown to be essential for maintaining
biological activity*® Everninomicinl?7 is a potent antibioti¢* As with the singly branched case, it
has been demonstrated that the recently syntheszdddi-C-methyl nucleosides possess

biological activity>°

1.2 Diabetes

1.2.1 Diabetes

Diabetes is a condition which results in too mudicgse in the blood. Its full nam®ijabetes
Mellitus, reflects the presentation of the disease; ‘dedieterives from Greek meaning ‘siphon’,
reflecting excessive passing of urine, and ‘medlizoming from the Latin for honey, reflecting the

sweetness that ancient physicians noted in the ufinere are two main forms of the disease, called
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type 1 and type 2 diabetes. Type 1 diabetics d@ruztuce insulin themselves and therefore regular
injections of insulin must be administered. Typealidbetes (non insulin dependent diabetes or
NIDDM) is characterised by insulin resistance, vetgr the body still produces insulin, but the
other enzymes and pathways responsible for brindmgn blood sugar levels are unresponsive.
The leading cause of this type of diabetes is djgesisulin resistance is believed to derive from
overindulgence in sugary/high fat foods over a qmged period of time. The aging world
population, coupled with the rise in the availdpilof sugary and/or high fat food stuffs, and the
increasingly sedentary nature of the majority disjaand hobbies has lead to a marked rise in
obesity and consequently in the number of casdgpef 2 diabetes being diagnosed. The World
Health Organization (WHO) estimates that more th@&@ million people worldwide currently have

diabetes, and that this number is likely to doutyl@030%°

Much investigation of the link between obesity atabetes has been carried out, the most striking
evidence comes from the Pima Indian populatiolmé&WSA, where 80% of adult Pima Indians are
obese, and 40% have type 2 diabetes. This wasastedr with evidence that a Pima Indian
population living a more traditional lifestyle ineico has virtually no obesity or type 2 diabetes.

Studies suggest that 80-90% of patients with NID&Xel overweight or obesé.

Ethnic background and gender could be importanta ascent study showed that non-Hispanic
black women exhibited poorer glycaemic control thasth non-Hispanic black men and non-
Hispanic whites® This may suggest a possible genetic link, howevergene has yet been found.
Body fat distribution may be significant, as it wdsmonstrated that the waist-to-hip ratio was

positively and significantly associated with thekrfor diabetes in a study of Swedish mien.

A third form of diabetes (Type 3 diabetes) has bemently proposed. This form is characterised

by a shortage of insulin in the brain, and has blegked to the development of Alzheimers

0

diseasé®*! Lastly, gestational diabetes develops during apprately 2-3% of pregnancies. This
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leads to an increased risk of miscarriage/stilthiand cardiac risk in the mother caused by elévate
blood pressure. Although this type of diabetes Wgudisappears within days of giving birth,

around 60% of affected women go on to develop désblater in life"?

1.2.2 Complications of Diabetes

Untreated diabetes can lead to a variety of corafiins through failure to adequately control blood
glucose levels. Skin diseases and gastrointestoraplaints cause a serious reduction in quality of
life for the patient. More serious complicationsaaldevelop; these include neural degeneration,
kidney disease, joint problems, capillary degenenaind increased risk of heart attacks and stroke.
Neural degeneration in the eye leads to sight probland potentially blindness, whilst nerve
damage in the extremities leads to a tingling ‘persd needles’ type sensation. Capillary
degeneration leads to increased risk of strokert retack, reduced ability of the body to heal
wounds and erectile dysfunction. Failure to adegjyatontrol brain blood sugar levels is believed
to cause mood disorders and psychiatric disturb&hitke WHO estimates that around 2.9 million

deaths per year are currently attributable to desf&

1.2.3 Type 2 diabetes treatments

“Non-insulin dependent diabetes has been regarttadijtionally, as a mild condition with simple

therapeutic needs*

The above statement from the Royal College of Rigyss in 1992 summarises the classical
approach to type 2 diabetes. Largely, the patieartaged his or her condition through diet, using
sugar replacements to avoid hyperglycaemia aftealsnélowever, due to the rising number of
cases and increased understanding of the complisatelated to the disease, this therapeutic aree

has received much attention.

Diet still remains the first strategy undertakeis, @ majority of patients with NIDDM are

overweight’® Weight loss can lead to increased sensitivitynguiin, and in some cases delay the
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progress of the disease. However, weight loss isan@asy task, and diabetics can struggle as the
complications of the disease, such as reduced oatility, can hamper their ability to exercise. In

these cases, medical intervention would be apat#ri

1.2.4 Insulin Secretagogues

The earliest type of drugs developed for the treatnof NIDDM act by stimulating insulin
production from pancreatig-cells. By interrupting the flow of potassium iotigough cell walls,

the level of calcium ions rises inside cells; tlse iin calcium levels leads to increased secreifon
insulin. Sulphonylureas are the leading drug typthis category. Tolbutamide8 and glimepiride

19 are two examples of drugs in this claBg(re 1.9).

o 0 09
()\\ //OJJ\ (0] (0] S\N/U\N
H H \ N H
tolbutamide gilmepiride
18 19

Figure 1.9: Sulphonylurea type anti-diabetic drugs.

Use of sulphonylureas can easily lead to hypogiyiad’ They have been associated with
increased mortality due to cardiovascular disedseying from their interaction with the potassium
pumps in the walls of heart ceffsOther side-effects include gastrointestinal upsetight gain,
liver disease, blood disorders, allergic reactians intolerance to alcohl.Many of the early
types of sulfonylureas were shown to be teratogenémimal studieg’ later studies have shown no
increased risk of foetal mortality, but the stigreenains and sulphonylureas are largely avoided by

most medical practitioners during pregnanty.

More recently, a new family of insulin secretagagjiras been discovered, the ‘glinide’ class of
compoundsKigure 1.10. They act in a similar fashion to the sulphonghs and may preserye

cell function over time better than hypoglycaemitfianylureas®
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COOH
o H 0
Ph /
AN—L— H OEt

COOH

Nateglinide "O Repaglinide

Figure 1.10: Two currently available drugs in the glinide class

The glinides have similar side effects as the swiiareas, but hypoglycemia may be less likely,

due to their shorter duration of actith.

1.2.51nsulin sensitizers

Thiazolidinediones (glitazones) act as insulin gexss; they increase the sensitivity of muscéd, f
and liver to insulir* Glitazones bind to receptors known as PPAR’s (fsome proliferator
activated receptors). After binding to the glitagpthe PPAR joins with another receptor protein
and the resulting complex binds to the DNA witHhie tcell nucleus to activate a number of genes,

resulting in greater insulin sensitivity.

o) H o) o) H 0) 0 H o)
S S S
o) o) 0
/_/

—N
N HO
7\
— 20
rosiglitazone troglitazone pioglitazone

Figure 1.11: Three examples of drugs in the thiazolidinediagiggzone) class.
The main drawback of this class of drug is the aéKluid retention, potentially resulting in heart
failure > Troglitazone20, the first thiazolidinedione approved for treatinehtype 2 diabetes, was

found to cause serious liver dama@e’ and was subsequently withdrawn from the markigure

1.17).58°°

10
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1.2.6 Insulin

Insulin is the most effective of diabetes mediaation lowering glycaemia however, relatively
large doses may be necessary to overcome therimssiistant nature of type 2 diabetB8ecause

it is so effective in lowering blood sugar levelse risk of hypoglycaemia is high. Other problems
relate to its being a drug administengd injection; the site of injection alters the absmnp rate,
whilst repeated injections into the same site haveadverse effect on the consistency of insulin
absorption. Wrongly injecting into the muscle leadgoo rapid absorption and a hypoglycaemic
state? Much effort has been placed into finding an akise form of insulin delivery, such as

nasal spray&”°*but so far the same level of efficacy as the tei¢édorm has not been achieVi&d.

1.2.7 Biguanides

In medieval times, a prescription Gfalega officinalis(Goat’s rue or French Lilac) was said to
relieve the intense urination accompanying theadiseve now recognise as diabetes. The active
ingredient was found to be galegi®®or isoamylene guanidine. While guanidR2iitself and most
derivatives are too toxic for drug use, the bigdansi(two linked guanidine moieties) have proved
useful®® Metformin 23 is the leading example of a drug in this claBigre 1.12.%* Its mode of
action is much more complicated than that of tHphgnylureas. It is not an insulin secretagogue,
but works in three way®

(1) Improves glucose uptake by skeletal muscles

(2) Promotes the formation of glycogen

(3) Decreases absorption of glucose

Me HN NH NH NH
Me NH H,N NH, | H 2
galegine guanidine metformin
21 22 23

Figure 1.12:Biguanide23, a derivative of guaniding2.

11
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Metformin is not metabolised, it is removed frone thodyvia the kidneys and there is therefore a
risk of accumulation in susceptible individuals,igthcan prove fatdl® The most common adverse
effect of metformin is gastrointestinal up8egnd there is some evidence of a link to vitamir2 B1

deficiency®®®°

1.2.8 a-Glucosidase I nhibitors

Complex carbohydrates eaten as part of a meal meisbroken down into their constituent
monosaccharides if they are to be absorbed byntladl ;itestine. The enzymes responsible for this
process are a class of glycosidaseglucosidase inhibitors therefore prevent digestboomplex
carbohydrates and consequently slow the rate ofrptisn of glucose into the blood stream.
Accordingly, drugs in this class could help to met/the common complications of diabetes caused
by alternating hyper- and hypoglycaerfiiahe leading drugs in this class are the polysaiia

acarbose4, the imino sugar miglita25, and carbasugar voglibo26 (Figure 1.13.

OH
HO,, OH
! OH
?H
OH acarbose N
24
HO z OH
OH :
OH
Ho.,, A_.OH
0 iglitol lib
. 0 miglito voglibose
i - 25 26
“OH

Figure 1.13:0-Glucosidase inhibitors for the treatment of NIDDM.
One advantage of this drug class is that a pateam quickly be brought round from a
hypoglycaemic state by administration of glucoségyt are, however, associated with
gastrointestinal upsét, which is usually mild and decreases over time.yAg no serious side

effects have been reportéd.
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1.2.9DPP |V inhibitors

The latest class of drugs for the treatment of NMDRAct by inhibiting the enzyme dipeptidyl
peptidase IV (DPP 1V), which is responsible for theakdown of a hormone class known as
incretins. Incretins cause an increase in the amaiunsulin released from pancreagiecells. They
also slow the rate of absorption of nutrients e blood stream by reducing gastric emptying, this
may directly reduce food intake, by promoting alifep of satiety. They also inhibit glucagon
release from the pancreatiecells. There are two main types of incretins, glyan-like peptide-1
(GLP-1) and gastric inhibitory peptide (GIP); baife degraded by DPP ¥.Inhibition of DDP IV

as a therapeutic strategy is a fairly new approant,as such there are currently few drugs in this

class; vildagliptin27 and sitagliptir28, are two exampleds={gure 1.14).

F
Do
j/ H NH,O

HN
N =N
\(
vildagliptin sitagliptin
27 28 CFs

HO
Figure 1.14:DPP IV inhibitors

The risk of hypoglycaemia is low with this modeauttion. Adverse effects observed so far have
been mild (upper respiratory tract infection, sipusblems, sore throat and headathieit the role

of DPP IV in lymphocytes has raised theoreticalossns about effects on immune function.

1.2.10 GLP-1 and GI P analogues and agonists

Expanding on the above idea, it should be possleontrol blood sugar levels by boosting the
levels of GLP-1 or GIP. Proof of concept was achiewith the release of complex polypeptide
exenatide, a GLP-1 agonist, in the §Qnfortunately this drug requires twice daily injeas;”
Novo Nordisk hopes to compete with their GLP-1 agak liraglutide’.” Several alternatives are
currently under investigation which would requirgyoone dosageia injection per week® At the

time of writing, no GIP analogues or agonists ar¢h@ market.
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1.2.11 Natural therapies

Natural products have long been used as treatnienthabetes. There is evidence to suggest that
spices such as cinnamon, cloves, bay leaves anuetigr display insulin-enhancing activiip
vitro.”® Vegetables such as karela, prickly pear cactus Kocean ginseng have shown
hypoglycaemic effects in trials, possibly due teitthigh soluble fibre contefit. The key advantage

of this form of therapy is the lower cost compategharmaceutical products, an important factor

in controlling diabetes in the developing world.

1.2.12 Combination therapies
Type 2 diabetes is a progressive disease, so aayntent that is undertaken is likely to become
ineffective over time, and may need to be combwmvéd another drug. Pramlintide is an analogue
of amylin, a hormone released into the bloodstrdamthe pancreas. Like insulin, amylin is
deficient in individuals with diabetes. Amylin, anlderefore pramlintide, slows gastric emptying,
producing the sensation of satiety, and allowsageco be absorbed at a more steady’tdtehas
been linked to weight loss in clinical trials, bist associated with nausea as a temporary side
effect® Benfluorex 29 has been shown to improve insulin sensitivity, rdase hepatic glucose
production, and improve glucose uptake by skelatadcles Figure 1.15. It is used in conjunction
with sulphonylureas, in patients for whom metforrsimnsuitabl&>#*

(o]

H
F,C N\/\O/U\Ph
Me

29

Figure 1.15: Benfluorex.

14



Chapter 1 Introduction

1.3 New approaches to the Treatment of Type 2 Diabetes

It is clear that treatment of type 2 diabetes leggived much attention in recent years, and despite
the improvement in the number of treatments avks|ahere remains much room for development.
The major drawbacks of existing therapies include:

- The increased risk of hypoglycaemia.

- The need for regular dosing.¢.before each meal) raises the risk of missed tresatisn

- The need to be administere@ injection in some instances.

- Risk of organ damage, particularly the liver andinays.

As many of these problems relate to the naturehefdrug and its mode of action, alternative
therapeutic areas are being sought. One of thesdilsition of Glycogen Phosphorylase (GP), a
key enzyme in the control of blood sugar levelsis™iork focuses on the synthesis of 3,3=di-

methylD-glucosel (Figure 1.16, a proposed competitive GP inhibitor.

OH

o)
HO
HO\—~ OH
Me OH

Me

Figure 1.16: 3,5-Di-C-methylD-glucose 1.
1.3.1 Glycogen
Animals will often take in more glucose than isuigd for immediate use and the valuable excess
is stored as a glucose homopolymer called glycog#ich can be rapidly degraded into glucose
when energy requirements demand. It is therefoomdoin organs with a high energy usage —
mainly the liver and muscles — of mammals, fish amkcts. Glycogen is an extremely large
polymer, consisting oéi-(1,4) linked glucose units forming a semi rigidcklaone. Every 10-12
residues along this chain there isca(i,6) linked glucose moiety, creating a branchpgtigure
1.17). This branching results in a large number of teaihresidues that can be cleaved easily,

alongside improving the solubility of the polymer.

15



Chapter 1 Introduction

OH
o
OH Hao a~(1,6) branch
OH
RO °
HO
0Ho o
/ HO HOH,C
o) (0]
a-(1,4) linked backbone HO
OH
OR

Figure 1.17:Glycogen.
1.3.2 Glycogen Degradation
Glycogen phosphorylase catalyses the phosphorglatiderminal glucose units on the glycogen
molecule intax-D-glucose-1-phosphat&¢heme 1.1

Glycogen
Phosphorylase

Glucose, + P; Glucose,.; +  a-D-Glucose-1-phosphate

Scheme 1.1

GP removes glucose units sequentially from therdarenches but ceases to act some 4 units before
a branch point. This is because the active site@enzyme lies within a deep cleft, into which the
more bulky parts of the glycogen cannot go. Evdhtuanly the core of the original glycogen
molecule remains, approximately 50% of the gluaasiés. At this point, a de-branching enzyme is
needed to allow access to the remaining glucoserellare two such enzymes which work
alongside one another. The first removes the lineh#-chain and adds those glucose units onto
another chain, creating a longer linear chain wtiah access the active site and therefore be
digested by the GP. The second enzyme cleaves,@Hemkage, releasing glucose, not glucose-1-

phosphate, resulting in slightly elevated glucesels Scheme 1.2%°
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O-O-0-0-0-0-
O-O0-0-0-0-0-0-C
OO0y
O-0-0-0-C0"

Debranching enzyme
(glucosyl transferase)

O-O-0-0-0-0-0-0"

red unit lost as glucose Debranching enzyme
(amylo-1,6-glucosidase)
Scheme 1.2Glucose degradatidhi.

In muscle, glucose-1-phosphate is used in glyceligiprovide energy for muscle contraction. In

the liver it is dephosphorylated to provide glucasduel for other tissues.

1.3.3 Glycogen Phosphorylase

Glycogen Phosphorylase is a large, complex enzymaege up of two subunits, each containing 841
amino acids and having a molecular weight of 97daRons® It exists in two inter convertible
states, a and b, where ‘a’ is the active form, igigh substrate affinity and activity, whilst tipé
form is less active with a lower substrate affinione subunit of GPb is shown IBygure 1.18

These two states are sometimes referred to as déimel R forms, where the R is the active type.
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Tower

Ao i b contacl 10 alloaienc
allecion wile of ol suibunil
site | NI

g _:_'“. ) <2
’-‘f}
g

mhiLitor v
sitell) / .

Pyridoxal
Phosphate

Figure 1.18:0ne subunit of GPlu-helices ang-sheets are illustrated by cylinders and arrowgeaetvely.
Each subunit contains a pyridoxal 5’-phosphate tydie the active site. Given that the glucose
subunits in glycogen are-linked, and the glucose-1-phosphate is aldmked, either a double
inversion at C1 must have occurred in the substm@atectain stereochemistry or aniStype
mechanism with retention. As glucose-1-phosphatéety to be required quickly, a single step
Syl type mechanism was proposed by McLaugatial. in which pyridoxal 5’-phosphate acts as a

general acid-base catalyScheme 1.3%’
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o;H o} I
— | - — | — 0
0-f-o 0-P-0 .'
0 (Q\H> ;'
H _ H.
0 0 0
'o—||=:0 'o—|1>=o 'o—||==o
o) o) o)

pyridoxal pyridoxal pyridoxal

Scheme 1.3Catalytic mechanism of GP.
The inactive form of GP can be converted to thévadorm through phosphorylation of a single
serine residue. Hydrolysis of this phospho-serirmdb by protein phosphatase-1 results in
deactivation of GPa. When blood sugar levels ang 8Pb is converted into GPa. This active form
can release glucose-1-phosphate from stored glyc@gfea is also able to bind tq,Ghe glycogen
binding subunit of protein phosphatase-1 (PP1).s Thihibits PP1, making it unable to
dephosphorylate glycogen synthase (GS), renderingurn inactive. These mechanisms mean that
while glucose is released by GPa, it is not sirmatausly being removed from the blood stream by
glycogen synthaseés¢cheme 1.1 When blood sugar levels are high, GPa is corderrito the less
active GPb format, stoping the release of storgdaglen. Simultaneous release of insulin raises the
likelihood of G binding to PP1, making it active. This activateS, Go glucose is removed from

the blood and stored as glycogen.
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Low Blood Sugar
GPb | low glucose GPa PP1 :> Glycogen synthase
inactive active inhibited not activated
/’\
glycogen  glucose glucose glycogen
High Blood Sugar

[insulin released ]

/ \GL increased
GP a high glucose GPb
active inactive

|::> Glycogen synthase
activated
RN

glycogen glucose glucose glycogen

Scheme 1.4Schematic of how the systems intef&ct.

In a patient suffering from insulin resistant ditdse G levels will not be raised. PP1 will remain
inactive, and GS will not be activated. This coqlgickly lead to dangerously high blood sugar

levels, and depleted hepatic glycogen stores.

1.3.4 Glycogen Phosphorylase Inhibition to Treat Hyperglycaemia in Type 2 Diabetes?

Given its key role in control of blood sugar levelswas predicted that inhibition of glycogen
phosphorylase should prohibit hyperglycaemia causetype 2 diabetes. Early animal studies in
mice showed that diabetic mice had increased hegatcogen phosphorylase activity compared
with non-diabetic mic&”®° It was also noted that weak inhibitors of glycogetosphorylase are
weakly hypoglycaemié! Thus, inhibition of GP has been proposed as a jsinginew strategy for

the treatment of type 2 diabet&s?

Several binding sites for physiological and pharmhagical ligands have been identified by
crystallography studies{gure 1.18. They include®

(1) The active site that binds glucose and gluemsdogues at the glycogen recognition site;
(2) An allosteric AMP-binding site that also binglscose 6-phosphate;

(3) A glycogen storage site that accounts for geoaiation of GP with the glycogen particle;

(4) An inhibitor site described as the nucleositie that binds flavopiridols and methylxanthines;
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(5) A novel site at the interface between the twamomers that binds various pharmacological

compounds and is described as the ‘indole carbal&rmsite.

This work will focus on a strategy based on acsite inhibition, through the synthesis of a novel
glucose analogue. Pharmacological inhibitors hagenbidentified for all sites other than the
glycogen storage site. For these alternative GRbitiim strategies, Bakeet al. provides a

comprehensive review of recent patetits.

1.3.5 Glucose as GP inhibitor

Since glycogen, a glucose homopolymer, is the ahtwbstrate of GP, it is anticipated that glucose
should be a competitive inhibitor of GP. This wadded found to be the case, withualues for
the inhibition of GPb of 1.7 mM fas-D-glucose and 7.4 mM fd-D-glucose? K; is a measure of
the binding affinity of a substrate; the smalleKavalue is the better an inhibitor a substance is.
However, unlike an antibiotic agent, it is not nesay to totally inhibit GP. It has been noted that
when GPa activity was lowered to a certain threaghsmall reductions in GP activity were
accompanied by large increases in glycogen synthetbaty. Clearly though a molecule must be
reasonably active, to keep the dosage size sensitls it has been estimated that for an adult dose
of 300 mg, a Kof 1 uM would be required. However, as all of the compbisunlikely to reach its
target due to absorption and metabolism issuespra nealistic Kwould be in the region of 0.01

uM.

1.3.6 Glucose anomeric analogues as GP inhibitors

Glucose binds at the catalytic site which crystaiphic studies have indicated is situated at the
centre of the subunit, about 15 A from the surfaldeere is extensive hydrogen bonding to the
hydroxyl groups of the sugar from amino acid resglisurrounding the active site. With the

exception of the anomeric hydroxyl, all hydroxybgps are a donor and acceptor for 1 hydrogen

bond. It was anticipated that analogues of glutcbatewere able to hydrogen bond to the active site
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through the anomeric position would bind more dfi@ty than glucose and therefore exhibit better

GP inhibition. A range of inhibitors of the ty@ were synthesised and evaluatEi(re 1.19.%"

Figure 1.19

A selection of the most interesting results is dssed hereT@ble 1.7).

Substituents at C1
Ki (mM)

o p
31 OH H 1.7
32 | C(=O)NH H 0.37
33 CH,OH H 15
34 CHs H 53
35 H OMe 24.7
36 H C(=O)NH, 0.44
37 H C(=O)NHCHs 0.16
38 H C(=O)NHNH; 0.4

Table 1.1:Results from tests on rabbit muscle GPb.

Substitution of an amide group at the anomerictmesivas found to enhance activity, regardless of
whether it was in the- (32) or B-position (36, 37 and38), as it allowed for an additional hydrogen
bond to the active site. By removing the possipitift a hydrogen bond at the anomeric position
(i.e. 34), inhibition was significantly worse. In the casé methyl amide37, the additional
activation is thought to derive from a lipophilliateraction between histidine and threonine

residues, coupled with an entropic release of @mwablecule.
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1.3.7 Specificity for Hepatic GP

Glycogen stores are found in tissues with high g@neneeds; thus there will be glycogen
phosphorylase in these tissues. As such therdnaxe isoforms of GP designated liver, muscle and
brain. From an inhibitor design perspective, tlganicant homology between these forms poses a
complex challenge. If GP inhibition is to be a sssful strategy for the treatment of type 2
diabetes, it must be selective for hepatic GP.blibn of muscle GP would limit glycogen
degradation, leading to impaired muscle function #imerefore reduced exercise tolerance and
patient mobility. Since patients with NIDDM are tgally inactive, an increase in the level of
physical activity is usually advised by a medicahqgtitioner. Furthermore, early trials have
indicated that unselective GP inhibitors show aodffects, by limiting the energy available to

heart musclé?

Glucose analogue type drugs are able to utilisespeeific pathways which exigh vivo for the
transport of glucose to the liv&t.Glucose is transported to muschda an insulin dependent
mechanisni? which means the glucose concentration in muselgué is lower than the blood
glucose concentration. Thus, in diabetics, wheo®dlinsulin levels are low, glucose transport to
the muscles is also low, and therefore a glucoségue type GP inhibitor was predicted to travel
more quickly to the liver to inhibit hepatic GP theo the muscle where it would inhibit skeletal
GP. This was indeed found to be the case and glumaalogua7, exhibited specificity for hepatic
over muscular GPRigure 1.20.%°

OH

HO OH NHMe

H

37
K;0.16 mM

Figure 1.20:37, a potent and specific GP inhibitor.
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1.3.8 Second Generation Glucose Analogues

A second generation of more complex glucose analoghowed that a wide range of modifications
could be tolerated well, including removal of thegr oxygen Figure 1.21). In some cases,K
values were not reported, in favour of thejl@alue. This value represents the concentratioa of
drug that is required for 50% inhibition vitro, and is related to khrough the following formula:

ICs0 = Ki(1 + [S)/Km) where [S] denotes the substrate concentration Kgpds the Michaelis

constant.

HO HO HO
HO,, .OH HO,, OH HO,, “OH
=N .
N OH PH)LN N OH o= ™y OH
NH H H HN\

o

K; 8.6 mM K; 4.6 mM K;3.1 mM

OH HO

HO,, ~OH
o\ N[ ]
\/\/\Q Ph \< N o OH
N-O H

39
IC5 0.84 mM ICy, 64 mM

Figure 1.21:Glucose analogues as GP inhibitors (tested ontrabisicle GPEf**0%1%3

These analogues illustrate the variety of struttuaaiation from glucose that can be tolerated,
however the degree of inhibition exhibited is gtime way from the target of 0.QM. 39 is more

correctly classified as an imino sugar, and theiidoe considered in more detail Bection 1.5

1.3.9 Lipophillic glucose analogues as GP inhibitors?

The molecules discussed Trable 1.1were synthesised largely because molecular mogdetiad
predicted them to show inhibition. Modelling stusliead been undertaken to find a molecule that
might bind more tightly to the inactive GPb fornathactive GPa, pushing the equilibrium between
these two in favour of the inactive GPb, thus irtinly glycogen phosphorylase. Added binding
could come from either an additional hydrogen barda Van der Waals interaction. For example

33(Table 1.1) had been predicted to be a good inhibitor becanssdditional hydrogen bond could
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be formed to the active site, and this was indeead to be the case upon testing. The predictions
were found to be largely accurate in several otteeses®* and molecular modelling had shown

itself to be a good predictor of inhibition.

After modelling simple glucose derivatives, it wasserved that part of the active site cavity, under
the glucose ring, was not occupied by any of thevipusly designed structures. In the native
enzyme, two water molecules bind here, but it watced that the site was large enough to
accommodate several other atoms as well. Continaaltiing atoms to the underneath of the
glucose molecule creates a problem because theuawlwill be flexible, and thus binding studies

become progressively more difficult. Thus a rigillapse framework was proposed based on

adamantand0 and its derivatived1, 42 and43 (Figure 1.22.%’

OH
o
H?.MOH IE: A
OH
31 40 41 42 43

Figure 1.22: Adamantane and derivatives that were modellecdtnpal GP inhibitors. The bold cyclohexane ring

represents a glucose moi&y.
Chemically however, practical considerations made tsynthesis of any one of these
unmanageable, as there was no literature precéaletiie synthesis of glucose molecules with two
or more branch points. The synthesis of a 3,5 dihgige46 could be envisageda a ring closing
metathesis reaction from vinyl branched suddr giving 45, with subsequent hydrogenation.
However, installation of vinyl groups at the 3 @gositions of glucose is far from trivicb¢heme

1.5.

OH OH OH
(0] (0] (0]
HO HO HO
= \\ olefin hydrogenation
a4 metathesis 45 46

Scheme 1.5Proposed synthesis 46 from 3,5-diC-vinyl glucose44.
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It was therefore proposed to work towards the ssithof 3,5-die-methyl-D-glucosel in the hope
this could adopt a similar conformation to the biay system when enveloped in the active site
(Figure 1.23. The methodology employed in this synthesis cdbkh be extended to incorporate

vinyl groups, leading to fused bicyclic systems.

OH
(0]
HO
HO - OH
Me OH
Me

Figure 1.23:3,5-Di-C-methylD-glucosel, the primary target in this investigation.
1.3.10 Glycogen phosphorylase inhibitors beyond diabetes
There is evidence to suggest that GP inhibitors beayherapeutically useful beyond treatment of
type 2 diabetes. Use of GP inhibitors to treat @npgrfevent cardiac disease in non-diabetic patients
has been reported by Birch and Morf&YIn particular, they drew attention to the potentlity
in stabilising cardiac arrhythmias, protection agaischemic injury and increasing the survival of
transplant hearts. Combination drugs, using a @hbitor with an anti-arrhythmia and/or anti-
hypertensive agent is also claimed to target sigecdrdiovascular problems. These claims are
supported by evidence that GP inhibitors are capditective'®® GP inhibitors may be useful in
preventing tumour growt” It has been reported that cancerous cells possghsr levels of
glycogen than normal celt8®1°° and studies on various cancer cell types has shbwanthe
slowest growth was observed in the cells with tighést glycogen conteht® This ability of a GP
inhibitor to withhold energy from a cell has beqplked to treatment of infections. By combining
the antibiotic azithromycin with a GP inhibitor,vitas possible to impede the growth of a bacterial

infection, helping the antibiotic to clear infeaiidaster'' These effects have not yet been

supported byn vivotesting.
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1.4 New Foods from Novel Monosaccharides

The WHO indicated that globally in 2005 approxiniate6 billion adults were overweight, with an
additional 400 million being obese. At least 20lioml children under the age of 5 years were
overweight in 20052

Rising global obesity and medical conditions redat® it has increased pressure on the search for
low calorie sugar substituté®’ The market research company Freedonia has estinttetethe US
sweetener industry can expect to grow by 4% eaah yereach over $1 bn in 2076 Sweeteners
are able to activate taste receptors and tasteetsvieit cannot be metabolisedvivo, making them

low or zero calorie alternatives to more converdlgources such as sucrose and honey. Atrtificial
sweeteners also have implications for oral hedfthas the link between excessive sugar
consumption and tooth decay has been noted fouest As far back as 1911, substitution of

saccharin for sugar was recommended to protedt.t&et

One of the first recorded examples of an artifigaleetener comes from ancient Rome, where
lead(ll) acetate was regularly used to enhance &atwines:’ The toxicity of lead compounds is
now well known, and lead(ll) acetate subsequentbampeared from use. Similarly, beryllium
chloride is sufficiently sweet to be consideredaapotential sugar substitute but again the high
toxicity of beryllium is problemati¢*® With the exception of these heavy metal salts,treoget
tasting compounds are organic compounds, in pé#aticdipeptides and organosulphur salts.

(Figure 1.24.
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Ph
0 NH,
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aspartame alitame neotame
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OH
o, 0 HO OH
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Figure 1.24:Examples of sugar substitutes.

Given the heteroatom and structural variety betwien sweet tasting compounds, one of the
largest problems facing a synthetic chemist trytoggenerate a sweet compound is that the
mechanism of taste is still poorly understood. @trre and placement of different functional

groups is clearly important, as shownHgure 1.25

NO, NH,
02N ; NH2
Me NH, NO,
Me Me
tasteless sweet slightly bitter
51 52 53

Figure 1.25: The complex relationship between taste and streictu

When all three functional groups are on the same sf the molecule&sl, it has no taste, whereas
placing either the nitro group or amimara to the methyl group i.e52 or 53, generates a
compound with a distinct tast This simple example illustrates how complex a raei$m taste

is. Other factors affecting taste include sizenadecules that are too big simply won't fit the
receptor and possibly hydrophobic/ hydrophilic ratgions. It has also been suggested that a
hydrogen bonding group is important in enhancinggisig and/or recognitioh.” However, these
are merely guidelines, and exceptions to the ruigt,efor example the sugars gentiobiose s

mannose are bitter tastint.
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1.4.1 Continued Controversy

The development of artificial sweeteners has bemggeld with health concerns since 1906, when
the potential ‘dangers’ of sacchan8 were first debated=gure 1.24). Many studies on the safety
of saccharin were carried out and the issue waslyitebated; President Roosevelt backed its use
declaring it harmless in the early twentieth centiifowever in the 1970s, new research appeared
to link saccharin to an increased risk of bladdercer'** These findings were often inconsist&it,
and although its use has been prohibited in Casad® 197722 saccharin is still in widespread
use today in most other countries. A link betwegdamate49 and the development of bladder
cancer in mice was reportéd, but again, inconsistent results mean it is stilluse in many
countriest?® The safety of aspartand is still widely debated®®**"and similar doubts hang over

the use of acesulfame %0.1%8

1.4.2 Recent advances

With both the rising demand and the continuing auity over the safety of existing sugar
alternatives comes a growth area in food chemi&aye and new monosaccharides have potential
as healthy dietary alternativ&s;**® and recent advances in food chemistry have leathéo
increased availability of the once rare sugdagatosé4, now in widespread use in soft drinks and

cereals Figure 1.26.'%*

In contrast to the sweeteners mentioned previowstpgatose has been shown to possess healtt
benefits beyond being just a low calorie sugar substittftet was found to have prebiotic
properties, which are beneficial to the maintenasfdeealthy gut bacteri&’ There is also evidence
to suggest it may have a wider range of medicaliegdons for conditions such as type 2 diabetes,
hyperglycaemia, anaemia, and haemophilia as wellsta@wing an improvement in foetal

t3

development™ Even more surprisinglyp-allose 55 has been shown to inhibit cancer cell

proliferation*>**®and even have cryoprotective effects, like thaatibaride trehalosé’ b-Psicose
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56 is another novel no-calorie sweeteff@rpnce a rare sugar, it is now readily availatike an

. . . 139,140,141 i
enzymatic transformation af-fructose Figure 1.26. It has been shown to be an effective
antioxidant:*® and also to lower the plasma glucose level in, matsilst simultaneously raising

insulin levels, making it a potential therapeutyeat for type 2 diabete§?

OH
o OH HO/YJ\OH
HO" OH HO" ™ “OH
OH OH
54 55

Figure 1.26:Once ‘rare sugars’ as new sweeteners with addeitinal benefits.

From a commercial perspective, the use of monosaicds as sweeteners presents large
advantages over the other classes. Monosacchatdassually highly crystalline, and crystallinity
often is needed to impart the correct ‘mouth féela given foodstuff. They will undergo Maillard
browning when heatef? giving foodstuffs an authentic look and taste.cAltheir sweetness is
more closely comparable to that of table sugable 1.2, making them easy to substitute like-for-

like, requiring no drastic amendments to recipégpasticular importance in baked godds.

Substance S\I?vi:ttrlgs
Sucrose (table sugar) 1

Aspartamet? 150-206°

Saccharir8 300-506%°
D-Tagatosé&4 0.92°
D-Psicoses6 0.70"

Table 1.2:Relative sweetness of selected sugar alternatives.
Given that this work focused on the synthesis ofehanonosaccharides, it was anticipated that
their relative sweetness and therefore their siliitahs sugar substitutes could be assessed tth t

added potential of exciting medicinal properties.
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1.5Imino sugars

Imino sugars are defined as sugars in which th@®milic oxygen atom has been replaced by
nitrogen. The occurrence of this atom replacemsnwidespread, and imino sugars have been
discovered in a range of plants and micro-organiéthdhey exist in five distinct classes,

piperidines, pyrrolidines, indolizidines, pyrrolimnes and nortropanes. The monocyclic piperidines
and pyrrolidines bear a clear structural resemlaatocthe corresponding monosaccharides; the
relationship of the bicycles, indolizidines, pyiradines and nortropanes to sugars is less cletar bu
is a reflection of hydroxyl stereochemistry. Exaegpbf naturally occurring molecules in each class

are shownKigure 1.27).

H H
N.__OH N_
HO HO W OH
HO™ "OH 3
OH HO OH
piperidine pyrrolidine
(norjirimycin) (DMDP)

I
O

[
2 (= o

OH
H OH

H
N HO HO ° NH
wOH HO
° HO
HO
indolizine pyrrolizidine nortropane
(swainsonine) (australine) (calystegine B,)

N

Figure 1.27:Classes of naturally occurring imino sugars.
The bio-significance of this class of molecules Alsady been alluded to with the introduction of
isofagomine analogud9, a glycogen phosphorylase inhibitor and miglid& an a-glucosidase

inhibitor, used for the treatment of postprandigdérglycaemiaKigure 1.28.

\/\/\Q HOJ/\)\ miglitol
39 - OH T3

OH
Figure 1.28:Biologically important imino sugars.
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Many imino sugars have been found to be potenthaglaly selective glycosidase inhibito/s:**°
Glycosidases catalyse the hydrolysis of glycosithonds in complex carbohydrates and
glycoconjugates, and are therefore involved in dewmiange of biological processes including
digestion, glycoprotein synthesis and quality ocointn the endoplasmic reticulumi® The
possibility of blocking or modifying these pathwalyas lead to the suggestion that imino sugars
could be therapeutic targets for a diverse rangdisgases, including cancer, diabetes, lysosomal
storage disorders and obesity.Furthermore, viral envelope glycoproteins are roféssential for
assembly, secretion and infectivity thus compountih interfere with the glycosylation process

of viral glycoproteins can be expected to be ainéil\agents:>*

The similarity in size and electronegativity betwasxygen and nitrogen means that imino sugars
closely structurally resemble the enzyme’s natsudiistraté>* At physiological pH the endocyclic
nitrogen will be protonated, leading to the widabycepted theory that the most potent glycosidase

inhibitors are transition state mimics of the enayimprocess in questioS¢heme 1.k

substrate reactive intermediate
OH OH .
o o
HO > HO
HO OH HO )
31 OH OH
OH H OH N sz
HO HO /
HMOH :> HO \
OH
57 OH
OH H sp° - cannot form analogous transition state mimic
HO
AN
58

Scheme 1.6imino sugars as transition state analogues?

Withers et al undertook analysis of transition-state mimicryteb major classes of glycosidase
inhibitors of the typé&7 and58 (Scheme 1.5 Their findings suggest that in certain enzynmemso

sugars with an $phybridised ‘anomeric centre’ are good transitidates mimics whereas $p

32



Chapter 1 Introduction

hybridised sugars, although equally potent, domimtic transition state§” This debate is central
to imino sugar design since transition state anssghould be the best starting point for inhibitor

optimisation®>*

Naturally occurring pyrrolidine 1,4-dideoxy-1,4-ing-D-arabinitol (DAB, 59) was isolated from

the hyacinth plant and found to be a potent inbibitf a wide range of glycosidase&®"*°®

Furthermore, it has been shown to be an effecliy@gen phosphorylase inhibitor and therefore a

potential therapeutic agent for type 2 diabeteth wiunique mode of actiofigure 1.29.'%*°

H OH
HO N
N HO OH
HO OH OH
relative GP 59 31
inhibition Ki 0.4 uM K; 1700 uM

Figure 1.29:Imino sugas9is a powerful glycosidase a@P inhibitor.
The naturally occurring piperidine, nojirimyc0, was found to be a glycosidase inhibitor and its
deoxygenated analogu&l, 1-deoxynojirimycin DNJ, also a natural productasnfound to have
greater inhibitory propertie$! Interestingly, DNJ was one of a selection of imfumars isolated
from the leaves of the mulberry bush, used in tiaaal Chinese medicine for the treatment of
diabetes™® Several analogues were then synthesised and it dissovered thatN-butyl
deoxynojirimycin N\Bu-DNJ)62 was more potent stitf? In addition,N-Bu-DNJ is known to act as
a ceramide glucosyltransferase inhibitor and isenily used for the treatment of Gaucher disease,
a lysosomal storage disord&#1®* The closely related compound Miglit®?5), has already been

noted as a therapeutic agent for type 2 diab&igsie 1.30.'%
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H
HO HO N
HO™ OH
OH
nojirimycin DNJ NBu-DNJ miglitol
60 61 62 25

Figure 1.30: Examples of imino sugar therapies already in use.
Biological activity is not restricted to thgguco stereochemistry. 1-Deoxygalactonojirimycin (DGJ)
63 and 1-deoxymannojirimycif4 (Figure 1.31) have been shown to be good inhibitors of a range
of glycosidased®®1¢"1%81%910ving further away from parent compound nojirirmyd\-acetyl-DGJ
65 is a known hexosaminidase inhibitdfiqure 1.31). Elevated levels op-N-glucosaminidases
have been observed in cancerous cells, thus idnbidf these enzymes is an area of considerable

therapeutic interest?

H H H
HO N HO N HO N
HO “OH HO™ OH HO “NHAc
OH OH OH
DGJ DMJ N-acetyl DGJ
63 64 65

Figure 1.31: Analogues of DN&1.

Since many unnatural imino sugars have been foonHdet potent glycosidase inhibitors, their
synthesis has become an area of growing interegtaiticular, the introduction of branch points.
Many unnatural hydroxymethyl and methyl branchedthonsugars have been synthesised so far
(Figure 1.32.1"%17228Not all of these were found to be effective intobs, however, through their

synthesis and biological evaluation comes a graatderstanding of how these compoundsimact

vivo.
H H H H H
HO N N N Me., N Me_ N
OH OH OH OH OH OH OH OH

Figure 1.32: Recently synthesised methyl and hydroxymethyl ¢tinad imino sugars.
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1.5.1 L-Imino Sugars

As most glycosidases act as competitive inhibitbrgpuld be easy to assume that the enantiomeric
imino sugars, derived from-sugars, would possess little biological activiost L-sugars are
scarce, and as such have received little atterfignthesis ob-glucose, fructose and mannose was

6731"4it took nearly 100 years until the synthesis @fitthexoses was reportét.

reported in 189
The lack of suitable syntheseslefugars has meant there have been limited invéisingaintoL-

imino sugars, however early biological studies Haeen encouraging.

Naturally occurring pyrrolidine 1,4-dideoxy-1,4-inu-D-arabinitol (DAB, 59) has already been
mentioned as a potent glycosidase inhibitor, actm@ competitive mannerFigure 1.29. Its
enantiomer LAB66 (Figure 1.33 was also found to be an even more effective giytase
inhibitor with a non-competitive mode of actidfi.N-Acylated analogues also displayed this trend
as again th@-enantiomers were found to be weak competitivebimdiis whilst the unnatural-
enatiomers were potent allosteric inhibitors. Anditof the benzyl group in each case enhanced
inhibitory activity, this trend of increasing inliilon occurring alongside increased lipophilicitgsh
already been illustrated with DN&1, where activity significantly increased with thigroduction of

a butyl groupt”” Similarly, L-DMDP 67 is a more powerful and specificglucosidase inhibitor
again with a non competitive mode of action, over maturally occurring competitive inhibitor

DMDP 68.17°

35



Chapter 1 Introduction
HO/X_Z HO HO HO ““NoH
HO OH HO NHAc HO NHAc HO OH
DAB DABNAc N-benzyl DABNAc b-DMDP
59 68
H H Bn H
HO™ "~ HO™ "~ Ho~ N HO™ "~ OH
HO OH HO NHAc HO NHAc HO OH
LAB LABNAc N-benzyl LABNAc L-DMDP
66 67

Figure 1.33: Examples of -imino sugars which are potent glucosidase inhibito

D-Swainsonine69 and 1,4-dideoxy-1,4-imino-mannitol (DIM, 70) are both a-mannosidase

inhibitors; in both cases the enantiomers showtdichimannosidase inhibition, but do inhibit

naringiase Kigure 1.34.®

HO OH HO OH HOH,C HOHC
OH HO NN HO)\“D
N ) < -
HO OH HO OH
D-swaglgsonine L-swainsonine 137]3/[ L-DIM

Figure 1.34:Examples of -imino sugars which inhibit different enzymes thhair D-enantiomers.

1.6 Proline Analogues

Proline is uniqgue amino acid and a key determimdrgrotein structure, being the only secondary
amine and possessing a saturated Yil@herefore, modified proline analogues could affeptide
binding patterns, and several proline analogueg een synthesised for this purp&SeProline
analogues are also of interest as proline itsedf i@en used as a chiral catalyst in asymmetric

synthesis, for example in the Knoevnagel reaclion.
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Proline analogue kainic acitll has received much attention in the literatiigre 1.35. 184183184

Isolated from marine algBignenea Simplext displays neuroexcitatory properties and theneef
may be useful in the treatment of epilepsy, Alztaimiand Huntington’s disead®.Inclusion of72

into a peptide has been shown to form almost eka@lyscis amide bonds and as such accelerate
protein folding™®® cis-4-Hydroxy+-proline 73 was found to inhibit collagen biosynthesis in
tissues?®’ which has implications for the treatment of theerdut potentially fatal condition
scleroderma, characterised by hardening of the skid/or organd® It has also been used

successfully as a chiral catalyst in aldol reactidh

H H
N_ __COOH Me, N__COOH N_ __COOH

Me—. —COOH H
N\ 71 72 73

Figure 1.35:Biologically active proline analogues.

S,
Q =
>

Many substituted proline derivatives have beentmgised; alkylation at thecarbon of proline is
perhaps the simplest way to access a library ofpoomds:*° but clearly the scope is limited.
Substitution at other centres however often inv®luaulti-step syntheses and/or use of expensive
chiral catalysts™ Recently, an expedient synthesis of novel brandtyetioxy prolines?5 and76
was reported by da Crt al. (Scheme 1.7*° This elegant synthesis circumvents the use ofithir
catalysts by starting from a functionalised aldewtdne74 and requires few functional group

manipulation steps.
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0 HO  NHBn COOH
= - S E Me N < |V) N - Me
HO N HO Ns HO __OH
74 . 75

(V)l(Vl)
—1,, O N coon
HO < fo iy PR2HCO” 1>~g i N,
e T HN — > / ‘Me
Ph,HCO N, Me'o Ho  oH
76

Reagents and Conditions(i) TsCl, Py, 68% (based on recovered startingen); (i) NH,Bn, THF, 82%; (iii) H,
Pd/C, 1,4-dioxane; (iv) 37% HGl,, 83% over 2 steps; (v) RDN,, 1,4-dioxane, heat, 60%; (vi) KOH, 1,4-dioxane,
then Dowex (50W X8 Hform), 72%; (vii) TEO, Py, DCM then KHPd/C, 1,4-dioxane, 42%; (viii) NaOH, 1,4-dioxane,

H,O then H, Pd/C, HO, 90%.
Scheme 1.7Synthesis of novel branched hydroxy proline anadsgu

Steps (v) and (vi) are of particular interest gga@ecting group is employed followed by inversion
of stereochemistry at C4, allowing access tolyke compound. The CHRBtor ‘benzhydryl’ group
has only recently come to the fore as a suitabtgepting group for carbohydrate syntheses,
particularly suitable as it is stable to strongebas well as moderately acidic conditidfisUse of

this protecting group will be further explored@mapter 2.

1.7 Content of this Thesis

In Chapter 2 routes towards 3,5-di-methyl-D-glucose are explored. During these investigations,
work was carried out on the synthesis of ithenantiomer as a test system for the methodolody an
in both cases the corresponding 3,3zdirethyl mannose is also reported. As part of these
investigations, the synthesis of 3,5@Hmethyli-fructose was examined. Glycogen Phosphorylase

inhibition studies on 3,5-dz-methyl-D-glucose was carried out by Prof. A. Kato.

Chapter 3 investigates the chemistry of branched sugarbéurby probing the reactivity of 2,4-di-

C-methyli-arabinonolactone, synthesised as part of the flgat®ns in to the synthesis of 3,5-di-
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C-methyl sugars. This culminated in the synthesisaafovel dibranched proline analogue, two

piperidines, a pyrrolidine and a deoxy sugar. Retdevards a third piperidine are discussed.

The Appendix contains the results of detailed NMR analyses @nd8C-methyl glucose and
mannose, a key intermediate in their synthesisdR@methyl arabinose and 2-deoxy-2,4€H-

methyl arabinose, kindly performed by Dr M. Wormald

The CD Appendix contains crystallographic information from a ramgestructures run during the
course of this work. X-Ray crystallography has beery valuable to this project; the existence of
two quaternary centres, and therefore a lack ofdgeh atoms around the carbohydrate ring meant

that establishing stereochemistry with nOe expeaniseas frequently unreliable.
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Chapter 2
Synthesis of Di-C-Methyl Branched Chain Sugars

2.1 Synthesis of branched chain sugars

Most carbohydrates are straight chain molectilewever, singly branched sugars, with one
methyl or hydroxy methyl branch are found in napwften with significant roles to pl&y**°With

the discovery of more and more branched carbohgslrat natural products comes an interest in
their synthesis and biological evaluation. As sublere are now several different methods for the
synthesis of branched carbohydrate derivativess@heere briefly assessed for their suitability in

the synthesis of doubly branched sugar 3,&-dinethyl glucosd (Figure 2.1).

HO Me Yo._,.oH
HO_ X0 on HO
Melll / - Ho\\\ 1 ///OH
HO OH HO Me

Figure 2.1: 3,5-Di-C-methyl-D-glucosel.

2.1.1 Nucleophilic approaches

Perhaps the simplest way to indroduce a branch by the oxidation of a hydroxyl group on the
carbohydrate backbone, followed by addition of @ebophilic carbon species. In the example
below, diacetone glucose is oxidised at the 3 osigiving ketone/7 and methyl lithium added,

giving 3-C-methyl alloser8 (Scheme 2.1
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e 4,

0] 0]
(0] i (0]
" |o MeL' \/E " Io
‘o, )( Me——~>, )(
o__© HO__ ©
77 78

Scheme 2.1Using nucleophiles to generate branched sugars.
This method is completely steroselective, howeitegives exclusively theallo rather than the
gluco stereochemistry, and would therefore be unsuitabire synthesis of a @-methyl branched
glucose analogue. Epoxidation of this type of kefatia sulphur ylid chemistry, can be used to
access a wide range of branched sugars. Excessrlitmd a catalytic quantity of DTBB (4,4’-di-
tert-butylbiphenyl) opens the epoxide ringd to dianion 80; subsequent treatment with an
electrophile and aqueous work up can give a adoeasvide range of branched and functionalised

sugars of the typ®1 (Scheme 2.2 %’

Li
77 79 80

Reagents and Conditions(i) Li, DTBB (5%), THF, -78°C, 2 hrs. (ii) E= H,0, D,O, M&;SiCl, PhCHO, MgCO,
(CH,)sCO, -78°C, 10 min. (iii) HO, -78 to 20°C.

Scheme 2.2Branched sugars from epoxides.

Henry reaction$’ have also been used in the synthesis of branaigats taking a ketone such as
the one derived from diacetone glucoge with the nitromethane anion ¢Beme 2.3. Whilst
addition of the anion is generally achieved in hygglds; subsequent hydrolysis of the nitro group
can require forcing conditions, often incompatibi¢h carbohydrates, and subsequent reduction to
give a hydroxy methyl branch. Both yield and steetectivity in these types of syntheses can be
high, however they rely heavily on protecting graognipulations to selectively access the desired

hydroxyl group.

45



Chapter 2 Synthesis of @-Methyl Branched Chain Sugars

}(O (i) CH3NO,, KOBU! }(0

0 (0] i) KMnO,, OH" ° (0]
\/kgjmo (i) KMnOy,, \mo
0)( (iif) NaBH,4 HO 3 O)(

o 77 HO

Scheme 2.3Use of Henry reactions for branched sugar syrghesi

2.1.2 Wittig Chemistry

The formation of carbon-carbon bonds from carbaoyhpounds and phosphorus ylides is known
as the Wittig Reaction. Since the discovery of themsformation in the early 1950s it has become
one of the most commonly used methods to syntha#iseaes and nearly 40 reviews on the subject
have been written to datllts use in the synthesis of branched chain stigatsough addition of

an ylid to a carbonyl on the carbohydrate scaffdftf;'*this was the approach adopted by Jastes
al in their synthesis of aceric ac@#l, from ketone83, itself derived fromL-xylose 82 (Scheme
2.4

0. .OH

,, O ., JO._OH
steps Me-, ° o} Me & 7:0 steps Me..,
HO” Y OH —~ (i) MePPhBr - o)( HOOC=
OH 0" O \guitHF HO HO HO  OH
L-xylose (i) AD mix B aceric acid
82 83 84

Scheme 2.4Wittig reaction followed by dihydroxylation to itduce a hydroxy methyl branch.
A silicon, rather than phosphorus ylid, has alserbemployed in the synthesis of branched chain
sugars, in a Peterson type reacfiorBy use of a branched Wittig reagent of the type
PhP=C(R)COMe with a glyceraldehyde derivative, Clnbted sugars have been successfully
produced, where ‘R’ could be either a hydrogen atmsynthesise straight chain sugars, or an alkyl

chain to introduce a branch poift.
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2.1.3 Modified aldol procedure

Introduction of a hydroxymethyl branch could aleimely occur via addition of a carbon
electrophile in an aldol type reaction. This regsirformation of a ketone enolate which
subsequently acts as a nucleophile towards anyaldeliiven that a wide variety of aldehydes are
readily available, this should present a straigitéwd method of generating a vast library of
branched monosaccharides. Traditional aldol reastiare carried out using a strong base to
generate the enolate, such as lithiumsghiropylamide (LDA) or potassium hexamethyldisilazane
(KHMDS), however rapid degradation of reducing sgga strong base is often observed. The
reaction can present difficulties when performedataonolactones due to the strength of base
required, so it generally must be performed onsddoHo carried out a significant amount of work

in this area, taking sugars with formaldehyde i phesence of mild bas8¢heme 2 57819

740 Wéo
0 O_.oH , © O ..oH O wOH O ~OH
(i) (i)
o_ O (o) (;I\OH °>< 0)<° OH
Reagents and Conditions37% aq. HCHO, KCO;, MeOH, heat.

Scheme 2.5Aldol reactions on carbohydrates.

The relatively mild conditions needed to effecstliansformation are believed to derive from the
stability of the intermediate anion to decompositiDegradation of this anion in ands type
pathway requires a Baldwin disfavoureeldoetrig opening of the isopropylidene ring. However,
despite the stability of the anion to decompositittre aldol reaction as a method of introducing
branch points has considerable drawbacks. In daléx the stereochemistry in the products, the
2,3-position must be protected in a five ring foamd this requires OH-2 and OH-3 to bis,
limiting substrate variety. Aditionally, crossed rézarro products have been reported as a side

product in this reactiof?
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2.1.4 Treatment of sugarswith strong base and the Amadori Rearrangement

The reaction of glucose with strong aqueous basaesof the oldest and most complex reactions
known?'?? Treatment of glucose with calcium hydroxide resih the formation of over 50
compounds, one of which was found to be the brahshecharinic aci87; this is believed to arise
from a Lobry-de-Bruyn-Alberda-van-Ekenstein reagement Scheme 2.5* The elimination of
water from85 to form diketoneB6 and the subsequent [1,2] shift are key step & phocess. The

[1,2] shift proceeds completely stereospecificalgnerating exclusively thréo product88.

HOH,C HOH,C._OH (0 HOH,C_OH _OH HOH,C_OH OH
]iljr 0“ .uOH e Il/[ HO“‘ \\ /&

H OH
-glucose “
31
OH OH OH(BH
HOHZC\Q/OQ_I HOH,C Mf/—\@ HOH,C HOH,C
W - w (- 0
HO' o . HO o)
- [1,2] shift ) -H-0O
Me' OH (o z /
87 86
-H,O
o (o)
HOYO HO © NOT SEEN
—Me ——\'"'Me
HO OH HO OH
2-C-methyl-D-ribono-1,4-lactone 2-C-methyl-D-arabinono-1,4-lactone
88 - -

Scheme 2.6Base catalysed isomerisation of glucose to gieebtlanched saccharinic aédd. Hydroxide attack of

intermediateB6 at the other carbonyl group will also result ie formation of saccharinic acg¥.

Despite the complexity and low yield (0.5 %) ofsthieaction, it was found that treatment of
fructose in an analogous fashion could afford,radtgeful optimisation, an 11% yield of lactone
882* Whilst a clear improvement, this procedure was ramfical for the synthesis of large

quantities of88, as it required a reaction time of six weeks amal work up procedure involved

removal of very large quantities of water. The @tiation of water fron85 to form diketone86 is a

critical step in this sequence. Hotchketsal. demonstrated that by the introduction of a nitroge
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based leaving group at the anomeric centre 86f and thereby employing an Amadori
rearrangement prior to base catalysed isomerisatisignificantly higher yields could be achieved
with a greatly reduced reaction time; 19% in ondyHdurs?® This sequence of treating sugars with
amines then calcium hydroxide was also successdpiptied toD-galactose89, D-xylose90 andL-
arabinose91 (Scheme 2.y?’ Despite the moderate yields obtained by thesesfmamations, this
methodology provides rapid access tdC-Paethyl branched sugar lactones in a single step,

following a green, environmentally friendly procedwsing inexpensive starting materials.

HOH,C._ 9. ~OH o
O 2 (|) Ho/ﬁo
“oH Me

HO e
OH HO OH
D-galactose 89 D-hxo
O OH o o)
Ho\\\ /,IOH :; I: Me 2 |||Me
OH HO OH HO OH
D-xylose 90 D-erythrono D-threono
o ,OH () Oo__ o O__o
‘s - 'Me - Me
HO ‘OH -
OH HO OH HO OH
L-arabinose 91 L-erythrono L-threono

Reagents and Conditions(i) Me,NH, AcOH then Ca(OH),q then H.
Scheme 2.7Synthesis of Z2-methyl branched sugar lactonga treatment of Amadori ketoses with calcium

hydroxide.

2.1.5 TheKiliani Reaction

Over 120 years ago, it was demonstrated that texdtraf a sugar with sodium or potassium
cyanide resulted in addition of the cyanide aniorine aldehyde. If followed by acid hydrolysis,

this would give a carboxylic acid, which shouldrihdose to give a lactone with one extra carbon
in its scaffold®®***°This process became known as the Kiliani-Fischett®sis, and has been

applied in the synthesis of sugars with linear carbhains. For example, elongation of #iabino

sugar can give a mixture of tgeicoandmannosugar lactonesSgheme 2.g3%:32:3334
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CHO H COOH COOH

O ..OH ok NC - OH H——OH HO——H
@ — . Loy NeON HO——H  H HO—H HO——H
o' Y Vo i on H——OH H——OH H——OH
OH Lh0H H——OH H——OH H——OH
CH,OH CH,OH CH,OH

D-arabinose gluco manno

Scheme 2.8Using the Kiliani-Fisher reaction to generate s
Unitl relatively recently, the procedure was linditeo aldoses, however recent developments have
shown that treatment of a ketose sugar in an aoatofashion can yield branched sugars. Efficient,
green and inexpensive routes to a range of brarsingars have been established in this Way>’
In most cases, direct re-crystallisation of thenbhed sugar product arising from the Kiliani
sequence is not possible, however crystalline sugetones can be obtaineda a Kiliani-

acetonation sequenc8gheme 2.9°®

OH 0 OH ﬁLO
o . (o) o B
OH i), © 00 L;EOH (), (i) OV\ﬁTO
HO" > ~OH N HO” > ~OH N
: OH : OH
OH o__0o OH o_0
D-fructose 51% L-sorbose 34%
OH o) OH 740
0. |~OH (o) oo 0. |~OH (o) Oo__o
(i), (ii) (i), (ii)
5 _— N S “ - N
HO OH o b oH  Ho" " TOH 6__0 OH
OH OH X
D-tagatose 51% D-psicose 47%

Reagents and Conditions(i) NaCN, HO; (ii) (CHs),CO, CuSQ, c.H,SO,
Scheme 2.9Kiliani reactions on ketoses.

Although the yields are moderate, the cost of tetdes is low and facile crystallisation of the
major products makes this a practical approaché¢ostynthesis of sugars possessing a hydroxy

methyl branch.
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Whilst hydroxy methyl branches can be easily coteeein to methyl branchasa halogenation and
hydrogenation, it would be preferable to start wiith methyl branch in place, thereby minimising
the number of steps in the total synthesis. Thig@gch was demonstrated by Hotchlkessal. in
their synthesis of Z-methylD-arabinono93 and ribono94 lactones from 1-deoxy ribulos@?

(Scheme 2.1p*

(o)
QI;\OH NaCN \LIMG H O/XI
= H* o Y 'OH = Me
> N >
arabino ribo
92 93 94

Scheme 2.10Synthesis of Z5-methyl sugars by Kiliani reaction.

Curranet al. extended this work by treating the protecte@-&ethylD-ribono-1,5-lacton®4 with
DIBAL then sodium cyanide, to generateCanethyl branched sugar lacto@8 and by taking®4
with methyl lithium then sodium cyanide, generati©)8-di-C-methyl branched lactor#6 (Scheme
2.17).404

o
OH 0__o
Me NaCN Nq

DIBAL H* HO" "OH

o >
HO °c_— HOMe 95
S Me
o
oS nﬁ‘ O ;OH Ho O~ °
94 eLi HO/UMe NaCN \ e
s Me " 0 X ‘oH
0_0 O Me

> YoM o

Scheme 2.113-C-Methyl and di€-methyl branched sugars from the Kiliani reaction.
It is of interest to note here that by use of aquted starting material, the acetonation stepbean
avoided, although in some cases, deprotectioneoptbducts is observed during the acidic work up

of the Kiliani reaction, necessary to hydrolyse ¢tiganohydriri*?
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2.2 Synthesis of 3,5-di-C-methyl glucose

Given the success of the Kiliani reaction in thategsis of di-C-methyl sug®6 (Scheme 2.1}, a
retrosynthesis was proposed using two sequentitlisocyanide additions. From the addition of a
carbon atom by treatment with sodium cyanide, dusth be possible to generate a 3,5 branched
sugar from a 2,4 branched molecule. Since no 2ahdmed chain sugars are commercially
available, a convenient precursor would be a ‘¥ghthed sugar’. It was envisaged that the ‘1,3
branched suga®8 could come from the readily available branchedas8§ (Scheme 2.1p* The
synthesis will provide the-enantiomer of 3,5-dz-methyl glucosed7, which could be used as a

test sytem for the synthesis of the desmeghantiomer.

Me
HO \\‘o OH o OH (0] Me (0} (o)
—>Me  \OH — E Z’%H — Hom
Melll ~ = Me
HO” X ©OH HO Me S =
HO Me OH HO OH HO OH
97 98 88

Scheme 2.12Retrosynthesis of 3,5-di-methyli-glucose from 22-methylD-ribono-1,4-lactone.
Synthesis of Z=-methyl-D-ribono-1,4-lacton&8 from D-glucose31 via an Amadori rearrangement
has previously been discussed. As large quantiitelsis material were now required, a modified
and largely anhydrous work up procedure was adopéstilicing the quantities of water used and
allowing for the direct crystallization @8 (Scheme 2.1B Use of jacketed reactors controlled by
Julabo heater/chiller units allowed for more predismperature control than had been previously
possible, and therefore slightly improved yieldgavebserved. 157 g af-glucose31 gave 38 g of
88, 27%,; 1260 g oB1 gave 229 g oB8, 20%, compared with 19% on smaller laboratoryescal
without the modified procedure or more tightly aofied conditions. Additional ribonolactor8S
was present in the mother liquors and residuediusthier isolation of the material proved to be

cumbersome and not cost effectiVe.
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CHO CH,NMe,
H——OH —0 o o
HO——H ()  HO—H (ii) Ho/\q
H——OH H——OH = Me
H——OH H——OH HO OH
CH,OH CH,OH
31 88

Reagents and Conditions{i) Me,NH, AcOH, EtOH; (ii) CaO, HO then H.

Scheme 2.13The synthesis of &-methylD-ribono-1,4-lacton®8in a scaleable one pot reaction.

2.2.1 Synthesis of 1-deoxy ribulose

Isopropylidene protection 088 with acetone, copper(ll) sulfate and acid was edul in
quantitative yield'> To form the branched erythrose derivath@9, it was necessary to reduce the
protected ribose to the open chain alcohol andrelé@e terminal hydroxy methyl group. Reduction
of the lactone to the triol could be achieved ighhyield with either lithium or sodium borohydride.
The crude polyoB9 can be treated directly with sodium periodates ttieaves the terminal diol
generating an aldehyde, which clogesitu to give lactol100in upto 94% yield from protected 2-
C-methylD-ribono-1,4-lactone §cheme 2.1%1 This sequence has changed the most oxidisec

position on the backbone from C1 to C4, makingivranL-sugar.

(0)
o__o ~ HO Ox OH ring closure & OH
HO (i) (iii)
M N Me —— N Me . Me: ",
e (”) d ‘O d b ﬂlp over (o) lo)

Ho o > > >
\ 88 99 J 100
V

D-sugars L-sugar

Reagents and Conditions(i) (CH5),CO, CuSQ, H,SO,, RT, 16 h; (ii) LiBH,, THF, RT, 1.5 h; (iii) NalQ, MeOH,
H,0, RT, 45 min.
Scheme 2.14Synthesis of 32-methyl+L-erythrosel00.

A literature procedure exists for the oxidationl®O to the corresponding lactordi®1, usingN-
iodosuccinimide, but affords moderate yields (49¢1° An oxidation with bromine was tried,
using potassium carbonate as a base in aqueougioosfl t.I.c. analysis of the reaction mixture

showed a single product, however, after workvigpa DCM/water wash, only 7% of the desired
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lactone was obtained. The failure of the brominglatxon procedure was surprising as Fleeal

have applied this method to the synthesis of a wadtiy of sugar lactone®:*°>°

Deprotection of lactolLO0 was attempted in the hope that the product woeldnore soluble in
aqueous systems, improving the yield of oxidaticactol 100 was dissolved in water and treated
with a large quantity of acidic resin. Despite lggtthe reaction took 7 days to go to completion,

and it was therefore decided to proceed with tloéegted form.

Repetition of the initial conditions with bariumrbanate gave a similar result, however, it was
noticed that the aqueous phase from the work upfaasd to be very strongly acidic, and it is
thought that prolonged contact during work up mayeh caused the lactone to open to the
saccharinic acid, which would then remain in theuemys phase. The aqueous phase was
concentrated, in the hope that the acid would digse dehydration. The residue was dissolved in
an organic solvent and t.l.c. analysis clearly sktabwhe lactone. Therefore, when the reaction was
repeated, the DCM/water wash step was avoidedyghetion mixture was simply diluted with
ethyl acetate and the organic phase remeeegipette, giving the lactone in high yield (94%her
final step in the synthesis of ketord®2 was the addition of a methyl branch, using methyl
magnesium bromide (87%). This sequence fro@-r2ethyl-D-ribono-1,4-lactone88 to ribulose
102 could be repeated on up to a 20 gram scale witBigruificant reduction in yieldScheme

2.15.

o_ 0 O O

e

100

O._.OH O0_o O. OH
o 0
<
101

102

Reagents and Conditions(i) Br,, BaCQ, H,0, 0°C— RT, 18 h; (ii)) MeMgBr, THF, -78°C, 45 min.
Scheme 2.15Synthesis of protected 1-deoxycAmethyld -ribulo furanose102
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2.2.2 Synthesis of 2,4-di-C-methyl-L-arabinono, 103, and ribono, 104, lactones

Deprotection of ketonel02 prior to treatment with sodium cyanide was brieihywestigated,
however, it quickly became apparent that the stsoagidic conditions required to remove the
isopropylidene group degraded the sugar. Treatwie605 mg 0f102 with Dowex® (50W X8 H'
form) acidic resin for several days afforded onOyr8g of the desired deprotected ribulofuranose,
which was shown byH NMR spectroscopy to be heavily contaminated, eafier repeated
attempts at purificatiorvia column chromatography. It was therefore decideguosue direct
treatment of ketond02 with aqueous sodium cyanide; subsequent hydrobmigd give two
possible productslO3 or 104 (Scheme 2.16 It was not possible to tell prior to carryingtdbe
reaction which would be favoured (if either) howeirethe analgous singly branched case, the anti

Felkin-Ahnarabino product was found to predominate.

o.__o O_o

o._ ,OH
NaCN
o ot T T
Melll o Me 0 /Me
L —~° X

102 103 104

Scheme 2.16Proposed Kiliani reaction to form 2,4-@Hmethyl branched sugar lactoné®3and104.

Ketonel02 was treated with aqueous sodium cyanide at roonpeeature for 24 hours, and then
heated to 100°C for 24 hours. The crude reactiotture was then acidified by eluting through a
column of Amberlite IR-120 (Hresin) with water. Evapouration of solvents resift a creamy
coloured crystalline crude, from which the majooguct could be recrystallised directly. Column
chromatography of the mother liquor was necessametrieve the minor component. A striking
degree of selectivity was observed; the major prbaas obtained in up to 80% yield, whilst the
minor was only acquired in a 1-4% yield. This iseatremely good result for a reaction of this kind
as frequently Kiliani reactions on protected sudiss suffer reduced yields due to isopropylidene
deprotection of the sugar lactones during work apd subsequent difficulties in recovering

deprotected sugar lactones from aqueous médahilst the highly stable nature of this
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isopropylidene group is advantageous in this irgant posed significant problems in other
synthetic routes, in particular the synthesis &-d;C-methylL-fructose (please se€gubsection

2.4).

The stereochemistry of the major product was cordd by X-ray crystallographic analysis to be

thearabinolactone, 103 (Figure 2.2), as anticipated from the singly branched case.

Figure 2.2: 2,4-Di-C-methyl+ -arabino-1,5-lacton&03 with displacement ellipsoids drawn at the 50% piwlity
level. H atoms are shown as spheres of arbitaiysalll. B. The labelling is in accordance with théolished

crystallographic labelling scheme not standard @aylrate numbering systems.
This structure clearly shows the twist boat confagwn, with hydroxyl at C2 (C3 in the
crystallographic labelling scheme) adopting thggiale position, rather than the methyl group, C9.
This twisted shape, coupled with the lack of pret@round the ring provides unreliable nOe
enhancements, so these alone could not be usedeirine the stereochemistry at C2. Indeed, the
nOe data was initially suggestive ofibo chair. The minor product had thdo stereochemistry

and from the nOe enhancements obtained, it isli&lsly to adopt a twist-boat shape.

The dominance of tharabino stereochemistry is extremely fortunate, as treatnoérarabinose
with sodium cyanide giveglluco and manno sterochemistries; Kiliani extension of th#o

compound would affordaltro and allo lactones. Indeed, the Felkin-Ahn model of nucleaph
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susbstitution predicts théo stereochemistry to be dominant, and this modesislly followed in
Kiliani reactions in substrates wittis vicinal hydroxyl groups at C2 and G3For example, the
analogous reaction om-tagatose54,>° gives exclusively the corresponding branched ealos
derivative 105 (Scheme 2.1y, following attack by the nucleophile on the lowesnergy

conformation of the open chain aldehyde.

0 8: Ho_ §° OH
" CN
HO" I OH HO ;,L,\OH
D-tasg:tose Hydrolysis
"o HO oy o HO OH OH oeo
105 4 bron HO  OH OH

Scheme 2.17Selectivity of the Kiliani reaction ob-tagatose
There is no one clear explanation as to why th&ifélhn predicted compound is disfavoured in
this case. One possibility is that the formatiorthed imidate intermediat®07/109is rate limiting
(Scheme 2.18

H HO

H Me H Me H
Me 0 CN =—= Me NH —> Me 0_ <> Me e, \\OH
Y 7

o Yo o] o] o] o] %0
Me "Me >< ><
n OH 106 107 103
AN
NaCN H Me H Me

H OH H OH H OH 0.0
Me (o] CN == Me —> Me (o ky <> Me:,, OH
NH )
o) Me
e Ve ~°
108 109 104

Scheme 2.18Formation of the imidate as the rate determinieg.s
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The unfavourable steric clash in thieo configuaratioril09, between flagpole methyl and hydrogen
groups may mean the imidate is slower to form, thaness hinderearabinointermediatel07. As

all steps in imidate formation are reversible, thiay push the equibilrium in favour of theabino
lactone. A second possible explaination has thedhysis as the rate limiting ste@¢heme 2.1
Approach of hydroxide is blocked on the lower fagethe C2 methyl group and on the upper face
by the isopropylidene group methyls in thigo imidate. In thearabino case, the hydroxide anion
can attack the imidate by passing the smaller hgydirgroup, and hydrolysis is therefore faster in
this configuration. In both these possible scemsaribe location of the hydroxyl group in the

flagpole position seems key.

)\\\\;\,\GOH )_\\\\‘,\,\GOH
o\’ o_o O _o o\’
NLe D

FAST SLOW p
HNL’ OO Me"' i Me'/, H ;
OH —OH
Me— 2% 2\ o e o Mo HO /" "\
. Me o) 0o . Me
OH ", Me) .,
OH OH

arabino ribo
107 103 104 109

Scheme 2.19Hydrolysis of the imidate as the rate determirstep.

It is also possible that electrostatic interactioresy play a role here too. By looking at interméalia
108 (Scheme 2.18 which leads ultimately to thebo product, the unprotected OH groups both
have their dipoles aligned towards the right of plage, as drawn. In therabino casel06, these
two point in almost opposing directions, reducihg tet dipole moment, rather than increasing it,
as in theibo casel08 Without detailed mechanistic studies, it is @ifft to know which, if any, of

these arguements exerts the greater influence.

2.2.3 Towards 3,5-di-C-methyl-L-glucose
With easy access to the 5 carborCedmethyl branched sugar, it was now necessary tenexthe
carbon chain by one unit. It was envisaged thattitnent of the aldehyde corresponding to lactone

103 with sodium cyanide as before should give, aftaralysis, 3,5-di€-methyli-glucono and
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mannono lactones. Again, prior to carrying out riés&ctions, it would not be possible to tell which

stereochemistry would dominate.

Synthesis ofgluco and mannonolactones from arabinosga cyanide chain elongation chemistry
has been subject to much investigation in the pasinbranched systems. Treatment of arabinose
with HCN under anhydrous conditions gave almostiusigely the manno product® However,
using sodium cyanide and a selection of metal siglell attained a 73:27 ratio gfucoto manno

stereochemistry in this reactioh.

Unlike in the previous case, no singly branchedcgdent exists from which to draw any
assumptions. Hoping to keep protecting group mdafjgns to a minimum, and given the success
of the Kiliani reaction on an isopropylidene prdégtsugar in the previous step, it was anticipated

that repetition of the conditions on aldehyldé® would provide the protected lactoné41and112

O_..OH 0._0 0_0O
Me: ., Me NaCN me,, Me., 3
OJ/Y\[; ______ - o) OH o) 'OH
OH H+ \\\ - Me \\\ - Me

(Scheme 2.2

AYO O OH O OH
gluco manno
110 111 112

Scheme 2.20Proposed synthesis of protected 3,%direthyl sugars.
Synthesis of aldehydell0 by reduction of 103 (Scheme 2.2 was attempted with
diisobutylaluminium hydride solution (DIBAL) at -78°C h€ highest yield of lactdl10isolated in
this way was 66%, with 20% of starting materialoegred. Attempts to drive the reaction to
completion by either warming the reaction mixturel/ar adding more reagents led to a reduced

yield and considerable decomposition.

It was hoped that by protection of the free hydipless reducing agent would be needed, and the

reaction would be more efficient. Since the ide@tgcting group is one that can be both put on
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easily and be orthogonal to other protecting groadsrtbutyldimethylsilyl group was proposed.

The protection was attempted with TBDMS chloribgi\-dimethylformamide and pyridine at room

temperature to no effect. Upon prolonged heatingy, decomposition products were observed. The
more reactive reagent, TBDMS trifluoromethanesuf@te was also employed, but that too failed,
presumably due to the severe steric hindrance iethby the methyl group at the same position.
An alternative protecting group, the benzyl growas investigated using benzyl bromide and
sodium hydride as base. The use of strong baseswghr lactones is generally avoided due to the
likelihood of epimerisation caused by deprotonatiaie the carbonyl group. In this case however,
the presence of a methyl group at the 2-positi@hiprts epimerisation, and the benzylated lactone

113 could be obtained quickly and in high yiel&tf®me 2.2)

o._o O .~OH

Me: ., —~Me () Me:, —Me
0 OH .o, O 1

)(o OH 450, A(O OH
103 110

(iii) | 89% (v) | quant.

o) O._.OH

o .
(iv)
Me:., —\e Me: ., —Me
o) 0OBn quant. o) OBn
)TO o
113 114
Reagents and Conditions(i) DIBAL, DCM, -78°C, 100 min; (ii) NaCN, KD, RT 24 h then 90°C 48 h; (iii) BnBr,

NaH, 4A molecular sieves, DMF, RT, 2 h; (iv) DIBADCM, -78°C, 1.5 h; (v) Pd(OH)EtOH, H, RT, 2 h.

Scheme 2.21Two routes to lactal10, and the Kiliani reaction.

Reduction of lactond13 to lactol 114 could now be achieved quickly in a spot-to-spaicten;
subsequent removal of the benzyl group to giveredédiactol110 was achieved in quantitative
yield. With a synthesis of isopropylidene protectadtol 110 in place, the Kiliani reaction was
attempted $cheme 2.2 After treatment with sodium cyanide at room temgpure for 24 hours
and heating to 90°C for 48 hours, the dark browrderwas acidified using Amberlite IR-120 acidic

resin. No products could be identified from theuiesg oil, and so it was dissolved in a mixture of
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1,4-dioxane and water and stirred with DoW€k") resin to fully deprotect the products, as it was
thought that the presence of the isopropylidenaugravas preventing ring closure. Once the
reaction was judged to be complete, the resin wamyed by filtration and the crude re-protected
using acetone and copper(ll) sulfate. Several irast were obtained following column
chromatography, the major one of which was unreacrting material in which an extra
isopropylidene group had been added to the molécutee 1,2 positior115 (Fig. 2.3.°® The small
amount of the anticipated 3,5-@Hnethyl mannono lacton&l6 with a 5,60-isopropylidene was
obtained, but accounted for only 5% of the produéistensive decomposition was observed,

demonstrated by the very dark colour of the crudéemal before purification.

1y

Nerglre 'y
° Wo) 0o O _o
0 Me
,3(0 Me T
HO OH

manno

115 116

Figure 2.3: The only products isolated form the Kiliani reaation protected lactdl10.
Cyanide extension of benzyl protected lactbl4 was next attempted. Removal of the
isopropylidene group frorh13would then allow the synthesis of lactorids and118 with benzyl
functionality at the 3 positiorScheme 2.2R Deprotection ofLl14 was achieved using acidic resin
at high temperature. Upon cooling the reaction amxtto room temperature, a white film formed
on top of the reaction mixture, which was showrbéothe product. Its insolubility in water meant
that when treated with sodium cyanide, a water/@@xsolvent mixture was required, alongside

gentle heating to 50°C to be fully solubilised.

After 24 hours at 50°C, the mixture was heateceftux for 48 hours. The crude was passed down
an acidic resin column and, after concentrationsofvents, partitioned between water and
dichloromethane. The phases were separated, antheinagueous portion some completely

debenzylated lactdl19was seen alongside a small portion of an unidedtifctone, shown b{/C
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NMR and IR spectroscopy, but the mass was too lowrbceed with. The organic portion

contained no useful products.

O_..OH O_ .OH 0._0 O._ .OH
Me’l, e Me (I) \Me (”) Me’/
OLI/\[; —'» Me/, o —>> HO OH Me:., . 'Me
o OBn HO OBn ~Me HO OH
)( OH HO o0Bn OH
114 117 118 119

Reagents and Conditions{i) Dowex® (50W X8 H' form), H,0, 70°C, 2h; (ii) NaCN, 1,4-dioxane 8, 50°C 24h
then 90°C 48 h.
Scheme 2.22Proposed synthesis of protected 3,%enethyl glucono and mannono lactorids3

It was becoming clear that the Kiliani reactionaprotected substrate is a complex reaction. With
only limited success thus far, it was decided twcped with fully deprotected arabinok®9, and
follow a Kiliani/acetonation protocol, which had dre adopted by Soengas al>® Deprotected
arabinosel19 could be produced in large quantitites by takeaxggdl 110 with acidic resin in water

at high temperatureScheme 2.28

O ~OH , O ,OH Me
Me“@gme L Me ., wOH ——— - HO \ OH
Q OH HO Ve —~Me

A(o OH HO OH

110 119

Reagents and ConditionsDowexX’ (50W X8 H" form), H,0, 90°C, 90 min.
Scheme 2.23Synthesis of 2,4-dié-methylL-arabinose119

2.24 NMR Analysis of C-Branched Arabinoses

Detailed NMR analysis of 2,4-di-methyli-arabinosel19 was undertaken by Dr M. Wormald,
and this novel de-methyl branched sugar compared with the data wédafrom 2€-methyl-D-
arabinosel 20 and 2,4-di€-methyl-2-deoxyt-arabinosel21 (Scheme 2.211 A co-worker prepared
2-C-methylD-arabinose120 whilst working on the synthesis of branched nusiges®® the

synthesis of 2,4-d-methyl-2-deoxyt-arabinosel 21 will be discussed i€hapter 3.
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o .OH M o OH
1.0 ..0H Ho™ ¢ O~OH
Me'u \\\OH —_— HO/MV \ ’, OH _“_ M
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2,4-di-C-methyl-L-arabinose 2-C-methyl-D-arabinose
119 120
o .OH Me o
Ho N OH
Me: ., S
HO Me
OH HO Me

2-deoxy-2,4-di-C-methyl-L-arabinose
121

Scheme 2.24Three branched arabinoses for NMR analysis.

Each sugar could exist in any combination of fiesgible systems; as the open chain aldehyde, the
a and B pyranose and the and p furanose forms. In aqueous systems, most sugaww sh
preference for one or two of these forms, for exanipis well known that glucose exists almost
exclusively in a pyranose form, and that papyranose ring accounts for approximately 64% ef th
material, with thex-pyranose accounting for the remaining materialy@maces of the other forms
are seefi®*%% Arabinose preferentially adopts the pyranose forraqueous solution, accounting
for 95% of the materidl* One proposed explanation of the predilection Fa& pyranose form is
that water preferentially stabilises the pyranoesugh hydrogen bonding. This is based on
evidence that the structure of the water itselfesaflittle disruption when solvating a pyranose
chair form and intermolecular association can gasike placé€> Mackie and Perliff tested this
hypothesis by showing that when a less orderedesblwas used to solvate the sugars,

dimethylsulfoxide, the furanose form was seen gatgr proportions; 33% versus only 3% in water.

The discovery of methyl branched sugars in antitsdthas resulted in the isolation of a number of
them but given the difficulties in extraction andrification, and the additional complications that
arise from multiple signals in NMR spectra of freegars, most NMR spectra belong to their
derivatives, such as glycosides and acef4tés such, few free sugars have been subjected tc

detailed analysis.
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From the few studies that have been performed hewyetvis generally true that in deprotected
branched monosaccharides the acyclic form is ptesdar lesser concentration than in the parent
monosaccharid® This is largely due to the Thorpe-Ingold effecthereby the addition of
susbtituents reduces the entropy of the open dbaim so the entropy change is less negative upon
ring closure’”® This is demonstrated by G-methyl erythrose, with 0.2% aldehyde, whilst

unbranched erythrose contains 2% of the open d¢haim’*

Studies on hamamelod®2 (2-C-hydroxymethylb-ribose) show that the hydroxy methyl branch
adopts the equatorial position, forcing two hydrgxgups into axial positiongigure 2.4).

0-—7“OH
CH,OH
HO

HO OH
122

Figure 2.4: Preferred conformation of hamamelose in water.

This lessens the stability of the pyranose fornd @re furanoses therefore preponderate. The ratio
(at 23°C) found was as follows 12: 21: 38: 29pfranosef-pyranosen-furanosep-furanose)?
Ribose (at 30°C) was shown to exist in the follaywiatio: 21.5: 58.5: 6.5: 138 clearly, the effect

of introducing branches can be very significanttaided analysis on C2 or C4 methyl branched
sugars has not, to the best of our knowledge, lmaened out. It was therefore of interest to
determine whether the methyl group added to tharsbgckbone affected the pyranose/furanose

equilibrium.

The results of these investigations are summabgdegure 2.5 Further detail can be found in the

appendix at the rear of this work.
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Figure 2.5: Ring sizes and relative populations for théuranose3-furanoseg-pyranose an-pyranose forms. (a)
2,4-di-C-methyl-2-deoxy arabinosiE1; (b) 2,4-diC-methyl arabinos&19, (c) 2-C-methyl arabinosé2G, (d)

arabinos€? * - the ring size cannot be unambiguously deteeaiiny NMR.

The introduction of methyl branches to the carbohtalscaffold of arabinose causes an increase in
the preponderance of the furanose forms; this efeenore pronounced in the singly branched
speciesl20. Of the two possible furanose forms, fiype is stabilised more than the, and 2,4-
di-C-methylation stabilises tHg&-anomer still further as seen fb21and119 This is as expected as
both methyl groups are on the same side of theasnipe C1OH in tha-anomer. For the pyranose
forms, C-methylation causes more complex changes in ringfocmation and stability. C2-

Methylation does not alter the stable ring confdrares of thea- and3- pyranose anomers relative
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to arabinose, but makes tife pyranose anomer more stable than thanomer. 2,4-Dic-
methylation alters the ring conformation of f&@nomer relative to arabinose and again increases
its stability relative to the&x-anomer, although the latter is still more staBld-Di-C-methylation
combined with loss of the C2-hydroxyl changes thg conformation of th&-anomer and makes

theB-anomer far more stable.

The solid state conformation of 2,4-@tmethylL-arabinosell9 was also determined. X-Ray
crystallographic studies show it exists solely las o-pyranose monhydratd-igure 2.6). As the
deprotected sugar, a chair shape is adopted utiiikeéwist boat seen in the protected lactone.
Regretably, recrystallisation of the@methyl-D-arabinosel20 gave poor quality crystals, and the

deoxy sugafl21 exists as an oil, so their solid state confornmetioould not be compared.

Fig 2.6: 2,4-Di-C-methyl-w-L-arabino pyranose with displacement ellipsoids drawn a5 probability level. H

atoms are shown as spheres of arbitrary radius.
2.2.5To 3,5-Di-C-Methyl Glucose
2,4-Di-C-methyl4 -arabinosel 19 was treated with aqueous sodium cyanide at roompéeeature for
24 hours and then heated to 90°C for 24 hours. réaetion mixture was acidified by elution
through acidic resin (Amberlite IR 120) with watend the solvents concentrated to give a crude
brown oil. This was shown to contain a mixture afofnpounds by NMR, assumed to tiiecoand

mannosugars as both 5 and 6 ring lactorfaégifre 2.7).
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Figure 2.7: The four possible products from the reaction dfd;C-methyl4-arabinosel 19 with aqueous cyanide.
As anticipated, separation of these 4 lactones meagossible, so the crude was treated directly
with acetone, copper(ll) sulfate and a catalytiarjity of sulfuric acid to isopropylidene protelset
diols. The three products isolated from the reactice the mono isopropylidene protected lactones
123 and 124 and the dsopropylidene protected lactori5 (Figure 2.8). The stereochemistry at

C2 of these sugars was elucidated by X-ray crysjedbhy Figure 2.9).”>7%7"

740

ﬁLO Me 740 Me o Me o

o O _o O O o NI
Me

Me Me

iy

iy
R\
o"

HO OH HO OH >
gluco, 22% manno, 24% 8%
123 124 125

Figure 2.8: Protected 3,5-d-methyl glucono and mannono lactones.
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2,3:5,6-DiO-isopropylidene-3,5-dG-methyl - 3,5-Di-C-methyl-5,60-isopropylidene:-glucono lactond 23

mannono lacton&25

3,5-Di-C-methyl-5,60-isopropylidene--mannono lacton&24

Figure 2.9: Displacement ellipsoids drawn at the 50% probabléitel. H atoms are shown as spheres of arbitrary

radius.
Repetition of the above sequence, using sodiumidgdollowed by isopropylidene protection of
the crude to generate more of theCGdmethyl branched lactones proved to be problematic.
Regrettably, most changes in reaction conditioad te little or no useful material being generated,
as it proved itself to be a temperamental reacsensitive to both time and temperature. Increasing
the length of time the reaction mixture was hedtedyielded none of the desired lactori3 or

124 The longer the reaction mixture was heated fog, darker in colour it became, suggesting
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more decomposition had occured. Increasing the ¢esyre and refluxing the cyanohydrin, as is
usual practice with these reactidfg® yielded none of the lactones. Instead, a large heunof
decomposition products were seen. IR and HMBC aeslyvere strongly suggestive that one of
these products was a 5 ring lactone and the pressmeaks in the 2.5 ppm region of theNMR
spectrum is indicative of a deoxy centre. Thusdinecturel26 was proposed, with the support of
LRMS data Figure 2.10. These sugars exist as an inseparable mixtureagnduch further

structural confirmation was not possible.
740 Me
o 0

\)%IO
Me OH
126

Figure 2.10: Evidence that the cyanide addition step was oaagiribut the product was becoming deoxygenated and

decomposing during the work up/ purification preces

This result, although not the sugar that was grdtedd, was nevertheless encouraging, as it must
have been formed through the loss of hydroxide fether thegluco or mannolactone. It was
therefore proposed that the problems were not thighinitial Kiliani reaction, but with either the
work up of the reaction or the subsequent isopidpge protection conditions. Alternative
protection conditions were attempted, using 2,2eafiroxy propane an@TSA, to allow more
control over the quantity of acid added to the gebon step, as it was thought that lack of preaisi
with the quantity of sulfuric acid that was addemjimh have been catalysing the decomposition of
the Kiliani products. However, no improvement waers by adopting more tightly controlled

conditions.

Alternative protecting groups were tried for thetpection of the crude mixture, including silyl and
actate groups. Peracetylation was attempted widti@@nhydride and pyridine, however t.l.c.
analysis of the reaction mixture revealed a vergdanumber of products, assumed to be the mono,

di, tri and tetra acetylated forms of both tm@nnoand gluco configurations. Forcing conditions
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were used to give only the tetra acetylated pragumit unfortunaltely once this was accomplished
it was clear from t.l.c analysis that no separat@nproducts would be readily achievable.
Triethylsilyl chloride was also attempted, but, ishsome separation of lactones was seen by t.l.c.
analysis, in practice, little separation was achtkwafter column chromatography. Performing
column chromatography at a slower elution rate)stlgiving better separation, resulted in removal
of the protecting groups on silica, compromising theld. To circumvent this problem, a larger
protecting grouptertbutyldimethylsilyl was proposed, but it was fourtthtt its increased bulk
hindered the protection reaction, resulting in vityye of the desired material being recovered.
Similarly, mono protection on the primary hydroxyith tertbutyldiphenylsilyl chloride was also

unsuccessful.

Turning to the work up procedure, it was discovetet by replacing the Amberlite IR-120 (acidic

resin) column at the end of the Kiliani reactionttwa more controlled amount of acid a much
cleaner crude could be obtained. Thus a revisedepoe was proposed; fully deprotected
arabinosel19 was dissolved in water and stirred with sodiumnaya at room temperature for 24

hours. After this time, it was heated to 90°C fdugher 24 hours, and then the reaction mixture
was concentrated under reduced pressure to anhité-wesidue. Once completely dry, this was
dissolved in anhydrous methanol, and treated widtyh chloride in the presence of 4A molecular
sieves. Use of measured, anhydrous acid resulteclean reaction and purification of the crude by
column chromatography afforded mixed clean lactpriesse conditions were repeated several
times giving consistent results. With the lactomeshand, isopropylidene protection could be
carried out using copper(ll) sulfate and acetoneaitalytic sulfuric acid, giving protected lactones
123 and 124, which were readily separable. Interestingly, @liffh this sequence was carried out

many times, none of theisiopropylidene protectechannospeciesl25was seenHigure 2.9).
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2.2.6 From Lactonesto Free Sugars

It was now necessary to convert the protected t@stanto their free sugassa reduction and
deprotection. As seen in the reduction of Gd4sopropylidene-2,4-dE-methyl-arabinono-1,5-
lactonel03 the direct reduction of a sugar lactone possgssifiee hydroxyl group can be poorly
yielding and requires a large number of equivalefteeagent (se&cheme 2.21page 61). In the
arabinonolactone case, the absence of an acidiompxao the carbonyl group allowed for the use
of a strong base (sodium hydride) and benzyl bremadprotect OH-2. Unfortunately, this could
not be repeated here, due to the presence of anprab the carbonyl group, as treatment with base
was likely to deprotonate and thereby epimerisse tlentre. It was therefore decided to take fully
protected lactoné&?25 with diisobutylaluminium hydride. Unfortunately, after chetexisation and
crystallographic analysis of lactoa@5there was only a very small quantity of materighwvhich

to test the reduction to the lactol, and as preshomentioned, repetition of the Kiliani sequence
had failed to generate any more of this materiedtdetion of the mono isopropylidene protected
mannonolactone was thus attempted to generate more sfdisopropylidene protected sugar

(Scheme 2.2p

o)

74 o
740 Me o Me o
Me

HO OH )<°

124 125

Me

1y,

Scheme 2.25Anticipated straightforward isopropylidene protentof 124

Simple repetition of the conditions used previousising acetone, copper(ll) sulfate and catalytic
sulfuric acid for 48 hours at room temperature warsuccessful, yielding only unreacted starting
material. Heating this reaction lead to extensieeamposition and no useful products could be
obtained. Alternative conditions, using 2,2-dimeth@ropane and catalytipara-toluenesulfonic

acid in anhydrous DMF were also attempted, but mufnithe desired product was observed. The

most probable reason for this is that the additiba second isopropylidene is disfavoured by the
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steric effect of possessing two methyl branchesl ao further conditions were investigated.
Protection with an excess of trimethylorthoformated catalytic acid was attempted, but only
unreacted staring material was recovered. The squalhtity of 125 which was available was
treated with DIBAL as before, to affod®7in 99% yield Echeme 2.2§ but there was insufficient

material to carry out the deprotection to the gegar.

740 Me 740 Me HO Me
= Me=——~-~_

0 o HO OH
X

125 127 128
Reagents and Conditions(i) DIBAL, DCM, -78°C, 1 h.

Scheme 2.26Anticipated route towards 3,5-@-methyl+-mannose.

(®)

It had already been demonstrated that protectidhexihannoandgluco lactones with silyl groups
was difficult. For the larger silyl groups, protect could not be achieved in adequate yields, and
the smaller silyl groups were found to be highllilia on silica gel, hindering purification. As, for
reasons outlined above, protection strategies negustrong base were inappropriate, protection in
neutral or acidic conditions would be preferable. bAief investigation into protection with
trichloroacetimidates, both benzyl apdramethoxybenzyf’ was performed, to no avail. Problems
of this sort are common in carbohydrate synthestgre the use of strong acids or bases is not
compatible due to the possibility of dehydratiomi/an epimerisation. Recent work by Bestaf*

has shown a novel strategy for the protection oblal groups under neutral conditions, using
diphenyldiazomethane. The CHRjroup (‘OBzh’) is particularly suitable for syn#ig as it can be
removed in acidic conditions, but is stable to basd mild hydrogenation. Whilst the literature
reports consistently high yields on a range of éred substrates, it was not possible to affect the

same transformation in either thkico or mannocases.
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As finding a suitable protecting group was proviag from trivial, it was decided to proceed with
the partially protected lactone$23 and 124 The gluco lactone 123 was dissolved in
tetrahydrofuran, cooled to -78°C and treated wiikdutylaluminium hydride solution, however
the reaction was found to be sluggish and, dedpieuse of four equivalents of reagent and
warming to -20°C, little of the desired product wasand after work up. The work up procedure
chosen was an aqueous wash using DCM and sodiuasgiam tartrate solution, and it is believed
that the low vyield reflected the poor solubility 823 in an organic solvent. After changing the
solvent to tetrahydrofuran and adopting an aqueauk up procedure, using potassium dihydrogen
orthophosphate, it was found that the protectedagiell 29 could be obtained in 59% yield, and the
mannose30in 71% Scheme 2.2).

740 Me 740 Me HO HO Me
o 0 0 O

o
o O .OH (i ~NaOH
Me— 59%  Me= 93%  Me=
HO OH HO OH HO OH
123 129 97

gluco

740 Me 740 Me o Qe o
Me=—/  71%  me 62%  Me=3+—.

HO OH HO OH HO OH
124 130 128
manno

Reagents and Conditions(i) DIBAL, THF, -60°C — -50°C, 2 h; (ii) Dowex (50W X8) Hresin, HO, 2 h; (iii)
DIBAL, THF, -78°C— -60°C, 2.5 h; (vi) Dowex (50W X8) Hesin, HO, 16 h.
Scheme 2.27From lactones to free sugars

The slightly lower yield of thgluco compound (59%) may be a reflection on the instshuif the
isopropylidene group on silica, as it was found tinés acetonide was particularly acid sensitive,
and full deprotection to free sug@r could be achieved in only two hours with acidisimeat room
temperature. In contrast, acid catalysed depratectif the manno compound130 in similar

conditions took 16 hours; the reduced yield (62%bhe mannose sugd28is most likely due to
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the fact that it was necessary to purify the cruekction mixture after deprotection by column

chromatography, and therefore some material mag baen lost in this process.

2.2.7 Synthesis of 3,5-di-C-methyl-D-glucose and mannose

In the synthesis of the-series sugars, @-methylD-ribono-1,4-lactone88 was used as a
convenient readily available starting material, gyated on a multigram scale by treatmenbeof
glucose first with dimethylamine in ethanol andrtheith calcium oxide (se8&cheme 2.13page
53). As mentioned previously, the yields obtainedthis process are satisfactory at best, but the
synthetic utility of the product, combined with tleev cost ofb-glucose makes this a very valuable
transformation. Whilst 5 Kg ab-glucose is currently available for $130, thenantiomerl31 is
considerably more expensive, at $220 for® @learly, synthesis of the corresponding-2nethyl-
L-ribono-1,4-lactonel32 in the same process carries unacceptable costsvamdarried out on a

small scale using the previous methodology as ppbobncept only$cheme 2.28

CHO CH,NMe,
HO——H —0 oo
H——OH (i) H——OH (i) HO” Y
HO——H HO——H '''‘Me
HO——H HO——H HO OH
CH,OH CH,OH
131 132

Reagents and Conditions{(i) Me,NH, AcOH, EtOH; (ii) CaO, HO then H
Scheme 2.28Synthesis of Z=-methylL-ribono lactonel32 from L-glucosel3l

To make the synthesis of 3,5-@methylD-glucosel financially viable, an alternative strategy was
needed. Two potential alternative routes were fouhd first utilisedL-ribose 133 to which a
hydroxyl methyl branch at C2 was addéd an aldol reaction to generathamamelosé&34°% Use

of a borohydride reduction followed by treatmenthasodium periodate as before generated the
corresponding branchenterythrosel35 Oxidation of the lactone followed by a triflaticodide
displacement/hydrogenation sequence convertedytthexyl methyl branch into a methyl branch

to give common lacton&36, to which methyl magnesium bromide was added e grotected 1-

74



Chapter 2 Synthesis of @-Methyl Branched Chain Sugars

deoxy-4C-methylD-ribulofuranosel37 (Scheme 2.2P This work was carried out by D. Best,

using hamamelose supplied by Dextra LaboratorieagdRg?*

., 0O O._ .OH o
., O Ho/ 7, OH 0 0 OH
HO™ ) Z”“°” w\ 0 ﬁ 0 () et /) . § [we

O. O OH HO o 0 (iv) o O

o on > > > %8
L-ribose L-hamamelose
133 134 135 136 137

Reagents and Conditions(i) NaBH,, H,O, RT, 80 min; then Nal§) AcOH, RT, 60 min, 85%; (ii) Br BaCQ, H,0,
0°C to RT, 3 h, 82%; (iii) T, Py., DCM, -30°C, 90 min; then TBAI, DMF, RT, & 85%; (iv) Pd/C (10%), &
TEA, RT, 3 h, 76%; (v) MeMgBr, THF, -78°C, 45 m®5%.

Scheme 2.29Route towards common intermediate, protected dogdeC-methylD-ribulo furanose.

Whilst this is a considerably cheaper altenativepose133is still relatively expensive at around
$85 for 5 ¢® The second alternative route proposed uses the @me sugam-tagatoses4. D-
Tagatose is found in small amounts in certain ab&ests scarcity and the difficulty in extraction
made it very expensive. Although the priceDsfagatose in 2007-2008 Aldrich catalogue is still
high at £331.00 for 5 , it is available cheaply in large quantities (ard#6 per kg) by either
chemicaf® or biotechnologic&?*° procedures. It has since been developed as a &orie

sweetenef! and its potential as a chiral building block igjim@ing to be recognizet:®

The Kiliani reaction ofb-tagatose54 followed by isopropylidene protection generates #C-
hydroxymethyl branched-talono lactoné 38 in 51% vyield® The hydroxymethyl branch was then
reduced to a methyl group and selective deprotectib the primary acetonide, followed by
reduction of the lactol to the polyol and subsedqyeEmiodate cleavage of the terminal triol gave 3-
C-methylD-erythrosel40, in 79% yield over 5 steps. Bromine oxidation andthyl addition as

before gave the desired 1-deoxy4nethylD-ribulofuranosel37 (Scheme 2.3)
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o) 0
(iil) ''‘Me

HO OH o. O “oH 0. 0
D-tagatose X

54 138 139

(iv)

(V)

HO

O. OH o HO \OH
K 74 (vii) g 7"0"' (vi) \ OH

Me -~ 111
Me——: (viiy ~ Me=— We

O > >

137 140

Reagents and Conditions(i) NaCN, HO, RT, 24 h, then 100°C, 24 h; then acetone, Gu&a. HSO,, RT, 18 h,

51%,; (ii) I,, PPh, Imidazole, toluene, 85°C, 2 h, 93%; (iii) Pd/@%4), H,, EtOH, TEA, RT, 48 h, 99%; (iv) LiBE

THF, 0°C to RT, 16 h, 99%; (v) AcOH,.B, RT, 16 h, 90%; (vi) Nalg) H,O, RT, 4 h, 96%; (vii) By, BaCQ, H,0,
0°C to RT, 18 h 75%; (viii) MeMgBr, THF, -78°C, 48in, 95%.

Scheme 2.30Route towards common intermediate, protected dagdeC-methylD-ribulo furanose.

1-Deoxy-4C-methylD-ribulofuranosel37 was dissolved in water and treated with sodiumniciea

to give protected 2,4-d-methylD-arabinono-1,5-lacton&41 in high yield, 79% $cheme 2.3
The converstion ob-tagatoses4 to 2,4-diC-methylD-arabinono-1,5-lactong&41 was performed
by F. Fernandez-Nieto, following much of the metblody laid down by myself during the
synthesis of the enantiom®&rThe free hydroxyl group was protected as a beettyér, before
reduction of the lactone functionality withisibutylaluminium hydride, and deprotection to afford
the free arabinose sughk42in 77% over three steps. This was treated diredtly sodium cyanide,
to generate the 3,5-di-methylD-gluconoand mannonolactones, which were isolated as the 5,6-
O-isopropylidene protected lacton&43 As previously, the lactones were readily separablthis
stage and they were individually takesith diisobutylaluminium hydride, and deprotected to give

the free sugars and144 (Scheme 2.3}l
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o Me opz0 O ..0H

ot o 1wl L ) o [ T

0. & 5 HO Y “OH
< - oH
137 141 142

(vi)-(viii)
HO Me HO Me 740 Me

> N o
HO O._ . OH HO O ..OH (i), (9 O _o
Me' Me' ' Me' '

HO OH HO OH HO OH
1 144 143

wh

Reagents and Conditions(i) NaCN, HO, RT, 24 h, then 100°C, 24 h, 79%; (ii) BnBr, NdMMF, 4A sieves RT, 2 h,
90%; (iii) DIBAL, DCM, -78°C, 1.5 h, 86%; (vi) Pd(8),, H,, EtOH, RT, 2 h, quant.; (v) Dow&X50W X8 H), H,0,
90°C, 1.5 h, quant.; (vi) NaCN,,B, RT, 24 h, then 90°C, 24 h; (vii) MeOH, AcCl, 4feves, RT, 24 h, 53% over two
steps; (viii) (CH),CO, CuSQ, cat. HSO;, RT 16 h then 50°C 4 h, 328tuco, 27%manng (ix) DIBAL, DCM, -50°C,
64%glucao, 32%manng (x) Dowex (50W X8 H form), H,0, 43%gluco, 72%manno

Scheme 2.31Synthesis of 3,5-d&G-methylD-glucosel and mannosg44.

Interestingly, in theD- sequence most yields are as high, if not highantin the analogous-
sequence, until the final two steps, the DIBAL retthn and isopropylidene deprotectiohabple
2.1). As previously mentioned, lower yields in the d#pction step may be due to problems freeing
all the compound from silica gel following columhromatography. The reduced yield for the
mannoDIBAL reduction may be related to difficulties enmtered during the work up procedure,
resulting in the compond being in contact withcsilfor an unusually long period of time, possibly

removing the isopropylidene group and accountimgte low yield.

Substrate | DIBAL reduction Deprotection
L-gluco 59% 93%
D-gluco 64% 62%*
L-manno 71% 62%*

D-manno 32% 72%*

Table 2.1:D- vsL- yields.

* Purification by column chromatography was neeegs
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2.2.8 NMR Analysis of 3,5-Di-C-Methyl Glucose 1 and Mannose 144

NMR studies on 3,5-diG-methyl glucosel and mannosé44 were undertaken by Dr M. Wormald
to establish the relative amounts of the pyranoskefaranose forms in aqueous solution. In order to
act as a competitive glycogen phosphorylase indribihe modified glucose molecule must adopt a

predominantly pyranose shape, as glucose itseff,dmeit will sit in the active site.

Unlike the C2 and C4 case, limited data existhaliterature on the NMR analyses of C3 and C5
methyl branched sugars.GMethyl-D-glucosel45 was synthesised by Driver and Stevens, who
undertook an investigation of the solution phasefmmation® They found that the-pyranose
conformation was disfavoured compared with unbradctglucose Kigure 2.11). This is

unsurprising, given that the trans diaxial straigrieatly increased.

glucose 5-C-methyl glucose
31 145
o-pyranose B-pyranose o-pyranose B-pyranose
HOH HOH HOH HOH
H H H H
HO%H ARG HO%H L AN
HO-1""on HO-1 "o HO\c OR HO\c OR
H OH H H H OH H H
36% 64% 6.5% 92%
trace furanoses 1.5 % furanoses

Figure 2.11:Relative pyranose/furanose forms o€5wnethyl glucose 45 compared with glucosgl.

Also, whilst in the case of the branched arabinogesy large increases in the amount of furanose
forms were observed, here, the increase observedshght. Studies on the G-methyl branched
sugar evermicose (2,6-dideoxyc&3methyl-D-arabino hexose)146 have indicated that the methyl
on the 3-position also disfavours tigyranose conformation for the same reasons ofvonfable
synaxial interactionsKigure 2.12.°” Again, no marked increase in the furanoses wasroes.

H

Me H
HO C OH
HO H W

Me H
146

Figure 2.12:3-C-Methyl branched sugar, evermicdsés.
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The presence of two methyl groups however may disfathe pyranose form, as was the case with
2,4-di-C-methyl arabinoses (séggure 2.5 page 66). In order to most accurately predicirihevo
structure, NMR analyses were carried out at phggiohl pH, with theglucosample at pH 7.5, and
the mannoat 7.3. NMR spectra are shown Bigure 2.13 the results of these investigations are

summarised ifrigure 2.14

Reduced vertical scale

a ) ’" [ 1

B-pyr T i T

)

B-pyr [ T T T

WMWWWJM—

5.6 4.4 4.0 3.6 3.2 1.4 12 1.0
Chemical Shift (ppm)

Figure 2.13: 1D 'H NMR spectra (a) 3,5-db-methyl-glucosel; (b) 3,5-diC-methyl-mannos@44 The vertical scales
of the methyl regions have been reduced for clarity

The two methyl groups had a very marked effectiog conformation. In the dé-methyl glucose
sample, the amount of tifefuranose form increased 250 fold from unbranchedage, whilst the
previously absent-furanose form now accounts for 25% of the mateflikea-pyranose structure
is completely disfavoured, presumably due to thmeased strain incurred by positioning both
methyl and the anomeric hydroxyl groups in the lgp@sition if the more commotC, form was to

be adopted. In contrast, tHepyranose configuration escapes relatively unchangad still
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manages to account for 50% of the material, doww slightly from 64% in straight chain glucose.
This result is extremely positive, as it suggesiat in vivo, half the material will exist in the
pyranose configuration, and therefore be able to vathin the active site of glycogen

phosphorylase.

In stark contrast, branching radically effected pievelance of the pyranose conformation of the
mannosugar; it dropped from accounting for 99% of thatenial in unbranched mannose, to just
25% in 3,5-di€-methyl mannose. Both the andp-pyranose forms fared equally badly, reduced to
just 25% of their original value, whilst both fu@ses increased by roughly the same amount. The
position of the anomeric hydroxyl in the position is favourable for both the pyranose and
furanose forms, and in each case consists of rguthiice as much material; this may be

attributable to the anomeric effeét.
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a-furanose B-furanose a-pyranose B-pyranose
HOH
H
not seen HO/$§/0|_I
HO Me OH
Me H
50%

HOH
H
HOMOH
HO H Oon
H H
64%

H

HO
HO
HO%OH
HO Me H
M

e H
8%

HOH
HO
HO%OH
HON-—"
H H

0.6% 0.3% 65.5% 34.5%

Figure 2.14:Ring sizes and relative populations for théuranose an@-furanosep-pyranosep-pyranose forms. (a)
3,5-di-C-methyl glucosd.,; (b) D-glucose (at 31°C31; (c) 3,5-diC-methyl mannosé&44; (d) b-mannose (at 44°C).

2.2.9 GP Inhibition: Biological Results
Biological testing of GPb inhibition by 3,5-@-methylD-glucosel was carried out by Prof. A.
Kato, at the University of Toyama, Japan. This ftasicompared with -methyl-D-glucosel4?

and 3C-methylD-mannosel48 prepared by a co-workefigure 2.15.

M
O. _OH O. _OH O. _OH O. _OH
" HOA[;(TF HOA[;(\[ HOAQW
HO' Y “OH Ho' X “OH HO X “OH HO' X ‘OH
OH Me OH e OH

Mé OH

1

M
D-glucose 3-C-methyl-D-glucose 3-C-methyl-D-mannose  3,5-di-C-methyl-D-glucose
31 147 148

Figure 2.15: Sugars tested for GPb inhibition.
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Encouragingly, all three branched sugars are bithgitors thanb-glucose31, thus the presence
of a lipophilic group, in ths case a methyl grougs renhanced binding through a hydrophobic

interaction, as predicted by the molecular modglbtudies. The results are summarisedable

2.2
Inhibition % at 5 mM
D-glucose 3-C-methylD-glucose| 3-C-methyl-D-mannose] 3,5-di-C-methyl-D-
31 147 148 g'uiose
14.2 64.2 71.0 17.4
ICs0 not measured l£=3.5 mM 1Go=2.5 MM IGo not measured

Reagents and ConditionsGPb activity was measured in the direction of ghamolysis using 2 mg/mL glycogen as
the substrate in 45 mM phosphate buffer at pHd@a8taining 0.1 mM EDTA, 0.34 mM NADP4 mM glucose-1,6-
bisphosphate, 15 mM magnesium chloride, 1 mM AMidgphoglucomutase (0.8 units/mL), glucose 6-phdspha
(glucose-6-P) dehydrogenase (3 units/mL) and GRb.rate of enzyme-catalysed reaction in the mediaimbe
followed as the increase in absorbance at 340 mh2&MCdue to the formation of NADPH.
Table 2.2: Results of GPb inhibition studies

It is disappointing to note that 3,5-@Hmethyl glucosel is a poorer inhibitor than either of the
singly branched moieties. Without other doubly loteed sugars or singly branchedC&nethyl
sugars with which to compare this result, it is asgible to draw any firm conclusions, however the
poorer result forl may be linked to the preferred conformations iueays solution of this
molecule. From the NMR studies, it is known tha¥#b0f the material exists in tifepyranose form
with the remainder as the two furanoses. The fuganform would not be expected to be
biologically active, so it might be possible thahibition is being masked by 50% of the material
being inert. Also, studies an-glucose have shown better inhibition for tir@yranose form than
the B, with Ki values of 1.7 mM and 7.4 mM respectivélyThis may go some way to explain the

moderate inhibition observed.
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2.3 Alternative Approachesto 3,5-Di-C-Methyl-L-Glucose

2.3.1 Wittig approach

The synthesis described above, whilst successfotiyces an approximately 50/50 mixture of the
desiredgluco product and thenannoisomer. It would clearly be desirable to find dterative
synthesis in which thgluco configuration of the product dominates. The Witiggction has been
previously used to introduce branch points intoassidoy addition of the phosphorous ylid to a
ketone functionality on the carbohydrate backb@ez$ection 2.1.2 page 46). It was envisaged
that the Wittig-dihydroxylation reaction sequencauld instead be applied to sugar lactols to
simultaneously affect a two carbon chain extensind introduce a branch point. This could be
carried out with branched 1-deoxy-sugars whicteratthydroxylation and subsequent ring closure

would give diC-methyl branched sugar lacton&clieme 2.3R

002M6 OH C02M9 HO Me
Meg Me Me——-_ Me—— OH Me
0><) PPh,CHCO,Me O_ O 0s0, o_ 0 H* HO OH
137 149

Scheme 2.32General scheme for the synthesis o€direthyl branched sugavéa a Wittig approach.

This approach will give rise to four branched Iaes, as the Wittig reaction could give bé&land

Z alkenes and subsequent gymstereospecific dihydroxylation would give rised@ossible esters
which on ring closure would allow access to fowtdémes Echeme 2.38 The formation of thé&
alkene should lead to the generatiorghfco andaltro lactones whereas th#®alkene should give
rise to theallo and manno lactones. Therefore, by stereocontrol of both Wigtig and the
dihydroxylation reactions all four products woul@ laccessible in both series leading to four
possible branched lactones. Application of thishodblogy to the corresponding starting materials
derived from threose would give access to the neimgifour lactones in each series. gulq ido,

galactg andtalo.
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HO Me . COzMe W OZMG HO Me HO me
e HO_ X O
Mel:—?_/ +—/ OH OH (o) (o]
- 5. ¢ Me— Me')—
X HO OH HO OH
O .OH gluco altro
Meﬁ:me
s - HO me HO me
P e Sy lereoelarcan
137 Me=—— CO,Me Mel:_F_(COZMe Me' Me——
o ( o HO OH HO OH
X X manno allo

Scheme 2.33Wittig approach to dE-methyl branched sugar lactones.

It was decided to test this methodology on a sifghnched system before applying it to the di-
branched system, by using 1-deoxy ribul®2€Figure 2.16. This sugar was chosen as it is readily
available in two steps from erythrono lactone, whis itself easily accesseda Humphlett
oxidation of arabinog&’ or fromp-isoascorbic acid®*

0. Me
OH

hy

o
o w

oS

92

Figure 2.16: Test lactol for the Wittig approach to branchedausynthesis.

Ketone92 was taken with BSPCHCQMe in DCM; no reaction was observed at room tentpesa
and due to the nature of the solvent, the reactoatd not be subjected to prolonged heating. Use of
a higher boiling solvent, 1,4-dioxane allowed tleaation temperature to be raised to 40°C,
however, again the reaction did not go to compfetamd contamination with starting material
remained an issue. Keeping the temperature the sainehanging solvent to toluene gave an
excellent yield of a mixture of alken&80, in a 6:1E/Z ratio (Scheme 2.3} If the reaction mixture
was allowed to remain at 40°C then a second prath®tarising from an intra-molecular Michael
addition reaction, began to form. Interestingly tdehael addition produc? was found to be

unstable and on standing in CR@Ind the formation of an additional product waseobsd. This
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was identified, by nOe experiments, as the epirh@-a arising from a reverse Michael reaction in

the slightly acidic conditions followed by closwe the opposite face of the alkene.

O Me COZMe \ e CDC|3 o Me
(_7‘110,_, PPthHCOzMe \_>_/ — (/"

O><O toluene o>< 0><0 Cone ><0 CO,Me
92 150 151
Yield E/Z
48 h 94% 6:1 0%
>48 h 45% 1:0 15%

Scheme 2.34Wittig reaction on keton82 and Michael addition side producsl

As anticipated for the use of a stabilised ylia Eistereochemistry dominated, which would lead to
theglucoandaltro sugar lactones. There was limited evidence thangimg from the tributyl to the
triphenyl ylid could affect thé/Z ratio!°? however, in this instance, changing the ylid piasl

little effect on ratio, but was severly detrimerttathe yield.

Stereoselective dihydroxylation of thEe alkene should give the desiregluco compound.
Dihydroxylation reactions proceesin stereospecifically to generates diols. Therefore it was
expected that two products would be formed fromBtatkene150. Standard Upjohn conditiots
(potassium osmate and 4-methylmorphoiMexide (NMO) were applied to alkerib0 and the
reaction was seen to proceed in a very poor yigidgonly 16% of a single product, later found to

be 153 Modified Sharpless conditions, using a chiraatig%*

were next investigated and alkene
150 was reacted with potassium osmate, NMO and (DRABAL (Scheme 2.3p The yield of the
reaction was improved to a total of 46% and twalpads were observed in a 1:3 rati®2153). It
has been shown in the literattffe"%that dihydroxylation may show a pH dependency audhdition

of certain acids can increase the rate of reagtand alter the selectivity of the reaction, therefa
number of acids were investigated. In the case-wfalic acid Table 2.3 although the reaction

proceeded at a faster rate there was little changéher the yield or selectivity. Addition of ait

and L-tartaric acid, however, greatly increased bothdherall yield and the rate of the reaction.
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Interestingly the selectivity of the reaction wasersed with both of these reactions favouring the
formation of triol 152 (Table 2.3. As L-tartaric acid is chiral it was wondered whetheg o$ the
enantiomericD-tartaric acid would reverse the selectivity butimtein the high yields. This,
however, was not seen to be the case. The reagtibrp-tartaric acid was high yielding but again
gave triol152 as the major product, with the selectivity onligistly decreasing from 6:1 to 4:1. It
should be noted that although there were initiadceons that excess acid in the reaction mixtures
would cause the intramolecular Michael additionctiea, in none of the above cases was any of

this molecule isolated.

Ligand Quantity vi e(l;jl t? fo)l 52 | i ?g?uogo%&
(DHQ),PHAL" | 2 mol% 14% 32%
L-malic acid 0.5 eq 9% 28%
citric acid 0.5eq 42% 15%
citric acid 0.75 eq 63% 21%
L-tartaric acid 0.5eq 61% 10%
L-tartaric acid 0.75 eq 56% 13%
D-tartaric acid 0.5eq 55% 14%

Ratios determined by integration’if NMR, reactions ran for 18 h
72 h reaction time; 38% starting material was recovered from this tieac

Table 2.3:The effect of ligand choice on the outcome of theydiroxylation reaction.
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CO,Me oH C€02Me OH €O2Me
HOW 0s0 NMOHOW“H Ho Meg L
\_ 205 \_/ OH \_/ OH
s = t N s =
O O BuOH, H,O O O O O
Ligand X X
altro gluco
150 152 153

(i) H* resin, H,O
(il) CuSQy4, HySOy4, acetone

HO ﬁLo ﬁ/—o HO
HO O0_o b O O_o o O_o .y HO O0_o
Me=— Me=— Me ')— Me' )—
HO OH HO OH HO OH HO OH
altro gluco
156 154 155 157

Scheme 2.35A deprotection/reprotection strategy was necedsasgparate the lactones.
Separation of the triold52 and 153 by column chromatography was difficult and therefthe
mixtures were treated with acidic resin to deprbthe acetonide protecting group and effect ring
closure to the lactone. The mixture of lactones wes reprotected with anhydrous copper(ll)
sulfate, acetone and catalytic sulfuric acid toegia both the altronolacton#54 and the
gluconolactonel55 (Scheme 2.3pbwhich could be cleanly isolated and the sterewmasiey firmly
determined by nOe experiments. Subsequent depgmtecting Dowex (F) resin in water gave the

fully deprotected altronolactori&b6and gluconolacton#57.

Regrettably, in all but the poorest yielding cagbg, major product was seen to have dlteo
stereochemistry. This may be due to crowding onldheer face of the molecule, blocking the
approach of the osmium. The selectivity observetth (DHQLPHAL may be rationalised by the
catalytic cycle $cheme 2.3§ which suggests that the bulk of the chiral ligas far in excess of
that of the substrate and therefore the selectofitgihydroxylation is reversed, allowing access to

the most hindered face of the substrate.
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Scheme 2.36Catalytic cycle of the enantioselective dihydratidn of alkenes using (DHGHHAL

With the methodology in place, it was decided toceed with the di-branched system, using 1-
deoxy-4C-methylL-ribulofuranosel02 Again, the more readily availableenantiomer was used
for the initial investigations. Keton£02 was treated with BPCHCQMe in toluene at 40°C, as
before, however the major product isolated frors tleaction did not reveal any UV activity. It was
shown by*H and**C NMR analysis to be a furd60formed by nucleophilic attack of the hydroxyl
into the alkene, in a Michael fashioBdheme 2.3y Attempts to isolate the alkene before this side
reaction could occur were unsuccessful. With tHated triphenyl ylid, only unreacted starting

material was recovered.
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o
™o Ho Me g o. Me 0. +—CO,Me
Me M

O\S — (i i Ti‘OH 0
o Me' ~——x— Me'' -

Ph,P o_ O o_0 o_ O
® < P P

158 159 102 160

Reagents and Conditions(i) BusPCHCQMe, toluene, 40°C, 48 h.
Scheme 2.37Wittig approach to dE-methyl branched sugar lactones.

It was decided therefore to try an alternative Myitteagent with which the Michael addition
reaction would be disfavoured. Bromo methyldioxelamas stirred with triphenylphosphine to
generate a bromo salt, which upon deprotonatioh mbutyl lithium gave ylid158 Treatment of
102 with ylid 158 was attempted in a range of solvents; tolueneadiie,N,N-dimethylformamide
and tetrahydrofuran and all were equally unsuccéssith no reaction observed in any case after
prolonged heating. Wadsworth-Eammons type reactivese also attempted! using methyl
diethylphosphonoacetate (Et®JO)CHCOMe. Deprotonation of the phosphonate was atteinpte
with N,N-diisopropylethylamine, followed by addition of th&etone in a solution of
dichloromethané® After several hours, no reaction was seen, andsoheent was exchanged to
N,N-dimethylformamide to allow for prolonged heatirigyt even so, only starting material was
recovered. A modified Wadsworth Eammons reactiors wi@ded with lithium salts, without
success?*MOFinally, a Reformatskii type reaction was atterdptesing methyl bromoacetate, zinc

powder and tributylphosphine in both tolu&rend dioxané!? unfortunately to no avail.

It is likely that the open chain form of the ketosedisfavoured, as all previous doubly branched
systems show no evidence of their open chain forrHONMR. This results in a sluggish reaction
with the ylids, and if addition is achieved, thegiclosing reaction is rapid giving only the
tetrahydrofuran. Wittig reactions on branched sadbs in other systems have been affected by

rapid Michael additior**
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2.3.2 Alternative carbon chain extension methods

Given the success of the initial Kiliani reactionthe synthesis of 3,5-@-methyl+i-glucose97,
which generated protected 2,4@imethyli-arabinosel03 rapidly and in high yield, it was
decided to investigate other ways in which to edt#éme carbon backbone by a single unit, to

replace the second Kiliani reaction.

2.3.2a Methyl Cyanoformate

Elongation of a carbon chain by cyanide is a usefuithetic transformation, however in the
previous synthesis of 3,5-@-methyl glucose, its utility was compromised by tip@or
steroselectivity exhibited in the Kiliani reactiogiving approximately a 50/50 mixture of the
desiredgluco configuration and the unsougmannoconfiguration. Recent reports in the literature
used methyl cyanoformate as an alternative sourcgamide’'* This approach has the advantage
of protecting the hydroxyl generated in the reacts a methoxy carbonyl speciE8l (Scheme

2.38), allowing for easier purification.

2,1
9 NCCOMe Moo “o— Rt
Ry

R Ry NEt, 161

Scheme 2.38Synthesis 0O-methoxycarbonyl cyanohydrins
Protected 2,4-d-methyi-arabinosell4 was treated with methyl cyanoformate and catalytic
triethylamine in dichloromethane. The reaction pesged rapidly however analysis of the material
generated revealed no addition of cyanide to thmstsate, and instead compouh@2 had been
generated, demonstrated by the presence of an @icgmneton in the 5 ppm region of thel NMR

(Scheme 2.3%
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OH

Me/ OB O OMe O OMe
Y OBn
- Me"' "-OBn Me: mOBn
/A<o

162

Reagents and ConditionsCH;OC(O)CN DCM, TEA, RT, 20 min, quant.
Scheme 2.39Attempted cyanide addition.

The lactol had clearly remained shut, and the nieygnoformate had undergone nucleophilc

attack by the hydroxyl to generate glycosld2

2.3.2b Umpolung Approach

Alternative one carbon nucleophiles were considetedminimise the number of steps in the
sequence, the best choice of reagent would be dehyde synthon, as this would provide the
correct oxidation level at C1, removing the needa@eduction step. The reagent chosen for initial
investigations was 1,3-dithiane, which can be caedeinto an aldehyde group by oxidation or

treatment with heavy metal salts. Deprotected stg&rshould then close in situ &7 (Scheme

2'4(»'115,116,117

Me o O._.OH
0. .OH HO
HO™ ™} HO e” Me. )  (-OBn
i Me: ., "'OH OBn (o) Me
HO" X OH HO
= M Me 0
HO W\ie OH
97 163 114

Scheme 2.40Proposed synthesis of 3,5-@+methyld-glucose9d7in 3 steps from protected arabindskt.
An excess of 1,3-dithiane was taken withutyl lithium to form the anion, to which was then
added the lactol. Regrettably, after several haunly starting material was recovered, and test
reactions with diphenylthiomethane (P53, were similarly unsuccessful. Investigations bya c
worker into this reaction found both lactil4 and the corresponding lactoh#&3to be resistant to

nucleophilic attack by a wide range of related ulapg type reagents® At this point, it was
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decided to try a different approach, and attempipen the lactone to the ester, in the hope tleat th

open chain ester64 would be less hindered and therefore more rea(Ggheme 2.4

0.0 Ho RO o
Me,JilIOR nucleophile Me. OR
Q Me R =HorBn o) Me

JTO R'=Hor Me A\’o

164

Scheme 2.41Trapping the lactone in the open chain ester fb8dto facilitate nucleophilic attack.
Initial investigations were carried out on the bdated lactone, using acidic methanol, basic
methanol, and saturated aqueous potassium hydregldgon. In all three cases, LCMS analysis of
the crude reaction mixture showed a possible progeak, and t.l.c. analysis also looked
promising. In an attempt to avoid ring re-closufes reaction mixtures were concentrated under
reduced pressure without neutralising, but regobttéhe removal of solvent favoured the ring

closing reaction, and in each case only startintgrizd was recovered.

It had been reported in the literature that treatnof lactonel65 with benzyl bromide and a

mixture of barium oxide and hydroxide gave the oglesin benzylated est266 (Scheme 2.4p*°

X e e

OH OH
165 166
Reagents and Conditions(i) DMF, BnBr, BaO, Ba(OH)8H,0, 5 h sonication then Amberlite IR 120*(késin), 4 h.

Scheme 2.42Trapping a lactone in the open chain form.
Thus, benzylated lactong&l3 was taken in a similar fashion, but no reactions vedserved.
Treatment of lactoll14 in an analogous way gave only the dibenzylatediyobdl67 (Scheme

2.43.
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0.0 i)  BnO<  co,Bn
e'u |||an HH Me’l' "'OBI'I
Q Me 0 Me

AVO Avo

113

Reagents and Conditions(i) DMF, BnBr, BaO, Ba(OH)8H,0, 1 h sonication.
Scheme 2.43Attempted trapping of lactorfEl3and lactoll14in the open chain form.

At this point it became evident that a differenpagach was necessary, and, if it utilised the fgadi

available arabinonolactone, needed also to usghdytrieactive carbon based nucleophile.

2.3.4c Grignard Approach
Another possible synthesis was proposed using viragnesium bromide as the nucleophile giving
169 (Scheme 2.4 Selective reduction df69to the open chain diol, followed by ozonolysis Icou

afford aldehydd 68 which would close on deprotection to the desgleto compoun®d?.

Scheme 2.44Proposed retrosynthesis @f from 113 using vinyl MgBr.

Treatment of113 with vinyl magnesium bromide proved to be ratheoren difficult than
anticipated, and none @69 could be isolated using standard conditions. Tleenneactive vinyl
lithium reagent is difficult to obtain, and syntigesf this reagent is often plagued with low yields
it was therefore proposed to use the more reaatlyemagnesium bromide reagent, and isomerise
the double bon#° Allyl magnesium bromide added in good vield to fivetected lacton&13

however, the product70 was found to be highly unstable at room tempeeatund was used with
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minimal purification Scheme 2.4b Isomerisation of the 1,2-alkene to the 2,3-atkemas
attempted several ways. It had been reported inlitheature that when using Grubbs second
generation catalyst to affect ring closing metaghesactions, isomerisation of terminal alkenes was
observed in certain substraté5.This had been noted as a common side reactionjranecent
years, work has been carried out to promote tlimésisation reactioff>*** Treatment of allyl
compoundl70 directly with Grubbs Il in methanol afforded a qalex mixture of products, from
which no useful products could be identified, asndestrated by the very dark colour of the
reaction mixture. It is possible that ruthenium wastaminating the products, even after work up
and column chromatography. Ruthenium is a spirvacticleus?® and as such even small traces
cause interference in the NMR analyses. The proldEnemoving all traces of ruthenium is well
known in the literature and a range of work up pohoes have been proposed, for example the use
of ligand exchange reactions to generate watebsolwthenium complexes which can be easily
removed-?>*?°Unfortunately, purification of the products contéd to be a problem and, given the
number of side products seen by t.l.c. analysisya$ decided to pursue an alternative mode of

isomerisation.

Since moving the double bond brings it into configgawith a ketone (albeit masked as the lactol)
it should be possible to affect the desired isosation by use of base. The base chosen was 1,8
diazabicyclo[5.4.0Jundec-7-ene (DBU), due to it&/ loucleophilicity Scheme 2.4% Initial results
were disappointing as it was found that by prolaggihe reaction and/or adding more DBU until
the starting material was no longer visible onct.l.the desired product was beginning to
decompose, and yields dropped accordingly. Themgptconditions were found to be halting the
reaction after 2 hours, and recovering startingemet In this way, the yield of conjugated alkene

171was consistently around 60-70%, with 30-40% ofdbat70recovered.
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113
Reagents and Conditions(i) Allyl MgBr, Et,0, -50°C, 3 h (used crude); (ii) DBU, THF, RT, 280% over two
steps).
Scheme 2.45Allyl magnesium bromide addition, followed by DBBoimerisation of the double bond circumvented the

problem of the difficult vinyl addition reaction.

Reduction of the conjugated alkene to the diol Wwayve the correct oxidation state at what would
eventually become C2. Since C2 is the stereoceviireh determines whether timeannoor gluco
stereochemistry is observed in the final productyas important to find a stereoselective reducing
agent, remembering that the previous double Kilsymthesis gave approximately a 50/50 mixture
of the two sugars. A straightforward reduction watddium borohydride in methanol was attempted,
to see if any selectivity could be imposed by thieerent bulk of the molecule. The results were
surprising; t.l.c. analysis of the reaction mixtuevealed three compounds, unreacted starting
material (30%), a mixture of epimeric didlig2 (30%) and lacton&13 (40%) Scheme 2.4% This

seems to imply an oxidation reaction has occurretbureducing conditions!

40%
113

Scheme 2.46Reduction ofL71 proved to be complex and poorly yielding.

A mechanism was proposed, which suggests thatkkaeaisomerises back to its original position.
The electron rich alkene is then ablegg a 6 membered ring transition state to abstraclatiel

hydrogen in a concerted retro-ene type fashiongdaerate the lactoneS¢heme 2.4Y No
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mechanistic studies were carried out on this reactas the reaction was poorly yielding and

alternative methods were found.

Scheme 2.47Proposed retro-ene type mechanism.

It should be noted that the allylic compoulitD was known to be unstable, and was therefore usec
crude with DBU to effect the isomerisation 101 Attempted analysis of the decomposition
products from leaving a sample DT0 exposed to air at room temperature was unsucdeasil
none of lactonel13 was observed, suggesting base catalysis is imgortadeed, traces of this
lactone could be identified itH NMR spectra from attempted DBU isomerisationsaltiad been

reacted with excess base or long reaction times.

Despite the unanticipated side product observ&@2a yield of epimeric diold72were also found,
but regrettably as an inseparable 50/50 mixturdiagtereomers. Clearly, an alternative reagent was
required, one which could be more selective anglb@sic, to minimise the undesirable lactone side
product. In an attempt to optimise this reactiorl,ughe type reduction was tried, using cerium
trichloride with sodium borohydrid€’ This has been used successfully for selectivectamuof a
conjugated ketone, as cerium acts as a Lewis aldta chelation directs the hydride towards the
carbonyl group, instead of towards the alkene. Utitese conditions, the lactone was not seen, but
the reaction would not go to completion, and, as wWee case with the previous isomerisation
reaction, it was preferable to halt the reactiather than continue until no starting material
remained, as this compromised yield. Again, thésdibbserved were in a 50/50 ratio. It was hoped
that changing to a more reactive reagent, sucithasnh aluminium hydride would improve yield,

but unfortunately, instead of recovered startingemal, a new product was observed, which was
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shown to be the ‘Michael addition’ compound, witsaurated propane group at €243 (Scheme

2.48).

Reagents and Conditions(iii) NaBH,4, CeCk, MeOH, RT, 2h (48%) OR LiAllj THF, 2 h (55%) OR Red-Al®, THF,
2h (51%). The yields given in brackets are for@peneric diolsL72
Scheme 2.48Reduction ofL71

Neither lithium aluminium hydride nor sodium bisfgthoxyethoxy)aluminumhydride (Red“Al
could change the ratio of diols observed, and th lbases, the side product3was seen, with only

a roughly 50% vyield of the desired compound. WHilsho means and exhaustive list of conditions
were tried, it was clear that introduction of ste@ectivity could not be achieved without use of a
chiral ligand, and given the length of time a shlitgascreen could take, and the moderate yields sc

far in the synthesis, it was decided to first irigege a different approach.

2.4 From Fructose to Glucose?

Having looked at a wide variety of one and two oarlmucleophiles to complete the synthesis of
3,5-di-C-methyl glucose and mannose, a new approach wasidesad that would involve the
biotechonological conversion of ketose and aldeggus. The use of enzymes to sterospecifically
interconvert monosaccharides was discussed briefl\Section 2.2.7 when looking at the
availability of D-tagatose as a synthetic starting material. Izunaoid co-workers have since
expanded the range of enzymatic transformationsrzegimple hexoses to include other classes of
monosaccharides, such as 1- and 6- deoxy heX8d€sazido hexoséd’ and in particular,

branched sugard'**?By careful choice of the aldose isomerase enzymses, it was possible to
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convert 5€-methylD-fructose 174 selectively into either &-methyl-D-mannosel75 or 5-C-

methyl-D-glucosel45 (Figure 2.17).

D-series
HOH,C
" |0H
IIIOH lIIOH IIIOH
HO HO HO
5-C-methyl- 5-C-methyl- 5-C-methyl- 5-C-methyl- 5-C-methyl- 5-C-methyl-
D-allose D-psicose D-altrose D-mannose D-fructose D-glucose
175 174 145
L-series
CH,OH
" IOH
IIOH‘_ HO||| ‘_ H0|||
HO= =OH
Me CH,OH HOH,C Me HOH,C Me HOH,C Me HOH,C Me
5-C-methyl- 5-C-methyl- 5-C-methyl- 5-C-methyl- 5-C-methyl- 5-C-methyl-
L-allose L-psicose L-altrose L-mannose L-fructose L-glucose

Figure 2.17:5-C-Methyl aldoses by aldose isomerases on ketosew/(sim blue).

It was speculated that perhaps similar enzymesintug able to convert 3,5-@i-methyl fructose
into 3,5-diC-methyl glucosel with total stereocontrol, something all previousitheses have
lacked. This chemistry could even be extended iat ghint, as an enzyme calledtagatose-3-
epimerase (DTE) can invert the stereochemistry &atoCa ketose sugar. This would allow the
conversion of, for example 6-methyl-D-fructose, into 52-methyl-D-psicose, which could in turn
be turned into either the branchakb or altro sugars, depending on the aldose isomerise enzym
used. Thus, potentially a very large number of halieC-methyl branched sugars could be
accessed quickly and stereospecifically in an emvrentally friendly fashion. A synthesis of 3,5-

di-C-methylL-fructosel77was therefore proposed frahiil (Scheme 2.4

98



Chapter 2 Synthesis of @-Methyl Branched Chain Sugars

_ o =0 OH
O.~OH OH O.~OH
Me. ., . OBn "J/\iOB“ Me. ,,)/\|;E0H
o Me 3 Me HO Me
Aro OH

e
A
171 176 177

Scheme 2.49Proposed synthesis of dibrancheftuctose derivativa.77.

This route utilises the product following allyl magsium bromide addition and DBU isomerisation
to arabinonolacton&71, synthesised in the previous approach t€-aethyl glucose. It was hoped
that ozonolysis ofL71 followed by reduction and deprotection could giugctosel77 in 3 steps.
Reductive ozonolysis of alkedg1was attempted, by dissolving it in a mixture affrdoromethane
and methanol and bubbling ozone gas through thetiomamixture, at -78°C. At the end of the
reaction, sodium borohydride was added, and thetieal allowed to warm to room temperature.
Unfortunately, none of the desired alcohol was olexk A small quantity of the aldehyd@6 was
seen, but the major product was found to be betexylactonell3 It is possible that this came

from the retro-ene reaction mechanism proposedeefBcheme 2.50)

_ ~0 o o

o
PR ) e \g:n Me: J __A"OBn
Me: ., OBn — / \ (o)
o (o) Me Me
Me o ATO
Aro A(
traces major product
171 176 113

Reagents and ConditionsO;, DCM, MeOH, -78°C, 30 min then NaBH
Scheme 2.50Attempted ozonolysis df71

It was decided, therefore, to eliminate the po8sibof this reaction occurring, by protecting the
free hydroxyl at the anomeric position. As alreaen, use of basic conditions increases the
likelihood of an elimination pathway. Protection den acidic conditions, using benzyl
trichloroacetimidate and triflic acid resulted irodmposition of the starting matertaf. Under
neutral conditions, using diphenyl diazometh&tieo reaction was found, as it is likely that the

hydroxyl group is too hindered to accommodate &yoprotecting group. Several other common
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protecting groups were attempted but a satisfacbotgome could not be reached, therefore an

alternative synthesis was propos8dti{ieme 2.5

o.__0 o

Me'l, \\\OH Me’u
o} Me o}
A(O ATO

103 178

Scheme 2.51Proposed synthesis of dibrancheftuctose derivativa 77.

By replacing the lactone oxygen with a methylen®ugr to give vinyl etherl78 and
dihydroxylation t0179 we should have easy access to a protected dhmdrfcuctose derivative.
Acid catalysed isopropylidene removal should gietiosel77in only three steps from the Kiliani
product103 Introduction of the methylene group can be penfedt in several ways. Use of the
appropriate Wittig reagent, of the typéPBsCH,, is one possible choice; however the inherent
instability of an unstabilised carbanion, coupleihwhe difficulties that can arise in removal of
triphenyl phosphine oxide at the end of the reactmeans that alternatives are often sought. Use of
a carbene ‘CH group has been exploited in recent years to geéatt, where the carbon atom is
stabilised by chelation to titanium. The Tebbe egafy> an aluminium-titanium complex has been
used in several syntheses to affect this transfilom&®*3’ however, more recently, the Petasis
reagent*® Cp,TiMe,, has been developed, and is more air stable thgorédecessor. They both

collapse during the reaction to the active speC@3i=CH, (Figure 2.18.

H,
A .Cu, ™ .  Me
Ti W ’ ~ Ti W
S / ~ 7
et Me D “we
Tebbe reagent Petasis reagent
o

=4 R™ R

- CH, X
Ti=CH <
<

R)LR' %Ti:o

=4
Ti—CH I
6=
Rl

Figure 2.18:Reagents and mechanism for the transformation & ©to C=CH.
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Chapter 2 Synthesis of @-Methyl Branched Chain Sugars

The Petasis reagent can be prepared easily byneaabf CpTiCl, with methyl lithium**° After

an aqueous work up and recrystallisation, the maggn be stored as a solution in toluene at -20°C
for several months. Treatment of arabinonolact@8 with this reagent, at reflux afforded a
disappointing yield of the desired product (appmeiely 30%) and an unacceptably large amount
of reagent, 6 equivalents, was needed to achiasge Benzylation of the free hydroxyl however

gave much better yields of around 75-85% of therééproductl80 (Scheme 2.5p

o.__0 O.__CH,
Me: ., OBn () Me: ., . OBn
(o) Me o) Me
AYO JYO
113 180

Reagents and Conditions(i) Cp,TiMe,, toluene, reflux, 90 min, in the dark and under N

Scheme 2.52Performing the Petasis reaction on protected aoabil03

Dihydroxylation to the corresponding diol was thattempted using potassium osmate &hd
methylmorpholineN-oxidein aqueous methandi’ By t.l.c. analysis, only a trace of products could
be seen, and attempts to push the reaction to etimplwith further reagent were unsatisfactory.
Changing solvent to a mixture of aqueders-butanol in tetrahydrofuran gave approximately &39
yield of the desired diol, but unfortunately, e\adter repeated column chromatography, the product
could not be isolated cleanly, most likely due ésidual NMO. Instead of the potassium salt, the
dihydroxylation was attempted with osmium tetroxising aqueous acetone as solVéhfrhis
time, the reaction, although much cleaner, wasgshig after forty hours, only 23% of the diol
could be isolated, with 39% starting material remed. It is plausible that steric hindrance the
alkene, and its conjugation with the ring oxygeeatly reduced the alkene reactivity. A brief
investigation of epoxidation usingnetachloroperbenzoic acid was carried otft,but only
recovered starting material was observed. Dihydaiign with tetrapropyl ammonium

perruthenate (TPAP) was attempté&tbut again, only starting material was recovered.
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Chapter 2 Synthesis of @-Methyl Branched Chain Sugars

A review of the literature revealed this dihydroxylation of alkenes using ruthenium teto®d**
Use of ruthenium tetroxide for dihydroxylation réans is relatively unexploited due its tendency
to cleavecis diols, but was successfully employed in the sysithef the central segments of
Zaragozic acids, controlling diol cleavage by thee uof short reaction times and low
temperature$® Use of ruthenium rather than osmium tetroxide pasgnificant advantages due to
its lower toxicity*° and lower cost?’ Work by Plietkeret al has developed this procedure further,
illustrating its use on a wide range of substragsssessing a variety of functional
groups 81491301592 ythenijum tetroxide is generatiedsitu, from ruthenium trichloride and sodium
periodate. These two reagents are combined in watet added to the alkene dissolved in a
solution of acetonitrile and ethyl acetate, stgrimigorously in an ice bath. The reaction was
complete in only 5 minutes, and afforded, on tesles a 77% yield of diol81, which could be
isolated cleanly following aqueous work up and omtuchromatography. The very short reaction
time lead to some problems in repetition of thecpdure, and on several occasions the reaction
yielded exclusively only unreacted starting mateoiathe diol cleavage produdte. lactonell3
(Scheme 2.53)

OH
© CH 0, NalO O.|..OH RUO o0
Me"')/ﬁjOB“ — e oBn ——r Me'gjOB"
Q Me \eCN, EtOAc o Me AND/OR >5 mins © Me
180

181 113

Scheme 2.53Rapid dihydroxylation of vinyl ethekt80using ruthenium tetroxide.
Use of the biphasic system also lead to problenms igzale up, as poor mixing lead to uneven
distribution of reagent and poor repeatability. Heer, both these problems were avoided by a
slight modification to the original procedure —teed of preparing the ruthenium tetroxide and
adding it to the alkene, preparing the rutheniutnoxéde in the reaction flask then adding the
alkene to the reagent. Thus ruthenium trichloride sodium periodate were dissolved in water and

cooled in an ice bath to 0°C. This solution wageti for a few minutes before adding the alkene in
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an acetonitrile solutiomia syringe in one portion. By swapping the order @diaon and removing

the ethyl acetate, yields of up to 80%l@8fl were now consistently achieved, independent oescal

2.4.1 Deprotection of fructose 181

With a synthesis of B-benzyl-3,5-diC-methyl-4,50-isopropylidene:-fructose181 in hand, the
final steps in the sequence were the removal ob#dreyl and isopropylidene groups to afford the
free sugar. De-benzylation was achieved in quam#gields using palladium hydroxide, in a rapid
hydrogenation reaction. Unfortunately, isopropyfidedeprotection proved to be much less
straightforward. Treatment df79 with 1 M hydrochloric acid (aq) appeared to giveneture of
products. Repetition of this deprotection reactveas attempted several times, and each time, a
different contaminant could be seen ¥y NMR. A selection of the most interesting spedta
shown below, as prepared by Dr M. Wormald with aaloms peaks indicated by arrowsdgure

2.19.
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Figure 2.19:Repeated attempts at acid catalysed deprotectimopfopylidene protected @i-methyl fructose
derivativel79. Anomalous peaks are indicated by arrows.

Sample one is included in this scheme to illustthte ease with which formation of the methyl

glycoside can occur; the sample had been initiilymitted forH NMR analysis in CBOD, as the
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product was more soluble in this system than y®.DThis has been a common feature of the
deprotected dE-methyl branched sugars generated in this work) Rannot solubilise enough
material for'*C NMR analysis on a 400 MHz spectrometer so apetasr solvent was employed.
CDsOD has been used as a solvent for NMR analysidefother free sugars generated thus far
from acid catlaysed deprotection reactions withmaident. However, in this instance methyl

glycoside formation was rapid, as shown by the péaithe 3.2-3.4 ppm regiof&igure 2.19.

Sample two is the most surprising of the set, @ #ppears to show aamnomeric proton at
approximately 5.1 ppmHgure 2.19. This peak and others associated with it arelledbevith
arrows. If this is an anomeric proton, it would gest that under acid catalysis an aldose

isomerisation reaction had occurr&theme 2.5%

177
typically seen
at~ 5 ppm
Meo H”
1y,
HO OH , HO OH
Me: ., 1 OH
HO ) OH HO Me
HO Me OH

Scheme 2.54Suggested mechanism of acid catalysed ketosefaisiloserisation.

The above mechanism may provide an explainationtHerpresence of a peak in the anomeric
region, however this is contradicted by existintadar 3,5-diC-methyl glucose and mannose. The
singlet peak at around 4.2 ppm, which, assumingpttoeluct was 3,5-d-methyl glucose or
mannose would be H4. By comparison with theNMR data given above for these compounds
obtainedvia the Kiliani route, the H4 peak is expected to bend between 3.36 and 3.99 ppm,
considerably lower than seen here. Also, the prseha single anomeric proton is suspicious, as

we know from the other NMR experiments that 3,%zdnethyl1 -glucose exists in a 2:1:1 ratio of
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three major spin systems whilst thrnnoconfigured analogue is found as a 6:3:2:1 ratiéoaf
spin systems. It is however plausible that aldgsenerisation occurred alongside epimerisation at

one or more chiral centres.

Samples KVB 562 and KVB 56%igure 2.19 were deprotections carried out on similar scdtas,
the same amount of time with 1 M hydrochloric a@d.). They only differ in their purification
techniques; KVB 562 was purified by column chrongaéghy once, whilst KVB 565 was passed
through a silica column twice. It is clear that i8hia second purification on silica has resulted in
cleaner sample, the impurities in each case aferdift, as indicated by the labelled peaks. The
impurity in KVB 562 possessess two methyl groupd five ring protons; it is therefore possible
that it is an epimer of fructose. Full structurdlogddation of the mixture is not possible, and
attempts at separation by standard laboratory rdsthave been unsuccessful. The level of
impurity in sample KVB 565 is low, and in one sertbés may be viewed as a ‘sucessful’

deprotection, however, the yield obtained afteeedpd chromatography was poor, a meagre 22%.

Samples KVB 562 and KVB 565 have been sent to Pzofmori at Kagawa University, in the hope
that advanced chromatographic techniques may lebtagaurify the material. This work is ongoing

at the time of writing.

Other acids were used for this deprotection, inalgdrifluoroacetic acid, acidic resin and the lswi
acid erbium triflaté®® but to no avail. It was hoped that by speedingthe reaction by use of

stronger acids, fewer side products might be oleskvowever this was not found to be the case.

Finally, isopropylidene deprotection was attempiadhe benzylated fructose moidi§l (Scheme
2.59. It was hoped that if the isopropylidene couldrémoved with the benzyl group in place, the

added lipophilicity of the product82 would mean it could be purified more easily byuroh
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chromatography. Subsequent removal of the benoupby hydrogenation may not necessarily

require purification, eliminating the need to coluafully deprotected sugar.

182

Scheme 2.55Changing the order of deprotection.

Unfortunately successful removal of the isopropstie group from protected fructo$81 could
not be achieved and extensive decomposition wasrneds in every attempt. This may be linked to

its reduced water solubility and the need, theesftor mixed solvent systems and/or heating.

2.4.2 Alternative Protecting Groups
Clearly, isopropylidene removal from 3,5-@+methyl fructose was not a trivial procedure. This
protecting group was introduced at the start ofsyrghesis of arabinonolacto®®3 by taking 2€-
methylD-ribono-1,4-lactone with acetone, copper(ll) s@fand acid. Key intermediates in the
synthesis of fructos&79, where isopropylidene removal could be achievedséwown inScheme
2.56
o o o
O0_o O._ _OH O_ .OH o OH
HO/\gMe—’Me"' — Me'm;—z::"'e—» M%"J/\lj‘l‘\,‘lo"' —>M%~ IIIVIIOH
- S R
94 100 102 103 179

Scheme 2.56Early introduction of the isopropylidene group.

Acidic deprotection of the isopropylidene groupnfrdactol 100 was discussed when difficulties
were encountered in the bromine oxidation. Whildtievable, the reaction took an unacceptable
length of time. Similarly, deprotection of ketoh@2 was attempted prior to the Kiliani reaction and

found to be low vyielding. The success of the Kiliagaction to form arabinonolactori®3 was
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attributed to the stability of the isopropyliden®ugp, preventing deprotection and therefore loss of
material during the work up. Deprotection of laed@3 will be discussed in more detail $ection
2.5, and was found to be more difficult than anticgohtClearly, for the synthesis of fructose to be

viable, an alternative protecting group fcs diols was required, to replace the isopropylidene

group.

A suitable protecting group would need to be stablmildly acidic (the synthesis uses a work up
procedure with acidic resin on two occasions) aasid(sodium cyanide) conditions, as well as
resistant to oxidising (sodium periodate and br@miwwater) and reducing (sodium/lithium
borohydride) agents. It was proposed that a besteryé acetal may be a suitable alternative to an
isopropylidene group, however it is known to prbteeme pentono lactones in the 3,5 position,
resulting in a six membered ring protecting groBigre 2.20.**>**with ribonolactone, which is
also 2,3cis like thelyxonoandrhamnonadactones, the product is not 3,5 protected, bu(Zgure
2.20). 195190157158t \yas therefore hoped that Gmethyl-D-ribonolactone88 could react in an

analogous fashion.

o
O N - & “~
Sy o_ 0O lo) 1
Ph%O OH ~0" on N Ph*}\ OH
Ph = not seen
Ph
lyxono rhamnono ribono

Figure 2.20: Benzylidene protection of sugar lactones.

2-C-Methyl-D-ribonolactone88 was suspended in a mixture of benzaldehyde amdedstivith
concentrated hydrochloric acttf This resulted in the formation of two productsty. analysis.
The more polar component of the reaction mixtureoanted for 71% of the material, and was
shown to be a mixture of two co-eluting compoung®NMR analysis, in an aproximately 2:1 ratio.

These were found to be a mixture of the desiregp&Bcted lactones83 and184 (Figure 2.27).
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o_0 o__0
Ph™ 'H Ph H
major minor
183 184

Figure 2.21:Major products from the benzylidene protection €2-2nethyl-D-ribono lactone

Recrystallisatiorvia slow evaporation resulted in large plate-like tajsand X-ray crystallography

clearly showed the structure of the major compadionok183 (Figure 2.22).

Figure 2.22:2,3-0-(9-Benzylidene-22-methyl-D-ribono-1,4-lactone with displacement ellipsoidawin at the 50%

probability level. H atoms are shown as spheresiufrary radius.
The second product visible by t.l.c. analysis @& thaction mixture accounted for the remainer of
the material. Unfortunately, NMR analysis reveadled to be not one, but four compounds, all in
approximately the same concentrations, which ctedluin the solvent systems used for
chromatography. HMBC analysis showed all four coomus to be 5 ring lactones, a finding
supported by the existence of an IR stretch at M85 It is possible that two of these compounds
might be the 3,5 protected lacton&85 however it has not been possible to confirm trigo

identify the other two componentSigure 2.23.
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o0 _o
O OH
Ph
185
Figure 2.23: Proposed structures of two of the four side prtglfarmed in the benzylidene protection of2nethyl-

D-ribono lactone.

Given the large amount of novel chemistry that widog involved in taking this molecule through
to 3,5-diC-methyli-fructose 177, which would then have to be repeated to geneitaeD-
enantiomer, it was felt this was a rather largejgut than initially intended. It was also antidgxd
that there may be problems with the Kiliani reactidue to the reduced hydrophilicity of the
benzylidene protected lactol compared to the igogidene protected lactol, as it is known from
previous investigations that mixed aqueous solwystems can result in reduced yieltsFor

these reasons, this synthesis was not persuedigthgif at this time.

2.5 Di-branched Sugar Lactones: Pyranose or Furanose?

In the couse of this work, detailed NMR analysigh# di-<C-methyl branched sugars generated has
been undertaken to establish the preferred ring gizhese unusual sugars in aqueous systems. |
was also of interest to investigate the favoured size of the corresponding @Hmethyl sugar
lactones. Even less is known about the conformatipreferences of branched sugars lactones, ac
these are scarce in the natural world. It is knbawvever that in general, the 5-ring form of a aycli
ester is favoured, because it more easily accommsdhae bond length requirements and co-
planarity of the atoms than the 6-ring geométhyin the literature it had been reported that-3-

methylD-allono lactoneds adopts the unusual six ring structure in the ssfade!®

However, the
di-C-methyl branched analogue, 2,3@imethyl allono lacton&86, exists in the 5 ring form in the
solid state Figure 2.24.'°® Both these compounds were synthesiséal an isopropylidene

deprotection from the 6 ring lactone; does this lymihat equilibration to the 5 ring form is

favoured upon crystallisation for @-methyl branched systems?
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HO
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Scheme 2.24Ring size of known branched sugar lactones

Thus, the die-methyl branched lactones generated in this workevieeated with acid to remove
the isopropylidene groups. Unhappily, recrystalisa of the deprotected di-methyl sugars
repeatedly afforded poor quality crystals which evensuitable for X-ray crystallographic analysis,
and therfore no conclusions regarding solid statgarmation can be drawn. The preferred ring
size of the lactones generated in this work wevestigated in the solution phase, using MeOD as

the solvent for HMBC analysis, unless otherwis¢estaas they were only sparingly soluble yOD

Isopropylidene removal from 3,5-@i-methyli-glucono 123 and mannonacl24 lactones was
effected with Dowe% acidic resin $cheme 2.5) Interestingly, the ease of deprotection was the
opposite of that observed for the lactols, namiety how thegluco lactone required a long reaction
time of 96 hours, whilst themanno lactone deprotected in 16 hours. Deprotection of
arabinonolactond 03 with acidic resin in water could not be achievadd attempts to drive the
reaction through heating resulted in complex miguof decomposition products. Trifluoroacetic
acid was able to remove the isopropylidene groupthis also required a relatively long reaction
time (30 hours). The analogoubo lactone was deprotected with acidic resin in wabet high
temperature was needed to achieve full deproteciiba difficulty in effecting deprotection of the
arabinonolactone with acidic resin may be relatedst relatively low polarity compared to similar
molecules; its Ris 0.54 (ethyl acetate/cyclohexane 1:1) comparé tveribo lactonel04 with an

Rf of 0.21.

111



Chapter 2 Synthesis of @-Methyl Branched Chain Sugars
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Reagents and Conditions(i) Dowex® (50W X8 H' form), H,0, RT, 96 h; (ii) DoweX (50W X8 H form), HO, RT,
16 h; (iii) TFAaq, RT, 30 h; (iv) DoweX (50W X8 H form), HO, 50°C 3 h then 90°C 4 h.

Scheme 2.57Deprotection of die-methyl branched sugar lactones.

The results shown b$cheme 2.5%eem to suggest that if the C2 and C3 hydroxg@sarthe same
face of the molecule, the 6-ring conformation isferred in solution. The possible conformations
of theribo andarabino stereochemistries are shown g 2.25 In theribo case, the C2 and C3
hydroxyls are both on the top face of the ring. L.a€ protons around the ring means that nOe
enhancements cannot be used to confirm whethendiecule adopts a chair or boat conformation.
If the ribo molecule was to adopt a boat conformation, thgpitde positions are occupied by
hydrogen and a methyl group. If it was to adopthairc conformation, then steric clashes are
avoided, both methyl groups are equatorial, ancetlsea possibility in certain solvents of formiag

stabilising hydrogen bond between the 2,4-diaxyalrbxyl groups.
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H HO H Me
H Me H OH
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HO OH HO OH
D-arabino boat D-ribo boat D-arabino chair D-ribo chair
HO Me g HO Meg
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o o
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Fig 2.25: Conformational analysis of thevs. 6 ring lactones. The-enatiomers are drawn for clarity.

In the 5-ring conformation, the bottom face of tit® molecule contains a methyl group and the
hydroxyl methyl group. The possible steric clasheHeads to the tentative conclusion thatribe
lactone adopts the 6-ring form because it can farchair conformation within which there are no
obvious unfavourable steric clashes. Comparingitih We arabino stereochemistry, the flagpole
position in the boat conformation would now contdie hydroxymethyl group; in a chair form,
there would be an axial methyl group, which is alisiured over the equatorial position. These

together support the discovery that #mabinoform favours the 5-ring conformation.

A similar argument may also rationalise the pref@ming size of thgluco andmannolactones in
solution. As a test of this theory, it would beitierest to discover whether, by increasing bulk at
the 2-position, the 6-ringrabino lactonel93 would now be preferred. With the benzylated laeton
113in hand, it was decided to remove the isopropylkdgroup and look again at the solution phase

conformation $cheme 2.58

113 192 193

Scheme 2.58lt was not possible to directly deprotect lactdd8 with acid.
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Lactone113 was taken with a variety of different acids; depotion was equally unsuccessful
whether mineral acids, organic acids or acidicnesvere employed. At low temperatures, no
reaction was seen, and upon raising the temperafutese reactions, extensive decomposition of
starting material was observed. Given that the ylated lactol deprotects with relative ease
(Section 2.2 and the lactol and lactone in this situation hahmost identical Rvalues, and
therefore similar solubilities, the difficulty ole@rotection was hard to understand. Throughout this
project, it has been found that the isopropylidgreup of a system can be removed more easily in
the lactol than in a lactone (e.g. ¥Misopropylidene-2,4-dE-methylL-arabinosevs. 2,4-di-C-
methyl-3,40-isopropylidene:--arabinono-1,5-lactone). Given that in both theases, the lactol
and lactone have similar solubilities, and theetghce in stereoelectronics in the last®llactone

will be small, as the relevant functional groupiso the carbonyl, the difference in reactivity is
thought to lie in the relative percentages of opbain form when in an acidic medium. Since
deprotection 0f113 could not be readily achieved under any of thedd@ms attempted, the
deprotected lactd17 was oxidised to the desired lactone usiigpdosuccinamide§cheme 2.59
HMBC analysis of the product was able to confirrtoibe the 5, rather than 6 ring form. This result
appears to suggest that bulk at C2 does not deteragnformation, however, the low solubility of
191 meant that NMR analyses, and therefore HMBC amabfsthe ring size had to be performed in
DMSO-ds, rather than CEDD which had been used as a solvent for all previaatones, thus

solvents effects may skew the validity of this fesu
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Reagents and Conditions(i) DIBAL, DCM, -78°C, 100 min, 89%; (ii) DoweX(50W X8 H' form), H,0, 70°C, 2 h
quant; (iii) NIS, TBAI, DCM, RT, 2 h, 57%.
Scheme 2.59Reduction/oxidation pathway to benzylated lacth@2

Given the size of this investigation, it would Ibsensible to draw any firm conclusions regarding
the preferred conformation of @-methyl branched lactones in solution. Howevers itlear that
there can be a preference for the less commong&foinm, although the circumstances that lead to
this preference are not yet apparent. Also, fouritinvestigations, it is worth noting that
isopropylidene removal can be far from trivial imch cases, and an alternative protecting group

should be considered for heavily branched systems.

2.6 Conclusions and Future Work

The work in this project on the synthesis ofGimethyl branched sugars has resulted in the
synthesis of several novel branched sugars andr dag@mnes. The synthesis of2methyl-D-
ribono lactone88 from D-glucose has been shown to be readily scaleablkingmdt a valuable
branched carbohydrate starting material. A shod @xpedient synthesis of both enantiomers of
2,4-di-C-methyl arabinose&ia the corresponding arabinonolactone (the syntheitlity of which as

a building block will be explored i€hapter 3) has been established. Several possible routes fro
2,4-di-C-methyli-arabinono-1,5-lacton#03 to 3,5-diC-methyl4i-glucose97 have been explored,

the most successful of which utilises the Kilia@action, and has resulted in the synthesis of both
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enantiomers of 3,5-di-glucose and mannose. The synthesis of 3G-hethylLi-fructose was

investigated.

GP inhibition studies have shown that 3,3cdimethylD-glucose 1 is a weak glycogen
phosphorylase inhibitor, providing support to thaial assumption based on molecular modelling
that the added lipophilicity could increase inhdoit With imino sugars it has been found that the
corresponding.-enantiomers also act as inhibitors, albeit in a-oompetitive fashion. Thus testing

of 3,5-di-C-methyl4i-glucose for GP inhibition would be of interest.

Detailed NMR analyses of the @-methyl sugars obtained in this work have showrt tha
presence of methyl branch points appears to fatlmufuranose configuration and in some cases
this effect can be quite pronounced. More work Wwél needed before any similar conclusions can

be reached for the correspondingddmethyl sugar lactones.

Given the difficulties the use of an isopropylidgiretecting group presented in the final stages of
many of these investigations, use of alternativeqmting group could be explored. In the 3,5=di-
methyl fructose synthesis, a benzylidene group patsforward as a viable alternative. Other
potential protecting groups for theis 2,3 diol in 2€-methyl ribono lactone38 include a
cyclopentylidene ketal, methylene, ethylidene an@, 22trichloroethylidene acetals. Orthoesters
may also present a suitable alternative, but tigklability of each case would have to be carefully

assessed.

Contaminated samples of 3,5@imethyli-fructose 177 have been sent to Prof. lzumori at
Kagawa University, in the hope that advanced chtographic techniqgues may be used to
efficiently clean the material, allowing for initignvestigations into the biotechnological aldose

iIsomerase process, which would hopefully genergiaBC-methyld -glucosed7 sterospecifically.
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Unfortunately, it was not possible to produce 3;%eémnethyl fructose or sufficient quantities of the
3,5-di-C-methyl glucose or mannose to test the taste cteaistics of these compounds. However,
with the methodology in place, and a revised s\githef the fructose proposed, it may be possible

to explore these new foodstuffs in the future.

3,5-Di-C-methylD-glucose was synthesised as a test system for #tkonplogy of introducing
two branch points into a sugar, with a view to agliag this idea to the introduction of vinyl groups

which could be linked to form an ethyl bridggcheme 2.61

OH OH
o 0}
HO HO
OH —]/—— OH
JX
44 43

Scheme 2.60Future work could look at the synthesisASf to see if the added rigidity enhances GP intubiti

2.7 General Experimental

Tetrahydrofuran was purchased dry from the Aldiblemical company in sure-seal™ bottles or
distilled over calcium hydride. Pyridine ahgN-dimethylformamide were purchased dry from the
Aldrich chemical company in sure-seal™ bottles. &/atas distilled. All other solvents were used
as supplied (analytical or HPLC grade) without Hert purification, unless stated otherwise.
Reactions performed under an atmosphere of argdrydnogen were maintained by an inflated
balloon. Reagents were used as supplied, without prior ipatibn. Thin-layer chromatography
(t.l.c.) was carried out on aluminium sheets coatéth 60Fs,4 silica from Merck. Sheets were
visualised using a spray of 0.284v cerium (IV) sulfate and 5% ammonium molybdate M2
sulfuric acid or basic potassium permanganate isoludnd subsequent heating. Flash column
chromatography was carried out using Sorbasil 46/6a from VWR.Melting points (m.p.) were

measured on a Kofler hot-block apparatus and acertected. Proton nuclear magnetic resonance
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spectra §4) were recorded on a Bruker AV400 (400 MHz) or aukgr AV500 (500 MHz)
spectrometer*C NMR spectradc) were recorded on a Bruker AV400 (100 MHz) or aul&r
AV500 (125 MHz) spectrometer in the deuterated exui\stated. BD spectra are referenced to
either acetone or acetonitrile. Chemical shiéjsare denoted in ppm and coupling constastsn(

Hz. Residual signals from the solvents were usedrainternal referencéH resonances were
assigned using COSY and HMQC spectfi€ resonances were assigned using DEPT, HSQC
HMQC and HMBC spectra as appropriate. The followialgbreviations are used to denote
multiplicities: s, singlet; d, doublet; dd, douldeublet; ddd, double-double-doublet; t, triplet; g,
guartet; dt, double triplet; m, multiplet; br, bdhaa, apparent. Where a compound exists as a
mixture of anomersA is used to denote the major compon8&nthe minor, unless otherwise stated.
Infrared spectra were recorded on a Bruker Ten8d¥f2IR spectrophotometer using thin films on
NaCl or Ge plates and peaks are given iff c@®nly characteristic peaks are quotieokv resolution
mass spectra (LRMS) were recorded on a FisonsoRtatfESI) spectrometer or a Micromass VG
Autospec 500 OAT (CI(NE)) spectrometer. High resolution mass spectra (HRW&e recorded

on a Micromass LCT (ESI) spectrometer, a Microm&$s Autospec 500 OAT (CI(NE))
spectrometer or a Micromass GCT (FI) spectrom@gtical rotations were measured on a Perkin-
Elmer 241 polarimeter with a path length of 1 drapeentrationsd) are quoted in g/100 mL.
Elemental analyses were performed by the microamsalgervice of the Inorganic Chemistry

Laboratory (Oxford).
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2-C-Methyl-D-ribono-1,4-lactone 88
o0_o
HO/gMe
HO OH
Dimethylamine (33% in absolute ethanol, 159 mL0M®ol) was added dropwise over 30 minutes
to a solution ofb-glucose (157 g, 0.87 mol) in industrial methylasgrits (235 mL) and acetic
acid (50.3 mL, 0.87 mol) in a 2 L jacketed reastith JT 17°C [this step was exothermic; JT was
set to 17°C to ensure the internal temperature iresdaat 20°C]. The reaction mixture was then
heated (JT 75°C) over 0.5 h, cooled to 55°C ovemBfutes and stirred at 55°C for 90 minutes.
T.l.c. analysis (14:3:1:1:1, EtOH;B:Py:AcOH’BUOH) showed the formation of a single major
product (R 0.39)2; no glucose (R0.79) remained. The solution was concentratedanbar, JT
50°C, until bubbling ceased (90 minutes) and thewbroil was diluted with distilled water (330
mL). The reactor was evacuated and filled withagén and JT was adjusted to 0°C. Calcium oxide
(73.3 g, 1.31 mol) was added in 4 portions at 10uta intervals [the reaction was exothermic; the
internal temperature rose by approximately 5°Cradtch addition]Under a nitrogen atmosphere
(maintained by inflated balloon), the reaction mnet was heated to JT 25°C over 20 minutes and
then heated to JT 40°C over 18 hours and stirrelll at0°C for a further 4 hours. T.l.c. analysis
(14:3:1:1:1, EtOH:HO:Py:AcOH"BUOH) after this time indicated the absence of Ameadori
ketose, and the formation of a product R00)88. JT was lowered to 0°C, and 96% sulfuric acid
(88 mL, 1.65 mol) was added over 90 minutes, kegepihat 0°C. The pH was checked at this point
to ensure it was in the range 2.4 - 2.7. Additibexdra sulfuric acid was occasionally necessary.
Once addition was complete, JT was set to risebt@ bver 30 minutes and the reaction mixture
stirred at JT 45°C for 12 h. The mixture was thédowsed to cool to room temperature before

filtration; the reactor and filter cake were rinsetith distilled water (500 mL). T.l.c. analysis

" JT refers to jacket temperature of reactor vesselstrolled by Julabo heater/chiller units.
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(14:3:1:1:1, EtOH:HO:Py:AcOH"BUOH) of the filtrate revealed a major product (R92). The
filtrate (approx 1 L) was concentrated at 50°C i@ brown residue which was re-dissolved in a
mixture of acetone (800 mL) and water (80 mL) andldfs Earth (90 g) was added. The reaction
mixture was refluxed for 0.5 h and the organic ph@scanted and filtered. The solid remaining in
the flask was then extracted a further 3 times Wit aqueous acetone (275 mL x 3), refluxing for
5 minutes and decanting the acetone each time.chhwined filtrates were concentrated under
reduced pressure at 40°C to give 109 g of solidvhrorude. Recrystallisation from hot acetone
gave the lacton88 as a cream coloured solid (37.5 g, 27%).

m.p. 157-158°C; d]p*° +87.6 €, 0.86 water);{Lit’** m.p. 158-159°C; ]p'*°> +87.5 ¢, 0.76
water)}; 6y (CDsOD, 400 MHz): 1.43 (3H, s, G#R2), 3.73 (1H, dd, H-B54 4.5, J5 5 12.8), 3.93
(1H, d, H-3J54 7.8), 3.97 (1H, dd, H-5J5 4 2.4,J5 5 12.8), 4.32 (1H, ddd, H-44 5:2.4,J454.5,J43
7.8) 8¢ (CDsOD, 100 MHz): 20.0 (Ckt2), 60.0 (C-5), 72.6 (C-2), 72.6 (C-3), 83.4 (CH}7.0 (C-

1).

*JT refers to oil jacket temperature of react@segels, as controlled by Julabo heater/chillesunit
Scale up procedure - 6 L jacketed reactor for kgglucose:

D-Glucose (1.26 Kg, 7.00 mol); dimethylamine (33% ahsolute ethanol, 1.28 L, 7.21 mol);
industrial methylated spirits (1.89 L); acetic a¢#D5 mL, 7.01 mol.); water (2.66 L); calcium
oxide (589 g, 10.5 mol); 96% sulfuric acid (710 nil3.3 mol). The procedure was carried out as
above; however additional purification, in the forof exhaustive treatment with aqueous
acetone/Fullers Earth and a subsequent reflux Wdrit activated charcoal in acetone, was
required before crystallization was possible. Th&alt mass of Z=-methylD-ribonolactone88

obtained was 229 g (20%).
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2-C-Methyl-L-ribono-1,4-lactone 132

'y O o
Ho/ ’
|||Me

HO OH
The procedure was carried out as previously destrébove for the preparation ofC2methyl4d -
ribonolactonel32 using the following amounts:
L-Glucose (42.4 g, 0.235 mol); dimethylamine (33%absolute ethanol, 43.2 mL, 0.243 mol);
industrial methylated spirits (64 mL); acetic a€iB.6 mL, 0.235 mol); water (89 mL); calcium
oxide (19.8 g, 0.353 mol); 96% sulfuric acid (2&8, 0.424 mol).
After direct crystallization of lactone 3 (5.37 f)e mother liquor was concentrated, and the residu
purified by column chromatography (40-60 petroltane 4:1-1:1) and crystallization to give
further product (4.20 g). The total yield ol2methyldi-ribono-1,4-lactond32was 9.57 g (25%).
m.p. 158-159°C;d]p** -87.6 €, 0.8 water); {lit. m.p. 160-162°Cp[p**°-87.7 €, 0.6 water)}; the

'H and’*C NMR spectra were identical to those of the eamtir88 above.

2,3-O-Isopropylidene-2-C-methyl-D-ribono-1,4-lactone 94

0 _o
w~Cr,
N - Me
o. O

ey
2-C-Methyl-D-ribono-1,4-lactone38 (10.8 g, 66.5 mmol) was dissolved in acetone (200 and
stirred at room temperature with anhydrous coppergulfate (21.0 g, 131.3 mmol) and
concentrated sulfuric acid (0.4 mL) for 96 hoursl.cT analysis (ethyl acetate) after this time
showed the formation of a single product Q8) and complete consumption of starting material
(Rf 0.35). The reaction mixture was neutralised watigm carbonate(s), filtered through a pad of

Celite¢® and concentrated under reduced pressure. The amade purified by flash column
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chromatography (ethyl acetate/cyclohexane, 1:1)yield 2,3-O-isopropylidene-2=-methylD-
ribono-1,4-lacton®4 (13.3 g, quant.) as a pale yellow solid.

HRMS (ESI+ve): found 225.0733 [M+N3]CsH14NaOs requires 225.0733; m.p. 54-56°G]§* -
36.3 €, 1.79 acetone) {Lit®® m.p. 52-54°C; §]p'° -35.6 €, 1.4 acetone)Vmax (thin film): 3442 (s,
br, OH), 1774 (s, C=0%y (CDClL, 400 MHz): 1.43 (3H, s, C(CHb), 1.46 (3H, s, C(CH),), 1.66
(3H, s, CH-2), 2.05 (1H, s, OH), 3.84 (1H, d, H&,s 12.4), 4.00 (1H, d, H535 5 12.4), 4.53-4.56
(2H, m, H3, H4);5c (CDCk, 100.6 MHz): 19.9 (Ckt2), 26.7 (CCHa),), 26.8 (CCHs),), 62.3
(C5), 82.6, 83.2 (C3, C4), 82.8 (C2), 1130(CHs),), 177.8 (C=0); LRMS (ESI-ve): 261

([M+CH5CO,]", 100%).

2,3-O-Isopropylidene-2-C-methyl-D-ribitol 99
OH oH

oL
—=Me

0. 0

oS

2,3-O-Isopropylidene-22-methylD-ribono-1,4-lactone94 (1.12 g, 5.71 mmol) was dissolved in
tetrahydrofuran (10 mL) and lithium borohydrideg@n (2 M in tetrahydrofuran, 1.4 mL) was
added dropwise whilst stirring. [For reactions parfed on over 1.5 g of starting material, the
reaction mixture was cooled to 0°C before addibbreagent.] T.l.c. analysis (ethyl acetate) after
hour showed the formation of a single produgt@R3) and starting material {(B.75); a further 0.3
mL of lithium borohydride was added. T.l.c. anadyg¢ethyl acetate) after a further 30 minutes
showed complete consumption of starting materidle Teaction mixture was neutralised with
DowexX® (50W X8 H' form), filtered, and concentrated under reducessgure to afford 2,8-
isopropylidene-2=-methyl-D-ribitol 99 (1.32 g, quant.) as a colourless oil, which wasdusithout
further purification. A small sample was purifiedy blash column chromatography (ethyl

acetate/cyclohexane, 2:1) for the purpose of cheraation.

122



Chapter 2 Synthesis of @-Methyl Branched Chain Sugars

HRMS (ESI+ve): found 243.1046 [M+N3]CoH1gNaOs requires 243.1048p]p™ -11.4 €, 2.33
ethanol);Vmax (thin film): 3385 (br, OH)5y (CDCh, 400 MHz): 1.34 (3H, s, @Ha)2), 1.36 (3H, s,
C(CHa)2), 1.42 (3H, s, CH2), 2.47 (1H, s, OH-1), 3.42 (1H, a-d, H19.6), 3.61-3.68 (1H, m,
H5), 3.74 (2H, a-d, H1', H3] 9.0), 3.84-3.91 (2H, m, H4, H5"), 4.36 (1H, d, @Hlop 4 3.3); 8¢
(CDCls, 100 MHz): 23.9 (QTHs)y), 26.6 (CH-2), 28.4 (CCHa),), 64.9, 65.1 (C1, C5), 70.5 (C4),

81.8 (C3), 82.2 (C2) 108.€(CHs),); LRMS (ESI-ve): 205 ([M-H] 100%).

2,3-O-Isopropylidene-3-C-methyl-L-erythrose 100

O .OH
AT

o_ 0

oS

2,3-O-Isopropylidene-22-methyl-D-ribitol, 99 (1.78 g, 8.64 mmol) was dissolved in a mixture of
water (10 mL) and methanol (30 mL) and sodium miie (2.22 g, 10.37 mmol) was added whilst
stirring. A thick, white precipitate formed, andld. analysis (ethyl acetate) after 2 hours showed
complete consumption of the starting materigl @@3) and the formation of a single product (R
0.78). The reaction mixture was concentrated umeéuced pressure, preadsorbed on silica and
purified by silica plug (ethyl acetate), to yie2d3-O-isopropylidene-3z-methyli -erythrosel00
(1.57 g, quant.) as a colourless oil, in a 5:Jorafianomers.

HRMS (ESl+ve): found 173.0808 [M+N2a]CsH13Na O, requires 173.0813p]p2° +50.5 €, 1.43
chloroform); vimax (thin film): 3423 (br, OH)8y (CDCl, 400 MHz): 1.38, (3H, s, CH3);"), 1.44
(6H, s, CCH3),%, C(CH3)."), 1.47 (3H, s, CHt3®), 1.52 (3H, s, GTH3)."), 1.54 (3H, s, CH3?Y),
2.93 (1H, d, OH, Jon 1 2.4), 3.32 (1H, d, H4 J,4 10.3), 3.88 (1H, d, H4 J;4 9.7), 3.89 (1H, d,
H4®, J,, 10.3), 3.99 (1H, d, H& J; 4 9.7), 3.99 (1H, d, O} Jon1 11.3), 4.14 (1H, d, H2 J,1
3.3), 4.21 (1H, s, HY, 5.03 (1H, dd, H1, J;5 3.3, J1 04 11.8), 5.41 (1H, d, H1 J; on 2.3); 8¢

(CDCl;, 100 MHz): 22.9 (CH3P), 23.3 (CH-3%), 27.5 (CCHs)."), 27.5 (CCHas),%), 27.6
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(C(CH5)"), 27.8 (CCHa),®), 73.8 (C&), 77.8 (C4), 84.4 (C%), 88.3 (C3), 88.8 (C3) 90.2
(C2Y), 97.9 (CP), 102.6 (C1), 112.6 C(CH3),"), 114.0 C(CHs),°). LRMS (ESI-ve): 203

([M+MeO]’, 100%).

3-C-Methyl-L-erythrose 98

O .OH

Me' '
HO OH

2,3-0-Isopropylidene-3z-methyli-erythrosel00 (1.60 g, 9.20 mmol) was dissolved in water (20
mL) and stirred with Dowek (50W X8 H' form, 1 g) at room temperature. T.l.c. analysthyle
acetate) after 24 hours revealed the presenceadingt material (R0.81) and the formation of a
single product (R0.27); additional resin (500 mg) added and thetunecheated to 40°C for 48
hours, then cooled to room temperature and stioecaffurther 96 hours, after which time t.l.c.
analysis showed the complete consumption of thréirggjamaterial. The resin was filtered away and
the solvent concentrated under reduced pressuyieltb3-C-methyldi-erythrosed8 (1.23 g, quant.)
as a single anomer, as a colourless oll.

HRMS (ESl+ve): found 157.0471 [M+N3]CsH1oNa;O4 requires 157.0473p[p™° +11.4 €, 2.41
ethanol);Vmax (thin film): 3386 (s, br, OH)oy (CHsOD, 400 MHz): 1.29, (3H, s, GFB), 3.57 (1H,

d, H2J 4.1), 3.68 (1H, d, H4,4 9.1), 3.74 (1H, d, H41, 4 9.4), 5.14-5.16 (1H, m, H1fc
(CH3;OD, 100 MHz): 22.3 (CKt3), 77.2 (C4), 82.7 (C2), 98.0 (C3), 103.8 (CIRMS (ESI-ve):

193 ([M+CHCO,]", 100%).
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2,3-0-Isopropylidene-3-C-methyl-L-erythrono-1,4-lactone 101

0 _o

o_ 0O

o

2,3-O-Isopropylidene-32-methylL-erythrosel00 (3.34 g, 19.17 mmol) was dissolved in water (70
mL) and cooled to 0°C. The flask was wrapped ith doid barium carbonate (5.67 g, 28.8 mmol)
was added, followed by dropwise addition of brom{het8 mL, 28.8 mmol). The solution was
allowed to warm to room temperature, and stirred1® hours, after which time, t.l.c. analysis
(ethyl acetate/cyclohexane, 1:1) revealed the foomaof a single product (R0.60) and the
complete consumption of starting materiak (R51). The reaction mixture was quenched with
saturated sodium thiosulfate solution (5 mL), amel product extracted with ethyl acetate (200 mL).
The solvent was concentrated under reduced pressaftord 2,30-isopropylidene-3=-methyl4 -
erythrono-1,4-lacton&01 (3.05 g, 93%) as a white crystalline solid, whicis used without further
purification.

Found C 55.78; H 6.99; 88,,0, requires C 55.81; H 7.0HRMS (ESI+ve): found 195.0628
[M+Na]*; CgH1oNawO, requires 195.0624p]p™ +103.6 €, 1.26 chloroform); m.p. 82-83°Gnax
(thin film): 1775 (s, C=0)pn (CDCk, 400 MHz): 1.42 (3H, s, C(Gb), 1.51 (3H, s, C(CH}),
1.55 (3H, s, Ch3), 4.14 (1H, d, H4J 10.4 Hz), 4.44-4.46 (2H, m, H2 & H4'§c (CDCl, 100
MHz): 22.1 (CH-3), 27.9 (CCHs),), 28.7 (CCHa),), 75.8 (C4), 79.6 (C2), 83.7 (C3), 114.2

(C(CHs)2), 174.8 (C1). LRMS (ESI-ve): 189 ([M+OHJL00%).
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1-Deoxy-3,40-isopropylidene-4-C-methyl-L-ribulose 102

(o) Me

H
Melll O

o_.0

o

2,3-O-Isopropylidene-3z2-methyli-erythrono-1,4-lacton@01 (3.29 g, 19.10 mmol) was dissolved
in tetrahydrofuran (33 mL) and the solution cooled78°C. Methylmagnesium bromide solution
(3 M in ether, 7.0 mL, 21.0 mmol) was added dropvitsthe lactone and the mixture stirred under
argon. IR analysis after 45 minutes revealed theptete consumption of starting material by the
absence of a peak at 1775 tnThe reaction mixture was quenched with waterrfil§ and the
aqueous extracted with dichloromethane (3 x 50 nile combined organic layers were dried
(magnesium sulfate), filtered, and concentratedeumdduced pressure to afford 1-deoxy-G:4-
isopropylidene-4c-methyld.-ribulose102(3.14 g, 87%) as a cream coloured solid in a &tib of
anomers; this was used without further purification

HRMS (ESI-ve): found 187.0965 [M-H]CsH1:04 requires 187.0966; m.p. 54-56°G]4>° +55.2

(c, 1.60 chloroform)ymax (thin film): 3412 (br, OH)y (CDCh, 400 MHz): 1.40 (3H, s, C(GH"),
1.44 (3H, s, C(CH).®), 1.46 (3H, s, C(CH"), 1.52 (3H, s, CH4®), 1.54 (3H, s, C(CH-"), 1.56
(3H, s, CH-4%), 2.29 (1H, s, OF), 3.40 (1H, d, HB, Js5 10.2), 3.82 (1H, d, H5 Js5 9.6), 3.89
(1H, d, H5®, Js55 10.2), 3.91 (1H, d, H5; J5:59.6), 3.92 (1H, s, H3, 4.04 (1H, s, H3), 4.17 (1H,

s, OH); 8¢ (CDCk, 100 MHz): 21.9 (CH), 22.5 (C1), 23.6 (CH-4"), 23.8 (CH-4°), 27.4
(C(CHa3)5"), 27.5 (CCHa).®), 74.8 (C5), 77.2 (C%), 87.9 (C8), 88.5 (C&4), 89.6 (C4), 90.2
(C3%), 103.4 (C3), 106.6 (C2), 112.4 C(CHs)2"), 113.5 C(CHs),®) LRMS (ESI-ve): 187 ([M-H]

, 100%).
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2,4-Di-C-methyl-3,4-O-isopropylidenei -arabinono-1,5-lactone 103, 2,4-d-methyl-3,4-O-
isopropylidene+ -ribono-1,5-lactone 104

0)

o0._0O o
MeJ/\I/v\E\OH Me:gjOH
SYO Me 3(0 Me
arabino ribo

1-Deoxy-3,-40-isopropylidene-4c-methylL -ribulose 102 (5.00 g, 26.6 mmol) was dissolved in
water (60 mL) and stirred with sodium cyanide (1¢/034.9 mmol) at room temperature for 24
hours, followed by heating to 85°C for 48 hourseolution was then allowed to cool to room
temperature before being passed through a columandferlite®-IR120 (H" resin) eluted with
water (1 L). T.l.c. analysis (ethyl acetate/cycboduge, 1:1) of this solution revealed the preserice o
one major product (R0.54) and a minor product {®.21). Evaporation of the solvents under
reduced pressure afforded a cream solid (5.07 egryRtallisation from ethyl acetate (50 mL) gave
1.88 g of the arabinonolactord®3 as colourless needles. Concentration of the mditpgor and
repeated recrystallisation afforded a further 0.998f 103 The remaining liquor as concentrated
under reduced pressure and purified by flash colahmomatography (ethyl acetate/cyclohexane,
1.6), to give arabinonolactori®3 (combined mass 4.42 g, 77%; ®54), and ribono lactonk)4
(201 mg, 4%; R0.21) as pale yellow oil.
Data for 103: Found: C, 55.84; H, 7.54;16H:605 requires: C, 55.55; H, 7.46; HRMS (ESI+ve):
found 239.0890 [M+N4d]} CioH1¢0sNa requires 239.0889; m.p. 112-118°@Jf* +131.8 ¢, 1.50
chloroform);vmax (thin film): 3456 (s, br, OH), 1731 (s, C=@); (CDCl, 400 MHz): 1.38, 1.40 (2
X 3H, s, C(CH),), 1.43 (3H, s, Cht4), 1.58 (3H, s, Ck2), 2.81 (1H, s, OH), 4.01 (1H, s, H3),
4.13 (1H, d, H5J)s 5 11.4), 4.62 (1H, d, H5Js 5 11.4);5¢c (CDCk, 100 MHz): 23.0 (Ckt2), 24.7
(CHs-4), 26.7 (CCHa),), 27.4 (CCHs),), 72.7 (C2), 74.1 (C5), 79.3 (C4), 84.7 (C3), 110.

(C(CHs)2), 171.5 (C1); LRMS (ESI-ve): 187 (100%), 215 ([M:}B85%).
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Data for 104: HRMS (ESl+ve): found 239.0890 [M+N2a]CioH16Na;Os requires 239.0889p]p*
+127.3 €, 0.90 chloroform)vmax (thin film): 3463 (s, br, OH), 1753 (s, C=); (CDCls, 400
MHz): 1.43 (6H, s, C(Ch),), 1.46 (3H, s, Chkt4), 1.49 (3H, s, Cki4), 3.54 (1H, s, OH), 4.15 (1H,
s, H3), 4.18-4.31 (2H, a-dd, H6, H&,0.7, J 13.0); 5c (CDCk, 100 MHz): 19.8 (Ckt2), 24.5
(CHs-4), 26.5 (CCHa),), 27.3 (CCHa),), 71.8 (C2), 73.9 (C5), 77.5 (C4), 85.7 (C3), D10.

(C(CHs)2), 174.1 (C1).

2-0O-Benzyl-2,4-di-C-methyl-3,4-O-isopropylidened -arabinono-1,5-lactone 113

0]

o
Me,@OBn
o Me

QTO
2,4-Di-C-methyl-3,40-isopropylidene:--arabinono-1,5-lactonel03 (406 mg, 1.88 mmol) was
dissolved inN,N-dimethylformamide (6 mL) with 4A molecular siev€k0 mg). Benzyl bromide
(0.27 mL, 2.26 mmol) and sodium hydride (60% susmenin mineral oil; 90 mg, 2.26 mmol)
were added and the solution stirred at room tentyerafor 2 hours. T.l.c. analysis (ethyl
acetate/cyclohexane, 2:1) after this time revealetiplete consumption of starting materiak (R
0.29) and the formation of a single product (R63). The reaction mixture was filtered through
Celite®, eluted with dichloromethane, and the solventscentrated under reduced pressure. The
crude was dissolved in dichloromethane (15 mL)wadhed with water (3 x 15 mL). The organic
phase was dried (magnesium sulfate), filtered hedsblvents concentrated under reduced pressur
to give the crude lactone. This was purified by tielu through a silica plug (ethyl
acetate/cyclohexane, 1:10) to afford Ozbenzyl-2,4-diC-methyl-3,40-isopropylidene--
arabinono-1,5-lactond,13(512 mg, 89%) as a white solid.

Found: C, 66.51; H, 7.22;:¢H,,05 requires: C, 66.65; H, 7.24; HRMS (ESI+ve): folB#9D.1357

[M+Na]"; Ci7H2NaOs requires 329.1359; m.p. 61-64°@]4> +58.8 €, 0.82 chloroform)vmax
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(thin film): 1750 (s, C=0)$y (CDCk, 400 MHz): 1.39 (3H, s, C#4), 1.42 (6H, s, C(CH)), 1.65
(3H, s, CH-2), 4.11 (1H, s, H3), 4.16 (1H, d, HE,5 11.7), 4.32 (1H, d, OCHPh, Jyem 11.0), 4.48
(1H, d, H5'J5:511.7), 4.68 (1H, d, OCH#Ph, Jyem 11.0), 7.26-7.36 (5H, m, Ar-Hyc (CDCl, 100.6
MHz): 17.9 (CH-2), 24.9 (CH-4), 26.7 (CCHa)), 27.4 (CCHa),), 67.2 CHPh), 74.3 (C5), 78.6
(C2), 79.4 (C4), 84.5 (C3), 110.G(CHs),), 127.7 (Ar-C), 128.2 (Ar-C), 128.7 (Ar-C), 137(Ar-

Cqua), 169.6 (C1); LRMS (ESI+ve): 329 ([M+N3]100%).

2-0O-Benzyl-2,4-di-C-methyl-3,4-O-isopropylidened -arabinose 114

O0.__.OH
Me,J/\,/\E\OBn
o Me
.A(o
2-0O-Benzyl-2,4-diC-methyl-3,40-isopropylidene--arabinono-1,5-lactonel13 (463 mg, 1.51
mmol) was dissolved in dichloromethane (5 mL) ambled to -78°C. Dsobutylaluminium
hydride solution (1 M in toluene; 1.6 mL, 1.59 minelas added and the reaction mixture stirred
under argon. T.l.c. analysis (ethyl acetate/cyctahe, 1:6) after 90 minutes revealed complete
consumption of starting material (R.32) and the formation of a single product (RL5). The
reaction was quenched with methanol until the eiatuof gas had ceased and stirred with sodium
potassium tartrate solution (10 mL) for 45 minut8@he mixture was partitioned between
dichloromethane (20 mL) and water (20 mL), and thgueous phase extracted with
dichloromethane (2 x 10 mL). The combined orgariiages were dried (magnesium sulfate),
filtered and concentrated under reduced pressurafftdd 2O-benzyl-2,4-diC-methyl-3,40-
isopropylidene:--arabinose114 (485 mg, quant.) as a colourless oil, in a 7:brat anomers.

Found: C, 66.15; H, 7.85;,@1,40s requires: C, 66.21; H, 7.84; HRMS (ESI+ve): fol881.1513
[M+Na]"; C17H24NaOs requires 331.1516; m.p. 70-73°@]4*® +20.0 €, 1.18 chloroform)vmax

(thin film): 3425 (br, OH);54 (CDCl, 400 MHz): 1.39 (6H, s, C(CHt®, CHs-4"), 1.40 (3H, s,
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C(CHs),"), 1.45 (3H, s, Cht4®), 1.48 (3H, s, C(CH-"), 1.50 (3H, s, Ck2"), 1.53 (3H, s, Cht
2%), 1.55 (3H, s, C(CH.?), 3.52 (1H, d, HE, Js5 12.1), 3.57 (1H, d, H5 Js 5 11.8), 3.67 (1H, d,
H5%, Js 5 11.8), 3.90-3.91 (2H, m, H3H5®), 3.93 (1H, d, OA, Jon1 11.9), 4.11 (1H, s, H3,
4.17 (1H, d, OH, Jon 1 11.0), 4.51 (1H, d, OCIPH, Jyem 10.9), 4.57 (1H, d, OCHPH, Jyem 10.9),
4.59 (1H, d, OCBPH", Jyem 10.8) 4.66 (1H, d, OCHPH", Jyem 10.9), 4.77 (1H, d, H1 Jy 04 11.9),
5.12 (1H, a-dd, H1, J 1.5, 10.9), 7.15-7.39 (10H, m, Ar*ff); 8¢ (CDCk, 100 MHz): 18.6 (Cht
2%), 18.7 (CH-2°), 23.5 (CH-4%), 24.1 (CH-4°), 26.8 (CCHas),°), 26.9 (CCHa),"), 28.0
(C(CH3)."), 28.3 (CCHa),%), 64.3 (C5) 64.4 (CHPIP), 65.5 (CHPH'), 69.3 (C5%), 73.6 (C3),
74.9 (C2), 76.9 (C&#), 77.6 (C4), 80.0 (C3), 82.3 (C3), 93.5 (CP), 95.8 (C1), 108.5
(C(CHs),®), 108.7 C(CHs),"), 127.5, 127.6, 127.7, 128.0, 128.4, 128.5, 12820.2 (8 x Ar-

C*¥®), 137.7 (Ar-Guat ), 138.3 (Ar-Guat); LRMS (ESI-ve): 307 ([M-H} 100%).

2,4-Di-C-methyl-3,4-O-isopropylidene- -arabinose 110

O ~OH

o Me

A(o
Method 1: 2,4-Di-C-methyl-3,40-isopropylidene--arabinono-1,5-lactonel03 (1.03 g, 4.75
mmol) was dissolved in dichloromethane and cooled -#8°C, under argon. 1 M
diisobutylaluminium hydride solution in toluene (10 m&97 mmol) was added dropwise whilst
stirring. T.l.c. analysis (ethyl acetate/cyclohexari:1l) after 1 hour showed the presence of
unreacted starting material{(®54) and a single product;&34). A further 0.5 mL of reagent was
added and the solution stirred for a further 40.riihc. analysis (ethyl acetate/cyclohexane, 1:1)
showed remaining starting material (R54), and two products {R.34 & R 0.00). The reaction
was quenched with methanol until the evolution@$ gad ceased (approx. 5 mL). Ethyl acetate (10

mL), sat. sodium hydrogen carbonate solution (5 argd potassium hydrogen orthophosphate (500
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mg) were added. This mixture was allowed to warmmotmm temperature before the addition of
magnesium sulfate; the resulting gel was filteracbugh a pad of Celifeand the solvents
concentrated under reduced pressure to afford damel (1.20 g) as a white crystalline solid.
Purification by column chromatography (ethyl acetagclohexane, 1:4) gave 2,4-@imethyl-3,4-
O-isopropylidene--arabinose110in a 10:1 ratio of anomers (0.69 g, 67%) and wieshstarting
material (227 mg, 22%), both as white crystalliokds.

Method 2: 2-O-Benzyl-2,4-diC-methyl-3,40-isopropylidene--arabinosel 14 (87 mg, 0.28 mmol)
was dissolved in ethanol (3 mL). Palladium hydrex{@0% on carbon; 17 mg) was added to the
solution whilst stirring. The reaction mixture wadgsgassed and stirred under hydrogen; T.l.c.
analysis (ethyl acetate/cyclohexane, 1:1) afteo@r$ revealed complete consumption of starting
material (R 0.85) and the formation of a single product (B4). The reaction mixture was
degassed and filtered through a pad of Celiteluting with methanol. The solvents were
concentrated under reduced pressure to afford i2C4rdethyl-3,40-isopropylidenea--arabinose,
110(62 mg, quant.) as a white crystalline solid, vihicas used without further purification.

HRMS (ESI+ve): found 241.1046 [M+N3]CicH1sNa,Os requires 241.1196; m.p. 84-86°G1 4"’
+26.6 €, 0.60 chloroform)ymax (thin film): 3417 (s, br, OH)jy (CDClk, 400 MHz): NMR data for
major anomer only1.35 (3H, s, Ckt2), 1.37 (3H, s, C(Ch),), 1.39 (3H, s, CE4), 1.44 (3H, s,
C(CHs)2), 2.50 (1H, s, OH), 3.52 (1H, d, H3s 5 11.8), 3.52 (1H, br, s, OH), 3.72 (1H, d, HE's
11.7), 3.83 (1H, s, H3), 4.82 (1H, s, H&); (CDCk, 100 MHz): 23.5 (Cht2), 23.9 (CH-4), 26.5
(C(CHa)2), 27.7 (CCHa),), 69.2 (C5), 70.2 (C2), 77.8 (C4), 94.3 (C1), S0&(CHs),); LRMS

(ESl-ve): 217 ([M-H], 100%).
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2-0O-Benzyl-2,4-di-C-methyl-L-arabinose 117
Oo._ .OH
Me/J/\l/\gMe
HO OBn
OH
2-0O-Benzyl-3,40-isopropylidene-2,4-d&-methyli-arabinose114 (178 mg, 0.58 mmol) was
suspended in water (3 mL) and heated to 70°C. DBW&W X8 H' form, 250 mg) was added and
the reaction mixture stirred for 2 hours during evhtime a white film formed on top of the reaction
mixture. T.l.c. analysis (ethyl acetate/cyclohexariel) after this time revealed complete
consumption on starting material;(B.49) and the formation of a single product (R07). The
mixture was filtered using hot acetone and the estly concentrated under reduced pressure tc
afford a white solid, 23-benzyl-2,4-diC-methyli-arabinose 117 (167 mg, quant.) as a single
anomer, which was used further purification.
HRMS (ESI+ve): found 291.1208 [M+Ng]CisHo0Na; Os requires 291.1213n.p. 148-150°CHy
(DMSO-ds, 500 MHz): 1.01 (3H, s, C#4), 1.27 (3H, s, Ck2), 3.27 (1H, a-d, H5') 12.9), 3.32
(1H, d, H3,J3.0n 7.3), 3.50 (1H, a-d, H5] 12.0), 4.05 (1H, s, OH-2), 4.44 (1H, d, Hil,on 5.4),
4.63 (1H, d, OCkPh, Jyem 11.8), 4.64 (1H, d, OH-3]on 3 7.4), 4.67 (1H, d, OCHPh, Jyemn 11.8
Hz), 6.60 (1H, d, OH-1Jon 1 5.6), 7.22-7.34 (5H, m, Ar-H}c (DMSO-ds, 125 MHz): 10.6 (Cht
2), 23.5 (CH-4), 64.7 (QCH,Ph), 70.7 (C5), 77.2 (C3), 78.8 (C2 & C4), 98.6 \CI26.7, 172.1,

127.3,127.9, 128.1 (Ar-C), 140.5 (AzG). LRMS (ESI-ve): 205 ([M-H]100%).
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2,4-Di-C-methyl-L-arabinose 119

O. .OH M%,
= HO " N\OH
Me Iy, WwOH ~— M
HO M e
oH ¢ HO OH

2,4-Di-C-methyl-3,40-isopropylidene:--arabinose,110 (480 mg, 2.2 mmol) was dissolved in
water (6 mL) and Dowék(50W X8 H form, 250 mg) was added. The reaction mixture fested

to 90°C for 90 minutes. T.l.c. analysis (ethyl atetcyclohexane, 1:1) after this time showed
complete consumption of starting materiad )FR85) and the formation of a single product QR5).
The mixture was filtered and the solvents removadeu reduced pressute afford 2,4-di€-
methylL-arabinosel 19 (400 mg, quant.) as a cream coloured crystalliiel.s

HRMS (ESl+ve): found 201.0732 [M+N3] C;H14NayOs requires 201.0733; m.p. 132-134°C;
[a]o” +13.0 €, 0.90 methanol)ymax (thin film): 3385 (s, br, OH); See appendix for RMlata;

LRMS (ESl-ve): 177 ([M-H], 100%).

3,5-Di-C-methyl-5,6-O-isopropylidened -glucono-1,4-lactone 123, 3,5-D&-methyl-5,6-O-
isopropylideneL -mannono-1,4-lactone 124 and 2,3:5,6-00-isopropylidene-3,5-diC-methyl-

L-mannono-1,4-lactone 125

~—ome 740 e _ 740 e s

Me = "—
HO OH HO oH
gluco manno
2,4-Di-C-methyli-arabinosel19 (390 mg, 2.19 mmol) was dissolved in water (4 rah)l stirred
with sodium cyanide (140 mg, 2.85 mmol) at roompgernature for 24 hours, then heated to 90°C
for 24 hours. The solution was then allowed to ¢oaloom temperature before being passed down

a column of Amberlite-IR120 (H resin), eluting with water (1 L). T.l.c. analysi{gthyl

acetate/cyclohexane, 1:1) of this solution revealembmplex mixture of products. Evaporation of
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the solvents under reduced pressure afforded angrealid (491 mg) which was dissolved in
acetone (6 mL) and stirred at room temperatureragiet with anhydrous copper(ll) sulfate (761 g,
4.77 mmol) and catalytic concentrated sulfuric 46id mL). T.l.c. analysis (ethyl acetate) aftasth
time revealed the presence of three major produitts R; 0.88, 0.68 and 0.60 respectively. The
mixture was neutralised with sodium carbonate d&edsalts filtered through CelfteEvaporation
of solvent afforded 540 mg of dark brown crude, chhivas preadsorbed on silica and purified by
flash column chromatography (ethyl acetate/cyclaimex 10:1— 1:1) to yield three white
crystalline solids; 3,5-de-methyl-5,60-isopropylidene:--glucono-1,4-lactonel23 (120 mg,
22%); 3,5-diC-methyl-5,60-isopropylidene--mannono-1,4-lactonel24 (130 mg, 24%) and
2,3:5,6-diO-isopropylidene-3,5-dE-methyli -mannono-1,4-lactond25 (26 mg, 8%). All three
were recrystallised from ethyl acetate and cyclainexto form long colourless crystals.

Data for123: HRMS (ESl+ve): found 269.0993 [M+N2]C11H1gNa;Og requires 269.0996p]p™® -
40.4 €, 1.04 chloroform); m.p. 97-102°@nax (thin film): 3418 (s, br, OH), 1772 (s, C=Qyy
(CDCls, 400 MHz): 1.42 (3H, s, C(Ght), 1.45 (3H, s,Cht3), 1.47 (3H, s, CHKi5), 1.50 (3H, s,
C(CHgy)y), 3.59 (1H, d, OH-2Jon-224.3), 3.78 (1H, d, H6Js ¢ 9.5), 3.92 (1H, s, OH-3), 4.14 (1H,
s, H4), 4.18 (1H, d, H6Jg 6 9.5), 4.58 (1H, d, H2), 012 4.2); 8¢ (CDCh, 100 MHz): 20.4 (Cht

5), 24.1 (CH-3), 26.1 (CCHa),), 27.4 (CCHs),), 73.6 (C6), 75.3 (C2), 77.5 (C3), 81.7 (C5), 85.7
(C4), 111.0 C(CHs),), 174.3 (C1); LRMS (ESI-ve): 305 ([M+GEOOT, 100%).

Data for 124: Found C 53.75; H 7.38;:¢H1¢0s requires C 53.65; H 7.37; HRMS (ESI+ve): found
269.0994 [M+Nal; C11H:1eNaCs requires 269.0996p]p"" -24.7 €, 1.28 acetone); m.p. 160-164°C;
Vmax (thin film): 3442 (s, br, OH), 1776 (s, C=Q@); (CDCl, 400 MHz): 1.41 (3H, s, C(CH#), 1.43
(3H, s, C(CH)>), 1.46 (3H, s, CH5), 1.54 (3H, s, CKi3), 3.01 (1H, s, OH), 3.77 (1H, a-d, HBb,
9.5), 4.10 (1H, a-d, H6J 10.1), 4.23 (1H, s, H4), 4.29 (1H, s, H3); (CDCk, 100 MHz): 22.9
(CHs-5), 23.9 (CH-3), 26.5, 27.4 (C%Hs),), 71.9 (C6), 74.8 (C2), 76.0 (C3), 81.8 (C5), 85°8),

109.6 C(CHa)y), 175.4 (C1) . LRMS (ESI-ve): 245 ([M-H]L00%).
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Data for125: HRMS (ESlI+ve): found 309.1309 [M+N2]C14H2:Na;Og requires 309.1309p]p"" -
48.2 €, 0.88 chloroform); m.p. 92-96°Gmax (thin film): 1789 (s, C=0)py (CDCkL, 400 MHz):
1.40 (3H, s, Ch), 1.42 (3H, s, CH), 1.44 (3H, s, Ch), 1.48 (3H, s, Ch), 1.50 (3H, s, Ch), 1.62
(3H, s, CH), 3.75 (1H, d, H6Js 9.1), 4.07 (1H, d, H6'Js:6 9.1), 4.31 (1H, s, H4), 4.52 (1H, s,
H2); ¢ (CDCl, 100 MHz): 22.3 (Ch), 23.9 (CH), 26.6 (CH), 27.3 (CH), 27.8 (CH), 29.1
(CHs), 72.2 (C6), 81.6 & 84.7 (C3 & C5), 82.0 (C2), BYC4), 109.8 C(CHa); [5.,6]), 115.0

(C(CHs)2[2,3]), 173.6 (C1).

3,5-Di-C-methyl-L-glucono-1,4-lactone 187

HO Me
HO \\O o
Me =
HO OH

3,5-Di-C-methyl-5,60-isopropylidene:-glucono lactond 23 (25 mg, 0.10 mmol) was dissolved in
water (0.5 mL) and Dowéx (50W X8 H form, 25 mg) was added whilst stirring at room
temperature. T.l.c. analysis (ethyl acetate) aftetays showed complete consumption of starting
material (R 0.68) and the formation of a single product (RL3). The resin was removed by
filtration and the solvents concentratethder reduced pressute afford 3,5-di€-methyld-
glucono-1,4-lactond.87 as a colourless oil (21 mg, quant.). The five rdagtone was shown by
HMBC analysis.

HRMS (ESI+ve): found 229.0680 [M+N2a]CsH14Na;Os requires 229.0683p]p> -47.3 €, 1.06
methanol);Vmax (thin film): 3384 (br, OH), 1773 (s, C=0jy (CDsOD, 500 MHz): 1.32 (3H, s,
CHg-5), 1.42 (3H, s, CHi3), 3.57 (1H, d, H6Js ¢ 11.2), 3.72 (1H, d, H6Jg s 11.0), 4.27 (1H, s,
H4), 4.35 (1H, s, H2)§c (CD;OD, 125 MHz): 21.8 (Ckt3), 21.9 (CH-5), 67.8 (C6), 75.8 (C5),

79.1 (C3), 76.8 (C2), 87.1 (C4), 177.1 (C1); LRMES[-ve): 205 ([M-H], 100%).
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3,5-Di-C-methyl-L-mannono-1,5-lactone 189

Ho 0~ 20
HO "“'OH

HO Me
3,5-Di-C-methyl-5,60-isopropylidene--manono lacton&24 (32 mg, 0.13 mmol) was dissolved in
water (0.5 mL) and Dowéx (50W X8 H form, 25 mg) was added whilst stirring at room
temperature. T.l.c. analysis (ethyl acetate) dftehours showed complete consumption of starting
material (R 0.60) and the formation of a single product (R08). The resin was removed by
filtration and the solvents concentratethder reduced pressute afford 3,5-di€-methyldi-
mannono-1,5-lacton&89 as a colourless oil (27 mg, quant.). The six legfone was shown by
HMBC analysis.

HRMS (ESl+ve): found 229.0681[M+N3]CsH14NaOg requires 229.06830]p>* -21.8 €, 0.75

methanol);Vmax (thin film): 3420 (s, br, OH), 1773 (s, C=Q); (CDsOD, 500 MHz): 1.35 (3H, s,
CHg-5), 1.53 (3H, s, CHi3), 3.52 (1H, d, H6Js ¢ 11.0), 3.69 (1H, d, H6Jg s 11.0), 4.22 (1H, s,
H2), 4.32 (1H, s, H4)§c (CD;OD, 125 MHz): 22.2 (Cht5), 23.0 (CH-3), 67.8 (C6), 75.5 (C5),

78.7 (C3), 76.0 (C2), 84.9 (C4), 177.3 (C1); LRMES[-ve): 205 ([M-H], 100%).

3,5-Di-C-methyl-L-glucono-1,4-lactone 187 and 3,5-di-methyl-L-mannono-1,5-lactone 189

Ho Me Me

Me— Ho” "X~ “OH
HO OH HO Me
gluco manno

2,4-Di-C-methyli-arabinosel10 (0.859 g, 4.83 mmol) was dissolved in water (9 rahyl stirred
with sodium cyanide (0.307 g, 2.85 mmol) at roomperature for 24 hours, then heated to 90°C
for 24 hours. After this time, the reaction mixtuvas concentrated under reduced pressure to give

1.35 g of crude material. This was dissolved inyainbus methanol (18 mL) and 4A beaded
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molecular sieves (0.4 g) and acetyl chloride (0m®8, 8.12 mmol) were added. The reaction
mixture was stirred under argon for 18 hours, aftieich time t.l.c. analysis (ethyl acetate) revdale
three products with R0.13, 0.08 and 0.00 respectively. The reactiontunéwas concentrated
under reduced pressure, preadsorbed on silicangeparified by column chromatography (ethyl
acetate— 10% methanol in ethyl acetate) to afford 0.567f gnixed lactonesl87 and 189, with

NMR data identical to that listed above.

3,5-Di-C-methyl-2,6-di-O-triethylsilyl- L-glucono and mannono lactones

HO Me Me (o)

TESO O _o Teso 0
Me = HO A OTES
HO OTES HO Me

A sample of mixed 3,5-d-methyli-glucono187 and 3,5-di€-methyli-mannonol89 lactones
(46 mg, 0.22 mmol) was dissolved in anhydrdudl-dimethylformamide (4 mL), and to it was
added 4A beaded molecular sieves (0.2 g), imida@dleng, 0.89 mmol) and triethylsilyl chloride
(112 pL, 0.67 mmol). The reaction was stirred unaeyon for 2 hours, after which time t.l.c.
analysis (ethyl acetate/cyclohexane, 1:4) reveatadplete consumption of starting materials (R
0.00) and the formation of two products; (R63, 0.57). The reaction mixture was filtered,
concentrated under reduced pressure, preadsorbsticanand purified by column chromatography
(ethyl acetate/cyclohexane, 1:10) to give mixedd;&-methyl-2,6-diO-triethylsilyl-L-glucono
and mannono lactones (44 mg, 45%), as a coloudiés# a 5:4 ratio; 8 donates the major
component, a 6 ring lactone anddenotes the minor lactone, found in a 5 ring form

HRMS (ESl+ve): found 493.3124 [M+MeCN+NH; CooH4oN206Si, requires 493.3126/max (thin
film): 3341 (br, OH), 1785 (s, C=0}y (CDCk, 500 MHz): 0.61-0.83 (24H, m, SikGCH5):> ¢ "),
0.96-1.04 (36H, m, Si(CHHa)*%"), 1.33 (3H, s, CH5), 1.37 (3H, s, CH5°), 1.39 (3H, s, Cht

3", 1.51 (3H, s, CH3%), 3.17 (1H, s, OHY, 3.22 (1H, s, OHY, 3.59 (1H, d, H§ J 10.1), 3.60
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(1H, d, H8, Js ¢ 9.9), 3.68 (2H, a-d, OH% H6'?, J 10.7), 3.73 (1H, d, H&! Js 6 9.9), 4.13 (1H, s
H2%), 4.18 (1H, s, HY, 4.27 (1H, s, HY, 4.30 (1H, s, HY, 4.60 (1H, s, OH1; 8¢ (CDCk, 125
MHz): 4.6, 4.7, 4.8, 4.9, 5.0 (§H,CH3)5*"), 6.5, 6.56, 6.59, 6.7 (Si(GBH3)**"), 21.6 (CH-
5%, 22.2 (CH-5%), 22.5 (CH-3"), 24.1 (CH-3%), 67.8 (C#6), 68.3 (C8), 74.0 (CB), 75.2 (C5),
75.6 (C2), 76.6 (C2), 77.3 (C3), 78.2 (C%), 82.5(C4), 85.5 (C4), 173.0 (C1), 173.8 (C3).
LRMS (ESl+ve): 452 ([M+NH]*, 52%), 886 ([2M+NH]*, 83%), 891 ([2M+Nd], 100%); LRMS

(ESI-ve): 433 ([M-H], 100%).

3,5-Di-C-methyl-5,6-O-isopropylidene+i.-glucono 123 and mannono 124 lactones

740 Me 740 Me
Me=— Me——~—

HO OH HO OH

gluco manno
A sample of mixed 3,5-d-methyli-glucono 187 and mannondl89 lactones (0.243 g, 1.18
mmol) was dissolved in acetone (9 mL) and stirrecbam temperature with anhydrous copper(ll)
sulfate (0.375 g, 2.36 mmol) and a catalytic cotregéed sulfuric acid (0.05 mL). T.l.c. analysis
(ethyl acetate) after 16 h revealed the presende@imajor products (R0.68, 0.60) and residual
starting material (R0.13, 0.08). The reaction mixture was heated t&€50r 4 h after which time,
no starting material remained. The solution wadembto room temperature, neutralised with solid
sodium carbonate, and the salts filtered throughdof Celit&, eluting with acetone. Evaporation
of solvent afforded a brown crude which was predusib on silica and purified by flash column
chromatography (ethyl acetate/cyclohexane, 2:3)etl 3,5-di-C-methyl-5,60-isopropylidene:-
glucono lactond 23 (71 mg, 24%), 3,5-dz-methyl-5,60-isopropylidena--mannono lactoné24

(69 mg, 24%) and a mixed fraction containing batvdpicts (82 mg, 28%).

The NMR data was identical to that listed above.
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2,3:5,6-Di-O-isopropylidene-3,5-diC-methyl-L-mannose 127

ﬁLOMe
Me——-7

<
2,3:5,6-DiO-isopropylidene-3,5-d&-methyli-mannono lactonel25 (7 mg, 24 pmol) was
dissolved in dichloromethane (0.5 mL) and cooled/&°C. Disobutylaluminium hydride solution
(1 M in toluene; 26.L, 26 umol) was added and the reaction mixture stirredeuraadgon. T.l.c.
analysis (ethyl acetate/cyclohexane, 1:4) afterlome& revealed complete consumption on starting
material (R 0.21) and the formation of a single product QRL.8). The reaction was quenched with
methanol until the evolution of gas had ceasedstinged with sodium potassium tartrate solution
(5 mL) for 20 minutes. The mixture was partitiorteetween dichloromethane and water (10 mL),
and the aqueous phase extracted a further two t{ghes10 mL). The combined organic phases
were dried (magnesium sulfate), filtered and cotre¢ed under reduced pressure to afford 2,3;5,6-
di-O-isopropylidene-3,5-d&-methyli-mannosel27 (7 mg, 99%) as a colourless oil, in a 7:1 ratio
of anomers.
HRMS (ESI+ve): found 311.1465 [M+N3]Ci4H24Na,0s requires 311.1465p]p"° -22.7 €, 0.65
chloroform); Vimax (thin film): 3340 (br, OH)6y (CsDe, 500 MHZz): (NMR data for major anomer
only) 1.09 (3H, s, C(CH. [2,3]), 1.28 (3H, s, C(Ch). [2,3]), 1.38 (3H, s, CK3), 1.49 (3H, s,
CHs-5), 1.56 (3H, s, C(CH). [5,6]), 1.59 (3H, s, C(C¥). [5,6]), 2.47 (1H, s, OH), 3.96 (1H, d, H6,
Js s 8.5), 4.18 (1H, s, H2), 4.21 (1H, s, H4), 4.50 (tHH6’, Js 6 8.5), 5.31 (1H, s, H1}c (CsDs,
125 MHz): 24.0 (CH5), 25.7 (CH-3), 26.2 (CCHs3), [5,6]), 26.5 (CCHs3) [5,6]), 26.6 (CCH3),
[2,3]), 28.7 (CCHa3)2 [2,3]), 71.5 (C6), 81.9 (C5), 87.5 (C4), 88.1 (CR.2 (C1), 99.6 (C2), 108.5

(C(CH3)2 [2,3]), 112.3 C(CHa)2 [5,6]).
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3,5-Di-C-methyl-5,6-O-isopropylidene+i.-glucose 129

ﬁLO Me
0 \\0

Me—
HO OH

OH

3,5-Di-C-methyl-5,60-isopropylidene:-gluconolactone123 (113 mg, 0.50 mmol) was dissolved
in anhydrous tetrahydrofuran (1 mL) and cooled@0°€. Disobutylaluminium hydride solution
(1.5 M in toluene; 0.92 mL, 1.38 mmol) was added tre reaction mixture stirred under nitrogen.
T.l.c. analysis (ethyl acetate) after one hour aése partial consumption of starting materia} (R
0.68) and the formation of a single product ()R80). A further 0.31 mL of regent was added and
the reaction warmed to -50°C. T.l.c. analysis (etigetate) after 30 minutes revealed starting
material remained and a final portion (0.31 mLyedgent was added. T.l.c. analysis (ethyl acetate)
after one a further 30 minutes showed complete wopson of starting material. The reaction
mixture was quenched with methanol until the evotubf gas had ceased and diluted with ethyl
acetate (2 mL). sodium hydrogen carbonéat. ag., 1 mL), and potassium dihydrogen
orthophosphate (100 mg) were added, and the negugl stirred for 30 minutes. The mixture was
dried (magnesium sulfate) and filtered through @ piCelité’, eluting with ethyl acetate (50 mL).
The solvents were concentrated under reduced pegsamd the crude purified by column
chromatography (ethyl acetate/cyclohexane 4:lethyl acetate) afford 3,5-di-methyl-5,60-
isopropylidene--glucosel29 (67 mg, 59%) as a colourless oil, in a 1:1 rafiarmmers.

HRMS (ESl+ve): found 271.1145 [M+N2a]Ci:H20NaOg requires 271.1152p]p>° -15.6 €, 0.675
ethyl acetate)ymax (thin film): 3444 (br, OH)3 (CsDes, 500 MHz): 1.37 (3H, s, C(CHt®), 1.40
(3H, s, CH-3%), 1.44 (3H, s, C(CH),), 1.46 (3H, s, C(CH),"), 1.50 (6H, s, Cht3"* & C(CHs),"),
1.55 (3H, s, CH5%), 1.58 (3H, s, Cht5"), 2.38 (1H, br-s, OH), 2.69 (1H, s, OH), 3.08 (1,
OH), 3.58 (1H, s, H%), 3.71 (1H, d, HB, Js ¢ 8.7), 3.78 (1H, d, H§ Js¢ 8.5), 3.91 (1H, d, OH-

17, J 3.8), 3.99-4.03 (4H, m, H¥2& H4® & H2* & OH), 4.16 (1H, d, HE’, Js ¢ 8.8), 4.25 (1H, d,
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H6'*, Js.6 8.7), 5.09 (1H, s, H, 5.31 (41H, a-d, H1J 4.1); 5¢ (CsDs, 125 MHz): 21.0 (Ck3®),
22.1 (CH-5°), 23.3 (CH-5%), 24.4, 26.9 (CK3* & C(CHs),*), 26.8 (C(CH).?), 27.1 (C(CH),?),
27.3 (C(CH),"), 74.0 (C6), 74.4 (C8), 80.0 (C3), 80.6 (C3), 80.7 (C?), 82.7 (CH), 82.8
(C5%), 83.8 (C®), 85.6 (C&), 87.2 (C4), 96.1 (C1) , 102.5 (C¥), 109.4 (C(CH)."), 109.8

(C(CHs)2%); LRMS (ESI-ve): 247 ([M-H] 100%).

3,5-Di-C-methyl-5,6-O-isopropylidenei -mannose 130

740 Me
Me

HO O
3,5-Di-C-methyl -5,60-isopropylidene--mannono lactoné24 (93mg, 0.38 mmol) was dissolved
in anhydrous tetrahydrofuran (1 mL) and cooled #8°€. Disobutylaluminium hydride solution
(1.5 M in toluene; 1.01 mL, 1.51 mmol) was added tre reaction mixture stirred under nitrogen.
T.l.c. analysis (ethyl acetate) after 90 minutesated partial consumption of starting material (R
0.60) and the formation of a single product (R30). A further 0.25 mL of regent was added and
the reaction warmed to -60°C. T.l.c. analysis (eHuetate) after a further hour showed complete
consumption of starting material. The reaction mmgtwas quenched with methanol until the
evolution of gas had ceased and diluted with edlogtate (2 mL). Sodium bicarbonate solufgat.
ag., 1 mL), and potassium dihydrogen orthophosp{idi® mg) were added, and the resulting gel
stirred for 30 minutes. The mixture was dried (megjom sulfate) and filtered through a pad of
Celite®, eluting with ethyl acetate (50 mL). The solvewtre concentrated under reduced pressure,
and the crude purified by column chromatographlylehcetate/cyclohexane 1:% ethyl acetate)
to afford 3,5-di€-methyl-5,60-isopropylidena--mannosel30 (67 mg, 71%) as a colourless oil, in

a 2:1 ratio of anomers.
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HRMS (ESl-ve): found 247.1177 [M-H]C11H1606 requires 247.11870]p%* -6.7 €, 4.08 ethyl
acetate) & §]p>* -0.9 €, 0.88 ethyl acetateymax (thin film): 3445 (br, OH)8 (CsDe, 500 MHz):
1.29 (3H, s, Ch3"), 1.48 (3H, s, C(CH),®), 1.49 (3H, s, CH3P), 1.52 (3H, s, C(CH."), 1.56
(3H, s, C(CH),"), 1.58 (3H, s, C(CH."), 1.60 (3H, s, CH5"), 1.60 (3H, s, CK5"), 3.07 (1H, s,
OH"), 3.40 (1H, s, H3), 3.52 (1H, m, OR), 3.77 (1H, s, H?), 3.88 (1H, d, HB, Js¢ 8.7), 3.90
(1H, d, H&, Js ¢ 8.8), 3.91 (1H, m, HY, 3.96 (1H, s, OB), 4.20 (1H, s, HY), 4.38 (1H, d, HE’,
Js6 8.8), 4.42 (1H, m, OB, 4.46 (1H, d, HE", Js ¢ 8.7), 5.25 (1H, s, HY, 5.49 (1H, a-d, H3, J
2.8); 8¢ (CeDe, 100 MHz): 22.7, 22.9 (CH5"4B), 23.8 (CCHa)2)® & CH3-3%), 26.9 (CCHs),™)
27.3 (CCH3),B), 27.5 (CCHs)," & CH5-3%), 72.9 (C6), 73.2 (C6), 76.7 (C4), 77.1 (C%), 77.5
(C5%), 82.4 (C&), 82.8 (C3), 83.0 (C3), 86.5 (CB), 86.6 (C2), 95.9 (C1), 101.6 (C¥), 109.1
(C(CH3)7"), 109.3 C(CHs),®); LRMS (ESl+ve): 271 ([M+N&] 75%); LRMS (ESI-ve): 247 (M-

H, 75%), 495 ([2M-H] 100%).

3,5-Di-C-methyl-L-glucose 97

HO me Mo oH
Me =2 HO" X OH
HO OH HO Me

3,5-Di-C-methyl-5,60-isopropylidene:--glucosel129 (9 mg, 36 umol) was dissolved in water (1
mL) and DoweX (50W X8 H" form, 80 mg) was added, the reaction mixture wiaged at room
temperature for 2 hours after which time t.l.c. lgsia (ethyl acetate) showed complete
consumption of starting material (B28) and the formation of a single product@®0). The resin
was removed by filtration and the solvents remoueder reduced pressure to afford 3,3=di-
methylL-glucosed7 (7 mg, 93%) as a colourless oil.

HRMS (ESlI+ve): found 231.0838 [M+N3]CsH16NaOg requires 231.0839u]p> +3.8 €, 0.81

water); Vimax (thin film): 3385 (br, OH); See appendix for NMRtd; LRMS (ESl+ve): 231 (M+Na
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100%), 272 (M+MeCN+Nk, 90%), 439 (2M+N§ 100%): LRMS (ESI-ve): 207 ([M-H] 58%),

243 (IM+CI], 100%).

3,5-Di-C-methyl-L-mannose 128

HO Me V0._,.OH
Me——/ Ho” X~ “OH
HO OH HO Me

3,5-Di-C-methyl-5,60-isopropylidene--mannosel30 (27 mg, 0.11 mmol) was dissolved in water
(1 mL) and DoweR (50W X8 H' resin, 80 mg) was added. T.l.c. analysis (ethgtate) after 20
hours showed complete consumption of starting natéR; 0.28) and the formation of a single
product (R 0.00). The resin was removed by filtration and siaévent removedinder reduced
pressure. The crude was re-dissolved in methartbpegadsorbed onto silica. Purification by flash
column chromatography (ethyl acetate20% methanol in ethyl acetate) afforded 3,%elethyl-
L-mannosel28(14 mg, 62%) as a colourless oil.

HRMS (ESl+ve): found 231.0835 [M+N3a]CsH16NaOs requires 231.0839]p>° -7.0 €, 0.84
water); Vmax (thin film): 3385 (br, OH); See appendix for NMRtd; LRMS (ESl+ve): 231 (M+Na
92%), 272 ([M+MeCN+NH]*, 87%), 439 ([2M+Na], 100%); LRMS (ESI-ve): 207 ([M-H]

100%).

2-0O-Benzyl-2,4-di-C-methyl-3,4-O-isopropylideneD-arabinono-1,5-lactone

o._o
o T
o e
2,4-Di-C-methyl-3,40-isopropylidene:--arabinono-1,5-lactonel41 (716 mg, 3.31 mmol) was

dissolved inN,N-dimethylformamide (8 mL) with 4A molecular sievés0 mg). Benzyl bromide

(0.48 mL, 3.98 mmol) and sodium hydride (60% susmenin mineral oil; 159 mg, 3.98 mmol)
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were added and the solution stirred at room tentyerafor 2 hours. T.l.c. analysis (ethyl
acetate/cyclohexane, 2:1) after this time reveal@tiplete consumption of starting materiat (R
0.29) and the formation of a single product Q3). The reaction mixture was filtered, dilutedth
water (40 mL) and extracted with dichloromethan& @ mL). The combined organic phases were
dried (sodium sulfate), filtered and the solverasaentrated under reduced pressure to give the
crude lactone. This was purified by elution throagsilica plug (ethyl acetate/cyclohexane, 1:10) to
afford 2-0-benzyl-2,4-diC-methyl-3,40-isopropylidened-arabinono-1,5-lactone (771 mg, 76%)
as a white solid.

HRMS (ESI+ve): found 329.1352 [M+N3]Ci/H.,NaOs requires 329.1359; m.p. 64-66°@]§°

-64.4 €, 0.89 in CHCJ); Vimax (thin film): 1755 (s, C=0); LRMS (ESl+ve): 365 ([NNH4+MeCN[',

100%); The'H and**C NMR spectra were identical to those of the emaméir113above.

2-O-Benzyl-2,4-di-C-methyl-3,4-O-isopropylideneD-arabinose

0. ~OH
Me@OBn
(0} = ,Me

,3(6
2-0O-Benzyl-2,4-diC-methyl-3,40-isopropylidenem-arabinono-1,5-lactone (686 mg, 2.24 mmol)
was dissolved in dichloromethane (7 mL) and codied78°C. Disobutylaluminium hydride
solution (1.5 M in toluene; 1.64 mL, 2.47 mmol) wadded and the reaction mixture stirred under
argon. T.l.c. analysis (ethyl acetate/cyclohexdn@) after 90 min revealed complete consumption
of starting material (R0.32) and the formation of a single product (RL5). The reaction was
guenched with methanol until the evolution of gasl lteased, diluted with dichloromethane (50
mL) and stirred with sodium potassium tartrate sotu(50 mL) for 90 minutes. The mixture was
partitioned between DCM (15 mL) and water (15 mind ahe aqueous phase extracted with

dichloromethane (2 x 50 mL). The combined orgaractfons were dried (sodium sulfate), filtered
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and concentrated under reduced pressure to affor@-b@nzyl-2,4-diC-methyl-3,40-
isopropylidenen-arabinose (690 mg, quant.), a colourless oil.

HRMS (ESl+ve): found 331.1513 [M+N3]Ci/H.4NaOs requires 331.1516; m.p. 68-72°G]4°
-16.7 €, 1.23 in CHCY); Vmay (thin film): 3424 (br, OH): LRMS (ESI+ve): 367 ([MIH,+MeCNT,

100%); The'H and**C NMR spectra were identical to those of the emaméir114 above.

2,4-Di-C-methyl-3,4-O-isopropylidene-D-arabinose

O ~OH
Me < —OH
O T Me

A(d
2-0O-Benzyl-2,4-diC-methyl-3,40-isopropylidene:--arabinose (1.07 g, 3.46 mmol) was dissolved
in ethanol (42 mL). Palladium hydroxide (20% onbwar; 213 mg) was added to the solution whilst
stirring. The reaction mixture was degassed andedtiunder hydrogen; T.l.c. analysis (ethyl
acetate/cyclohexane, 1:1) after 16 hours, reveabedplete consumption of starting materiat (R
0.85) and the formation of a single product ()FB4). The reaction mixture was degassed and
filtered through a pad of Celftg eluting with methanol. The solvents were conaatt under
reduced pressure and the crude purified by columoncatography (ethyl acetate/cyclohexane, 1:4
— 1:1) to afford 2,4-dic-methyl-3,40-isopropylidened-arabinose (605 mg, 80%) as a white
crystalline solid.

HRMS (ESI-ve): found 217.1075 [M-H]CyoH170s requires 217.1081; m.p. 81-83°G]4*° -24.2
(c, 0.635 chloroform)ymax (thin film): 3331 (s, br, OH); LRMS (ESI-ve): 21JM-H] ", 100%); The

'H and®*C NMR spectra were identical to those of the eam¢ir110 above.
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2,4-Di-C-methyl-D-arabinose 142

O._ ,OH Me
O .OH
MeJ/\/\[:OH _— HO/\Q"
HO Y "Me s \''Me
OH HO OH

2,4-Di-C-methyl-3,40-isopropylidene:--arabinose (595 mg, 2.73 mmol) was dissolved inewat
(10 mL) and Dowe% (50W X8 H' form, 10 g) was added. The reaction mixture wasgeteto 90°C
for 90 minutes. T.l.c. analysis (ethyl acetate/ofieixane, 1:1) after this time showed complete
consumption of starting material (B 35) and the formation of a single product@®5). The resin
was removed by filtration and the solvents remoueder reduced pressute afford 2,4-dic-
methyl-D-arabinosel42 (470 mg, 97%) as a cream coloured crystallinedsoli

HRMS (ESlI-ve): found 177.0768 [M-H]C;H1404 requires 177.0769; m.p. 126-128°G}{** -20.7

(c, 0.66 methanolmax (thin film): 3419 (s, br, OH); LRMS (ESI-ve): 1{M-H] ", 100%); The'H

and™*C NMR spectra were identical to those of the elam¢ir119 above.

3,5-Di-C-methyl-D-glucono and mannono lactones

HO Me Mes. o
HO .0 o HO 7
Me' )—~ HO‘\\ ~ "OH
HO OH HO Me
gluco manno

2,4-Di-C-methylD-arabinosel42 (225 mg, 1.26 mmol) was dissolved in water (3 rah)l stirred
with sodium cyanide (81 mg, 1.64 mmol) at room temagure for 24 hours, then heated to 90°C for
24 hours. After this time the reaction mixture wasicentrated under reduced pressure to give 311
mg of crude material. This was dissolved in anhydrmethanol (4 mL), and 4A beaded molecular
sieves (0.2 g) and acetyl chloride (0.13 mL, 1.99at) were added. The reaction mixture was
stirred under argon for 24 hours, after which titdec. analysis (ethyl acetate) revealed three

products (R 0.13, 0.08, 0.00). The reaction mixture was cotre¢égd under reduced pressure,
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preadsorbed and purified by column chromatograpthiy( acetate—~ 10% methanol in ethyl
acetate) to afford 138 mg of mixed lactones (53Phe 'H and**C NMR spectra were identical to

those of the enantiomet87 and189 above.

3,5-Di-C-methyl-5,6-O-isopropylidene-D-glucono and mannono lactones
740 Me %O\Me
o O __o o . O

Mel ) ” Mel 1)
HO OH HO OH
gluco manno

o)

A sample of mixed 3,5-dz-methyl-D-glucono and mannono lactones (138 mg, 0.67 mmal w
dissolved in acetone (6 mL) and stirred at roompterature with anhydrous copper(ll) sulfate (214
mg, 1.34 mmol) and catalytic concentrated sulfaged (0.05 mL). T.l.c. analysis (ethyl acetate)
after 16 h revealed the presence of two major pisd{iR 0.68, 0.60) and residual starting material
(R 0.13, 0.08). The reaction mixture was heated ttC5fdr 4 h after which time, no starting
material remained. The solution was cooled to rdemperature, neutralised with solid sodium
carbonate, and the salts filtered through a pa€elite®, eluting with acetone. Evaporation of
solvent afforded a brown crude which was preadsbidre silica and purified by flash column
chromatography (ethyl acetate/cyclohexane, 2:3)dll 3,5-di-C-methyl-5,60-isopropylidened-
glucono lactone (46 mg, 28%), 3,5@imethyl-5,60-isopropylidened-mannono lactone (38 mg,
23%) and a mixed fraction containing both prodit&mg, 9%).

Data for thegluco lactone HRMS (ESl+ve): found 269.1002 [M+Na]Cy:H:sNayOg requires

269.0996; m.p. 78-829C[o]p™® +31.4 €, 1.26 chloroform)ymax (thin film): 3334 (br, OH), 1771

" Due to the small sample size, recrystallisatios wat possible, hence the difference between tiisevand that of its

enantiomer.
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(s, C=0); LRMS (ESlI-ve): 245 ([M-H] 55%), 305 ([M+CHCO,]", 100%); The'H and**C NMR
spectra were identical to those of the enantial28rabove.

Data for themannolactone HRMS (ESl+ve): found 269.0993 [M+Na]Ci:H1gNaOs requires
269.0996; §]p>° +14.9 €, 1.26 acetoneNmax (thin film): 3334 (br, OH), 1776 (s, C=0); LRMS
(ESl-ve): 245 ([M-H], 92%); The'H and **C NMR spectra were identical to those of the

enantiomen.24 above.

3,5-Di-C-methyl-5,6-O-isopropylideneD-glucose
740 Me
O _ ___o

Melll 2
HO OH

OH

3,5-Di-C-methyl-5,60-isopropylidene-glucono lactone (20 mg, 0.081 mmol) was dissolved in
anhydrous tetrahydrofuran (1 mL) and cooled to &Miisobutylaluminium hydride solution (1.5
M in toluene; 0.22 mL, 0.325 mmol) was added arel rection mixture stirred under nitrogen.
T.l.c. analysis (ethyl acetate) after one hour aéae complete consumption of starting material (R
0.68) and the formation of a single product (R28). The reaction mixture was quenched with
methanol until the evolution of gas had ceased dihded with ethyl acetate (2 mL). Sodium
hydrogen carbonate solution (sat. ag.) (0.5 mLYl patassium dihydrogen orthophosphate (100
mg) were added, and the resulting gel stirred n8nutes. The mixture was dried (magnesium
sulfate) and filtered through a pad of Céljteluting with ethyl acetate (20 mL). The solvewese
concentrated under reduced pressure, and the q@uifged by column chromatography (ethyl
acetate/cyclohexane, 13 ethyl acetate) afford 3,5-@i-methyl-5,60-isopropylidenep-glucose
(13 mg, 64%) as a colourless oil, in a 1:1 ratiamdmers.

HRMS (ESl+ve): found 271.1153 [M+N3a]Ci1H-0Na,0s requires 271.1152p]p%° +20.9 €, 0.66

ethyl acetate);Vmax (thin film): 3406 (br, OH);LRMS (ESI-ve): 247 ([M-H] 35%), 293
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(IM+HCOOTJ, 50%). The'H and**C NMR spectra were identical to those of the emaméir 129

above.

3,5-Di-C-methyl-5,6-O-isopropylidene-D-mannose
WLO Me
o _ _x__O

Me:
HO OH

OH

3,5-Di-C-methyl-5,60-isopropylidene-mannono lactone (31 mg, 0.13 mmol) was dissolved i
anhydrous tetrahydrofuran (1 mL) and cooled to €&Miisobutylaluminium hydride solution (1.5
M in toluene; 0.34 mL, 0.50 mmol) was added and#aetion mixture stirred under nitrogen. T.l.c.
analysis (ethyl acetate) after 1 hour revealedgarbnsumption of starting material {(B.60) and
the formation of a single product«B.28). A further 85 uL of regent was added and.tdnalysis
(ethyl acetate) after a further 30 minutes showadplete consumption of starting material. The
reaction mixture was quenched with methanol uhglévolution of gas had ceased and diluted with
ethyl acetate (2 mL). Sodium hydrogen carbonataitienl (sat. ag., 1 mL), and potassium
dihydrogen orthophosphate (100 mg) were addedladesulting gel stirred for 30 minutes. The
mixture was dried (magnesium sulfate) and filteiebugh a pad of Celife eluting with ethyl
acetate (20 mL). The solvents were concentrateeérurdiuced pressure, and the crude purified by
column chromatography (ethyl acetate/cyclohexarde—2:ethyl acetate) afford 3,5-@-methyl-
5,6-O-isopropylidenen-glucose (10 mg, 32%) as a colourless oil, in aratib of anomers.

HRMS (ESI+ve): found 271.1155 [M+N3]Ci1H-0Na,Os requires 271.1152p]p>* +2.8 €, 1.07
ethyl acetate)ymax (thin film): 3406 (br, OH); LRMS (ESI-ve): 187 (@&o), 247 ([M-H], 100%).

The'H and™*C NMR spectra were identical to those of the elamir129 above.
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3,5-Di-C-methyl-D-glucose 1

HO me I\:"eo OH
HO_ ) O oH HO
Me' )— HO Y} OH
HO OH HO Me

3,5-Di-C-methyl-5,60-isopropylidened-glucose (11 mg, 44 pmol) was dissolved in watem()
and DoweX (50W X8 H' form, 80 mg) was added. T.l.c. analysis (ethykated after 90 minutes
showed complete consumption of starting materiald(R8) and the formation of a single product
(Rf 0.00). The resin was filtered away and the sok/eaimoved under reduced pressuarafford
crude 3,5-di€-methyl-D-glucose (8 mg). This was preadsorbed onto siliwhurified by column
chromatography (ethyl acetate 20% methanol in ethyl acetate) to afford 3,3=dmethylD-
glucosel (4 mg, 43%) as a colourless oil.

HRMS (ESI+ve): found 231.0838 [M+N2a]CsH16Na;Os requires 231.0839p]p> -18.7 €, 0.70
water); Vimay (thin film): 3383 (br, OH); LRMS (ESI-ve): 207 ([M], 100%). The'H and**C NMR

spectra were identical to those of the enantid®dieabove.

3,5-Di-C-methyl-D-mannose 144

HO Me Mo oH
HO_ X 0. on HO
Me' HO\\\ 1 OH
HO OH HO Me

3,5-Di-C-methyl-5,60O-isopropylidene-mannose (10 mg, 40 umol) was dissolved in watds (O
mL) and DoweR (50W X8 H resin, 40 mg) was added. T.l.c. analysis (ethgtate) after 20
hours showed complete consumption of starting nat@R: 0.28) and the formation of a single
product (R 0.00). The resin was removed by filtration and $bkents concentratathder reduced
pressure. The crude was re-dissolved in metharbpegadsorbed onto silica. Purification by flash
column chromatography (ethyl acetate20% methanol in ethyl acetate) afforded 3,%eethyl-

D-mannosé44 (6 mg, 72%) as a pale brown oil.
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HRMS (ESl+ve): found 231.0835 [M+N3a]CgH16NaOs requires 231.083%max (thin film): 3387
(br, OH); LRMS (ESlI-ve): 207 ([M-H] 100%). The'H and**C NMR spectra were identical to
those of the enantiomei28 above. Due to the small sample size, the opticttion was not

measurable.

1-Deoxy-3,40-isopropylidene-D-erythro-pentulofuranose 92
O._ .OH

T we

0.0

oS

2,3-O-Isopropylidenep-erythronolactone (1.07 g, 6.77 mmol) was dissolivedry tetrahydrofuran
(10 mL), the solution was cooled to -78°C and miethgignesium bromide (3 M solution in ether,
2.37 mL, 7.11 mmol) was added dropwise. The reacttas stirred at -78°C for 45 minutes after
which time ammonium chloride (sat ag., 10 mL) wddeal and the reaction allowed to warm to
room temperature. The mixture was partitioned betwethyl acetate (30 mL) and water (30 mL).
The aqueous layer was extracted with ethyl acéfate 30 mL) and then the combined organics
were dried (sodium sulfate) and concentrated unelduced pressure. The crude was purified by
column chromatography (ethyl acetate/cyclohexariy,td give the ketos82 as a white crystalline
solid in an 8:1 mixture of anomers (909 mg, 77%).

m.p. 82 - 85°C, [Lit:°® 87-89°C];vma{thin film): 3423 (m, br, OH)dy (CDCl, 400 MHz):(NMR
data for major anomer onlyxt.31 (3H, s, C(Ck).), 1.46 (3H, s, C(CH}2), 1.51 (3H, s, Ch), 3.89
(1H, d, H5,J55 10.2), 3.97 - 4.00 (1H, dd, H5),3.8,Js 5 10.3), 4.38 (1H, d, H3]; 4 6.0), 4.82 -
4.85 (1H, m, H4);dc (CDCl, 100 MHz): 22.3 (C1), 25.0 (CHs)2), 26.3 (CCHs),), 70.9 (C5),

80.8 (C4), 85.0 (C3), 105.9 (C2), 112C(CHs),); LRMS (ESI-ve): 173 ([M-H] 100%).
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(4S, 5R, E)-Methyl 6-hydroxy-4,5-O-isopropylidene-3-methyl hex-2-enoate 150, $ 5R, Z)-
methyl 6-hydroxy-4,5-O-isopropylidene-3-methyl hex-2-enoate and methyl @s;anhydro-2-

deoxy 4,50-isopropylidene-3-C-methyl-D-allonate (or D-ribo-hexanoate) 151

e  GOzMe " o m

e __ e Me
s = s = s = CO,Me
%<0 %<0 0 2

[BusPCH.CO,Me] Br (2.40 g, 6.77 mmol) was dissolved in dichloromethé®0 mL) and shaken
with sodium hydroxide (1 M ag., 30 mL) for 5 minhd organic layer was washed with brine (2 x
20 mL), dried (magnesium sulfate) and the solverdecentrated under reduced pressuke
solution of 1-deoxy-3,4-isopropylidine-erythro-pentolo furanos®2 (471 mg, 2.71 mmol) in
toluene (5.5 mL) was added to the residue andedhetion mixture stirred at 40°C for 48 hours.
T.l.c. analysis (ethyl acetate/cyclohexane 1:1wskbthe formation of two UV active products; (R
0.42 and 0.38). Purification by flash column chrémgaaphy (ethyl acetate/cyclohexane, +4
1:1) afforded (& 5R, Z)-methyl 6-hydroxy-4,59-isopropylidene-3-methyl hex-2-enoater (R42,

89 mg, 14%), (& 5R, E)-methyl 6-hydroxy-4,39-isopropylidene-3-methyl hex-2-eno&t&0 (Rs
0.38, 497 mg, 80%) as colourless oils. If the rieactvas allowed to remain at 40°C for greater than
48 hours a third product, a pale yellow oil, wagagted which was found to be methyl 3,6-
anhydro-2-deoxy 4,®-isopropylidene-3=-methyl-D-allonatel51

Data for (4S, 5R, E)-methyl 6-hydroxy-4,5-O-isopropylidene-3-methyl hex-2-encate:. HRMS
(ESl+ve) found: 253.1046 [M+N§] CiH:sNayOs requires: 253.1046;a]p'" +41.7 €, 1.28
chloroform);vmax (thin film): 3423 (s, br, OH), 1719 (s, C=Q); (CDCk, 400 MHz): 1.31 (3H, s,
C(CHs)2), 1.45 (3H, s, C(CH,), 2.05 (3H, a-d, CK3, J 1.3), 2.52 (1H, br, s, OH), 3.31 (1H, dd,
H6, Js54.8,Js.6 11.4), 3.35 (1H, dd, H6Js ¢ 7.7,J5 6 11.4), 3.62 (3H, s, OMe), 4.31 (1H, ddd, H5,
Js64.9,J54 6.9, J55 7.5), 4.58 - 4.61 (1H, a-dd, Ha,1.1,J 6.7), 5.97 (1H, a-t, H2) 1.4); &

(CDCls, 100 MHz): 21.0 (CH3), 27.8 (CCHa)), 25.9 (CCHa)), 51.1 (OMe), 61.7 (C6), 78.2
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(C5), 82.9 (C4), 109.3J(CHz),), 115.8 (C2), 157.7 (C3), 166.7 (C1); LRMS (ES):\229 ([M-H]

, 70%).

Data for (4S, 5R, Z)-methyl 6-hydroxy-4,5-O-isopropylidene-3-methyl hex-2-enocate: HRMS
(ESl+ve) found: 253.1046 [M+N%] CiiHigNayOs requires: 253.1046;a]p** +45.7 €, 0.6
chloroform);vmax (thin film): 3444 (s, br, OH), 1644 (s, C=Q); (CDCk, 400 MHz): 1.40 (3H, s,
C(CHg),), 1.54 (3H, s, C(CH2), 1.97 - 1.98 (3H, m, C4#3), 3.45 (1H, dd, H6J)s55.9,J5 6 11.7),
3.59 (1H, dd, H6'Js5 3.7, Jo.6 11.7), 3.69 (3H, s, OMe), 4.68 (1H, ddd, H5¢ 3.7, 356 5.8,J5.4
8.0), 5.67 (1H, d, H4J,5 8.0), 5.84 - 5.85 (1H, m, H2fc (CDCL, 100 MHz): 22.1 (CTH3)y),
22.2 (CCHa)), 26.5 (CH-3), 51.3 (OMe), 61.5 (C6), 76.2 (C4), 78.7 (CE)85 C(CHs),), 117.0
(C2), 159.0 (C3), 166.4 (C1); LRMS (ESI+ve): 28B1{MeOH+NH,]*, 100%).

Data for 151: HRMS (ESI+ve) found: 253.1049 (M+Rja C;1H:gNaOs requires: 253.1046p]p™
-17.8 €, 1.13 chloroform),vmax (thin film): 3454 (m, br, OH), 1740 (s, C=09y (CDCl, 400
MHz): 1.33 (3H, s, C(CH)»), 1.41 (3H, s, CH3), 1.52 (3H, s, C(CH)), 2.42 (2H, a-s, H2, H2)),
3.68 (3H, s, OMe), 3.80 (1H, dd, H&5 4.2, Js¢ 11.0), 3.93 (1H, d, H6'Js ¢ 10.9), 4.58 (1H, d,
H4, J, 5 6.2), 4.86 (1H, ddd, H5] 0.7,J56 4.2, J5.4 6.0); 8¢ (CDCh, 100 MHz): 20.2 (Cht3), 26.2
(C(CHs3),), 26.8 (CCHg3)2), 41.0 (C2), 51.8 (OMe), 71.0 (C6), 81.7 (C5),588C3), 84.6 (C4),

112.5 C(CHa)y), 170.6 (C1); LRMS (ESI+ve): 253 ([M+N3]100%).
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Methyl 4,5-O-isopropylidene-3-C-methyl-D-altronoate 152 and methyl 4,59-isopropylidene-3-
C-methyl-D-gluconate 153

CO,Me CO,Me
HOW : Ho\"":;EL )
“H ~H
\_/ oH \_/ oH
o_0O o__0O

o o

altro gluco
Alkene 150 (59 mg, 0.26 mmol) was dissolvedtert-butyl alcohol (0.95 mL) and water (0.95 mL),
stirring under an atmosphere of argon. Citric gdid mg, 0.19 mmol) was added and allowed to
dissolve before the addition of potassium osmatkydiate (1 mg, 2.6 pumol) and 4-
methylmorpholineN-oxide (33 mg, 0.28 mmol). The suspension wasestiat room temperature
for 16 hours. After this time, t.I.c. analysis (@dthcetate) showed complete consumption of starting
material (R 0.64) and the formation of two products (R43 and 0.34). The reaction mixture was
concentrated under reduced pressure and the repighifeed by flash column chromatography
(ethyl acetate) to afford methyl 4(B-sopropylidene-3=-methyl-D-gluconoatel53 (14 mg, 21%)
and methyl 4,59-isopropylidene-3z-methyl-D-altronoatel52 (43 mg, 63%) both as colourless
oils.
Data for 152 (major product, R0.43) Found: C, 49.00; H, 8.11;,H,007 requires: C, 49.49; H,
7.63;HRMS (ESI+ve) found: 287.1111 [M+N2]C11H.0Na,O; requires: 287.1101p]p'" +17.8 €,
1.65 acetone)ymax (thin film): 3418 (s, br, OH), 1738 (s, C=Q); (acetoneds, 400 MHz): 1.31
(3H, s, C(CH),), 1.32 (3H, s, C(CH)), 1.41 (3H, s, CHt3), 3.57 - 3.62 (1H, m, H6), 3.70 (3H, s,
OMe), 3.90 - 4.00 (1H, m, H6’), 4.15 (1H, d, HB20n 8.0), 4.24 (1H, s, OH-6), 4.34-4.35 (1H, m,
H4, H5), 4.41 (1H, d, OH-2lon.2.2 8.2), 4.44 (1H, s, OH-3} (acetoneds, 100 MHz): 20.2 (Cht
3), 27.2 (CCHa),), 27.0 (CCHs),), 51.5 (OMe), 61.1 (C6), 75.0 (C3), 76.2 (C5),776C4), 79.0
(C2), 107.4 C(CHs),), 172.7 (C1); LRMS (ESI-ve): 263 ([M-H]100%).
Data for 153 (minor product R0.34) Found: C, 49.00; H, 8.11;;@1,00; requires: C, 49.49; H,

7.63; HRMS (ESI+ve) found: 287.1111 [M+Nal1:H.0NaO; requires: 287.1101p]5™ +19.6 €
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0.55 acetonelmax (thin film): 3418 (s, br, OH), 1738 (s, C=Q); (acetoneds, 400 MHz): 1.30
(3H, s, C(CH),), 1.41 (3H, s, C(CH)»), 1.33 (3H, s, Cht3), 2.82 (1H, s, OH), 2.85 (1H, s, OH),
3.57 - 3.62 (1H, m, H6), 3.67 - 3.73 (1H, m, H®)75 (3H, s, OMe), 4.10-4.12 (1H, m, H5), 4.26
(1H, dd, H4,J 1.2,5.5), 4.48 (1H, a-d, H2] 5.1), 4.43 - 4.51 (1H, m, OHJ}c (acetoneds, 100
MHz): 23.3 (CH-3), 27.7 (CCHa),), 26.0 (CCHs),), 52.4 (OMe), 62.6 (C6), 74.2 (C3), 76.23

(C5), 78.9 (C4), 79.0 (C2), 108.G(CHs),), 166.7 (C1); LRMS (ESI-ve): 263 ([M-H]100%).

5,6-O-Isopropylidene-3-C-methyl-D-glucono-1,4-lactone 155 and 5,8-isopropylidene-3C-

methyl-D-altrono-1,4-lactone 154

Lo Lo

o) O__o o) O__o
Me Me'

Hd: OH HO :bH
altro gluco

A mixture of methyl 4,59-isopropylidene-3c-methyl-D-altronate 152 and methyl 4,5-
isopropylidene-3=-methyl-D-gluconatel53 in a 4:3 ratio (135 mg, 0.51 mmol) were dissolued
water (4 mL) and stirred with Dow&X50W X8 H' form) resin (100 mg) for 48 hours. After this
time, the resin was removed by filtration, and sleéution concentrated under reduced presgure
give a colourless oil (98 mg, 100%). The crude ometof 3C-methyl-D-glucono/altrono-1,5-
lactone and ¥-methyl-D-glucono/altrono-1,4-lactone was used without fertpurification. This
crude was treated with acetone (2 mL), anhydroypedll) sulfate (163 mg, 1.02 mmol) and a
catalytic quantity of concentrated sulfuric acid.d. analysis (ethyl acetate) after 48 hours riagea
complete consumption of starting materia} (R05, 0.15) and the presence of two major products
(R 0.71, 0.59). The reaction mixture was neutraliséith wxcess sodium carbonate and the salts

filtered away through a pad of CefiteThe filtrate was concentrated under reduced prest®

leave an oily a residue (124 mg). Purification bgsh column chromatography (ethyl
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acetate/cyclohexane, 2:1) afforded 8&4sopropylidene-3=-methyl-D-glucono-1,4-lactonel55
(24 mg, 25%, R0.71) and 5,8-isopropylidene-3z-methylD-altrono-1,4-lactonel54 (53 mg,
54%, R 0.59).

Data for 155 (minor product, R0.71) HRMS (ESI-ve) found: 249.0970 [M+OH]Cy0H1707
requires: 249.0969p]p** +74.7 €, 0.25 acetone)Nmax (thin film): 3452 (s, br, OH), 1772 (s, C=0);
3u (acetoneds, 400 MHz): 1.32 (3H, s, C(CHt), 1.39 (3H, s, C(Ch)»), 1.47 (3H, s, Ckt3), 3.88
(1H, d, H2,;,01-2 5.0), 3.94 (1H, dd, HE] 5.8,Js¢ 8.6), 4.10 (1H, dd, H6') 6.5,Js 6 8.6), 4.33
(1H, d, H4,J6.3), 4.47 (1H, a-q, H5 6.2), 4.59 (1H, s, OH-3), 5.62 (1H, d, OH3}:.225.1); d¢
(acetoneds, 100 MHz): 23.3 (QTHa)y), 25.6 (CH-3), 27.0 (CCHs),), 66.9 (C6), 73.6 (C5), 76.8
(C3), 77.1 (C2), 85.8 (C4), 109.6(CHs),), 175.4 (C1); LRMS (ESI-ve): 203 (100%), 231 ([M=H
, 73%), 249 ([M+OH], 50%), 291 ([M+OCOCH|", 45%), 463 ([2M-H], 20%).

Data for 154 (major product, R0.59):HRMS (ESI-ve) found: 231.0860 [M-H]C10H150s requires:
231.0863; §]o™° +50.4 €, 0.46 acetonelmax (thin film): 3420 (s, br, OH), 1788 (s, C=OJ;
(acetoneds, 400 MHz): 1.28 (3H, s, CH3); 1.33 (3H, s, C(CH)o), 1.42 (3H, s, C(ChH)2), 3.90
(1H, dd, H6 Js 5 5.2,Js¢ 8.5), 4.12 (1H, dd, H6Js 5 6.2,J¢.6 8.6), 4.19 (1H, d, H4l,5 7.4), 4.30
(1H, ddd, H5J565.3,Js¢ 6.2,J54 7.3), 4.41 (1H, d, H2},.0n.25.7), 4.44 (1H, s, OH-3), 5.24 (1H,
d, OH-2,Jo1-2.25.8); 0c (acetoneds, 100 MHz): 16.2 (Cht3), 25.5(CCHs),), 27.0 (CCHs3),), 67.1
(C6), 74.4 (C5), 76.7 (C2), 78.1 (C3), 83.6 (CA01L C(CHa),), 174.3 (C1); LRMS (ESI-ve): 231

([M-H] ", 100%).

156



Chapter 2 Synthesis of @-Methyl Branched Chain Sugars

3-C-Methyl-D-altrono-1,4-lactone 156

HO
HO Oo__o

Me=—
HO OH

Protected altronolacton&54 (28 mg, 0.12 mmol) was dissolved in water (0.5 rahjl DoweX
(50W X8 H' form) was added. The reaction was stirred at roemperature for 16 hours, after
which time t.l.c. (ethyl acetate) showed the foioratof one major product ¢FR.15) and a small
amount of unreacted starting materiak (R59). After 72 hours the reaction was filteredd an
concentrated under reduced pressure and purifiedolwmn chromatography (20% methanol in
ethyl acetate) to give @-methyl-D-altrono-1,4-lactoné56 as a colourless oil (21 mg, 88%).
HRMS (ESI+ve) found: 215.0526 [M+N3]C/H1.Na,Og requires: 215.0526p]p>? +63.3 €, 0.15
methanol);Vmax (thin film): 3385 (s, br, OH), 1782 (m, C=Q); (D-O, 500 MHz):%4 (DO, 500
MHz): 1.31 (3H, s, Ckt3), 3.69 (1H, dd, H6Js 5 5.6,J5,512.2), 3.79 (1H, dd, H6Js 5 2.8, 12.3),
3.92 (1H, ddd, H5Js¢ 2.8,J56 5.6,J54 9.2), 4.25 (1H, d, H4l45 9.1), 4.64 (1H, s, H2)¢ (DO,
125 MHz): 14.5 (CH-3), 63.4 (C6), 69.7 (C5), 76.3 (C2), 78.7 (C3),58(C4), 176.5 (C1); LRMS

(ESl-ve): 191 ([M-H], 100%).

3-C-Methyl-D-glucono-1,4-lactone 157

HO
HO O _ o

Me' )—L
HO OH

Protected gluconolactont55 (16 mg, 0.07 mmol) was dissolved in water (1 mh}l @owexX

(50W X8 H' form) was added. The reaction was stirred at re@mperature for 48 hours, after
which time t.l.c. (ethyl acetate) showed the foipratof one product (R0.05) and unreacted
starting material (R0.71). The reaction was heated to 70°C and afferther 3 hours the reaction

mixture was filtered and concentrated under redugedssure and purified by column
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chromatography (10% isopropanol in ethyl acetaigjivte 3C-methylD-glucono-1,4-lactoné57
as a colourless oil (7 mg, 56%).

HRMS (ESl+ve) found: 215.0533 [M+N3]C;H1.Na;Og requires: 215.0526p]p>° +47.1 €, 0.48
water); Vmax (thin film): 3148 (s, br, OH), 1772 (s, C=G); (D.0O, 500 MHz): 1.35 (3H, s, G}
3.67 (1H, dd, H6Js 5 3.4,J5.6 12.1), 3.75 (1H, dd, HBJs 5 5.8,J¢.6 12.1), 4.00 (1H, ddd, HIs 6
3.4,J56 5.9,J546.9), 4.29 (1H, d, H4l,5 7.1), 4.40 (1H, s, H2Bc (D-O, 125 MHz): 19.8 (Ch),
62.6 (C6), 69.9 (C5), 74.7 (C2), 76.7 (C3), 84.8)C176.8 (C1); LRMS (ESI-ve): 191 ([M-H]

100%).

Methyl 3,6-anhydro-2-deoxy-4,50-isopropylidene-3,5-diC-methyl-L-gluconate and allonate

160
(o) CO,Me O. ~—CO;Me
Me: “Me Me! I;_z\\Me
PN P
gluco allo

Preparation of Wittig reagent: [BRCHCOMe]'Br (504 mg, 1.43 mmol) was dissolved in
dichloromethane (10 mL) and shaken vigorously forninutes with sodium hydroxide solution
(1M ag., 10 mL). The organic layer was washed witime (2 x 10 mL), dried (MgS£) and the
solvents concentrated under reduced presgursolution of 1-deoxy-3,-D-isopropylidene-4z-
methylL-ribulose 102 (108 mg, 0.57 mmol) in toluene (1.5 mL) was addedhe ylid and the
reaction mixture heated to 40°C for 48 hours. Tdmalysis (ethyl acetate/cyclohexane, 1:1) after
this time revealed the formation of a single prad(R; 0.69, faintly UV active) and almost
complete consumption of starting materiaj (F60). The solvents were concentrated under reduce
pressure and purification by column chromatograéthyl acetate/cyclohexane, 1:8 1:6)
afforded and inseparable mixture of the title coomus160 (104 mg, 70%) as a colourless oil in a

1:1.2 ratio and unreacted starting matetia2 (19 mg).
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HRMS (Fl+ve): found 244.1306 [M] CioHa0Os requires 244.1311;0]p** +33.6 €, 0.93
chloroform); Vimax (thin film): 1740 (s, C=0)&y (CsDs, 500 MHz): 1.30 (3H, s, C#6°), 1.32 (3H,
s, CH-3%), 1.35 (3H, s, CH5%), 1.38 (3H, s, C(CH,®), 1.42 (3H, s, C(CH,"), 1.58 (3H, s,
C(CHa),®), 1.61 (3H, s, C(CH),"), 1.77 (3H, s, Ckt3%), 2.28 (1H, d, H2, J4em13.6), 2.42 (1H, d,
H2'", Jyem 13.6), 2.89 (1H, d, H2 Jyem 16.4), 3.29 (1H, d, H2, Jgem 16.7), 3.41 (3H, s, OM®,
3.42 (3H, s, OM®), 3.45 (1H, d, HB, J;e,, 10.1), 3.55 (1H, d, H Jgem 10.4), 4.02 (1H, d, HE,
Jyem10.1), 4.07 (1H, d, H6) Jye 10.4), 4.20 (1H, s, H3, 4.31 (1H, s, H2); 5c (CsDs, 125 MHz):
20.1 (CH-3P), 20.6 (CH-3%), 24.2 (CH-5%), 24.3 (CH-5"), 27.6 (2 x C(CH),®), 27.7 (C(CH),"),
27.8 (C(CH)."), 40.8 (C2), 41.0 (C®), 50.9 (OME&), 51.2 (OM&), 76.6 (C8), 77.2 (C6), 83.7
(C3F), 84.4 (C3), 90.1, 90.4, (CB®) 90.7 (C&), 91.1 (C4), 112.1 (C(CH),®), 112.5 (C(CH)."),

170.2 (C1), 171.1 (CH).

Benzyl 2-0-Benzyl-2,4-di-C-methyl-3,4-O-isopropylidene+ -arabinopyranoside 167

Lactol 114 (25 mg, 81 pmol) was dissolved in anhydrdug\-dimethylformamide (0.5 mL).
Barium oxide (50 mg, 0.33 mmol), barium hydroxidgahydrate (13 mg, 41 pumol) and benzyl
bromide (29 pL, 0.24 mmol) were added and the i@adtask wrapped in foil and placed in an
ultrasonication bath at 25°C. T.l.c. analysis (ktgetate/cyclohexane, 1:6) after 1 hour revealed
complete consumption of starting materiat (R22) and the formation of a single compoungd (R
0.59). The reaction mixture was diluted with watB® mL) and extracted with dichloromethane (3
x 10 mL). The combined organic fractions were drigodium sulfate), filtered, and concentrated

under reduced pressure; subsequent purification flagh column chromatography (ethyl

159



Chapter 2 Synthesis of @-Methyl Branched Chain Sugars

acetate/cyclohexane, 1:10) gave benzyl glycod@ie (26 mg, 80%) as a colourless oil and as a
single anomer.

HRMS (ESl+ve): found 421.1978 [M+N2a]Ca4H30Na,0s requires 421.1985p]p™® +39.6 €, 0.80
chloroform);éy (CsDs, 500 MHZz): 1.40 (3H, s, C(Ghb), 1.50 (3H, s, Ckt4), 1.60 (3H, s, CEK2),
1.61 (3H, s, (CH),), 3.79 (1H, d, H5J)s 5 11.5), 3.96 (1H, s, H3), 4.16 (1H, d, H3,5 11.4), 4.52
(1H, d, anomeric CkPh, Jyem 11.8), 4.72 (1H, d, CH#Ph,Jgem 11.4), 4.91 (1H, s, H1), 5.04 (1H, d,
anomeric CHPh, Jgem 12.0), 5.24 (1H, d, CHPh, Jgem 11.5), 7.19-7.32 (6H, m, Ar-H), 7.39-7.41
(2H, m, Ar-H), 7.46-7.48 (2H, m, Ar-H)}c (CsDs, 100 MHz): 18.4 (Cht2), 24.4 (CH-4), 26.9
(C(CHs),), 27.9 (CCHz3)2), 67.4 (C5), 70.4GH,Ph), 70.5 CH,Ph), 74.8 (C2), 79.2 (C4), 84.4
(C3), 102.0 (C1), 108.50(CHy),), 127.3, 127.6, 127.8, 127.9, 128.0, 128.2, 12828.5 (Ar-C),

138.8 (Ar-Gua), 140.5 (Ar-Gua); LRMS (ESl+ve): 416 ([M+NH]*, 100%).

Methoxy formyl 2-O-benzyl-2,4-di-C-methyl-3,4-O-isopropylidene- -arabinopyranoside 162

(o)

0 OJ\OMe
Me/J;/\E:OBn
0 Me

A(o
Lactol 114 (50 mg, 0.16 mmol) was dissolved in dichlorometh@&1 mL). Triethylamine (2 pL,
0.1 umol) and methyl cyanoformate (14 puL, 17 mmed)e added and the reaction mixture stirred
at room temperature. T.l.c analysis (ethyl acetgtddhexane, 1:4) after 10 minutes revealed partial
consumption of starting material (R.19) and the formation of a single compoung @R9). A
further 2 pL of triethylamine was added and t&wcalysis (ethyl acetate/cyclohexane, 1:4) after 10
minutes revealed complete consumption of startiagenal (R 0.19) and a single compound; (R
0.49). The solvents were concentrated under redpoessure and the crude purified by column
chromatography (ethyl acetate/cyclohexane, 1:@fftird glycosidel62 as a colourless oil (56 mg,

97%)
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HRMS (ESl+ve): found 389.1598 [M+N2a]CieH-6NayO; requires 389.1576p]p?° +42.3 €, 0.73
methanol) Vmax (thin film): 1759 (s, C=0)$y (CDCl, 400 MHz): 1.31 (3H, s, CH#4), 1.38 (3H, s,
C(CHa)2), 1.47 (3H, s, C(CH-), 1.54 (3H, s, CH2), 3.62 (1H, d, H5Js5 11.6), 3.85 (3H, s,
OMe), 3.92 (1H, s, H3), 4.05 (1H, d, HF5 5 11.6), 4.62 (1H, d, CH#Ph, Jyem 11.3), 4.90 (1H, d,
CH,Ph, Jyem11.3), 5.78 (1H, s, H1), 7.27-7.35 (5H, m, Ar-B;(CDCk, 100 MHz): 18.4 (Ckt4),
24.1 (CH-2), 26.6 (CCHa3)2), 27.3 (CCHs)2), 54.9 (OMe), 66.8 (CHPh), 70.0 (C5), 74.5 (C4),
79.3 (C2), 82.9 (C3), 98.5 (C1), 109Q(CHs),), 127.2, 127.3, 128.3, 128.4 (Ar-C), 139.1 (Ar-
Cquar), 155.4 (C=0); LRMS (ESl+ve): 384 (IM+N#H, 100%), 389 ([M+Ndl], 65%), 750 ([2M+

NH,]*, 100%), 755 ([2M+N&]} 90%).

1-C-[(E)-Prop-1'-enyl]-2-O-benzyl-2,4-di-<C-methyl-3,4-O-isopropylidene- -arabinopyranose

171

Benzylated lacton&13(2.01 g, 6.55 mmol) was dissolved in diethyl etf#€r mL) and cooled to
-40°C under argon. Allyl magnesium bromide solut{@M in EtO, 7.2 mL, 7.21 mmol) was
added and the temperature maintained at -40°C.nlysis after 1 hour revealed the complete
absence of a carbonyl peak (~1750"cragion). The reaction mixture was quenched withrsgéed
ammonium chloride solution (50 mL), diluted withchioromethane (100 mL) and washed with
water (5 x 100 mL). The combined organic fractioreye dried (sodium sulfate), filtered and the
solvent concentrated under reduced pressure. €airdn of the crude by flash column
chromatography (ethyl acetate/cyclohexane 1:1@r@éd lactoll 70 (1.66 g) as colourless oil.

Selected data fak70: Vimax (thin film): 3483 (s, br, O-H); LRMS (ESI-ve): 34200% M-H).
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Lactol 170was immediately dissolved in tetrahydrofuran (17) mnd stirred under argon with 1,8-
diazabicyclo[5.4.0Jundec-7-ene (1.07 mL, 7.16 mm®l).c. analysis (ethyl acetate/cyclohexane,
1:4) after 2 hours revealed partial consumptiostafting material (R0.38) and the formation of a
single major product (R0.31). The solvents were concentrated under redpoessure to afford
lactol 171 (1.09 g) and a mixed fraction containidigl and starting material (587 mg) in
approximately a 1:1 ratio, affordiriy1in 60% over two stepd.71 exists as a mixture of the open
chain (OC) form, A and B anomers, in a 1:1:0.5orati

HRMS (ESI+ve): found 371.1824 [M+N3]CyoH2sNa,Os requires 371.1829p]p> -42.8 €, 1.18
methanol) vmax (thin film): 1695 (small, s, C=0), 1374 (s, C=6}); (CD;OD, 500 MHz): 1.27 (3H,
s, CH-4®), 1.31 (3H, s, C(CH-"), 1.37 (3H, s, Cht4°°), 1.40 (9H, s, CE2® & C(CH3),°¢ % B),
1.43 (3H, s, CH4%), 1.44 (6H, s, Ch2* & (C(CHs),"), 1.49 (3H, s, C(CH,"), 1.51 (3H, s,
C(CHy)2"%), 1.59 (3H, s, CKt2°°), 1.74 (3H, dd, CE3'®, J 1.4, Jcrsz 2 6.7), 1.77 (3H, dd, CH
34 3 1.4, Jchz.z.2 6.6), 1.92 (3H, dd, CH3"°, Jcna-sr 1.1, Jenza2 6.7), 3.31 (1H, d, H5 Js 5
11.8), 3.43 (1H, d, H5 J5512.0), 3.54 (1H, d, H¥, Js5 11.9), 3.68 (1H, d, H5%, Js 5 12.0),
3.90 (1H, d, HZ®, J5 5 12.0), 3.95 (1H, s, H%), 4.08 (1H, d, H8, Js 5 11.5), 4.11 (1H, s, H3,
4.19 (1H, s, H3), 4.48 (1H, d, CEPH’®, Jyem 10.8), 4.54 (1H, d, CH#PH', Jyem 11.5), 4.61 (1H, d,
CHyPH', Jgem11.3), 4.62 (1H, d, CHPHC, Jyern 10.8), 4.63 (1H, d, CHPIP, Jyem 11.3), 4.85 (1H, d,
CHyPIP, Jyem 11.2), 5.72-5.76 (2H, m, H1%®), 6.01-6.05 (2H, dd, H2; J» chz s 6.6,J 15.5),
5.93-5.99 (2H, dd, H®, J» cis.3 6.6, 15.5), 6.85-6.88 (1H, dd, Hi%, Ji chss 1.6, J102 15.5),
6.96-7.03 (1H, dq, H&®, Jo chzs 6.9,J» 1 15.3),7.25-7.43 (15H, m, Ar-PFB49%): 5. (CD;OD,
125 MHz): 17.2 (CH-2%), 17.7 (CH-2°), 17.8 (CH-3'"%®), 18.6 (CH-3'°%), 18.7 (CH-2°%), 20.2
(C(CH3).®), 23.7 (CCHa),"), 24.3(CH-4"), 24.6 (CH-4%), 26.7 (CCH3)."), 27.1 (CCHs),°%),
27.3 (CCHa),%), 28.2 (CH-4°°), 28.6 (CCH3)-°°), 65.7 (C%), 66.1 (CHPH"), 66.4 (C5°), 67.4
(CH.PHP), 68.5 (CB & CH,PH°®), 77.5 (C4 & C2%), 78.5 (C®), 80.9 (C4), 82.1 (C3), 83.1

(C3F), 84.66 (C2° & C4°%), 88.2 (C8°), 98.9 (CE), 99.6 (CT), 108.1 C(CHs),"), 109.3
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(C(CH5)-°%), 109.9 C(CHs),), 126.9, 128.2, 128.3, 128.4, 128.6, 128.6, 12828.9, 129.0,
129.3, 129.3, 129.4, 129.5, 132.4 (=& C=C°C & Ar-C *B4°C) 132.4 (C=C), 134.2 (C=6),
134.2 (C=C or C=CC or Ar-C*°" 2 9% 139.3 (Ar-Guar "), 140.2 (Ar-Guar), 140.5 (Ar-Guat),

144.3 (C=C°), 202.7 (CE°). LRMS (ESI-ve): 347 ([M-H] 100%).

1-C-[(E)-Prop-1'-enyl]-2-O-benzyl-2,4-di-C-methyl-3,4-O-isopropylidene+ -arabinitol 172 and

1-C-Propanyl-2-O-benzyl-2,4-di-C-methyl-3,4-O-isopropylidene+ -arabinose 173

Method 1: Lactol 171 (104 mg, 0.30 mmol) was dissolved in methanol (@8 and cooled to -
10°C. Cerium trichloride (111 mg, 0.30 mmol) wasled and the reaction mixture stirred for 5
minutes under argon, then sodium borohydride (11 @80 mmol) was added and the reaction
stirred at -10°C. T.l.c analysis (ethyl acetatelayexane, 1:1) after 2 hours revealed partial
consumption of starting material {(R.73) and the formation of a single major prodiit0.60).
The reaction was quenched by the addition of wgdtenL) and the products extracted with ethyl
acetate (3 x 5 mL). The combined organic fractisrese dried (sodium sulfate), filtered, and
concentrated under reduced pressure. Purification domlumn chromatography (ethyl
acetate/cyclohexane, 135 1:3) gave starting material (40 mg) and arabinlfé? (50 mg, 48%,
78% based on recovered starting material) as aideks oil in a 1:0.85 ratio of diastereomers A:B.
Method 2: Lactol 171 (88 mg, 0.25 mmol) was dissolved in dry tetrahfualran (0.9 mL) and
cooled to 0°C under argon. LiAl-solution (2 M in THF; 139 pL, 0.28 mmol) was addedl the
reaction mixture stirred at 0°C for 2 hours, afterthich time t.l.c. analysis (ethyl

acetate/cyclohexane, 1:1) revealed the completsuroption of starting material {R.73) and the
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formation of two products (R0.60 & 0.85). The reaction was quenched with amuomrchloride
(sat., ag., 1 mL) and the products extracted willyleacetate (3 x 5 mL). The combined organic
fractions were dried (sodium sulfate), filtered,damoncentrated under reduced pressure.
Purification by column chromatography (ethyl acefagclohexane, 1:5 1:3) gave arabinital 72

(Rf 0.60, 49 mg, 55%) in a 1.1 a mixture of diasteremmandl73 (R; 0.85, 42 mg, 48%) in a 2:1
mixture of diastereomers, both as colourless oils.

Method 3: Lactol 171 (95 mg, 0.27 mmol) was dissolved in dry tetrahfairan (1 mL) and cooled
to 0°C under argon. Red-Alsolution (70% in toluene; 90 pL, 0.32 mmol) wasled and the
reaction mixture stirred at 0°C for 1 hour, aftenieh time t.l.c. analysis revealed the complete
consumption of starting material (B.73) and the formation of two products (R60 & 0.85). The
reaction was quenched with sodium potassium targatution (sat., aq., 5 mL) and the products
extracted with ethyl acetate (3 x 5 mL). The cormedirorganic fractions were dried (sodium
sulfate), filtered, and concentrated under redyredsure. Purification by column chromatography
(ethyl acetate/cyclohexane 125 1:3) gave arabinitd 72 (R; 0.60, 49 mg, 51%) in a 1:1 mixture of
diastereomers ant73 (Rs 0.85, 40 mg, 42%) in a 2:1 mixture of diastere@ner

Data for 172: HRMS (ESI+ve): found 373.1824 [M+Na]CyH2eNayOs requires 373.182%max
(thin film): 3453 (s, br, OH), 1379 (s, C=G)4 (CDCk, 500 MHz): 1.29 (3H, s, C(CH"), 1.31
(3H, s, CH-27), 1.32 (3H, s, CKE4®), 1.36 (3H, s, C(CH,"), 1.42 (3H, s, CH2"), 1.43 (3H, s,
CHs-4%), 1.51 (6H, s, C(CH),%), 1.77 (6H, s, Cht3'"%®), 3.24 (1H, a-dd, O} J 5.9,J 9.1), 3.32-
3.36 (1H, m, H8), 3.39-3.44 (1H, m H%), 3.45-3.51 (2H, m, OH), 3.71-3.76 (2H, m, H&
H5'®), 3.77 (1H, s, HY), 3.84 (1H, s, HY), 4.36-4.39 (1H, m, H), 4.55 (1H, d, CEPIP, Jyen 9.9),
4.79 (1H, dd, H4, J1.7,37.9), 4.85 (1H, d, CHPIP, Jyen 9.9), 4.94 (1H, d, CHPH", Jgem 11.4),
5.05 (1H, d, CHPH, Jyem 11.4), 5.49-5.59 (2H, m, HY*®), 5.83-5.93 (2H, m, H2%®), 7.29-7.40
(10H, m, Ar-H*B); 8¢ (CDCkL, 125 MHz): 16.8 (CH2°), 18.0, 18.6 (Cht3%B), 23.2, 23.3

(CHs-2* & CHsz-4" & CH34%), 26.4 (C(CH),"), 27.4 (C(CH),"), 28.3 (2 x C(CH),®), 64.7
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(CH.PH), 65.4 (C5), 66.1 (C%), 67.5 (CHPH"), 73.9 (C3), 76.8 (C3), 77.3 (C®), 79.1 (C?),
82.7 (C4), 83.1 (C4), 85.7 (CP), 86.5 (C1), 106.0, 106.7G(CH), *®), 127.7, 128.0, 128.1,
128.3, 128.6, 128.7, 128.8, 128.9, 129.6, 130.7qGAY and C=C*®?), 137.3, 138.1 (Ar-Guat -°);
LRMS (ESlI-ve): 349 ([M-H], 100%), 395 ([M+HCOO] 85%), 409 ([M+ CHCOO], 85%).

Data for 173: HRMS (ESl+ve): found 409.2690 [M+MeCN+NH; CHs/NoNayOs requires
409.2697; ¢]o?° -13.1 €, 1.12 chloroform)Vmax (thin film): 3454 (s, br, OH)dy (CesDs, 500
MHz): 1.13-1.19 (6H, m, CKH3"¥®), 1.31 (3H, s, C(CH),"), 1.34 (3H, s, C(CH),"), 1.42 (3H, s,
C(CHs),"), 1.43 (3H, s, CH2°), 1.46 (3H, s, Cht4®), 1.50 (3H, s, Ckt4™), 1.56 (3H, s, CE2?),
1.60 (3H, s, C(CH),®), 1.86-1.88 (1H, m, HP), 1.89-1.95 (1H, m, Hf), 2.06-2.14 (4H, m,
H2'A%B & H2” *4B) 2.26-2.31 (1H, m, H1%), 2.37-2.43 (1H, m, H1%), 3.69 (1H, d, H5, Js5
12.6), 3.74 (1H, d, H5 Js5 12.0), 3.79 (1H, d, H8’ J55 12.1), 4.03 (1H, s, H3, 4.04 (1H, s,
H3%), 4.17 (1H, H5* J55 12.1), 4.26 (1H, d, CH#PH’, Jyem 11.0), 4.33 (1H, d, CHPH', Jgem11.4),
4.42 (1H, d, CHPIP, Jyem 11.2), 4.45 (1H, d, CHPH, Jyem 10.1), 4.54 (1H, d, OH J 1.7), 4.83
(1H, d, OH', J 1.7), 7.22-7.40 (10H, m, Ari¥®); 5c (CsDe, 125 MHz): 15.2 (CZY), 16.4 (C2®),
17.6 (CH-2F), 18.0 (CH-2"), 23.9 (CH-4%), 24.3 (CH-4®), 26.8 (CCHa)5"), 27.1 (CCHa),>),
27.7 (CCHs).®), 28.1 (CCHa3),"), 36.4 (C1%), 39.4 (C1®), 65.1 CH.PH'), 65.4 (C%), 65.5
(CH,PHP), 67.8 (C5), 75.3 (C2), 77.2 (C4), 77.7 (C®), 78.7 (C&), 81.4 (C3), 81.9 (C8), 98.5
(C1°), 100.4 (C%), 108.3 C(CHs).P), 108.74 C(CHs),™), 127.2, 127.4, 127.6, 127.8, 127.9, 128.0,
128.2, 128.8 (Ar-¢%®), 138.4 (Ar-Guat), 139.0 (Ar-Gual'); LRMS (ESl+ve): 373 ([M+Nd]

55%), 723 ([2M+Na], 50%); LRMS (ESI-ve): 349 ([M-H] 100%).
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Dimethyl titanocene

All solvents used in this procedure were distilke@r calcium hydride before use.

To a flame dried 500 mL round bottomed flask wadeadCpTiCl, (10.17 g, 40.8 mmol) and
diethyl ether (200 mL) under argon. The suspensias cooled to -78°C and methyl lithium (1.6 M
in ELO; 54.9 mL, 87.8 mmol) was added slowly. The resctixture was allowed to warm to 0°C
over 1 hour, quenched with water (90 mL) and theerda immediately separated (by use of a
separating funnel). The organic phase was wash#éd bwine (30 mL), dried (sodium sulfate),
filtered into a foil covered flask and concentratater reduced pressure. The orange solid was
then suspended in pentane (200 mL), and cooled fomm temperature to -78°C over 1 hour to
form long orange crystals. The excess pentane gaswedvia cannula and the crystals dried for
10 minutes under vacuum* (7.42 g, 87%) before bdiagolved in toluene (200 mL) and stored at -
20°C.

*CAUTION: the solid can be explosive

84 (CDCl, 400 MHz): -0.14 (6H, s, C#}, 6.07 (10H, s, Cp); {Lit®" 84 (CDCL, 250 MHz) -0.05

(6H, s, CH), 6.05 (10H, s, Cp)}.
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1,5-Anhydro-4-O-benzyl-6-deoxy-2,4-dic-methyl-2,3-O-isopropylidene- -lyxo-hex-5-enitol

6
1~ O5=CH,
Me: J» 5 b wOBn
o Me
AYO

To a round bottomed flash wrapped in foil was adde@-benzyl-2,4-diC-methyl-3,40-

180

isopropylideneL-arabinono-1,5-lactond 13 (308 mg, 1.01 mmol) and €fMe; (0.13 M in
toluene; 27 mL, 3.52 mmol). The mixture was hedtedeflux under argon for 90 minutes, after
which time t.l.c. analysis (ethyl acetate/cyclohexal:6) revealed complete consumption of
starting material (R0.38), and the formation of a single product (R72). The solvent was
removed under vacuum, and the crude purified byhflacolumn chromatography (ethyl
acetate/cyclohexane, 1:20) to give vinyl eth®0 (258 mg, 84%) as a pale yellow oil.

HRMS (Fl+ve): found 304.1678 [M] CigH2404 requires 304.1675:0]p'® +36.0 €, 0.22 ethyl
acetate)Vimax (thin film): 1639 (s, C=C)py (CsDs, 500 MHZz): 1.23 (3H, s, CH4), 1.41 (3H, s,
C(CHg)2), 1.52 (3H, s, CHt2), 1.65 (3H, s, C(CH)), 3.97 (1H, d, CkPh,Jgem 11.4), 4.00 (1H, s,
H3), 4.12 (1H, d, ChPh,Jyem11.5), 4.39 (1H, s, H6), 4.41 (1H, d, Hll1 11.4), 4.53 (1H, d, H1,
Jra 11.2), 5.02 (1H, s, H6'), 7.21-7.33 (5H, m, Ar-B) (CsDs, 125 MHz): 20.0 (Cht2), 25.3
(CHsz-4), 27.5 (CCHa),), 28.0 (CCHj3)y), 64.8 (C1), 71.1GH,Ph), 76.7 (C2), 80.2 (C4), 84.0 (C3),
91.7 (C6), 109.7Q(CHs),), 127.7, 127.9, 128.1, 128.6 (Ar-C), 139.0 (A=, 155.7 (C5); LRMS

(ESl+ve): 305 ([M+H], 60%).
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3-0O-Benzyl-3,5-di-C-methyl-4,5-O-isopropylidene -fructose 181

Ruthenium trichloride (0.1 M aqg.; 0.47 mL, 47 umeBs added to sodium periodate (215 mg, 1.01
mmol) in water (0.9 mL) and cooled to 0°C. The a&&80 (204 mg, 0.67 mmol) was dissolved in
acetonitrile (5.4 mL) and injected in one portidihe reaction mixture was stirred at 0°C for 5
minutes before quenching with saturated aqueousisothiosulfate (5 mL). T.l.c. analysis (ethyl
acetate/cyclohexane, 1:1) revealed complete consoumpf starting material (R0.82) and the
formation of a single product {®.43). The reaction mixture was diluted with watemrmL) and
washed with ethyl acetate (3 x 10 mL). The combimggnic fractions were dried (sodium sulfate),
filtered and concentrated under reduced pressumeebpurification of the crude by flash column
chromatography (ethyl acetate/cyclohexane, 1:3)gtee 3-O-benzyl-3,5-di€C-methyl-4,50-
isopropylidene--fructosel81 (149 mg, 66%) as a white solid, in a 3:1 rati@aobmers.

HRMS (ESI+ve): found 361.1622 [M+NaJC;gH26Na;Og requires 361.16220]p> -9.81 €, 0.84
chloroform); m.p. 149-150°Gimax (thin film): 3423 (br, OH); o4 (CsDs, 500 MHZz): 1.30 (3H, s,
CHs-3F), 1.41 (3H, s, C(CH"), 1.41 (3H, s, C(CH.®), 1.49 (3H, s, C(CH-.®), 1.56 (3H, s,
C(CHs),"), 1.59 (3H, s, CH3), 1.61 (3H, s, CH5"), 1.62 (3H, s, Ckt5P), 2.18 (1H, dd, OH-,
Jonr 3.9,J 9.4), 2.67 (1H, q, OH® J 4.0), 3.51-3.55 (2H, m, H6& H6'®), 3.69-3.77 (3H, m,
H1® H1® & H1%), 3.80 (1H, d, H8, Js ¢ 12.3), 3.89 (1H, dd, HA! J; oy 3.7,311.7), 3.95 (1H, d,
H6'*, Jo s 12.1), 4.06 (1H, s, H3, 4.14 (1H, s, H3), 4.43 (1H, s, OH®), 4.53 (1H, d, CkPH",
Jyem 11.0), 4.57 (1H, d, CHPIP, Jyem 10.7), 4.65 (1H, d, CHPH", Jyem 11.0), 4.77 (1H, d, CPIF,
Jyem 10.7),4.88 (1H, s, OH-2), 7.28-7.40 (10H, m, Ar-Ff®); 3¢ (CsDs, 125 MHz): 17.8 (Ch+3P),
18.0 (CH-5%), 23.5 (C(CH),"), 24.0 (CH-5°), 26.3 (C(CH).®), 26.7 (C(CH)."), 26.8

(C(CHs),), 26.9 (CH-3%), 64.6 (C1), 65.1, 65.2 (ChPH", C8"Y), 65.9, 66.3 (CLPH, C6), 67.1
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(C1°%), 75.8 (C%), 76.6(C5), 77.2 (C3), 79.4 (C3), 80.5 (C4), 81.1 (C&), 96.9 (C?), 97.8
(C2Y), 108.5 C(CHs),"), 109.0 C(CHs),®), 127.1, 127.4, 127.6, 128.1, 128.5, 128.7 (A¥g,
137.2 (Ar-Guat), 137.8 (Ar-Guat); LRMS (ESI-ve): 397 ([M+CHCO,", 100%), 337 ([M-H]

60%), 373 ((M+Cl], 50%).

3,5-Di-C-methyl-4,5-O-isopropylidene -fructose 179

3-0O-Benzyl-3,5-diC-methyl-4,50-isopropylidenea:--fructose 181 (129 mg, 0.38 mmol) was
dissolved in ethanol (5 mL) and methanol (1 mL)ld#um hydroxide (20% on carbon; 26 mg)
was added to the solution whilst stirring. The tiesc mixture was degassed and stirred under
hydrogen; T.l.c. analysis (ethyl acetate/cyclohexah:1) after two hours revealed complete
consumption of starting material {R.37) and the formation of a single product QR4). The
reaction mixture was degassed, and filtered thraugiad of Celit®, eluting with methanol. The
solvents were concentrated under reduced pressutethe crude purified by flash column
chromatography (ethyl acetate/cyclohexane, 1:1pffard 3,5-diC-methyl-4,50-isopropylidene-
L-fructosel79 (76 mg, 80%) as a white crystalline solid, founail:1 ratio of anomers.

HRMS (ESI+ve): found 271.1152 [M+N2a]Ci1H-0Na,Os requires 271.1152p]p?° +31.9 €, 0.27
chloroform); m.p. 74°Cymax (thin film): 3424 (br, OH), 1644 (s, C=QJj; (CsDs, 500 MHz): 1.24
(3H, s, C(CH),%), 1.32 (3H, s, C(CH-"), 1.34 (3H, s, Ckt3"), 1.37 (3H, s, Chi5"), 1.38 (3H, s,
C(CHs),?), 1.53 (3H, s, C(CH,"), 1.58 (3H, s, Cht3®), 1.61 (3H, a-d, CK5°, J 0.9), 2.11 (1H,
dd, OH-£, J5.7,38.5), 2.44 (1H, dd, OH%1 Jon 1 2.7,Jon.1 10.2), 3.15 (1H, s, OH?3, 3.60 (1H,
dd, HE, J 0.9,J¢ 12.0), 3.62 (1H, a-d, H1J 10.4), 3.66 (1H, d, H6 Js¢ 12.0), 3.74-3.77 (3H,

m, OH-Z', OH-F, H1®), 3.77 (1H, s, H®), 3.92 (1H, s, H2), 3.95 (1H, d, HE', Jy s 12.0), 3.98
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(1H, m, H1P), 3.99 (1H, a-dd, HY, J; o4 2.7,J 10.9), 4.21 (1H, dd, HB; J 0.9,J ¢ 12.0), 4.84
(1H, s, OH-2); 8¢ (CsDe, 125 MHz): 23.8 (CH3F), 23.9 (CH-3"), 24.6 (CH-5P), 24.7 (CH-5"),

26.3 (C(CH),"), 26.6 (C(CH),?), 27.1 (C(CH),"), 28.1 (C(CH).?), 65.9, 66.0 (C§ C1°) , 67.6
(C1%), 67.8 (C6), 71.1 (C3), 71.4 (C8), 76.6 (CB), 80.0 (CH), 83.7 (C4), 85.1 (C&), 96.2
(C2Y), 96.6 (C%), 108.8 C(CHs),"), 108.3 C(CHs)°; LRMS (ESI-ve): 247 ([M-H] 71%);

LRMS (ESl+ve): 312 ([M+MeCN+N4&] 100%).

2,3-0O-Benzylidene-2C€-methyl-D-ribono-1,4-lactones 183 and 184

0 _o O0_o
:Yb 0. 0
pH H H Ph
major minor
183 184

2-C-Methyl-D-ribono-1,4-lactone (6.11 g, 0.42 mol) was suspdnddenzaldehyde (65 mL) and to
it was added hydrochloric acid (37% ag., 5 mL). Bagpension was stirred at room temperature
under argon for 20 hours, during which time thetstg material dissolved and the solution turned
pale yellow in colour. T.l.c. analysis (ethyl adetayclohexane, 1:1) after this time revealed
complete consumption of starting material (R00) and two major products{B.74 & 0.44). The
solvents were concentrated under reduced pressdriha crude preadsorbed on silica and purified
by column chromatography (ethyl acetate/cyclohexar®—~1:1). This gave 2.32 g (24%) of the
compound with R0.74, as a pale yellow foam. Bt NMR, it was shown to be a mixture of 4
different 1,4 lactones (HMBC analysis and C=0 1785 but further structural elaboration was
not possible. The second component, witfDR4 was found to be a mixture of the lactonesvsho
above (6.99 g, 71%). This was shown'ByNMR to be a 2:1 ratio of major to minor comporsent

A:B.
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84 (CDCl, 500 MHz): 1.74 (6H, s, CH2"*®), 2.64 (2H, br-s, OFf®), 3.83-3.89 (2H, m, H®),
4.02 (1H, dd, HB*, Js 4 2.8,J 12.3), 4.05 (1H, dd, H8; J 2.5,J 12.6), 4.64 (1H, t, H4 J,5 2.5),
4.65 (1H, d, H8, J 1.1), 4.66 (1H, a-d, H3J 0.5), 4.69-4.70 (1H, m, H¥, 7.39-7.50 (10H, m, Ar-
H"¥B): §c (CDCkL, 100 MHz): 18.0 (CH2%), 18.3 (CH-2°), 62.2 (C%), 62.4 (CB), 81.8, 84.5
(CF, C#), 82.4, 83.8 (C3 C4Y), 82.8 (CH), 83.3 (C2), 104 (PICH®), 105.4 (PEH?), 126.71,
126.74, 128.5, 130.0 (Ar“€®), 135.0 (Ar-Guat), 135.1 (Ar-Guat ), 175.1 (C1), 175.7 (CE).

A sample of the major component was crystalliseanfra mixture of the two using diethyl ether
and 40°-60° petrol and slow evaporation. HRMS (&8)+found 273.0727 [M+N&] C;sH14Na;,Os
requires 273.0733; m.p.: 96 - 99°G;a (thin film): 3490 (s, br, OH), 1781 (s, C=Oy]p*® -37.8

(c, 0.86 chloroform); LRMS (ESI-ve): 267 ([M-OHJL00%), 499 ([2M-H] 45%).

2,4-Di-C-methyl-L-arabinono-1,4-lactone 190

Me o
Ho o
~Me

HO OH

2,4-Di-C-methyl-3,40-isopropylidene--arabinono-1,5-lactonel03 (82 mg, 0.38 mmol) was
dissolved in water (0.2 mL) and trifluoroaceticca¢D.6 mL) was added whilst stirring at room
temperature. T.l.c. analysis (ethyl acetate/cyctahe, 1:1) after 16 h showed starting material (R
0.54) and the formation of a single product QR04). A further 0.6 mL of trifluoroacetic acid wa
added and the solution stirred for a further 2%.hc. analysis (ethyl acetate/cyclohexane, 1:figraf
this time showed the complete consumption of stgnthaterial and a single product. The solvents
were removedinder reduced pressure and the resulting crudedisaslved in water (5 mL) and
washed with dichloromethane (3 x 5 mL). The aquguhmse was concentrated to give 2,4£di-
methylL-arabinono-1,4-lacton&90 as a white amorphous solid (62 mg, 93%). FHactone was

identified by HMBC analysis.
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HRMS (ESI-ve): found 175.0601 [M-H]C;H1:0s requires 175.0605; m.p. 104-106°@]4** -9.0
(c, 0.97 methanol)ymax (thin film): 3385 (s, br, OH), 1765 (s, C=Q); (CDs0OD, 400 MHz): 1.31
(3H, s, CH-4), 1.40 (3H, s, CH2), 3.57 (1H, d, H5J55 12.1) 3.65 (1H, d, H5Js 5 12.1), 4.27
(1H, s, H3):8¢c (CDsOD, 125 MHz): 17.2 (Cht4), 20.6 (CH-2), 67.0 (C5), 76.5 (C3), 76.9 (C2),

87.5 (C4), 179.5 (C1); LRMS (ESI-ve): 175 ([M-H$0%), 235 ([M+CHCOO], 100%).

2,4-Di-C-methyl-L-ribono-1,5-lactone 191
o0._0
Me:J/\leG
HO OH
OH
2,4-Di-C-methyl-3,40-isopropylidene:-ribono-1,5-lactond.04 (74 mg, 0.34 mmol) was dissolved
in water (2 mL) and Dowék(50W X8 H' form, 500 mg) was added whilst stirring at 50°Q.cT
analysis (ethyl acetate) after 3 hours showedistamaterial (R0.48) and the formation of a single
product (R 0.26). The temperature was increased to 90°Ct.hadanalysis after a further 4 hours
revealed complete conversion of the starting maltérto a single product. The resin was removed
by filtration and the solvent concentrated undeluoed pressure to afford 64 mg of an amorphous
yellow solid. This was purified by flash column ohratography (ethyl acetate) to yield 2,4cdi-
methyldi-ribono-1,5-lactonel191 as a white solid (51 mg, 84%). Thedactone was identified by
HMBC analysis.
HRMS (ESI+ve): found 199.0580 [M+N3]C;H1,NaOs requires 199.0577; m.p. 97-99°@] §**
-37.0 €, 1.125 methanol)ymax (thin film): 3454 (s, br, OH), 1763 (s, C=Qj;; (CDsOD, 400
MHz): 1.35 (3H, s, Ckt4), 1.40 (3H, s, Ck2), 3.49 (1H, d, H5J)s5 12.4), 3.61 (1H, d, H5Js 5
12.4), 4.05 (1H, s, H3Jic (CDsOD, 125 MHz): 17.5 (Ckt4), 22.4 (CH-2), 66.2 (C5), 73.6 (C2 &
C3), 88.6 (C4), 178.1 (C1); LRMS (ESI-ve): 175 ()5, 94%), 221 ([M+CHCH,O], 100%), 351

([2M-H]", 75%).
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2-O-Benzyl-2,4-di-C-methyl-L-arabinono-1,4-lactone 192

Me
O
HO 0

= Me

HO OBn
N-lodosuccinamide (693 mg, 3.08 mmol) and tetra lbaymonium iodide (227 mg, 0.62 mmol)
were dissolved in dichloromethane (7 mL), and gension of 20-benzyl-2,4-diC-methyl-
arabinosel13 (165 mg, 0.62 mmol) in dichloromethane was addaeid. {The dark brown reaction
mixture was stirred at room temperature for 2 howafser which time t.l.c. analysis (ethyl
acetate/cyclohexane, 3:2) revealed the consumpfistarting material (R0.11) and the formation
of a single major product (R0.26). The reaction mixture was quenched withraétd sodium
thiosulfate solution (10 mL), and the aqueous pledeacted with dichloromethane (3 x 10 mL),
and the combined organic layers were dried (magmessulfate), filtered and the solvents
concentrated under reduced pressure. Purificatiaimeo crude by flash column chromatography
(ethyl acetate/cyclohexane, 2:1) afforde®-benzyl-2,4-diC-methyli-arabinono-1,4-lactond,92
as a white solid (93 mg, 57%). Théactone was identified by HMBC analysis.
Found: C, 63.06; H, 6.80;1¢H:505 requires: C, 63.15; H, 6.81; HRMS (ESI+ve): foli&#.1492
[M+NH4]*; CiaH2N10s requires 284.14930]p>* -10.3 €, 1.09 1,4-dioxane); m.p. 100°@;ax
(thin film): 3418 (br, OH), 1760 (s, C=O;; (DMSO-ds, 400 MHz): 1.22 (3H, s, C##4), 1.36 (3H,
s, CH-2), 3.41 (1H, dd, H5J5.01 6.3, Js5 12.0), 3.51 (1H, dd, H5Jons 5.3, J5.5 12.0), 4.46 (1H,
d, OCHPh, Jgem11.2), 4.57 (1H, d, H3ls 011 5.6), 4.61 (1H, d, OCHPh, Jgem 11.2), 5.30 (1H, a-t,
OH-5, J 5.8), 5.82 (1H, d, OH-3Jon 3 5.6), 7.26-7.37 (5H, m, Ar-H)¥c (DMSO-ds, 100 MHz):
17.5 (CH-4), 17.9 (CH-2), 65.2 (C5), 65.8 (OH.Ph), 70.7 (C3), 81.5 (C2), 86.3 (C4), 127.5,

127.7, 128.3 (Ar-C), 138.2 (Ar«Ga), 174.9 (C1); LRMS (ESl-ve): 301 ([M-CJ]100%).
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Chapter 3 Synithltility of Di-C-Methyl-Branched Sugar Lactones

Chapter 3
Synthetic Utility of Di-C-Methyl Branched Sugar Lactones

The second half of this project investigated thenaistry of isopropylidene protected 2,4€h-
methylL-arabinono-1,5-lactond03 a key intermediate in the synthesis of 3,%dnethyld -
glucose97, produced rapidly and in high yield from@methyl-D-ribono-1,4-lactones§, itself a

readily available methyl branched sugar lactdfigure 3.1).*

HO (o) o 6 steps o0._©0O
Che = wef Lon
St 51%  ©Q Me
HO OH ° ‘)(0
103

Figure 3.1: The synthesis of 2,4-di-methylL-arabinono-1,5-lacton&03

88

Branched carbohydrate building blocks serve asmstly useful starting materials for the synthesis
of densely functionalised homochiral targets withagrnary centres. The advantage of
carbohydrates as starting materials derives fragnptie-existence of a sequence of chiral centres,
which would otherwise need to be installed throumhseries of stereoselective reactidns.
Furthermore, the existence here of a quaternaryrecen to the lactone functionality makes
epimerisation at C2, either by acid or base catalyslikely. A wide range of targets from 2,4@i-
methyldi-arabinono-1,5-lactone were therefore proposegufe 3.2). These include a deoxy sugar

121, piperidinesl94, 195and196, hydroxy prolinel97 and pyrrolidinel98
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O_ ..OH R
HO Me HO):T:LW

OH \ / OH NHAc
121 196

H 0]
N ° OR? ﬁL .
Me., Me Me: . _A\"OH N
HO //1/ - 0 Me —_— Me| " Me
OH o
OH HO OH
194 103 197

\‘\\\
Me: ., «Me } Z\M N3
Melll e
HO N,

OH HO OH
195 198

Figure 3.2: Proposed targets from protected 2,4zdinethyl4 -arabinonolacton&03

The biological significance of deoxy sugars is wallown, with 2-deoxyp-ribose forming the
sugar backbone of perhaps the most important bcdbgnolecule, DNA. Furthermore, deoxy
sugars are often found in bacterial cell wall patharides, with or without additional methyl
branch point§:>° Proline analogud 97 is of interest as an unnatural protein buildingcht its
unusual structure could influence protein foldihglping the understanding of this natural process.
Proline analogues are also of interest as potechighl catalysts and as therapeutic agents for a
range of diseas€$:® Piperidines194, 195 and 196 and pyrrolidines such ak98 represent two
members of a class of sugar derivatives known a@soirfor aza) sugars. Several imino sugars are
known to act as enzyme inhibitors, as they can etenwith the parent monosaccharide to occupy
the active sité® Many unnatural- imino sugars have been found to inhibit enzyrhesugh a non
competitive mechanism (s&hapter 1, section1.5.1).*"*2*3As such, their synthesis has received

much attention in recent yedfs.
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3.1 Synthesis of 2-Deoxy-2,4-Di-C-Methyl-L-Arabinose, 121

Deoxygenation of protected 2,4-@Hnethyl arabinono-1,5-lactonE03 was envisagedia alkene
199 itself formed from triflate200 (Scheme 3.L This short sequence relies on selective

hydrogenation of alkent99to give thearabino stereochemistry.

O. _OH 0._0 0._0 o.__0
= e Lo, = mef Lo = me [ Tor
HO CH, Q Ch, Q Me 0 Me

o —° —° —x°

121 199 200 103

Scheme 3.1Retrosynthetic analysis of 2-deoxy-2,4@methyl+ -arabinosel21

Following a literature procedur@Jactonel03was treated with trifluoromethanesulfonic anhydrid
in anhydrous dichloromethane at -20°8clleme 3.2 T.l.c. analysis showed the reaction to be
sluggish, most likely because of the steric hindeaimposed by the tertiary centre. Almost
complete esterification was eventually achieveagigorcing conditions- three separate additions
of triflic anhydride were required every two houkgldition of reagent was performed at 0°C, and
the reactions subsequently warmed to room tempgerafach time.
o._o0 _ 0._o0
Me:J/\I/\EOH 0 Meu,q\nOTf
Q Me Q Me
J(O ,A(O
103

200

Reagents and conditions(i) Tf,O, py, DCM 0°G-RT, reagents added every 2 h; total reaction tirhe 6
Scheme 3.2Difficult triflation of the alcohol group in lactee 103

Triflate 200was purified by flash column chromatography — dedpe high degree of instability of

this compound to decomposition, complete estetiicacould never be achieved, and it was
necessary to remove the traces of unreacted al@ihbis stage, as separation further down the
sequence proved difficult. The triflate was immeelya dissolved in anhydrous DMF and stirred at
room temperature. After 16 hours, remarkably, .taoalysis revealed only one major product,

found to be the elimination produ@®9 a stable crystalline solid, formed in up to 63%Id;
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however this result was found to fluctuate wildlgpgénding on scale. This may be due to
decomposition of either the triflate or the alkdayethe triflic acid generated by the reaction. @stt
this and attempt to improve the yield, severallgata were screened. Addition of a variety of bases
was tried, in an attempt to raise the pH of thettea mixture, however only complex mixtures

were observed, without the isolation of meaningfuhntities of alken&99.

Work by Stewart had shown that the arabino trifla, when treated with lithium iodide
underwent a rapid deoxygenation reaction to deagiohe202 (Scheme 3.3'® Attempts to expand
this methodology to branched arabino syst@®3 resulted in elimination to204, not

deoxygenatior’

o_o 0_o0 0._o0 0._0
o T of Q : Q T We Q Y CH
%O AYO %O %O

201 202 203 204

Reagents and conditions(i) Lil.3H,0, butanone, reflux.

Scheme 3.3Atttempted one-step deoxygenation.
Replication of these conditions on the@methyl system also resulted in elimination, ratthem
the desired deoxygenation. A considerable numbeidef products were also visible by NMR and
complete purification of the product was considgraibore difficult. Any product obtained in this
way could never be hydrogenated successfully, plyssiue to iodide residues poisoning the

catalyst.

Hydrogenation 0f199 obtained from the uncatalysed reaction in the gores of palladium in
ethanol gave a single compouBa5 in 72% yield; a significant nOe between H2 and \M&s
strongly suggestive of the production of the mawle arabino product205 even though this

would require hydrogenation from the most hinddesg Figure 3.3).
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Figure 3.3: nOe enhancements obtained from lact®®® (D-enantiomer drawn for clarity).

Reduction o205 by DIBAL gave the lactoR06 in 59% yield. This crystallized as tifiepyranose
anomer, and the crystal structure clearly shows rtbaepimerisation at C2 had occurrédg(re
3.4). Removal of the isopropylidene protecting group dxidic resin gave 2-deoxy-2,4-G-

methylL-arabinosel21in 82% vyield.

Figure 3.4: Lactol206 with displacement ellipsoids drawn at the 50% piwlity level. H atoms are shown as spheres

of arbitrary radius.
Detailed conformational analysis of the novel deswgar was undertaken. This was compared with
arabinose, Z-methyl arabinose and 2,4-@Hmethyl arabinose (se€hapter 2). Arabinose is
known to exist mainly in the pyranose form (appnoaiely 95% of material), Z-methyl arabinose
was found to reduce this by half to only 49% pysenddowever, 2,4-d-methyl arabinose and 2-

deoxy-2,4-dic-methyl arabinose were found to both favour theapgse conformation (75 and
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76% respectively); deoxygenation at C2 was showpraduce little effect on the pyranose/furanose

ratio of the free sugar. For full NMR assignmenéase see th&ppendix to the rear of this work.

3.2 Introduction of Nitrogen into Arabinono-1,5-lactone 103

It was envisaged that nitrogen could be introduicgad arabinono-1,5-lacton#03 via a triflation
and azide displacement sequence. This combinatialt@hol activation, followed by sodium azide
displacement has been used to great effect in yhéhesis of many imino sugats,and is

particularly suitable here as a preparation fdlate 200 had already been established.

Esterification of the alcohol with triflic anhydedwas preformed as previously, and, as before
complete esterification was not possible. Nevee$s®l the crude was taken directly with sodium
azide in DMF. It was thought that column chromaapiry of the unstable triflate would be
unnecessary here as it was anticipated that argaated alcohol would be easily separable from
the azide in the next step. Unfortunately, this wasfound to be the case as, by t.l.c. analyses, t
desired azide produ@07 co-spotted with the starting alcohtd3 Treatment of the azide/alcohol
mixture with acetic anhydride to try and effect @gionvia acetate protection of the free hydroxyl
was less successful than anticipated, as, surglysiby t.l.c. analysis the acetate and azide were

very close in R column chromatography did however afford limissparationgcheme 3.1
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0.0 0._0 0._0
MelmOTf (I) Me’/, N3 Me”/ \\\OH
° Me Q Me 0 Me
AYO AYO JYO
200 207 103
crude \ ~ J

inseparable

J(ii)

(0] (0] 0] (0} o (0]
Me'J/\I/\EM MeIJ/\II\\OAc MG'J%;/EOH
0 Me 0 Me 0 Me

%O AYO

207 208 L 104 not seen

Reagents and Conditions(i) NaN;, DMF, RT, 16 h; (ii) Ag¢O, Py, 36 h, heating.

Scheme 3.4Attempt to perform the triflate/azide displacemesteps with no purification of the triflate.
The crystal structure of aceté268 was obtained, to ensure this was formed fromistarhaterial,
and did not have the inverted configuration atl02 (Figure 3.5). Insufficient pure azide product
was obtained to confirm stereochemistry at C2 iat pbint, however, NMR analyses confirmed it

to be a single compound, rather than a mixtur¢evésisomers.

Figure 3.5: Acetate208with displacement ellipsoids drawn at the 50% probatlivel. H atoms are shown as spheres

of arbitrary radius.
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Purification of the triflate, followed by treatmemtith sodium azide iN,N-dimethylformamide
gave a single azid207, in up to 80% vyield from the triflate. X-ray crgfibgraphy and nOe studies

(Figure 3.6 confirmed that this azide haitho stereochemistry at C2.

Figure 3.6: Azide 207, confirmed to beibo. Displacement ellipsoids are drawn at the 50%dibalevel. H atoms

are shown as spheres of arbitrary radius.

Detailed mechanistic studies to determine whethisris an {1 or §2 process were beyond the
scope of this investigation, however nucleophiigpthcement at a tertiary centre witl§-® atom

is likely to be an Sl reaction,via carbocation209. Azide 207 would then be formed by
nucleophilic attack from the least hindered facgite the less stablébo product Gcheme 3.k
Complete inversion of stereochemistry in agl Seaction is uncommon, as racemisation is
predicted, whereas inversion is predicted in g& ®echanism. & reactions at tertiary centres are
not common, and tend to be slow (for example bheége positions), however this reaction took

several hours in a polar aprotic solvent (DMF) s&a process cannot be ruled out.
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™ Me

0__0 0__0O X 0__0
MG'J/\I/T“OH (i) MGIJ/\KV‘EO-" (ii) o —07 Me Me/mwle
o) Me o Me Q N,
AYO AYO 0><0 AYO

103 200 B 209 i 207
arabino ribo

Reagents and conditions(i) Tf,O, Py, DCM, -20°C, 6 h; (ii) NajlDMF, RT, 16 h.
Scheme 3.5Formation of azid@07.

It was envisaged that a second azide might be sibbesfrom triflate 200 by combining the

degradation and azide addition steps. Purifiedatef200 was stirred in DMF for 16 hours as
before; t.I.c. analysis after this time indicathd teaction was complete, and to the reaction maxtu
was added sodium azide. After 3 hours, no UV agbinedlucts were visible by t.l.c. analysis and

purification of the reaction mixture afforded agimazide produc210, in moderate yield3cheme

0o__0O 0o__0O 0o__0O
Me:., WOTF () Me, (i Me:.,
o Me o CH, o
,AYO ,AYO «AYO N;
200 199 210
63%

3.6).

Regents and conditions{(i) DMF, RT, 16 h; (ii) NaN, RT, 3 h.
Scheme 3.6Michael addition to alken&99to generate a second azRIEQ.

Recrystallisation of azid210to confirm stereochemistry at C2 repeatedly a#drthin needle-like
crystals, unsuitable for X-ray analysis, howeveergdhancements were able to confirm this to be

theribo product210 (Figure 3.7).
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5.1-8.5%

Figure 3.7: nOe enhancements from lactd@#) (D-enantiomer drawn for clarity).

Curiously, it was not possible to perform this Maeh addition reaction on purified alkeh®9. All
attempts to force the reaction were unsuccessfaluding catalysis with strong acids. It may be
that despite purifying the triflate, some inorgamnpurities were present which helped catalyse the

Michael addition reaction, and these were remowethd purification of alken&99,

In this way, it was possible to access two differ@ndes from arabinono-1,5-lactoh@3 (Scheme
3.7). It should be noted here that in the analogonglgibranched case, it was not possible to obtain
this degree of selectivity, and attempts to gemeesalely the tertiary azide produced the Michael

addition product as a contaminaht.

0._0 0._0 0._0
MLIjm 0 Me,gou 0w,
0 N; (il 0 Me (i) o
A(o A(o ,l(o N,
207 103 210

Reagents and Conditions(i) Tf,O, Py, DCM, 0°G-»RT, 6 h; (ii) NaN3, DMF, RT, 16 h; (ii) DMF, RT, 16 h then
NaN;, 3 h.

Scheme 3.7Synthesis of two azides with complete selectivignt arabinono-1,5-lactori)3

With two azides in hand, routes to a variety ofimand amino sugars were proposed.
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3.3 Branched Proline synthesis from Azide 207

It was envisaged that azi@87 could be used in the synthesis of branched prolera/ativel97, in

an analogous fashion to the sequence used by @ae€al(Scheme 3.3*®

HomO (0 Tso/ﬁo (ii) TsO/\\_EO (iii) (if
—eme — —Me — —=Me 7\ Me
HO Ns HO N, HO N, HO __OH
74 75

Reagents and Conditions{(i) TsCl, Py, 68% (based on recovered startingen); (i) NH,Bn, THF, 82%;
(iii) H,, Pd/C, 1,4-dioxane; (iv) 37% Hl,) 83% over 2 steps.
Scheme 3.8Synthesis of novel branched hydroxy proline anadsgu

Given the moderate yield achieved in the tosylattep, and that the analogous di-branched
molecule would have a neopentyl alcohol group m plosition due to the extra methyl at the 4-
position, it was decided to proceed on the isopidpgye protected azid207 and introduce a

leaving group species to this position after thezlggamine ring opening step.

Ring opening of azide07 with benzylamine in THF at room temperature gakermamide211in
high yield Scheme 3.9 Treatment of ribonamid211 with touenesulfonyl chloride, to introduce a
leaving group was unsuccessful, even with a lasgess of reagent and the introduction of the
nucleophilic catalystN,N-dimethylamino pyridine (DMAP). This is not whollynexpected, as
when this was carried out on the singly branchexesy, without the methyl at the 4-position, the
reaction was slow with a moderate vyield; only 68Bld/based on recovered starting matehial.
Treatment of211 with trifluoromethanesulfonic anhydride and pyneiin dichloromethane at -
20°C did show complete conversion of starting maltéo a sole product by t.l.c. analysis. Attempts
to isolate and purify triflat@12were unsuccessful due to its rapid decompositigdrdgenation of
the crude triflate did result in the in the fornoatiof protected prolin@13 however the yield was

very low (Scheme 3.9
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o] NHBn [TfO._ O.__NHBn H —CONHBn
Me ., oMe ()  Mew, «Me (i) | Mew, «Me (iii) N Me
LX JJ ) e e
° °)<° 7% from 211
207 211 212 213

Reagents and conditions(i) NH,Bn, THF, 40°C, 2 h; (ii) THO, Py, DCM, -30°C, 1 h; (iii) Pd/C, EtOH,,H16 h.
Scheme 3.9Route to branched proline derivati®e3

It was decided to deprotect ribonamRIEL, as the presence of the acetonide group might bese
prohibiting ring closure, resulting in a primary iae which would be difficult to isolate and may be
responsible for the low yield. Several attemptdhat removal of the isopropylidene group were
made using either acidic resin in water, minera ac trifluoroacetic acid. These all resulted e t

removal of the benzyl group as well as the isoplidpye group, to give14(Scheme 3.1

NH,
HO. O. _NHBn —0  Dowex 60% yield
37% HCI 100% yield
Me.J \Me G  Ns—7=Me g pscumed 100%,
lo) N, — > HO——H product contaminated

AYO HO——mMe With TFA after work up
HO—
214

Reagents and Conditions{i) Dowex® (50W X8 H' form), H,0, 1,4-dioxane, 90°C, 6 h then RT, 16i87% HCl(aq)
60°C, 40 hor TFA(q), 50°C, 16 h.
Scheme 3.10The forcing conditions needed to remove the isogidgne group resulted in concomitant removal of

the benzyl group.

To obtain the desired deprotected ribonamide, gmgidene removal was attempted prior to ring
opening with benzylamine. Removal of the isopragsfie group from azido lactorZ07 was
achieved in good yield (92%) using acidic resin hegh temperature Scheme 3.1 This
deprotected lacton215 was shown by HMBC to adopt a 5 ring structure eAipts to tosylate or
mesitylate the alcohol group at this stage to @16 were, as anticipated, unsuccessful. Ring
opening to217 was successful, as shown by the crude NMR spelieraanalysis and mass

spectroscopy, however purification of the prodweds not trivial. Neither column chromatography,
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reverse phase chromatography with C-18 silica gelionic resin column chromatography could

satisfactorily remove the excess benzylamine.

Me

o)
PO/\SIO
H IllMe
M (i) 7
0.0 S\ HO e\\\O o ./ HO N;
Me: ., wMe () /\S_(v/ 216
O N3 IIIMe

,AYO HO N3 . NHBn
(iii) ~y —
207

HO—
217

Reagents and Conditions{i) Dowex® (50W X8 H form), H,O, 70°C, 21 h; (ii) TsCl or MstCl, Py, DMAP, DCM;
(iii) H,NBn, THF, RT, 16 h.
Scheme 3.11Although deprotection of the azide could be rgaddhieved, synthetic manipulations on the product
were difficult to either carry o816 or purify 217.

Returning to protected ribonamid&ll, activation of the alcohol group was attemptedhwit
methanesulfonyl chloride in pyridine. This reacti@ithough slower than the triflation, gave a
significantly cleaner reaction, and the mesylatedpct218was sufficiently stable to be purified by

column chromatography and its structure fully chseased $cheme 3.1

NHBn MsO._ Oy__NHBn H —CONHBn
Me., G i Me., o H,/ catalyst : Me
L} Lj EIN
o 8
211 218 213

Reagents and Conditions(i) MsCl, Py, 0°C->RT, 2.5 hor MsCI, Py, DCM, 0°CG>RT, 18 h (large scale).
Scheme 3.12: gnthesis of protected proline analod&3

Hydrogenation of mesylate18 was carried out in both ethyl acetate and ethanith selected

palladium catalystsT@able 3.1).
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Catalyst Solvent | Time Outcome

Palladium on Carbon[ EtOAc 90h | No Reaction

Palladium on Carbon| EtOH 90h 82%

Palladium hydroxide | EtOAc | 90h | No Reaction

Palladium hydroxide | EtOH 90h 36%

Palladium black EtOH 4h 81%

Table 3.1: All hydrogenations carried out at a concentrabb85 mg/mL and with 20% by mass of catalyst
Whilst it is unsurprising that the reaction proceéaistest with palladium black as the catalyss it
not obvious why the hydrogenation should not prdcatall in ethyl acetate, but does proceed in
absolute ethanol. Solvent effects are well docusteim catalytic hydrogenation reactions; if the
coordinate link between solvent and catalyst isrgjer than the binding of donor or acceptor, then
reduction can be significantly inhibitédThe relative static permittivity or dielectric ciant (DC)
of a solvent is a relative measure of its polafitythis instance, ethanol is much more polar \aith
DC of 24.3 than ethyl acetate with a DC of 6.0 jbat room temperature). This increased polarity
may mean that ethyl acetate binds more tighthheopalladium than ethanol, effectively inhibiting
the reaction. This sequence, from alcob@8 to the protected prolin213 was successfully scaled

up to over a gram with no complications.

3.3.1: Deprotection of proline analogue 213
Isopropylidene deprotection 8fL3and amide hydrolysis would yield the desired bnaachydroxy

proline197. Two separate approaches were investigated, hygisand nitrosation.

3.3.1a Nitrosation
Nitrosation of the amines, followed by thermal raagement has been used in the literature to

convert amides into esters or aci8slfeme 3.18°%:21%223
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Co

o heat o
R R e R
(' + -
BnN-N=0 BnN=N-O ‘@;N@!Bn

|

o] work up 0 _
R—/< BnOH N; — R‘( _ N=N—
o) Ph
OH
Scheme 3.13Thermal rearrangement of AhRnitroso amide into an acid. The work up conditidetermine whether an

ester or an acid is observed.
It was proposed that this process might be apphdtie amide group in protected proline analogue
213 (Scheme 3.14)Before this could be attempted, the ring nitrogemld need to be protected; a
benzyl group was chosen as it should be facilemoorve with a hydrogenation reaction. Protected
proline 213 was stirred with benzyl bromide and sodium hydudeler anhydrous conditions. Use
of 1.2 equivalents of benzyl bromide did preveitetizylation occurring, but the yield 219 was
moderate, at 43%, with some recovered starting maatéAttempting to drive the reaction to

completion resulted in the formation of some ofdif@enzylated produ@20 (Scheme 3.1%4

H 2 Bn ° Bn Q NO H Q
N. \NHBn N. \NHBn N \NBn N. \oH
MemwMe (I) > Memwme __(_"_).» MemwMe - Memwme
o><o o><) O O LiOOH O O
213 219 221 222
_ o _
H
N. \NBn,
Melllll Me
<
- 220 N

Reagents and conditions(i) BnBr, NaH, DMF, 4A ms, RT, 16 h; (ii) NaNpDAc,0, AcOH, 0°G-RT.
Scheme 3.14The protection of the amine #13resulted in the formation of desired prod2t® and dibenzylated side

product220. Nitrosation o219 was difficult to follow.

Attempts to protect the amine with diphenyl diaztmee under neutral conditions were

unsuccessful, and no protected material was reedvigom this reaction. Alternative protecting
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groups, such as Cbz and Boc were briefly investjatout these too were hampered by

concomitant amide protection.

Thus, protected proline analog@#9 was treated with sodium nitrite in acid to forne t-nitroso
amide compoun®21 (Scheme 3.1%** A change in Rwas observed by t.l.c. analysis of the
reaction mixture, however confirmation that theigscompound had been formed was difficult to
obtain. No significant shifts in the NMR spectrurere visible, nor were there any indicative signs
via mass or IR analysis that the desired compoundbeash formed, however, the compound
discoloured rapidly at room temperature, and smight be that decomposition occurred too
quickly for structural confirmation to be obtain€dine of the decomposition products might in fact
have been the desired rearrangement product, @stain systems it is known that this process can
occur rapidly, even without heatiAy.Crude N-nitrosoamide221 was stirred with hydrogen
peroxide and lithium hydroxide in wet THE The addition of hydrogen peroxide generates the
HOO anion, which should be a smaller nucleophile tH& in aqueous media as a consequence of
its smaller solvation energy, and therefore less@rto steric effectS. This should hopefully
hydrolyse any ester generated from the breakdowthefnitroso compound. Despite repeated
attempts, only complex mixtures were recoverednfwhich none of the desired ad@2 could be

seen.

3.3.1b Hydrolysis

As both isopropylidene removal and amide hydrolgsigld theoretically be accomplished under
acidic conditions213 was treated with concentrated (37%) aqueous hiithc acid solution at
100°C. Whilst the isopropylidene group was removkd,amide proved to be particularly resistant
to acid catalysed hydrolysis, presumably becausts groximity to a tertiary centre. By continuing

to heat the reaction mixture in acid for a furtiledays some of the desired compou®¥ was
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obtained, but yields were very low, approximatedy #fom the fully protected materiab¢heme

3.15.
H ?\_ H o H (0]
AN NHB“(.) N\ NHBn i N. \oH
i ii
Me"-“;—; Me - Mem;_z\Me - Mem;_z\Me
°><° HO OH HO OH _.
213 223 197

Reagents and Conditions(i) 37% HCl,q, reflux, 48 h; (ii) 37% HGlg, reflux, 7 days
Scheme 3.15Hydrolysis of the isopropylidene and amide groujits &7% HCl,g,

Whilst hydrochloric acid did remove the isopropelig: group, the reaction was slow (48 hours); in
an attempt to improve this, aqueous 48% HBr satuti@s tested. This was indeed found to be
much faster, at only 60 minutes, however isolatb@23 was difficult. Neutralisation with sodium
hydroxide or sodium carbonate resulted in a largentjty of inorganic salts, which were difficult to
separate from the polar product. Elution throudgasic resin column (Amberlite CG-400) had little
effect on pH. Whils23HCI salt was stable at room temperat@23 HBr rapidly discoloured and

decomposed, and for this reason, HCI deprotectias pveferred.

Base catalysed amide hydrolysis was attempted dh b3 and 223 using aqueous calcium
hydroxide solution at 100°C. However, in both caealy starting material was recovered after
several days. In the singly branched case, lithiyairoxide was used to hydrolyse the amide, but
that was found to be ineffective here. Fully prtgdc proline 213 was treated with sodium
methoxide in methanol to try and effect an estgtfon reaction; despite prolonged heating, no

reaction was observed.

It was postulated that perhaps the presence digheyl group was adding to the steric hindrance of
the carbonyl centre, hindering hydrolysis and tlueee its removal was attemptedia

hydrogenation%cheme 3.1p%
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0]
H \\\\\\—NHBn n \3\—NH2 H \\O\\\—OH
Me Me TR Men Me o> Me \ Me
O O H,/Pd/C 0><) H,0* HO OH
213 224 196

Scheme 3.16Proposed hydrogenation of proline analogwi8to facilitate amide hydrolysis.
Fully protected proline213 was stirred under a hydrogen atmosphere with gialta black in
ethanol. No reaction was observed, and the additbriormic acid, used in some transfer
hydrogenations as a source of hydrogen, did nqt tined reaction to proceed. A range of solvents
and catalysts were tried, to no avail. Transferrbgdnation with cyclohexene at reflux was
similarly unsuccessful. These disappointing resatts perhaps unsurprising, as benzyl amides can
be difficult to cleave by hydrogenolysis, and seveonditions can be required such as dissolving

metal reductions or high pressufés.

Returning to the direct hydrolysis of the amide ugo KOH in methanol was tried on
isopropylidene deprotected prod@23HCI. This system had been used successfully odenau

amides, difficult to hydrolyse by other me&hsand was found be efficacious here t&zheme

3.17.
H 0 o) H 0
N \-NHBn H " NHBn H \ oH
R : R ' <
Me";—Z\Me 0 > Me"'$ ‘ M::CI#’ Me";—z\me 93% over 2 steps
0><) HO OH HO OH
213 223 197

Reagents and Conditions{i) 37% HCl,q) reflux, 140 h; (ii) KOH, MeOH, RT, 96 h.
Scheme 3.17The optimal conditions were eventually discover@te acid catalysed isopropylidene removal followed

by strongly alkaline conditions to hydrolyse theidengroup.

It was not possible to hydrolys#l3 under the same conditions of excess KOH in methawo

clearly the presence of the isopropylidene hindaradie hydrolysis.
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3.4 Branched Piperidine from Tertiary Azide

It was envisaged that azid®7 could be converted into piperidinE98 via a short sequence
involving ring opening, alcohol activation and riopsure with an amineScheme 3.18 Similar
sequences have been used to great effect in a nahipgino sugar synthesé%2°
H MsO OMs HO OH o__0O
Me: ., Me Me: ., Me Me: ., .wMe
o e = Ml e s we ) Lo we L
o) N, o) N, 0] N,
HO N; JYO QYO JTO
OH
198 226 225 207

Scheme 3.18Retrosynthesis of piperidirkd8

Reduction of lacton@07 was achieved in high yield (83%) using lithium dioydride, with no
concomitant azide reduction observed. Given thicdlfies observed so far in these systems with
triflate instability, a methanesulfonyl group wdssen for activation of the alcohols. DER25 was
taken with an excess of mesyl chloride in pyrideteroom temperature. After two hours the
reaction was deemed complete by t.l.c. analysiselvew after purification of the crude, it became
apparent that the mono and di-mesylated productduted in the chosen solvent system. For this
reason, an additional 2 equivalents of mesyl ctiowere added to further reactions after one hour,
and the reaction continued for a minimum of 4 houesger scale reactions could be performed in
dichloromethane as solvent and reacted for 16 heutBout compromising the vyield. The
dimesylated azid226 could be obtained in up to quantitative yiel8sl{eme 3.19

o_0O HO OH MsO OMs
Me,@'\ne VN Me'JYE-Me G Me']YE'Me
0o N3 o N 0o N,

A(o Aro

207 225 226
Reagents and Conditions(i) LiBH,4, THF, RT, 165 min; (ii) MsCl, Py, 0°6RT, 5 hor MsCl, Py, DCM, 0°G->RT,
16 h.

Scheme 3.19Facile synthesis of dimesyla?@6.
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Benzylamine was chosen to effect the ring closeation. The reasons for this were twofold;
benzylamine had been used successfully within tohemfor this type of conversion on several
occasions and previous investigations into biolalgactivity had revealed the presence of a benzyl
group could boost enzyme inhibition (cScheme 1.3B Thus dimesylat&26 was stirred with
benzylamine in tetrahydrofuran at room temperatiie.reaction was observed after a prolonged
reaction time, and the system was heated to reBuidence of a small quantity of some product
was observed by t.l.c. analysis but the reactios slaggish. This product is believed to be a
mixture of mono displaced syste@®87 and228 (Figure 3.9).

o NHBn BnHN OMs
eIJYE\Me Me/JY(uMe
SYO Ns SYO Ns

227 228
Figure 3.8: Proposed products from the attempted double displaat of dimesylat226.

Ms
M

Full structural elucidation at this time was notspible as the product obtained was clearly a
mixture of compounds and was also contaminated vesidual benzylamine; evidence for these
structures comes from LRMS data ali€ DEPT spectra, in which some ‘GHpeaks appear
unchanged from the starting dimesylate. Heatingehgystems to higher temperatures in neat
benzylamine resulted in complex mixtures. It isgoie that one of the products was a polymer, but
this proposal has little evidence to support itept for a peak in the LRMS spectrum. This result,
although disappointing, is not wholly unsurprisemtwo neopentyl & reactions are required, and
these are likely to be slow. Also, similar work the related systeri29 had similarly failed to

generate the desired piperidi2@0 (Scheme 3.2p*’

Bn
MsO M
OMs 11 NBn N
SMe o \@Me
Q = ,N3 O\\\\ z K
AYO 5 N
229 230

Scheme 3.20Double displacement with benzylamine could not tideved on the analogous singly branched system.
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It was thought that the presence of the isopropylkdgroup may have been preventing ring closure
and attempts to remove it were made. Dimesy22@was taken with acidic resin and heated to
50°C; after 16 hours a single product was visiblé.bc. analysis, however NMR and mass spectral
analyses revealed a mixture of products includimgdesired dioR31 (ESI-vem/z 360, [M-H]).
There was evidence of a further product(s) with-##5in/z264, this could correspond to any of the

epoxide232, 233 0r 234 or oxetan&€35shown Figure 3.9).

MsO OMs MsO OMs
H +
Me: ., - N; ___?3(_)_, Me:., .Me
Q J Me HO N3
.A( OH
226 231
OMs o OMs  MsO WsO
o Me MeN
N “\Me Me"l \“Me Me||| \\\N3 Me"l N3
; N
Me OH 3 (o) N3 o OH HO 0]
232 233 234 235

Figure 3.9: Possible products from the isopropylidene deprmraif dimesylate226.

The extremely complex nature of this reaction leathe development of an alternative rouvia
aziridine 236 (Scheme 3.2 This scheme involves an ambitious double negbeéif2 reaction,
already shown to be difficult to achieve, and s@lecopening of the aziridine in to a six, rather
than a five, membered ring, potentially with condamt isopropylidene deprotection. Thebino
stereochemistryl94 is predicted as this is the least hindered produith the methyl groups on
opposite faces.
MsO OMs N H
" () Me (i) N
e,
o ”'MNs Me' Me: ., ~Me
e 0_0 HO “OH

—© > 5

226 236 194

fi\

Proposed Reagents and Conditiongi) Pd/C, H; (i) H;O"
Scheme 3.21Synthesis of piperidin#94 from dimesylate26via aziridine236.
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Although the double neopentyl displacement is aimist the intramolecular nature of the reactions
should promote ring closure. Initial investigatioteking dimesylate226 with hydrogen and
palladium in ethanol were disappointing and extensiecomposition was observed. pH Analysis
of the reaction mixture showed it to be stronglyag suggesting that the mesylate group had been
displaced, generating mesic acid which in turn ddgd the sugar. Addition of triethylamine
circumvented this problem and aziridiR86 was obtained in moderate yield (40%) in just 1rhou
By shortening the reaction time to 30 minutes aeg@lacing the column chromatography

purification step with a shorter silica plug, almhgsantitative yields were obtaine8dheme 3.2p

Aziridine 236 was stirred in 1 M HCI, in the hope that aglSype ring opening would occur.
Although the carbocatioB37 could in theory lead to a mixture of productsyés anticipated that
the inherent steric bulk of the molecule would pdeva large degree of stereoselectivity, as had
been the case in the formation of azido lacta2@g 210 and deoxy lacton@05 Thusarabino
piperidine 194 was anticipated as this would be the least hirbggeduct Scheme 3.2p
Concomitant isopropylidene deprotection would afftine desired produd94 in just two steps

from dimesylate226.
MsO OMs N H H

. : +
Me:J\I/ENs (i) Me“;_z\Me ._|_—|_3_O"k Me... J o _ Me., _oH

226 236 237 194

Reagents and ConditionsPd/C, B, TEA, EtOH, 30 min, RT, 96%.
Scheme 3.22Anticipatedribo product194in just two steps fror226.

Regrettably, no useful products could be recovéma his reaction; repeat attempts with milder
acids were similarly unsuccessful. In an attempprtomote just the ring opening reaction, and

avoid isopropylidene deprotection, aziridi@86 was stirred with wet acetonitrile. Under these
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conditions some reaction was observed, as seenchgrage of colour and;Rhowever, again, the

reaction mixture contained an inseparable compliegune of products.

An alternative approach was investigated, usirflytnioacetic anhydride to activate the nitrogen by
generating catior238 and thereby promote aziridine ring opening. Miauld provide a product
with a protected nitrogen ato@239, hopefully simplifying purification procedures; Wever the
trifluoroacetate could compete with ag2Sstyle ring openin@40 (Scheme 3.2B Trifluoroacetate
was chosen as the resulting acetate should hyarodysdly, and trifluoroacetate is a relatively poo
nucleophile, compared with, for example, methyl ocblormate where the corresponding

nucleophile would be chloride.

< F;C._0O o
236 ié \f \\\—OJJ\CF\,,
Me
Me:
o_ 0O
Pl
240

Scheme 3.23TFAA opening of aziridin@36.
Given the sensitivity of aziridin@36 to acidic conditions, it was taken with trifluowsmic
anhydride in tetrahydrofuran with triethylamine. rAaction was visible on t.l.c. after only 10
minutes. Despite appearing to be a single compourid.c., it was in fact shown by NMR analysis

to be a mixture of at least four compounBEgy(re 3.10.
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o CF3 o) CF3 o CF3 OYCF3

MG’Q’OCOCF3 Me’p’ MG’M\‘OCOCF:; Me'm\\oH
(o) o

ATO Aro JYO

F,c._0O (o) F,C._0O
\( —OJ\CF —OH
N_ o 3 N_ S
Me Me
Me' ;—; Me' ;—;
o_ 0O o_ O

o o

Figure 3.10:Possible products that could arise from TFAA opgrihaziridine236.

It was not possible to tell at this point which qmunds had been formed and separation of the
mixture was not trivial, as they co-eluted in a t@mof solvent systems. Instead, the crude mixture
was taken with potassium carbonate in methanolhaaded to reflux. It was hoped that this would
hydrolyse the trifluoroacetate groups, and theeefeduce the number of potential products to just
three. This was indeed seen to the the case, aarbonyl stretch was visible in the IR spectrum
after the reaction. It was shown by NMR to be atarix of three compounds with one dominant
compound, accounting for approximately 80% of thatamal, still assumed to be ttaabino
piperidine241 Once again, purification of the compounds waspustsible and so the crude was

taken with 1 M HCI to remove the isopropylideneugyrdScheme 3.2%

H
N

H
N
Me I’M‘“ OH (I) Me iy “\\\OH
Q J e HO Me
A( OH

241 194

Reagents and conditions(i) 1 M HCI, 60°C, 1 h.
Scheme 3.24Synthesis of piperiding&94?

Although this would generate a highly polar compbwahich would be difficult to purify by
standard laboratory techniques, a collaboratorhef Eleet group with much experience in the

purification of imino sugars had kindly agreed tarify this compound using a selection of ion
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exchange resins. Thus a sample of what was belteviee194 was sent to Jackie Hollingshead and
Professor Rob Nash at Summit Corporation Plc. Tipeirfication methods were somewhat
successful and have allowed much cleditand**C NMR spectra to be obtaineBigure 3.11).

Analysis was performed by Dr M. Wormald at the Biemistry Department of the University of

Oxford.

C2MeC4Me

HDO

C3H C5H’
CSH | C1H acetone
C1H
e ] g L
3.'5 3.‘0 2.I5 2.'0 .' '

C4Me
c2

C3
C4

C5 C2Me

acetone

80 70 60 50 40 30 20 ppm

Figure 3.11:*H and™*C NMR spectra of possible piperidif&4

The position of the two CHgroups very close to one another in the NMR spaatiplies similar
chemical environments and therefore a six, rath@n & five ring structure is more likely. In a five
membered ring system, the €group outside the ring would be expected to hageyaificantly
different shift to the one inside the ring. HMBCadyses on the purer material were able to confirm
the six ring structure by a C1 to H5 and complemgnC5 to H1 coupling. The stereochemistry at
C2 was elucidated by ROE spectroscopy; strong Ré@fgeen H1’, H3 and H5’ place these three
protons on the same side of the ring and in anl @asition (assuming that the ring is in a chair

conformation). The strong ROEs from g# to H3 and H5’ place this methyl group on the eam

203



Chapter 3 Synithltility of Di-C-Methyl-Branched Sugar Lactones

side of the ring as H3 and therefore equatoriahi@@ssuming a chair conformation). This is also
consistent with the moderate ROE from £4Hto H5. The strong ROE from G to H1, the very
weak ROE from Chkt2 to H3 and the absence of a £Hto H1' ROE place this methyl group on
the opposite side of the ring to H3 and thus axi&lese results are consistent with the original

prediction of thearabino compoundl94 (Figure 3.12.

H
N
Me:., - Me
HO OH
OH
194

Figure 3.12: ROE enhancements confirm thebino product194.

3.4.1 Nucleophilic Aziridine Ring Opening

Attempts were made to open the aziridine ring withucleophile, as this would gauge the ease of
this reaction occurring and therefore how likelyniight be that the previous sequence could have
generated the 5 membered ring product. Nucleopbyiening of the aziridine ring would generate a
branched DAB analogue of the typ42 (Scheme 3.2b DAB 59 is a known potent glycosidase and

glycogen phosphorylase inhibitor and synthesisnal@gues has received much attenfibif:>334

N: N X H
= ) S N
Me X Me ngH
Me: ;—; Me: ;—;
N 02 HO  OH
236 242 59

Scheme 3.250pening aziridin@36 under basic conditions to generate pyrrolidinetypino sugar244.
Most aziridine rings are very stable to nucleoghilonditions; however, the more strained nature of
this one led us to believe that it might be achiwaf the right conditions could be found. Initial

investigations were discouraging @86 proved to be remarkably resistant tQ2Sstyle ring
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opening, with no reaction observed with sodium atapsium methoxide or hydroxide, or sodium

acetate, even after prolonged heating.

Work by Yoshimitsuet al had shown the opening of a strained aziridine watlium azide under
remarkably mild conditions, with the reaction océuy at room temperature in DMP.Direct
repetition of these conditions was not possibleyéwer by heating the reaction to 100°C, the
desired opened compourdd3 was obtained in 51% yield, albeit with a reactionet of 6 days

(Scheme 3.2p

H
N: N_~—Ns
E ( Me (i) } : *Me
Me:' — > Me':
> >
236 243

Reagents and conditionsNaN;, DMF, trace water, 100°C, 6 days.
Scheme 3.26Nucleophilic ring opening of aziridin236.

3.5 Azidomethyl Branched Piperidine

A second piperidine synthesis was proposed fromMliehael addition azid10, generating an
isofagomine analogu®.It was again envisaged that az2tk0 could be converted into piperidine
196 via a short sequence involving ring opening to @&é#, alcohol activation to dimesyla@i5

and ring closure with an amine. Hydrogenation armtydation of the azide group and
isopropylidene deprotection should then give pgiieg 196 (Scheme 3.2 This sequence was
unsuccessful in the previous system, but it wastdypere that the presence of only one, instead of

two tertiary centres could promote ring closure.
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B MsO OMs HO OH 0._0
Me. — Me: ., — Me: ., — Me:,,
4 0 0 0
HO J(o Ny A(o Ns JYO Ns
OH NHAc

196 245 244 210

Scheme 3.27Route towards novel piperidiri®6.

Azido lactone210was taken with lithium borohydride, as this redigcagent had been used in the
previous system to great effect. It quickly becaapearent that this system was unsuitable, as a
very large number of side products were observetl.ananalysis. It was believed that these were
formed as a result of removal of the acidic hydrogeto the lactone functionality, followed by
decomposition. It has also been observed thatriainesystems, lithium borohydride can reduce the
azide group, however this seems highly substrate dependenud®ed of the lactone to the diol
with sodium borohydride was attempted, to reducae pbssibility of azide reduction, however
again, a complex mixture of products were obserdeljusting the pH of the sodium borohydride
reduction to 5 with acetic acid was trialled asthApproach has been used successfully as a mor
gentle system to reduce lactones, stopping at ahwll stage® T.l.c. analysis of the reaction
mixture was more promising, and fewer side produaee seen, however the mass recovered was
very low. NMR analysis confirmed the major produectbe the lactol, but the low mass and

contamination, despite looking clean by t.l.c. mehat an alternative was sought.

Reduction of the azide group separately prior rédaocof the lactone was put forward as an
alternative strategy. Not only would this remove potential problems of concomitant azide and
lactone reduction, but it would allow for a highmjgerature reduction procedure, as good results
have been obtained using refluxitegt-butanol and sodium borohydrid®Azido lactone210 was
treated with palladium black in ethanol under arbgen atmosphere. For reasons that are not fully

understood, the reaction, whilst appearing to gotto spot’ on t.l.c. gave a poor yield of barely
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30%, before purification. Satisfactory purificati@ould not be achieved, and as such attention

returned to the direct reduction of the lactone.

Use of a non basic reducing agent should in thpogyent deprotonation at C2 and therefore limit
side reactions. DIBAL is a commonly used electrtighreducing agent, capable of reducing
lactones to lactols, used in a variety of carboaiaisynthese®. Once reduced to the lactol, the
protona- to the carbonyl should now be less acidic, astt@nger reducing agent should be able to
take the lactol down to the diol. The two stagerapph to the reduction of the lactone did afford
limited success, using lithium borohydride as teeosd reducing agent, but yields were moderate,

at around 41%S3cheme 3.28

Dimesylation was straightforward and activated @245 could be obtained in 81% yiel&¢heme
3.28. Treatment of this dimesylate with benzylamineba$ore was highly successful, giving a

single produck46in quantitive yield.

0__0O HO OH MsO OMs Bn
Me:, () _ Me., (if) Me:/, (@) we...
o) o) o) o
(0] N3 AYO N3 AYO N3 AYO N3

210 244 245 246

Reagents and Conditions(i) DIBAL, DCM, -30°C— -20°C, 2 h then LiBi THF, RT, 2 h; (ii) MsCl, Py, 0°6RT,
2h; (iii) H,NBR, 100°C, 20h.
Scheme 3.28More difficult ring opening then the tertiary azjdmit more facile ring closing reaction to give teaied

piperidine246
Reduction of the azide was now facile, and comptetaversion could be achieved in 90 minutes
using palladium on carbon in ethanol in a hydroggnosphere. Attempts to purify the crude were
complicated by the high polarity of the productdamsulted in a greatly compromised vyield.
Instead the crude was directly treated with acaticydride in pyridine, affording47in 53% vyield
over two steps§cheme 3.20 Subsequent isopropylidene removal was surpligifagile in this

instance, and the acetonide was removed in 82% toehfford196.
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ﬁn ﬁn Bn

(i) (ii) N
| 1
HO
’A(O Na ’4(0 NHAc OH NHAc

246 247 196

Reagents and Conditions(i) Pd/C, H, EtOH, RT, 90 min then A©, Py, RT, 2 h; (ii) TFA, HO, RT, 70 min.
Scheme 3.29Synthesis of benzyl protected piperidit@s.

3.6 Conclusions and Future Work

In the final section of this project a series ohtkyetic routes were explored towards a range of
branched imino sugars. The synthetic utility offataed sugar lacton#03 was demonstrated
through the development of a viable route to nalexxy sugarl21, branched proline derivative

197 and piperidined94 and196 have been establishedigure 3.13.

o__0
0._.OH H H Bn
Me ., WwOH Ve N_ M-OH
0 Me I::> Ho y CH3 M Me Mellu, /,,’, Me Me“u/
‘A(O e mn HO OH HO
OH HO OH OH OH NHAc
103 121 197 194 196

Figure 3.13: Products generated from 2,4@imethyl+L-arabinono-1,5-lactong03
Biological testing of these imino sugars has notogen performed. Future work could focus on the

using azide243 to generate a range of pyrrolidines or triazolevaéives of the type&48 (Figure

3.14).
N-
NN R . —NHAc H ‘—M;Ji
N N & —
Me Me Me R'
Melll MeIII Melll
O)<° HO  OH HO OH
R = H, alkyl chain R' = Ph, Ar, esters etc
245 248

Figure 3.14:Potential products from azi@3

208



Chapter 3 Synithltility of Di-C-Methyl-Branched Sugar Lactones

3.7 Experimental

For an explanation of the general experimentalgutaces used sé&ehapter 2, page 120.

2-Deoxy-3,40-isopropylidene-4-C-methyl-2-C-methylene+i -erythro-pentono-1,5-lactone 199

o._o

Me/J;/\E
(o} CH,

AYO
2,4-Di-C-methyl-3,40-isopropylidene--arabinono-1,5-lactonel03 (136 mg, 0.63 mmol) was
dissolved in dichloromethane (1.5 mL) and cooledt€. Once cool, pyridine (0.15 mL, 1.89
mmol) and trifluoromethanesulfonic anhydride (OrhE, 1.01 mmol) were added dropwise. The
reaction mixture was kept under argon, and allotgedvarm to room temperature. Two further
additions of pyridine (2 x 0.15 mL, 2 x 1.89 mmahd trifluoromethanesulfonic anhydride (2 x
0.17 mL, 2 x 1.01 mmol) were necessary at two laervals before almost complete consumption
of starting material (R0.54) and a single productB.82) were observed. The reaction mixture
was quenched with dropwise addition of 1 M hydrodil acid(ag.), until the evolution of gas had
ceased. Water and dichloromethane (15 mL each) added and the aqueous and organic phases
separated. The aqueous phase was washed with rdictdthane (2 x 15 mL) and the combined
organic layers were dried (magnesium sulfategriétl and the solvents concentrated under reducec
pressure to afford a solid yellow crude. This wasfi@d by flash column chromatography (ethyl
acetate/cyclohexane, 1:2) to yield the white stlithte (198 mg, 90%). The triflate (198 mg, 0.57
mmol) was immediately dissolved iMN,N-dimethylformamide (3 mL) and stirred at room
temperature under argon for 16 hours. T.l.c. amalgthyl acetate/cyclohexane, 1:1) after this time
revealed the presence of one major produgtO(B8; UV active) and complete consumption of
starting material (R 0.82). The reaction mixture was partitioned betwewater and

dichloromethane (15 mL of each), and the aqueowselwashed three times. The combined
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organic phases were dried (magnesium sulfategrdilt, and concentrated under reduced pressure
Subsequent column chromatography (ethyl acetateloycane, 1:5) afforded alkerd®9 (78 mg,
63% over two steps) as a white solid.

HRMS (ESI+ve): found 221.0792 [M+N3a] CiH14NaO4 requires 221.0784:a]p** +156.9 ¢,
0.575 chloroform); m.p. 68-69°@nax (thin film): 1745 (s, C=0), 1452 (m, C=G); (CDCl, 400
MHz): 1.42 (3H, s, Chl4), 1.44 (3H, s, C(Ch),), 1.46 (3H, s, C(CH)2), 3.82 (1H, d, H5Js 5
12.1), 4.18 (1H, d, H5'Js 5 12.1), 4.60 (1H, s, H3), 5.87 (1H, s, H2"), 6.33H( s, H2"): 8¢
(CDCls, 100 MHz): 22.6 (Cht4), 26.9 (CCHa)a), 27.6 (CCHa),), 72.5 (C5), 79.3 (C4), 81.3 (C3),
110.9 C(CHs),), 130.1 (C2'), 135.1 (C2), 167.0 (C1); LRMS (ESé}v262 ([M+Na+MeCNl,

100%), 216 ([M+NH]*, 70%).

2-Deoxy-2,4-diC-methyl-3,4-O-isopropylidene- -arabinono-1,5-lactone 205

0o

Me'J/\II
(o) Me

AYO
2-Deoxy-3,40-isopropylidene-4c-methyl-2-C-methylenet-erythro-pentono-1,5-lactond,99 (65
mg, 0.33 mmol) was dissolved in ethanol (3 mL) 2686 palladium on carbon (7 mg) was added.
The reaction mixture was degassed and stirred umgbinogen for 16 hours. T.l.c. analysis (ethyl
acetate/cyclohexane, 1:1) after this time revetledcomplete consumption of starting material (R
0.48) and a major product {R.52). The reaction mixture was degassed, andsalts filtered
through a pad of Celife Concentration of solvents under reduced presaffoeded 64 mg of
crude, which was purified by column chromatograpbthyl acetate/cyclohexane, 1:3) to yield
deoxy lacton05 (47 mg, 72%), as a single stereoisomer.

HRMS (ESl+ve): found 223.0939 [M+N3]CicH1eNaO, requires 223.0941;0]p%* +156.3 ¢,

0.735 chloroform); m.p. 117°Gax (thin film): 1745 (s, C=0)8y (CsDs, 400 MHZz): 0.75 (3H, s,
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CHs-4), 1.13 (3H, s, C(CB}), 1.29 (3H, d, ChH2, Jons-226.8), 1.38 (3H, s, C(CHh), 1.71 (1H,
qd, H2,J0.cH326.8,J23 2.4), 3.14 (1H, d, H5)s 5 12.5), 3.59 (1H, d, H3k » 2.4), 3.79 (1H, d, H5,
Js'5 12.5):8¢ (CeDes, 100 MHz): 13.0 (Cht2), 22.5 (CH-4), 26.6 (CCH3)2), 27.3 (CCHa)y), 38.0

(C2), 72.4 (C5), 79.3 (C4), 82.8 (C3), 109HCHs),), 171.6 (C1).

2-Deoxy-2,4-diC-methyl-3,4-O-isopropylidene- -arabinose 206

O ~OH
Me:.,
OJ;IMe
JYO
2-Deoxy-2,4-di€-methyl-3,40-isopropylidene--arabinono-1,5-lacton205 (25 mg, 0.13 mmol)
was dissolved in dichloromethane (0.3 mL) and abade-78°C under argon. Bobutylaluminium
hydride solution (1 M in toluene; 138 pL, 0.14 minelas added and the reaction stirred for 90
minutes, after which time IR analysis showed tteetien to be complete by the absence of a stretch
at 1745crit. The reaction mixture was diluted with ethyl atet@ mL), and quenched with sodium
hydrogen carbonate soluti¢sat. aq., 0.2 mL). Potassium dihydrogen orthophatg (50 mg) was
added, followed by sodium sulfate until the solatimzecame clear. The resulting gel was filtered
through Celit&, eluting with ethyl acetate, and concentrated uneduced pressure. The crude (36
mg) was then purified by column chromatographyylesicetate/cyclohexane, 1:2) to afford the title
compound206 (15 mg, 59%) as a white solid, in a 5:2 ratio md@mers.

HRMS (Fl+ve): found 202.1207 [M] CigHis0s requires 202.1205;a]p>° -49.6 €, 0.15
chloroform); m.p. 76-79°CVmax (thin film): 3369 (s, br, OH)py (CsDes, 500 MHZz): 1.00 (1H, d,
CH3-28, Jchs0 7.3), 1.04 (3H, s, C#H4™), 1.12 (3H, s, C(CH,®), 1.14 (3H, d, ChH4®, Jchsas
1.0), 1.21 (3H, a-d, CH2*, Jchs-226.9), 1.25 (3H, s, C(C#t), 1.29 (3H, s, C(CH),?), 1.50 (3H,

s, C(CH),"), 1.50-1.57 (2H, m, H2 H2®), 2.39 (1H, d, OA, Jon 1 4.1), 3.29-3.31 (1H, dd, H5

Js.chz41.0,Js5,5 12.0), 3.46 (1H, d, H5 Js 5 11.8), 3.47 (1H, d, H3 J5,2.8), 3.56 (1H, d, H5; Js 5
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11.8), 3.58 (1H, d, H3 J3, 2.8), 4.10 (1H, d, H! J5.5 12.0), 4.15 (1H, d, OY Jon1 10.7), 4.72
(1H, dd, HT, J10n4.3,3127.9), 4.94 (1H, dd, H, J;5 3.5, 1 o1 10.7); 8¢ (CeDe, 125 MHz): 14.3
(CHs-2%), 14.8 (CH-2%), 22.3 (CH-4%), 22.4 (CH-4"), 27.3 (CCHa),®, C(CHa),"), 27.8
(C(CHs)-?), 28.6 (CCHas),"), 34.8 (C%), 37.5 (C2), 64.1 (C5), 69.3 (C%), 76.7 (C&), 78.9

(C4Y), 82.4 (C8), 82.7 (C3), 95.0 (CP), 97.5 (C1), 108.9 C(CHs),", C(CHs)>).

2-Deoxy-2,4-diC-methyl-L-arabinose 121

O. .OH Me
O .OH
Me’ ' ‘—_\ HO \
HO Me
OH HO Me

2-Deoxy-2,4-di€c-methyl-3,40-isopropylidene--arabinos€06 (50 mg, 0.25 mmol) was dissolved
in water (2 mL) and DowéX(50W X8 H' form), 500 mg, was added. T.l.c analysis (ethgtaie)
after one hour revealed complete consumption otisgamaterial (R 0.82) and a single major
product, R0.31. The resin was remove filtration and the solvents concentrated undeuced
pressure to afford 2-deoxy-2,4-@Hmethyli-arabinosel21 (33 mg, 82%) as a colourless oil
requiring no further purification. The sugar exiatsa mixture of 4 compounds in@ A:B:C:D in

a ratio of 1:0.26:0.24:0.1 where A & C are the 6wbered ring pyranose forms and B & D are the
5 membered ring furanose forms.

[0]o??-12.7 €, 0.56 acetonitrile)Vmax (thin film): 3385 (s, br, OH); Se@hapter 2 for NMR data.
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2-Azido-2-deoxy-2,4-di€-methyl-3,4-O-isopropylidene- -ribono-1,5-lactone 207 and 2-
acetyl-2,4-di-C-methyl-3,4-O-isopropylidene- -arabinono-1,5-lactone 208
O _o O_o

Me,J/\I/\ENe, Meu.J;/\EOAC

SYO Me 3(0 Me
2,4-Di-C-methyl-3,40-isopropylidene:--arabinono-1,5-lactonel03 (287 mg, 1.33 mmol) was
dissolved in dry dichloromethane (3 mL) and codled°C. Once cool, anhydrous pyridine (0.32
mL, 3.99 mmol) and trifluoromethanesulfonic anhgeri(0.36 mL, 2.13 mmol) were added
dropwise to the reaction mixture. The mixture waptkunder argon, and allowed to warm slowly to
room temperature. Two further additions of pyridi{2 x 0.32 mL, 2 x 3.99 mmol) and
trifluoromethanesulfonic anhydride (2 x 0.36 mLx22.13 mmol) were necessary at two hour
intervals before almost complete consumption atisgmaterial (R0.54) and a single product«(R
0.82) were observed. The reaction mixture was ellwtith dichloromethane (7 mL) and quenched
with dropwise addition of 2 M hydrochloric acid (aauntil the evolution of gas had ceased. Water
(10 mL) was added and the aqueous and organic pkaparated. The aqueous phase was washe
twice with dichloromethane (10 mL) and the combiredanic layers were dried (magnesium
sulfate), filtered and the solvents concentratedeumeduced pressure to afford a yellow crude. This
was dissolved immediately in anhydrodgN-dimethylformamide (4 mL) and sodium azide was
added (112 mg, 1.73 mmol). The reaction mixture stased at room temperature under argon for
96 hours, after which time t.l.c. analysis (ethgét@ate/cyclohexane, 1:1) revealed the presence of
one major product (R.46), unreacted arabinono-1,5-lactone @&4) and complete consumption
of triflate (R 0.82). Removal of solvent under reduced presstioedad a yellow oil which was
dissolved in water (10 mL) and dichloromethane (i0) and the aqueous and organic phases
separated. The aqueous phase was washed twiceliahfloromethane (10 mL) and the combined

organic layers were dried (magnesium sulfategriétl and the solvents concentrated under reducec
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pressure to afford a yellow crude. Purification bgolumn chromatography (ethyl
acetate/cyclohexane, 1:3) afforded an inseparablextura of 2,4-diC-methyl-3,40-
isopropylidene:--arabinono-1,5-lactone 103 and  2-azido-2-deoxy-2,4-@-methyl-3,40-
isopropylidene:-ribono-1,5-lactone207 (238 mg), in a ratio of approximately 1.5:1 (stagt
material: azide), as shown By NMR. This was dissolved in dry pyridine (5 mL)danooled to
0°C. Acetic anhydride (0.3 mL, 3.31 mmol) was added the reaction mixture allowed to warm to
room temperature. T.l.c. analysis (ethyl acetatdédyeane 1:1) after 16 hours showed only starting
materials (R0.46 & 0.52). A further 0.3 mL of acetic anhydrias added and the solution heated
to 45°C; T.l.c. analysis after 4 hours revealedinanges, so the mixture was heated to reflux for 16
hours, during which time the reaction mixture turrdark brown. After this time, T.l.c. analysis
(DCM/toluene 1:2) showed two products (R10 and 0.03). The solvents were concentratedrund
reduced pressure and the crude purified by columonecatography (DCM/toluene 12:1) to give the
azide 207 (R 0.10 in DCM/toluene 1:2, 90 mg, 28%) andOZacetyl-2,4-diC-methyl-3,40-
isopropylidene:--arabinono-1,5-lacton208 (R; 0.03 in DCM/toluene 1:2, 46 mg, 13%). The acetate
was recrystallised from ethyl acetate and cyclohexay slow evaporation into transparent needles.
Data for 207: HRMS (ESl+ve): found 264.0955 [M+Na]CioH1sN3Na;O4 requires 264.0954;
[a]p?? +117.9 €, 1.14 chloroform); m.p. 108-112°@;a (thin film): 3443 (s, br, O-H), 2108 (s,
N3), 1752 (s, C=0)py (CDCk, 400 MHz): 1.42 (3H, s, C(CHb), 1.45-1.46 (9H, m, C(Chb &
CHs-2 & CHs4), 4.17 (1H, s, H3), 4.17 (1H, d, H3 s 12.9), 4.33 (1H, d, H5'Js 5 13.0); 8¢
(CDCls, 100 MHz): 18.1 (Ckt2), 24.7 (CH), 26.6 (CH), 27.2 (CH), 64.0 (C2), 73.9 (C5), 78.6
(C4), 86.6 (C3), 110.40(CHs),), 169.1 (C1).

Data for 208: Found C 55.83; H 7.15;,6H150¢ requires C 55.81; H 7.02; HRMS (ESI+ve): found
281.0996 [M+Na]; C;H1gNayOg requires 281.09950]p% +71.6 €, 0.77 chloroform); m.p. 152-
155°C; Vinax (thin film): 1770 (s, C=0), 1745 (w, C=Q;; (CsDe, 500 MHz): 1.01 (3H, s, Ci4),

1.12 (3H, s, C(Ch),), 1.36 (3H, s, C(CH)), 1.43 (3H, s, OAc), 1.81 (3H, s, GH), 3.79 (1H, d,
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H5, Js 5 15.0), 3.88 (1H, d, H5Js 5 15.0), 4.09 (1H, s, H3Jc (CeDs, 125 MHz): 19.7 (OAc), 20.2
(CHs-2), 24.2 (CH-4), 26.6 (CCHa),), 27.3 (CCH3),), 73.2 (C5), 78.5 (C2), 79.2 (C4), 83.5 (C3),

110.4 C(CHa)y), 166.1 (C1), 167.9 (OAC).

2-Azido-2-deoxy-2,4-di€-methyl-3,4-O-isopropylidene- -ribono-1,5-lactone 207

O0_o

Me:,,J/\I/VI;N;,,

0 Me

AYO
2,4-Di-C-methyl-3,40-isopropylidene:--arabinono-1,5-lactonel03 (608 mg, 2.81 mmol) was
dissolved in dry dichloromethane (7 mL) and codled°C. Once cool, anhydrous pyridine (0.68
mL, 8.44 mmol) and trifluoromethanesulfonic anhgeéri(0.78 mL, 4.50 mmol) were added
dropwise to the reaction mixture. The mixture waptkunder argon, and allowed to warm slowly to
room temperature. T.l.c. analysis (ethyl acetatdddtyexane, 1:1) after 2 hours revealed the
presence of starting material¢{(BR.54) and a major product {R.82). The reaction mixture was
cooled to 0°C and pyridine (0.68 mL, 8.44 mmol) danfluoromethanesulfonic anhydride (0.78
mL, 4.50 mmol) were added. This was again allon@dvarm to room temperature, and t.l.c.
analysis (ethyl acetate/cyclohexane, 1:1) aftearthér 2 hours revealed the presence of starting
material (R 0.54) and a major product{B.82). The reaction mixture was again cooled 10 8Ad
more pyridine (0.68 mL, 8.44 mmol) and trifluoromahesulfonic anhydride (0.78 mL, 4.50 mmol)
were added. The reaction mixture was warmed to roemperature and t.l.c. analysis (ethyl
acetate/cyclohexane, 1:1) after a further 2 hobhosved almost complete consumption of starting
material (R 0.54) and a single product{(B82). The reaction mixture was quenched with disp
addition of 1 M hydrochloric acid (aqg.), until tleolution of gas had ceased. Water (10 mL) was
added and the agueous and organic phases sepdragedqueous phase was washed twice with

dichloromethane (10 mL) and the combined organjerwere dried (magnesium sulfate), filtered
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and the solvents concentrated under reduced peesswafford 1.12 g of yellow crude. This was
purified by flash column chromatography (ethyl atetcyclohexane, 1:2) to yield the colourless
solid triflate (977 mg, 99%) and starting mate(@&img). The triflate (977 mg, 2.81 mmol) was
immediately dissolved in anhydrotN-dimethylformamide (12 mL) and sodium azide wasealdd
(237 mg, 3.65 mmol). The reaction mixture was etirat room temperature under argon for 16
hours, after which time t.l.c. analysis (ethyl atetcyclohexane, 1:1) revealed the presence of one
major product (R0.46) and complete consumption of starting mdtéRa 0.82). The reaction
mixture was concentrated under reduced pressudethancrude re-dissolved in a mixture of water
(20 mL) and dichloromethane (20 mL). The phasesevsgmparated, and the aqueous phase re-
extracted with dichloromethane (2 x 20 mL). The bored organics were dried (magnesium
sulfate), filtered, concentrated and the crude figaki by column chromatography (ethyl
acetate/cyclohexane, 1:3) to afford 2-azido-2-dedxXydi-C-methyl-3,40-isopropylidene:-
ribono-1,5-lactone,207 (499 mg, 74%) as a white solid. This was recriised in ethyl

acetate/cyclohexane, into plate-like crystals. N§¥#®a identical to that listed above.

Larger scale procedure:

2,4-Di-C-methyl-3,40-isopropylidene--arabinono-1,5-lactone 103 (1.99 g, 9.23 mmol);
anhydrous pyridine (3 x 2.23 mL, 3 x 27.69 mmaiiffjuoromethanesulfonic anhydride (3 x 2.49
mL, 3 x 14.77 mmol); dichloromethane (20 mL); Thegedure was carried out as above, however
on large scale the trifluoromethanesulfonic antd@lmust be added dropwise over 5 minutes or a
greatly reduced vyield results. This gave the dddinflate (3.59 g, quant.) which was treated with
N, N-dimethylformamide (30 mL) and sodium azide (0.€951L0.7 mmol). The total mass of 2-
azido-2-deoxy-2,4-dé-methyl-3,40-isopropylidene:-ribono-1,5-lactone207 obtained was 1.05

g, 66%.
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Benzyl 2-azido-2-deoxy-2,4-dE-methyl-3,4-O-isopropylidene- -ribonamide 211

HO— N\ NHBn

Me:sz

SYO Me
2-Azido-2-deoxy-2,4-die-methyl-3,40-isopropylidene:-ribono-1,5-lactone207 (1.05 g, 4.35
mmol) was dissolved in tetrahydrofuran (10 mL) atdred with benzylamine (1.43 mL, 13.05
mmol) at room temperature for 40 hours. T.l.c. gsial (ethyl acetate/cyclohexane, 1:1) after this
time revealed the formation of a single UV actipets(R 0.46), which co-spotted with the starting
lactone; LRMS showed a large peakrdz 347 corresponding to [M-Hand no evidence of starting
material (n/z241). The solvents were concentrated under redpessure and the resulting crude
purified by flash column chromatography (ethyl atefcyclohexane, 4:22:1) to afford benzyl 2-
azido-2-deoxy-2,4-d&-methyl-3,40-isopropylidene--ribonamide 211 as a white crystalline solid
(1.55 g, quant.)
Found: C, 58.61; H, 6.94; N, 15.85;48,4N,0,4 requires: C, 58.61; H, 6.94; N, 16.08; HRMS
(ESl+ve): found 371.1690 [M+N%] Ci7H2N4NaO, requires 371.1689;0]p%° -4.96 €, 0.66
chloroform); m.p. 95°Cymax (thin film): 3418 (s, br, OH), 2129 (s,sN 1654 (s, C=0)dy (CDCl,
400 MHz): 1.27 (3H, s, C#4), 1.41 (3H, s, (C(CH)), 1.49 (3H, s, (C(CH)2), 1.83 (3H, s, Ckt2),
2.13 (1H, dd, OHJ ons 4.0,Jons 9.4), 3.41 (1H, dd, H9s0n 9.5, J55 11.2), 3.68 (1H, dd, H5,
Js.on 3.7,J55 11.4), 4.38 (1H, s, H3), 4.38 (1H, dd, &M, Jcrzph k5.8, Jyem 14.6), 4.44 (1H, dd,
CH,Ph, Jchzphnn 5.8, Jgem 14.6), 6.95 (1H, a-s, NH), 7.27-7.39 (5H, m, Ar-H); (CDCk, 100
MHz): 22.7 (CH-4), 23.5 (CH-2), 26.8 (CCHs),), 28.2 (CCHs),), 43.9 (GCH.Ph), 65.2 (C2),
65.3 (C5), 83.1 (C4), 86.8 (C3), 107.2(CHs)2), 128.0, 128.1, 129.0 (Ar-C), 137.3 (A,

169.0 (C1); LRMS (ESI-ve): 347 ([M-H]100%).
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2-Azido-2-deoxy-2,4€-dimethyl-L-ribonamide 214

Ho._ Oy _NH,

Me:)\ll\Me

HO N,

OH

Method 1: Benzyl 2-azido-2-deoxy-2,4-di-methyl-3,40-isopropylidene:--ribonamide,211 (59
mg, 17umol) was dissolved in water (5 mL) and 1,4-diox&hé mL). DoweX (50W X8 H' form)
acidic resin (30 mg) was added and the reactioredtiat 90°C for 6 hours. T.l.c analysis (ethyl
acetate/cyclohexane, 1:1) after this time revephatial consumption of starting material ((R46)
and the formation of a single major product (R09). The reaction mixture was cooled to room
temperature and stirred for a further 16 hourgrafthich time no starting material remained. The
resin was removed by filtration and the solventscemtrated under reduced pressure. The resulting
pale orange crude was purified by flash column etatmgraphy (ethyl acetate/cyclohexane, 3:1) to
afford 2-azido-2-deoxy-2,4-d-methyldi-ribonamide214 (22 mg, 60%).
Method 2: Benzyl 2-azido-2-deoxy-2,4-d@i-methyl-3,40-isopropylidene--ribonamide,211 (61
mg, 18 pmol) was dissolved in 37% HEJ) and heated to 60°C. T.l.c analysis (ethyl
acetate/cyclohexane, 1:1) after 40 hours revealsshgle major product (R0.09) and complete
consumption of starting material {(B.46). The reaction mixture was concentrated uneléuced
pressure to afford ribonami@d4 as the HCI salt (65 mg, quant.).
[a]p™* -99.8 €, 0.96, chloroform); m.p. 98-100°@;ay (thin film): 3578 (s, br, OH), 2127 (s,sN
1643 (s, C=0)py (CD;OD, 400 MHz): 1.36 (3H, s, C4), 1.60 (3H, s, Cki2), 3.49 (1H, d, H5
Js5 12.5), 3.49 (1H, d, H5Js 5 12.4), 4.30 (1H, s, H3Jic (CD;OD, 100 MHz): 17.3 (Ckt4), 18.9

(CHs-2), 65.4 (C2), 65.8 (C5), 74.2 (C3), 89.0 (C4} B7(C1).
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2-Azido-2-deoxy-2,4-di€-methyl-L-ribono-1,4-lactone, 215

Me
O
Ho N o
IIIMe
HO N,

2-Azido-2-deoxy-2,4-dic-methyl-3,40-isopropylidene--ribono-1,5-lactone207, (339 mg, 1.41
mmol) was dissolved in water (10 mL) and stirrethvidowex’ (50W X8 H' form, 1.0 g) at 70°C.
T.l.c. analysis (ethyl acetate/cyclohexane, 1:1¢ra?1 hours revealed complete consumption of
starting material (R0.48) and a single product ¢(R.11). The resin was removed by filtration,
eluting with methanol and the solvents concentrabeder reduced pressure to afford 2-azido-2-
deoxy-2,4-di€-methyli-ribono-1,4-lactone?215 (259 mg, 92%) as a white crystalline solid.

HRMS (Fl+ve): found 200.0669 [M] C/HioNsOs requires 200.0666; o]p?>-94.0 €, 0.31
methanol); m.p. 79-81°Enax (thin film): 3385 (br, OH), 2123 (s,4N 1763 (s, C=0)dy (CD3OD,
500 MHz): 1.36 (3H, s, C#4), 1.59 (3H, s, Ck?2), 3.49 (1H, d, HSs 5 10.0), 3.62 (1H, d, H5’
Js.5 10.0), 4.30 (1H, s, H3c (CDsOD, 125 MHz): 17.1 (Ckt4), 18.7 (CH-2), 65.3 (C4), 65.6

(C5), 74.1 (C3), 88.9 (C2), 174.1 (C1); LRMS (ES#}246 ([M+HCOO], 100%).

Benzyl 2-azido-2-deoxy-2,4-dE-methyl-3,4-O-isopropylidene-50O-methanesulfonyl+ -
ribonamide 218

MsO ° NHBn

ATO

Method 1: Benzyl 2-azido-2-deoxy-2,4-di-methyl-3,40-isopropylidene:-ribonamide211 (109
mg, 0.31 mmol) was dissolved in dry pyridine (1.B)nand cooled to 0°C in an ice bath, whilst
stirring under argon. Methanesulfonyl chloride {2z, 0.35 mmol) was added, and the ice bath
removed. T.l.c. analysis (ethyl acetate/cyclohexahié) after 90 minutes showed the partial

consumption of starting material {®46) and a single product{B.65). The reaction mixture was
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cooled to 0°C, and a further 27 uL of methanesylfahloride was added. The reaction mixture
was again warmed to room temperature, and t.lalysis (ethyl acetate/cyclohexane, 1:1) after 1
hour revealed the complete consumption of stammagerial and a single product{(B.65). The
reaction mixture was concentrated under reducedsspre and purified by flash column
chromatography (ethyl acetate/cyclohexane, 1:2)atimrd benzyl 2-azido-2-deoxy-2,4-@-
methyl-3,40-isopropylidene-39-methanesulfonyl-ribonamide 218 (132 mg, 99%) as a white
solid.

Method 2: Benzyl 2-azido-2-deoxy-2,4-di-methyl-3,40-isopropylidene--ribonamide211 (1.51

g, 4.34 mmol) was dissolved in dichloromethaner{ily and cooled to 0°C in an ice bath, whilst
stirring under argon. Anhydrous pyridine (1.05 nil3.02 mmol) and methanesulfonyl chloride
(0.37 mL, 4.77 mmol) were added, and the ice batmowved. T.l.c. analysis (ethyl
acetate/cyclohexane, 1:1) after 2 hours showedapadnsumption of starting material (R 46)
and a single product {®.65). The reaction mixture was cooled to 0°C, arfdrther 1.05 mL of
pyridine and 0.37 mL of methanesulfonyl chloriderevadded. The reaction mixture was again
warmed to room temperature, and t.l.c. analysisy(edcetate/cyclohexane, 1:1) after 16 hours
revealed the complete consumption of starting natand a single product {R.65). The reaction
mixture was diluted with dichloromethane (15 mLydhM hydrochloric acid (aq.) (30 mL). The
agueous and organic phases were separated andqiieeus phase was washed twice with
dichloromethane (2 x 30 mL). The combined orgamigets were dried (magnesium sulfate),
filtered and the solvents concentrated under retigecessure to afford 2.51 g of crude material.
Purification by flash column chromatography (ethgetate/60-80 petrol 1:2) afforded benzyl 2-
azido-2-deoxy-2,4-dE-methyl-3,40-isopropylidene-39-methanesulfonyl-ribonamide 218
(1.82 g, 98%) as a white solid.

HRMS (ESI+ve): found 449.1461 [M+N3]CisH260sNsNa S requires 449.1465p]p> +16.7 ¢,

0.65 chloroform); m.p. 110-112°@;,ax (thin film): 3442 (s, br, NH) 2130 (s,3sN 1675 (s, C=0);
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84 (CDCl, 500 MHz): 1.28 (3H, s, C4##), 1.42 (3H, s, C(CH)), 1.52 (3H, s, C(CH.), 1.84 (3H,
s, CH-2), 3.01 (3H, s, Ck80y), 4.13 (1H, d, H5Js5 10.3), 4.23 (1H, d, H5Js 5 10.3), 4.34 (1H,
dd, CHPh, Jezpnnn5.4, Jgem 14.5), 4.45 (1H, s, H3), 4.49 (1H, a-dd, £H,J 6.5, Jyem 14.5), 7.03
(1H, a-t, NH,J 5.2), 7.29-7.38 (5H, m, Ar-H)fic (CDCh, 125 MHz): 22.9 (Cht4), 23.6 (CH-2),
26.5 (CCHa)2), 27.9 (CCHa)y), 37.6 (CHSOy), 43.6 (CHPh), 60.4 (C2), 71.7 (C5), 80.7 (C4),
86.9 (C3), 107.8 G(CHs),), 127.8, 128.1, 128.9 (Ar-C), 137.3 (A, 168.5 (C1); LRMS

(ESl+ve): 427 ([M+H], 100%), 449 ([M+Nal], 93%), 875 ([2M+Na], 90%).

Benzyl 2,5-dideoxy-2,4-di€-methyl-2,5-imino-3,4-O-isopropylidene- -ribonamide 213

H O

N \\\\IL

Me' Me
o_ 0

o

Benzyl 2-azido-2-deoxy-2,4-di-methyl-3,40-isopropylidene-59-methanesulfonyl-ribonamide

NHBn

218 (1.82 g, 4.27 mmol) was dissolved in ethanol (75 mnd palladium black was added (365
mg). The reaction mixture was stirred under hydnofye 4 hours, after which time t.l.c. analysis
(ethyl acetate/cyclohexane, 1:1) revealed commletsumption of starting material{(B.65) and a
single product (R0.60). The palladium was removed by filtrationotingh a pad of Celifeeluting
with methanol; concentration of the solvents uneieluced pressure and purification by column
chromatography (20% methanol in ethyl acetate) gdaanamide213 (1.35 g, quant.) as a white
solid.

HRMS (ESl+ve): found 305.1857 [M+H] Ci7H2sN»03 requires 305.18600]p%° +30.9 €, 0.67
methanol); m.p. 59-62°Gmax (thin film): 3447 (s, br, NH), 1667 (s, C=Q); (CDsOD, 400 MHz):
1.28 (3H, s, Cht4), 1.35 (3H, s, CHi2), 1.37 (3H, s, C(CH),), 1.45 (3H, s, C(CH),), 2.48 (1H,
dd, H5Js3 1.5,J55 13.4), 2.98 (1H, dd, H5Js 3 1.5,Js55 13.4), 4.31 (1H, d, CHPh, Jyem 14.7),

4.41 (1H, d, CHPh, Jgem 14.7), 4.62 (1H, t, H3)s5 = J35 1.5), 7.21-7.33 (5H, m, Ar-H)c
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(CD;OD, 125 MHz): 20.1 (Ckt2), 24.2 (CH-4), 26.4 (CCHa)2), 27.5 (CCHa)2), 43.7 CH,Ph),
59.7 (C5), 72.1 (C2), 90.7 (C3), 92.1 (C4), 11T8GH;),), 128.1, 128.4, 129.4 (Ar-C), 139.9 (Ar-
Cqua), 176.0 (C1); LRMS (ESl+ve): 305 ([M+H]L00%), 609 ([2M+H], 60%). LRMS (ESI-ve):

303 ([M-HJ, 100%), 339 ([M+CI} 85%).

Benzyl N-benzyl-2,5-dideoxy-2,4-di€-methyl-2,5-imino-3,4-O-isopropylidene- -ribonamide

219 and dibenzyl 2,5-dideoxy-2,4-diz-methyl-2,5-imino-3,4-0O-isopropylidene-L -ribonamide

220
Bn O H ©O
N_ L N_ L
\__"NHBn \__ "NBn,
Me' Me Me: Me
> >
219 220

Benzyl 2,5-dideoxy-2,4-dE-methyl-2,5-imino-3,40-isopropylidene:--ribonamide 213 (61 mg,
0.20 mmol) was dissolved in diy,N-dimethylformamide (1 mL). Powdered 4A moleculavsis
(50 mg), sodium hydride (60% in mineral oil, 10 g4 mmol) and benzyl bromide (29 pL, 0.24
mmol) were added and the solution stirred undeorarg.l.c. analysis (ethyl acetate/cyclohexane,
1:4) after 3 hours revealed partial consumptiostafting material (R0.11) and two products {R
0.30 & 0.21); further portions of sodium hydride rf®)) and benzyl bromide (5 pL) were added.
T.l.c. analysis after 24 hours showed the readiiobe complete; the reaction mixture was filtered
through a pad of Celife eluting with methanol. The solvents were evamataand the residue re-
dissolved in water (15 mL) and dichloromethane 1fi5. The aqueous and organic phases were
separated and the aqueous phase was washed twieewitio dichloromethane (2 x 15 mL). The
combined organic layers were dried (magnesium w®)lfdiltered and the solvents concentrated
under reduced pressure to afford 103 mg of palewetrude. This was purified by flash column
chromatography (ethyl acetate/cyclohexane;16l) to yield219 (R 0.21, 145 mg, 52%) as a

colourless oil an@20 (Rs 0.30, 30 mg, 11%) as a white solid.
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Data for 219: HRMS (ESl+ve): found 417.2145 [M+Na]C,4H30N,NayOs requires 417.2149;
[0]o?®-17.8 €, 0.855 chloroform)ymax (thin film): 3358 (s, br, NH), 1667 (s, C=Q); (CDCl, 400
MHz): 1.38 (6H, s, Ckt4 & C(CHa),), 1.49 (3H, s, Cht2), 1.55 (3H, s, C(Ch)p), 2.69 (1H, d, H5,
Js5 10.6), 2.80 (1H, d, H5Js 5 10.6), 3.65 (1H, d, MCH,Ph, Jyer, 13.2), 3.83 (1H, d, MCH,Ph,
Jyem 13.2), 4.43 (1H, s, H3), 4.47 (2H, d, RNHEM, Jcrzpnnm 5.8), 7.08-7.11 (2H, m, Ar-H),
7.23-7.38 (8H, m, Ar-H), 7.88 (1H, t, N-Bli chzpn5.1); 8¢ (CDCl, 100 MHz): 25.1 (Ckt2), 26.8
(C(CH3)2), 27.0 (CCHs)2), 27.9 (CH-4), 43.6 (RNHCH2Ph), 54.0 (RNCHPh), 62.6 (C5), 72.0
(C2), 86.5 (C4), 90.6 (C3), 112.8(CHs)z), 127.3, 127.7, 127.8, 128.3, 128.9 (Ar-C), 1334
Caua)» 139.2 (Ar-Gua), 174.3 (C1); LRMS (ESl+ve): 395 ([M+H] 100%); LRMS (ESI-ve): 393
(IM-H]", 100%).

Data for 220: HRMS (ESlI+ve): found 395.2328 [M+H]C,4H31N203 requires 395.2329u]p™ -
5.8 (c, 0.29 chloroform)ymax (thin film): 3423 (s, br, NH), 1623 (s, C=0); mJ03°C;éy4 (CDCl,
500 MHz): 1.43 (3H, s, C(C#b), 1.45 (3H, s, C(CH)), 1.47 (3H, s, Ck2), 1.50 (3H, s, CHi4),
2.20-2.55 (1H, br-s, N-H), 2.48 (1H, d, H&s 13.2), 2.93 (1H, d, H5'Js 5 13.2), 4.41 (1H, d,
CH,Ph, Jyem 14.7), 4.56 (1H, d, CHPh, Jyem 14.7), 5.12 (1H, s, H3), 5.31-5.24 (2H, d, £H, Jgem
16.4), 7.14-7.16 (2H, m, Ar-H), 7.19-7.21 (2H, n1;l4), 7.26-7.32 (4H, m, Ar-H), 7.37-7.40 (2H,
m, Ar-H); 8¢ (CDCk, 100 MHz): 18.7 (CHH2), 23.4 (CH-4), 26.0 (CCHs),), 27.4 (CCHa),), 48.1
(CH2Ph), 50.6 CH,Ph), 60.1 (C5), 71.9 (C4), 90.1 (C3), 90.8 (C209.Z0C(CHa),), 127.2, 127.4,
128.2, 128.5, 128.7 (Ar-C), 137.4 (Aa), 137.6, (Ar-Gua) 173.3 (C1); LRMS (ESl+ve): 395

([M+H]*, 100%), 789 ([2M+H], 65%).
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Benzyl 2,5-dideoxy-2,4-di€-methyl-2,5-imino-D-ribonamide hydrochloride 223.HCI

®
H, O CI°

N IJ\

NHBn
Mel ) Me

HO OH
Benzyl 2,5-dideoxy-2,4-di-methyt2,5-imino-3,40-isopropylidenea-ribonamide 213 (40 mg,
0.13 mmol) was dissolved in hydrochloric acid siolut(37%; 2 mL) and the reaction stirred at
room temperature for 48 hours. T.l.c. analysis \(eticetate/cyclohexane, 1:1) after this time
revealed complete consumption of starting matéRaD.60) and the formation of a single product
(Rf 0.00). Removal of solvents under reduced presstiozdad benzyl 2,5-dideoxy-2,4-di-
methyl-2,5-iminob-ribonamide223 as the hydrochloride salt (40 mg, quant.), reqgimo further
purification.
HRMS (ESl+ve): found 265.1247 [M-Cl] CisH2N»05 requires 265.1546:a]p** -5.1 €, 0.85
methanol);Vmax (thin film): 3252 (s, br, OH), 1667 (s, C=Q); (CDs;OD, 400 MHz): 1.34 (3H, s,
CHa-4), 1.71 (3H, s, CH2), 3.17 (1H, d, H5) 12.1), 3.28-3.30 (1H, m, H5’), 3.94 (1H, s, H3),
4.46 (2H, s, ChPh), 7.24-7.35 (5H, m, Ar-H}ic (CDsOD, 100 MHz): 17.3 (Ckt4), 20.9 (CH-2),
43.7 CH,Ph), 53.6 (C2), 70.0 (C5), 76.8 (C4), 79.1 (C3)7.42127.7, 128.6 (Ar-C), 138.7 (Ar-

Cqua), 171.8 (C1); LRMS (ESI-ve) 299 ([M-H]100%); LRMS (ESI+ve) 265 ([M-Cl] 100%).

2,5-Dideoxy-2,4-di€-methyl-2,5-imino-L-ribonic acid 197

[3(R),4(S)-Hydroxy-2,4-di-C-methyl-L-proline]

H, O
@2
N \“\”\o@
Mel [} Me
HO OH

Benzyl 2,5-dideoxy-2,4-dic-methyl-2,5-imino-3,409-isopropylidened-ribonamide 213 (40 mg,
0.13 mmol) was dissolved in hydrochloric acid solut(37% aqg.; 2 mL) and the reaction stirred at

100°C for 140 hours. T.l.c. analysis (ethyl acétateohexane, 1:1) after this time revealed
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complete consumption of starting materia§ F60) and the formation of a single product@RO0).
Removal of solvents under reduced pressure gawedranzyl 2,5-dideoxy-2,4-d@-methyl-2,5-
imino-D-ribonamide as the hydrochloride salt. This wasaliged in methanol (2 mL) and stirred
with potassium hydroxide pellets (468 mg, 4.74 mnfad 96 hours, after which time mass analysis
showed the absence of starting material, and & lpegk am/z174, corresponding to [M-H]The
solvents were concentrated under reduced presadrtha crude passed down a DoWgE0W X8

H* form) resin column, eluting with water (100 mL)eth2 M ammonia (aq.) (100 mL). The
ammonical fractions were concentrated under redpoeskure to give the fully deprotected proline
197(37 mg, 93%) as a colourless oll.

HRMS (ESI+ve): found 198.0737 [M+N2a]C;H1aN:NayO, requires 198.0735p]p>° -19.9 €, 0.74
water); Vmax (thin film): 3384 (s, br, OH), 1622 (s, C=Q@); (CDsOD, 500 MHz): 1.35 (3H, s, CH

4), 1.72 (3H, s, CH?2), 3.59 (1H, d, H5Js 5 12.1), 3.68 (1H, d, H5Js 5 12.1), 4.34 (1H, s, H3);
dc (CDsOD, 125 MHz): 17.9 (Chkt4), 21.7 (CH-2), 59.8 (C2), 67.3 (C5), 73.6 (C3), 91.6 (C4),
174.8 (C1); LRMS (ESl+ve): 176 ([M+F)] 100%); LRMS (ESI-ve): 174 ([M-H] 100%), 349

([2M-H]", 76%).

4-Azido-4-deoxy-2,4-di€-methyl-2,3-O-isopropylidene-D-ribitol 225

HO OH
A(o
2-Azido-2-deoxy-2,4-die-methyl-3,40-isopropylidene:-ribono-1,5-lactone207 (259 mg, 1.07
mmol) was dissolved in tetrahydrofuran (2.5 mL)rabm temperature under argon. Lithium
borohydride solution (2 M in THF; 0.27 mL, 0.54 minwas added dropwise and the solution
stirred for one hour. T.l.c. analysis (ethyl acetagclohexane, 1:1) after this time showed patrtial
consumption of starting material{(B.46) and the formation of a single product QR9). A further

0.27 mL of reagent was added and t.l.c. analysivédore) after a second hour, showed persisting
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starting material, therefore a final 0.27 mL ofilitm borohydride solution was added. T.l.c.
analysis (ethyl acetate/cyclohexane, 1:1) afteméttutes showed complete consumption of starting
material (R 0.46) and a single product ¢(R.29). The reaction mixture was neutralised with
Dowex® (50W X8 H form), and the resulting suspension filtered usimethanol as eluent. The
solvents were concentrated under educed pressuce the@ crude purified by column
chromatography (ethyl acetate/cyclohexane;1121) to afford 4-azido-4-deoxy-2,4-@i-methyl-
2,3-0-isopropylidened-ribitol, 225as a white crystalline solid (219 mg, 83%).

HRMS (ESl+ve): found 268.1261 [M+N3]CioH1oNsNaQ, requires 268.1268:a]p™° +5.54 ¢,
0.81 methanol); m.p. 84-89°@ax (thin film): 3418 (s, br, OH), 2121 (s,3N o4 (CDCls, 400
MHz): 1.36 (3H, s, C(CH),), 1.37 (3H, s, CH2), 1.47 (3H, s, C(Ck)p), 1.55 (3H, s, Ckt4), 3.53
(1H, d, H5,) 5 11.2), 3.57 (1H, d, H1}; 1 11.5), 3.63 (1H, d, H5'Js 5 11.2), 3.70 (1H, d, H1’,
Ji1 11.5), 3.81 (1H, s, H3fc (CDCk, 100 MHz): 19.6 (ChH4), 22.3 (CH-2), 26.7 (CCHa)y)),

28.4 (CCHa),)), 63.9 (C4), 64.9 (C1), 66.6 (C5), 83.0 (C2) 888), 106.8 C(CHy),).

4-Azido-4-deoxy-2,4-di€-methyl-2,3-O-isopropylidene-1,5-diO-methanesulfonylb-ribitol 226

MsO OMs
.A(o
4-Azido-4-deoxy-2,4-dic-methyl-2,30-isopropylidened-ribitol 225 (219 mg, 0.89 mmol) was
dissolved in dry pyridine (3 mL), cooled to 0°C endrgon. Methanesulfonyl chloride (0.17 mL,
2.23 mmol) was added and the solution allowed tomalowly to room temperature. T.l.c. analysis
(ethyl acetate/cyclohexane, 1:1) after 1 hour riegeaartial consumption of starting materiak (R
0.29) and the formation of a single major prod&tq.40 — it is known from previous experiments
that the mono and di-methanesulfonyl compoundslui@-én this solvent system) and therefore a
further 0.17 mL of reagent was added to the reaanixture at 0°C. The reaction was allowed to

slowly warm to room temperature, and t.l.c. analyafter 4 hours showed the reaction to be
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complete. The solvents were concentrated undeceedpressure and the crude purified by column
chromatography (ethyl acetate/cyclohexane, 1:1give 4-azido-4-deoxy-2,4-d-methyl-2,30-
isopropylidene-1,5-dB@-methanesulfonyb-ribitol 226 (365 mg, quant.) as a colourless oil.

HRMS (ESl+ve): found 424.0820 [M+N2a]CyH23aN3sNa;OsS, requires 424.0819u]p* -5.46 €,
0.795 chloroform)ymax (thin film): 2123 (s, N); 64 (CDCl, 500 MHz): 1.38 (3H, s, C(C#it), 1.43
(3H, s, CH-2) 1.49 (3H, s, C(Ck),), 1.61 (3H, s, Cht4), 3.09 (3H, s, CEB0O-5), 3.10 (3H, s,
CH3SO»-1), 3.80 (1H, s, H3), 4.12 (1H, d, H&5 10.3), 4.20 (1H, d, H5Js 5 10.4), 4.21 (1H, d,
H1,J;1 10.4), 4.33 (1H, d, H1Jy-1 10.1);8¢ (CDCh, 125 MHz): 19.1 (Cht4), 22.6 (CH-2), 26.4
(C(CHs3),), 28.0 (CCH3),), 37.67 (CHSQO,), 37.70 (CHS(O,), 61.4 (C4), 70.4 (C5), 71.4 (C1), 80.8
(C2), 84.7 (C3), 107.9Q(CHs),); LRMS (ESI+ve): 419 ([M+NH|*, 100%), 825 ([2M+Nd]

95%).

2,4-Di-C-methyl-1,2,5-imino-3,40-isopropylidene-1,2,5-trideoxyt -ribitol 236

o_ 0

ey
4-Azido-4-deoxy-2,4-dic-methyl-2,30-isopropylidene-1,5-dB-methanesulfonyb-ribitol 226
(401 mg, 1.00 mmol) was dissolved in ethanol (16.mlriethylamine (0.42 mL, 3.00 mmol) and
palladium on carbon (80 mg) were added and theisaldegassed and stirred under hydrogen for
30 minutes, after which time t.l.c. analysis (etlagetate) revealed complete consumption of
starting material (R0.65) and a single product«B.28). The reaction mixture was degassed, and
the crude filtered through a pad of Céliteluting with methanol. The solvents were conceatt
under reduced pressure and the crude purifiedlicg ©lug (1% triethylamine in ethyl acetate) to
afford the title compoun@36 (176 mg, 96%) as a colourless oail.
HRMS (Fl+ve): found 183.1254 [M] CigH1/NO, requires 183.1259:q]p>° -24.2 €, 1.12

dichloromethane)py (CDCk, 500 MHz): 1.24 (1H, s, H1), 1.29 (3H, s, €B), 1.37 (3H, s,
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C(CHs),), 1.40 (3H, s, Ckt4), 1.47 (3H, s, C(CH),), 1.66 (1H, s, H1"), 3.25 (1H, d, H3s 5 13.1),
3.28 (1H, d, H5'Js 5 12.9), 4.41 (1H, s, H3Jc (CDCh, 125 MHz): 16.5 (ChH2), 26.5 (CCHa)y),
26.7 (CCHas)2), 28.0 (CH-4), 37.5 (C1), 49.0 (C2), 68.1 (C5), 88.7 (C3),81C4), 111.1

(C(CHg)2)

1,5-Dideoxy-2,4-diC-methyl-1,5-imino-L-arabinitol 194

N
Me,J/\l/\ll,//Me
HO ‘OH

OH

194
Aziridine 236 (114 mg, 0.79 mmol) was dissolved in THF (4 mLyl anethylamine added (0.33
mL, 2.36 mmol) with trifluoroacetic acid (0.13 m.,94 mmol). The reaction mixture was stirred at
0°C for 10 minutes after which time t.l.c. analyéethyl acetate/cyclohexane 1:4) revealed one
major product, as a single large spot withORI8. The reaction mixture was concentrated under
reduced pressure, preadsorbed on silica and plibffecolumn chromatography to afford a mixture
of N-trifluoroacetylated piperidines (284 mg). This maibe was dissolved in methanol (8 mL) with
water (0.8 mL) and potassium carbonate was add#irflg, 4.09 mmol). The mixture was heated
to reflux for one hour after which time t.l.c. aysib (ethyl acetate/isopropanol/water 7:2:1)
revealed the complete consumption of starting medt& 0.85 and a single product B.30. This
was concentrated under reduced pressure and dgsolvl M HCI (aq) (12 mL) and heated to
60°C for one hour, after which time t.l.c. analy&@¢hyl acetate/isopropanol/water 7:2:1) revealed
complete consumption of starting materigl B30 and a single product; R.00. The reaction
mixture was concentrated under reduced pressuafdal a crude solid which was purified by ion
exchange chromatography by Summit Plc to afforang/of piperidinel94.
[0]o?® +19.6 €, 1.35 water)Vmax (thin film): 3432 (s, br, NH)py (D-O, 500 MHz): 1.23 (3H, s,

CHs-4), 1.29 (3H, s, CK2), 2.50 (1H, d, H1J), 1 13.3), 2.58 (1H, d, H5)s 5 14.1), 2.76 (1H, dd,
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H5', Jss 14.1J51 1.3), 2.81 (1H, dd, H1'Jr 1 13.3J1s 1.3), 3.36 (1H, s, H3)%c (D;0, 125
MHz): 20.9 (CH-2), 24.4 (CH-4), 54.4 (C5), 55.1 (C1), 72.1 (C4), 72.5 (C2),27@3); LRMS

(ESI-ve): 160 ([M-H], 45%), 321 ([2M-H], 100%).

1-Azido-2,4-di-C-methyl-2,5-imino-3,4O-isopropylidene-1,2,5-trideoxyt -ribitol 243

H
N_ N3

Me: Me
o_0

o

Azabicyclohexan36 (41 mg, 0.22 mmol) was dissolved NhN-dimethylformamide (2 mL) with
water (50 pL). Sodium azide (146 mg, 2.24 mmol) wdded and the reaction mixture heated to
100°C. T.l.c. analysis (ethyl acetate) after 113irkorevealed partial consumption of starting
material (R 0.28) and a major product {®.85). The reaction mixture was cooled to room
temperature and the crude partitioned between ydiedther and water (10 mL of each). The
aqueous phase was washed a further two times wiér € x 10 mL), and the combined organics
were dried (magnesium sulfate), filtered and cotre¢éed under reduced pressure. Purification of
the crude by column chromatography (ethyl acetatédbexane, 1:1) gave the title azigé3 as a
pale yellow oil (26 mg, 51%).

[0]o?® +15.6 €, 0.82 dichloromethaneyay (thin film): 3584 (s, br, NH), 2104 (s,3N 84 (CDCl,

500 MHz): 1.24 (3H, s, CH2) 1.40 (3H, s, C(CH)), 1.47 (3H, s, C(CH),), 1.53 (3H, s, CEi4),
2.16 (1H, br-s, NH), 2.72 (1H, d, H3s5 13.4), 3.06 (1H, d, H5Js 5 13.4), 3.11 (1H, d, H1l; ;-
12.5), 3.29 (1H, d, H1'J;; 12.5), 3.98 (1H, s, H3)c (CDCk, 125 MHz): 19.3 (Ckt4), 24.9
(CHs-2), 26.5 (CCHa),), 27.6 (CCHs),), 55.2 (C1), 58.6 (C5), 67.0 (C2), 90.0 (C3), 9083},
111.2 C(CHy)y).

2-C-Azidomethyl-2-deoxy-3,40-isopropylidene-4-C-methyl-L -ribono-1,5-lactone210
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o._o
R
o
A(o N,
2,4-Di-C-methyl-3,40-isopropylidene:--arabinono-1,5-lactonel03 (681 mg, 3.15 mmol) was
dissolved in dry dichloromethane (7 mL) and codied°C. Once cool, pyridine (0.76 mL, 9.46
mmol) and trifluoromethanesulfonic anhydride (0r@g, 5.04 mmol) were added dropwise to the
reaction mixture. Two further additions of pyridin@ x 0.76 mL, 2 x 9.46 mmol) and
trifluoromethanesulfonic anhydride (2 x 0.85 mLx25.04 mmol) were necessary at two hour
intervals before almost complete consumption atistgmaterial (R0.54) and a single product(R
0.82) were observed. The reaction mixture was dusshcwith dropwise addition of 2 M
hydrochloric acid (ag.), until the evolution of gaad ceased. Water (50 mL) and dichloromethane
(50 mL) were added and the agueous and organieplsaparated. The aqueous phase was washe
twice with dichloromethane (2 x 50 mL) and the cameld organic layers were dried (magnesium
sulfate), filtered and the solvents concentratedeumeduced pressure to afford a solid yellow crude
(1.49 g). The crude material was immediately digswlin N,N-dimethylformamide (10 mL) and
stirred at room temperature for 16 hours underrargid.c. analysis (ethyl acetate/cyclohexane, 1:1)
after this time revealed the presence of one mpajoduct (R 0.48; UV active) and complete
consumption of starting material {(B.82). Sodium azide (266 mg, 4.10 mmol) was addetithe
reaction mixture stirred for 3 hours. T.l.c. an&@y®thyl acetate/cyclohexane, 1:1) now revealed no
UV active products, and single major spot was okesker(R 0.5). The reaction mixture was
concentrated under reduced pressure, and the pastigoned between water and dichloromethane
(30 mL of each). The agueous phase was washed mace with dichloromethane (2 x 30 mL),
and the combined organic phases were dried (magnesilfate), filtered, and concentrated under

reduced pressure. Subsequent column chromatogrégimyl acetate/cyclohexane, 18.:4)
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afforded 2€-azidomethyl-2-deoxy-3,0-isopropylidene-4z-methyld-ribono-1,5-lactone 210
(488 mg, 64% over two steps) as a white solid.

HRMS (ESI+ve): found 264.0954 [M+N2]CioH1sNsNa,O4 requires 264.0955u]p% +160.3 ¢,
1.19 chloroform); m.p. 62-65°@ax (thin film): 2101 (s, N), 1742 (s, C=0)jy (CsDs, 400 MH2z):
0.67 (3H, s, Cht4), 1.08 (3H, s, C(Ch)), 1.32 (3H, s, C(CH)»), 1.70-1.74 (1H, m, H2), 2.97 (1H,
d, H5,J 12.6), 3.40 (1H, dd, H2J 9.0,J 12.7), 3.70-3.65 (2H, m, H5' & H2"), 3.91 (1H, &3 J
1.9); 8¢ (CsDs, 100 MHz): 22.3 (CHH4), 26.4 (CCHs),), 27.1 (CCHs3),), 43.2 (C2), 48.8 (C2)),

72.2 (C5), 78.5 (C3), 79.0 (C4), 110Q(CHs),), 169.2 (C1).

2-C-Azidomethyl-2-deoxy-3,40-isopropylidene-4-C-methyl-L -ribitol 244

HO OH

Ton

L
2-C-Azidomethyl-2-deoxy-3,43-isopropylidene-4=-methylL -ribono-1,5-lactone210 (488 mg,
2.02 mmol) was dissolved in dry dichloromethanen(§ and cooled to -30°C, under argon. Once
cool, disobutylaluminium hydride solution was added dropw(%eM in toluene; 2.13 mL, 2.13
mmol). Analysis of the reaction mixture by IR spestopy after one hour revealed the presence of
a carbonyl peak at 1742¢mThe reaction mixture was warmed to -20°C; aftereaond hour a
further portion (0.2 mL) of reagent was added. Aftaes time, the reaction was deemed complete
by IR analysis. The reaction mixture was quenchethb addition of sodium bicarbonate solution
(sat. ag., 5 mL) and sodium hydrogen orthophosptift@ mg). Magnesium sulfate was added, and
the resulting gel filtered through a pad of Céljteluting with ethyl acetate (100 mL) and methanol
(50 mL). The solvents were concentrated under redipcessure, and the crude re-dissolved in dry
tetrahydrofuran (10 mL). Lithium borohydride sobrti (2 M in THF; 0.5 mL, 1.01 mmol) was
added and the reaction mixture stirred under asgonom temperature for one hour. T.l.c. analysis

(ethyl acetate/cyclohexane, 1:1) after this timeeaded partial consumption of starting material (R
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0.48), and a single major compound (R27). A further portion of reagent (0.5 mL, 1.0inol)
was added, and after one hour the reaction wasdftarbe complete. The reaction mixture was
quenched by dropwise addition of WE (sat. aqg.)the solvents were concentrated under reduced
pressure, and the crude preadsorbed on silica anfled by column chromatography (ethyl
acetate/cyclohexane, 1:2) to afford the title coomut244 (205 mg, 41%) as a colourless oil.

HRMS (Fl+ve): found 246.1455 [M+H] CioH20N3Na,O4 requires 264.1454p]p"° -21.6 €, 0.75
chloroform); vinax (thin film): 3452 (s, br, OH), 2101 (s,3N o4 (CDCl, 400 MHz): 1.36 (3H, s,
CHs-4), 1.37 (3H, s, C(Ch)p), 1.42 (3H, s, C(CH)p), 2.07-2.15 (2H, m, H2 & OH), 2.43 (1H, s,
OH), 3.41 (1H, dd, H2'J> » 6.5,J2 2> 12.4), 3.53 (2H, a-d H5 & HSJ 3.8), 3.58 (1H, dd, H2",
Joro 4.3,32 12.4), 3.78-3.84 (2H, m, H1 & H1'), 3.89 (1H, d3HJs, 9.3); ¢ (CDCh, 125
MHz): 22.4 (CH-4), 26.4 (CCHz)2), 28.4 (CCHs3),), 39.6 (C2), 50.3 (C2’), 62.9 (C1), 65.3 (C5),

82.1 (C4), 82.3 (C3), 107.&(CHy)y).
2-C-Azidomethyl-2-deoxy-3,40-isopropylidene-4-C-methyl-1,6-di-O-methanesulfonyl4 -
MsO OMs
"N

0
A(o N3

2-C-Azidomethyl-2-deoxy-3,43-isopropylidene-4=-methyld -ribitol 244 (142 mg, 0.58 mmol)

ribitol 245

was dissolved in dry pyridine (1.5 mL) and cooled ©°C under argon. Once cool,

methanesulfonylchloride was added (94 pL, 1.22 mnaold the reaction mixture allowed to warm
to room temperature. T.l.c. analysis (ethyl acétsitdohexane, 1:1) after 1 hour revealed the
presence of starting material¢{(R.27) and a major product {R.38). The reaction mixture was

cooled to 0°C, and a further $4 of reagent was added. The reaction mixture wasned slowly

to room temperature, and t.l.c. analysis (ethytateécyclohexane, 1:1) after a further hour rewetale

the complete consumption of starting material {R7) and a major product{B.38). The reaction
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mixture was quenched with 2 M hydrochloric acid.faqntil the evolution of gas had ceased,
diluted with water (15 mL) and washed with dichloethane (3 x 15 mL). The combined organic
phases were dried (magnesium sulfate), filteredthadsolvents removed under reduced pressure.
The crude mesylate was purified by column chronraiolgy (ethyl acetate/cyclohexane,4:2:1),
affording 2<C-azidomethyl-2-deoxy-3,D-isopropylidene-4c-methyl-1,6-diO-methanesulfonyl—
ribitol 245(189 mg, 81%), as a white solid.

HRMS (ESl+ve): found 424.0828 [M+N3]Ci,H23NsNayOsS, requires 424.08190]p>° -7.4 €,
1.11 chloroform); m.p. 74-76°Ghax (thin film): 2101 (s, N); 4 (CDCk, 400 MHz): 1.40 (3H, s,
C(CHs),), 1.34 (3H, s, C(CH)), 1.43 (3H, s, Cht4), 2.23-2.32 (1H, ddddd, H; 1 3.4, > 3.9,
J22» 6.3,J21 6.8,J2310.1), 3.05 (3H, s, C&§%0,), 3.07 (3H, s, CBO), 3.52 (1H, dd, H2'J> 2
3.9,J,> 12.6), 3.69 (1H, dd, H2"J,» 6.3, J,-> 12.6), 3.85 (1H, d, H3}s, 10.1), 4.00 (1H, d,
H5, Js 5 10.1), 4.18 (1H, d, H5Js 5 9.9), 4.38 (1H, dd, H1),,6.8,J:1 9.9), 4.53 (1H, dd, H1’,
Ji2 3.4,J311 10.0); 6¢c (CDCl, 100 MHz): 22.2 (Cht4), 26.2 (CCHs),), 28.2 (CCHs)), 37.3,
37.7, 37.9 (C2 & 2 x CkBOy), 48.1 (C2'), 67.8 (C1), 69.5 (C5), 79.4 (C3), 74C4), 107.4

(C(CHs),); LRMS (ESlI+ve): 419 ([M+NH]*, 100%), 424 ([M+N4d], 60%).

N-Benzyl 2-C-azidomethyl-2-deoxy-1,5-dideoxy-1,5-imino-3,8-isopropylidene-4-C-methyl-L -
ribitol 248

Bn
N

Me’ll
o
JYO N,
2-C-Azidomethyl-2-deoxy-3,43-isopropylidene-4=-methyl-1,6-diO-methanesulfonyl-ribitol
245(148 mg, 0.37 mmol) was dissolved in benzylaminen(d and heated to 100°C. T.l.c. analysis

(ethyl acetate/cyclohexane, 1:1) after 20 hoursakad the complete consumption of starting

material (R 0.38) and a single product;(®85). The solvent was removed under reduced ymess
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and the crude purified by column chromatographyyleacetate/cyclohexane, 1:10) to gide
benzyl 2€C-azidomethyl-2-deoxy-1,5-imino-3,@-isopropylidene-4c-methyldi-ribitol 246 (123
mg, quant.) as a yellow oill.

HRMS (ESl+ve): found 317.1967 [M+H] Ci7H2sN4O, requires 317.1672a]p>° -35.9 €, 1.24
chloroform); Vimax (thin film): 2099 (s, N); du (CsDs, 500 MHZz): 1.41, (6H, s, C(Gh & CHz-4),
1.56 (3H, s, C(CH),), 1.87 (1H, a-t, H2’J 11.1), 1.96-2.03 (1H, m, H2), 2.28 (1H, d, Hegs
10.9), 2.49 (1H, a-ddd, H2'J 1.8,J 4.7,J 10.7), 2.61 (1H, dd, H3 1.5,Js 5 10.9), 2.84 (1H, dd,
H1,J1,7.1,d1 12.0), 3.21 (1H, dd, H1J::» 8.1,J11 12.0), 3.30 (1H, d, CHPh, Jyem 13.3), 3.37
(1H, d, CHPh,Jyem 13.3), 3.77 (1H, d, H3k» 3.6), 7.21-7.35 (5H, m, Ar-H}ic (CsDs, 100 MH2):
22.7, 27.2 (Ci4 & C(CHa),), 28.6 (CCHg3)2), 37.4 (C2), 51.5 (C1), 52.3 (C2), 61.5 (C5), 6B2.

(OCH.Ph), 77.5 (C3), 78.4 (C4), 107.8(CHs),), 128.0, 128.1, 128.7 (Ar-C), 138.9 (A

N-Benzyl 2-C-acetomidomethyl-2-deoxy-1,5-dideoxy-1,5-imino-3,@-isopropylidene-4-C-

methyl-L -ribitol 247

Me"l
o)

ATO NHAc

N-Benzyl 2C-azidomethyl-2-deoxy-1,5-imino-3,@-isopropylidene-4c-methyldi-ribitol 246 (50
mg, 0.16 mmol) was dissolved in ethyl acetate (2 mahd 10% palladium on carbon (5 mg) was
added whilst stirring. The reaction mixture wasretl under a hydrogen atmosphere for 90 minutes
after which time t.l.c. analysis (ethyl acetatejeaed complete consumption of starting material
(Rf 0.95) and a single major product; ((R00). The palladium was removed by filtrationotigh a
pad of Celit&, eluting with methanol, and the solvents conceetrainder reduced pressure to give
crude N-benzyl 2C-aminomethyl-2-deoxy-1,5-imino-3,@-isopropylidene-4=-methyld-ribitol

(46 mg, quant.) as a pale yellow oil. This was irdrately dissolved in anhydrous pyridine (0.5
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mL) and acetic anhydride was added (45 pL, 0.48 hriibe reaction mixture was stirred under
argon for two hours, after which time t.l.c. an&édy®thyl acetate) showed complete consumption of
starting material (R0.00) and a single major product; (R16). The solvents were concentrated
under reduced pressure and the crude was purifiegdcddumn chromatography (ethyl
acetate/cyclohexane, :4100% ethyl acetate) to give the title compo@4¥ (28 mg, 53%) as a
pale yellow oil.

HRMS (ESl+ve): found 333.2166 [M+H] CigH29N»05 requires 333.2173]p™° -40.3 €, 0.44
methanol)Vmax (thin film): 3420 (s, br, NH), 1652 (s, C=Qy; (CDsOD, 500 MHz): 1.34, (6H, s,
C(CHs), & CHs-4), 1.45 (3H, s, C(CH)), 1.93 (3H, s, NHCOHs3), 2.00-2.02 (1H, m, H1), 2.16-
2.13 (2H, m, H5 & H2), 2.51 (1H, d, H5),11.0), 2.72 (1H, dd, H1J 3.9,J 10.8), 3.22 (1H, dd,
H2' Jy2 8.1,dp 2 13.6), 3.27 (1H, dd, H2"),»» 6.3,J,2 13.6,), 3.46 (1H, d, CH#Ph, Jyem 13.1),
3.63 (1H, d, CHPh, Jyem 13.2), 3.87 (1H, d, H3}s 3.6), 7.24-7.33 (5H, m, Ar-H)c (CD;OD,
125 MHz): 22.5 (C@Ha), 22.8, 27.3 (Cht4 & C(CHa)y), 28.7 (CCHs),), 37.8 (C2), 41.1 (C2)),
53.5 (C1), 61.9 (C5), 63.5 (@H,Ph), 79.4 (C3), 79.5 (C4), 109.C(CHs),), 128.3, 129.3, 130.2
(Ar-C), 139.2 (Ar-Gua), 173.5 COCH); LRMS (ESI+ve): 419 ([M+NH]|*, 100%), 424 ([M+Nd],

60%).

N-Benzyl 2-C-acetomidomethyl-2-deoxy-1,5-dideoxy-1,5-imino-&-methyl-L -ribitol 196

Bn
N
Me'l/
HO
OH NHAc

N-Benzyl 2C-acetomidomethyl-2-deoxy-1,5-imino-3@-sopropylidene-4c-methyld -ribitol 247
(25 mg, 75 umol) was dissolved in water (0.25 mg &ifluoroacetic acid (0.25 mL) added whilst
stirring. T.l.c. analysis (ethyl acetate) after mthutes revealed complete consumption of starting

material (R 0.16) and a single major product; (R00). The solvents were concentrated under
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reduced pressure to give the title compodAd (18 mg, 82%) as a pale yellow oil, requiring no
further purification.

HRMS (ESl+ve): found 293.1860 [M+H] CieH2sN2Os requires 293.1855:]p** -17.8 €, 0.47
methanol) Vmax (thin film): 3385 (s, br, NH & OH), 1674 (s, C=Q); (D0, 500 MHz): 1.22, (3H,
s, CH-4), 1.89 (3H, s, NHCORB3), 2.16-2.25 (1H, m, H2), 2.88 (1H, a-t, HIL12.5), 3.01 (1H, d,
H5, Js5 12.3), 3.08 (1H, d, H5Js 5 12.1), 3.12-3.20 (3H, m, H1', H2' & H2"), 3.56 (1, H3),
4.30 (1H, d, CkPh, Jyem 12.9), 4.34 (1H, d, CHPh, Jyem 13.4), 7.43-7.49 (5H, m, Ar-H}ic (D-0,
125 MHz): 21.7 (C@Hs), 22.0 (CH-4), 35.8 (C2), 38.5 (C2'), 48.5 (Cl), 54.3 (C51.%6
(OCH,Ph), 69.4, 69.5 (C3 & C4), 127.8 (Argf), 129.3, 130.4, 131.5 (Ar-C), 174.6QCHy);

LRMS (ESI-ve): 291 ([M-H], 100%); LRMS (ESI+ve): 293 ([M+H] 100%).
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Appendix 1
NMR Data

NMR analyses were carried out by Dr M. Wormald treg University of Oxford Biochemistry
Department. NMR spectra were recorded on a VariaityINOVA 500 (‘H — 500 MHz:**C — 125
MHz) spectrometer, ifH,O, with a probe temperature of 80 Chemical shifts were measured
relative to internal standard$H( — acetone at 2.220 ppmiC — acetone at 30.9 ppm). Two-
dimensional gradient COSY, HSQC, HMBC and HSQC-TW@WCspectra were used to aid
assignment ofH and'°C spectra. ROESY spectra were recorded with a 49@niring time. All

chemical shifts®) are quoted in ppm and coupling constadsn(Hz.

Conformational Analysis of 2,4-Di-C-Methyl Arabinose, 2-C-Methyl
Arabinose and 2-Deoxy-2,4-Di-C-Methyl Arabinose

Analyses were performed on@methylD-arabinosel at pH = 6.3, 2,4-dG-methylL-arabinose?

at pH = 5.2 and 2,4-d-methyl-2-deoxyt-arabinose8 with pH = 7.4 Figure 1).

Oo._.OH O._ . oH O0._,OH Me o
\E/\[:OH —_— Ho/m Me.) | wOH __. HO™ “\"H~OH
HO\ E ,Me R |||Me HO Me —: Me
OH HO OH OH HO OH
2-C-methyl-D-arabinose 2,4-di-C-methyl-L-arabinose
1 2
0. .OH Me
\\o OH
Meu, —_— HO \
HO Me
OH HO Me

2-deoxy-2,4-di-C-g1ethyl-L-arabinose
Figure 1: 2-C-Methyl arabinosel, 2,4-di-C-methyl arabinose? and 2,4-di€-methyl-2-deoxy arabinos8,
The 1D*H spectra are shown Figure 2 and the'H and**C assignments are givenTables 1-3
For all compounds, the pyranose forms could betifieth by the HMBC peak between C1 and

C5H/C5H’, and between C5 and C1H, and the furafiosas could be identified by the HMBC
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peak between C4 and C1H. There was no evidenc&eofopen chain keto- form within the
detection limit in any of the samples (<2%). Theahose3-anomers of all three and the pyranose
B-anomers ofl and2 could be identified by the strong C1H to C2CNOEs. The pyranosp-
anomer of3 could be identified by the large trans-diaxial gling between C1H and C2H.

Reduced vertical scale
I 1

a)

B-pyr| 1 T T

L

o UL

5.0 4.5 4.0 3.5 2.5 2.0 1.5 1.0
Chemical Shift (ppm)

E

b)

B-pyr

g

B-pyr

Figure 2: 1D *H NMR spectra showing the spin-systems forahgyranosep-pyranoseq-furanose an-furanose.
(a) 2,4-diC-methyl-2-deoxyt-arabinoses; (b) 2,4-diC-methyldi-arabinose; (c) 2-C-methylD-arabinosel. The
vertical scales of the methyl regions have beenaed. The peak at 2.22ppm in each spectrum ismeefded as an

internal standard.
For thep-pyranose form of, the large’Juy coupling between C4H and C5H’ indicates that these
two protons are axial. This defines the ring comfation as-C,. Fora- pyranose form, the lack of a
large coupling between C4H and either C5H or Chidigates that C4H is equatorial and hence the
ring is in the?C; conformation. These conformations are those predion steric grounds both

having two axial and three equatorial substitudmi$ in thea-form the axial substituents are on the
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same side of the ring, whilst in tifgeform they are on opposite sides, hendg ratio is less than

one.

For theB-pyranose form o, the relatively high chemical shift for the C1Hggests that this
proton is equatorial and the large difference betw#he chemical shifts of C5H and C5H’ suggest
that the C1OH is axial. This suggests that the dogformation is'C,. For thea-pyranose form,
the relatively low chemical shift for the C1H sugtgethat this proton is axial, thus suggesting that
the ring is in theé"C; conformation. For thei-anomer, this conformation would be predicted on
steric grounds, placing four of the six groups ¢oual. For thep-anomer, the'C, and “C,

conformations both place three groups axial aneetlequatorial.

For thep-pyranose form o8, the large’J.y coupling between C1H and C2H indicates that these
two protons are axial. This defines the ring comfation as'C,, which also maximises the number
of equatorial substituents relative to axial subsfits. For the-pyranose form, the relatively high
chemical shift for the C1H suggests that this pragequatorial and the large difference between
the chemical shifts of C5H and C5H’ suggest that @1 OH is axial. This suggests that the ring
conformation is alsdC,, consistent with the identicdly coupling between C2H and C3H and
between C3H and C5H'. For tifieanomer, this conformation would be predicted @nistgrounds,
placing three of the five groups equatorial. Ferdkanomer, steric arguments would favour i6e
conformation rather than th&C,, however the observed peak broadening may indisatee

dynamic ring behaviour.

These results are summarisedrigure 3.
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a-furanose B-furanose a-pyranose B-pyranose

a) H  oH H H
KOH M7(e KOH M7(e 0 H 0 H
| HO Me HO MeO
OH H H
HO H H HO H H Me | Me |
7% 17% *15% 61%
b) 0|-I!I OH
Me o OH Me o H Me o HMe/0
H M OH M Me
Q 7 J HO-_\— OH  Mgis\ H
H OH H oH H oH
HO" H OH HO" § OH H ° H ° OH
9% 16% *46% *29%
c) H o OH H o
OH Me OH Ne
H OH
HO" H OH HO OH
21% 30%
d OH
) H o OH H o H H n
OH H OH H -0
H OH
H OH HO q
HO™ 4 OH HO N OH H oH
H H
3% 2% 60%

Figure 3: Ring conformations and relative populations fa dhpyranosep-pyranoseg-furanose an@-furanose
forms. (a) 2-deoxy-2,4-dc-methyl arabinos8; (b) 2,4-diC-methyl arabinosg; (c) 2-C-methyl arabinosé; (d)

arabinoset.! Drawn as.-enantiomers for clarity.

* - the ring conformations cannot be unambiguowdtermined by NMR.

! Angyal, S. J.Advances in Carbohydrate Chemistry and Biochemi8§4 15-68.
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H Chemical Shifts

C1H C2H C3H C4H C5H C5H’ C2GH C4CH

2-C-methyl-arabinosé

o-fur 21% 5.137 = 3.853 4.068 3.773 3.708 1.292 -

B-fur 30% 4.975 - 4.004 3.765 3.773 3.668 1.256 -

o-pyr 20% 4.584 = 3.685 4.003 3.871 3.658 1.285 -

B-pyr 29% 4.794 - 3.771 4.082 3.852 3.605 1.263 -
2,4-Di-C-methyl-arabinos@

a-fur 9% 5.074 -~ 3.921 -~ 3.55 3.55 1.292 1.23

B-fur 16% 4.958 - 4.069 -- 3.56 3.56 1.279 1.166

o-pyr 46% 4517 = 3.387 - 3.712 3.523 1.229 1.153

B-pyr 29% 4917 - 3.634 -- 3.884 3.456 1.303 1.199
2,4-Di-C-methyl-2-deoxy-arabinos&

a-fur 7% 5.260 2.44 3.959 -~ 3.403 3.403 1.049 1.296

B-fur 17% 5.126 2.317 4.06 - 3.522 3.484 1.057 1.22

o-pyr 15% 4.952 2.073 3.57 - 3.886 3.276 1.05 1.269

B-pyr 61% 4.679 1.852 3.596 - 3.68 3.437 0.993 1.327

Table 1: *H Chemical shifts of C-methyl-arabinoses (referenmeacetone at 2.220 ppm). Percentages were ¢stima

from peak area in th#d 1D spectrum.

13C Chemical Shifts

C1 Cc2 C3 C4 C5 cacC C4cC

2-C-Methyl-arabinosd

a-fur 21% 103.16 81.02 77.81 84.79 62.4 15.98 --

B-fur 30% 100.71 78.54 76.36 81.91 63.23 18.04 --

a-pyr 20% 98.32 73.96 74.59 67.31 63.85 17.1 --

B-pyr 29% 95.95 73.24 73.66 65.82 63.61 20.97 --
2,4-Di-C-methyl-arabinos@

a-fur 9% 102.26 81.76 79.23 86.62 67.86 16.6 19.61

B-fur 16% 99.55 79.72 78.49 84.47 68.7 19.24 18.37

a-pyr 46% 99.34 75.05 78.52 72.23 71.82 13.7 22.39

B-pyr 29% 97.63 73.14 75.09 72.12 67.05 19.99 22.93
2,4-Di-C-methyl-2-deoxy-arabinosg

a-fur 7% 100.23 42.65 75.44 88.6 67.75 8.02 19.52

B-fur 17% 103.41 45.11 75.83 87.75 67.85 9.85 18.49

a-pyr  15% 95.36 36.11 75.66 69.69 63.27  12.01 22.55

B-pyr 61% 97.17 39.28 76.02 69.88 68.28 12.77 22.84

Table 2: **C Chemical shifts of C-methyl-arabinoses (referertoeacetone at 30.90 ppm). Percentages were éstima

from peak area in th# 1D spectrum. Broad peaks in the 1D spectrum)
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Two and Three Bond J Couplings (Hz)

C1H- C2H- C2H- C3H- C3H- C4H- C4H- C5H-
C2H C3H C2CH; C4H C5H’ C5H C5H’ C5H’
2-C-Methyl-arabinosd
o-fur 21% - - -- 5.8 - 3.6 55 -12.3
B-fur 30% - - -- 6.7 - 3.3 6.5 -12.2
o-pyr 20% - -- -- 5 - 5.3 3.1 -12.3
B-pyr 29% - - -- 3.6 - 4.7 8.5 -11.5
2,4-Di-C-methyl-arabinos@
a-fur 9% -- -- -- -- -- -- -- nd
B-fur 16% - - - - - - - nd
o-pyr 46% -- -- -- -- -- -- -- -12.9
B-pyr 29% -~ -~ -~ - = - -~ -12.6
2,4-Di-C-methyl-2-deoxy-arabinos&
o-fur 7% 4.9 5.7 7.2 - - - - nd
B-fur 17% 6.5 5.7 7.2 - - - - -11.8
a-pyr 15% 3.3 2.6 7.1 - 11 -- -- -11.5
B-pyr 61% 8.8 2.6 6.9 - 15 - - -11.3

Table 3: Two and three-bondyy values ofC-methyl-arabinoses. Percentages were estimatedfea area in thiH

1D spectrum. nd — not determined.

Conformational Analysis of 3,5-Di-C-Methyl Glucose and Mannose

Analyses were performed on 3,5@imethyl glucose5 with pH = 7.5 and 3,5-dz-methyl

mannose with pH = 7.3 Figure 4).

Me
1y 0 OH
HO™

HO OH

M OH

3,5-di-C-methyl-L-glucose 3,5-di-C-methyl-L-mannose
5 6
Figure 4: 3,5-Di-C-methyl glucose5, and 3,5-di€-methyl mannoses.

The 1D*H spectra are shown Figure 5 and thetH and**C assignments are givenTables 4-6
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Figure 5: '"H NMR spectra showing the spin-systems fordhgyranosef-pyranoseq-furanose an@-furanose. (a)
3,5-di-C-methyl-glucose; (b) 3,5-diC-methyl-mannosé. The vertical scales of the methyl regions haventreduced

for clarity.

For all compounds, the furanose forms could betifiedh by the HMBC peak between C4 and
C1H. Three spin systems could be identifiedSptwo furanose and one pyranose, and fouGfor
two furanose and two pyranose. There are seveiralsgptems in the spectrum fbrat 5% or less
intensity, some of which are impurities but onendiich could be the other pyranose form. There
was no evidence of the open chain keto- form witiie detection limit (<2%) in any of the

samples.

The two furanose forms &fcould be distinguished by a C1H to C5£WOE for thea-anomer and
by a C1H to C3CENOE for thep-anomer. Thax-anomer also shows a larger NOE from C1H to
C2H than thg3-anomer. Fo6, the furanose-anomer could be identified by weak NOEs from C1H

to C6H and C6H’ and thg-anomer by a strong NOE from C1H to C2H. The pysafisanomer of
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5 and pyranose-anomer of6 could be identified by the large trans-diaxial jglng between C1H
and C2H. The pyranogganomers ob and6 show NOEs from C1H to both C3GHknd C5CH,.

The pyranose-anomer o6 shows NOEs from C1H to C6H and C6H'.

For thep-pyranose form o8, the large’J.y coupling between C1H and C2H indicates that these
two protons are axial. This defines the ring comfation as'C,, as expected on steric grounds with
five equatorial and two axial groupBigure 6), and is consistent with the pattern of NOEs from
C1H to the methyl protons. The-pyranose form would either have three axial groaip®n the
same side of the ring*@; conformation) or four axial and three equatoriabups {C,
conformation), possibly explaining why this formnst seen (i.e. is much less stable thanfthe

anomer).

The large®Jn coupling between C1H and C2H for thepyranose form o6 similarly defines the
ring conformation asC,, making it one of the few examples of a carbohtgngith an axial
CH.OH group. The pattern of NOEs from C1H to the mefhgtons suggests that tBepyranose
form of 6 is in the®C, conformation. Both these conformations are as @®peon steric grounds,
with four equatorial and three axial grougsgure 6). The alternative chair forms of the two

anomers each have four axial substituents in totdlding three on the same side of the ring.

These results are summarisedrigure 6.
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a-furanose B-furanose a-pyranose B-pyranose
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HO HO
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H H
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Figure 6: Ring conformations and relative populations fa dhfuranose an@-furanosep-pyranosef-pyranose

forms. (a) 3,5-dic-methyl glucose; (b) D-glucose (at 31°C); (c) 3,5-@-methyl mannoseé; (d) D-mannose (at 44°C).

Two and Three Bond J Couplings (Hz)

gluco H1-H2 H6-H6’ manno H1-H2 H6-H6’
a-fur 25% - - o-fur 50% 5.7 -11.5
B-fur 25% 8.3 -12.1 B-fur 25% 5.0 -11.5
a-pyr 0% 3.9 -11.6 a-pyr 17% 17 -12.3
B-pyr 50% 1.8 -11.6 B-pyr 8% <1 -11.8

Table 4: 33,4 Coupling constants (Hz) for 3,5-@Hmethyl glucose and mannose
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4 Chemical Shifts

C1H C2H C3 C4H C5 Cé6H’ CéH’ C3CGH C5CH;

3,5-Di-C-methyl-glucosé

a-fur 25% 5.514 3.844 - 3.885 - 3%5 1.429 1.281
B-fur 25% 5.120 3.835 - 3.840 - 3%5 1.405 1.315
o-pyr 0% - - - - - - - - -

B-pyr 50% 4,771 3.254 - 3.711 - 3.522 3.452 1.263 1.143
3,5-Di-C-methyl-mannosé

a-fur 50% 5.216 3.678 - 3.987 - 3.685 3.628 1.405 1.283
B-fur 25% 5.237 3.840 - 3.821 - 3.718 3.665 1.405 1.304
o-pyr 17% 4.985 3.362 - 3.355 - 4.254 3.580 1.250 1.356
B-pyr 8% 5.159 3.620 -- 3.867 - 3.561 3.491 1.314 1.167

Table 5:*H Chemical shifts of 3,5-dB-methyl hexoses (referenced to acetone at 2.22().fpencentages were
estimated from peak area in thé 1D spectrum'There are peaks at 3.69, 3.66, 3.64 and 3.62 ppdygublets with
couplingJd -11.6 Hz which can be assigned to be the C6 psadbthe two furanose forms.

13C Chemical Shifts

C1 C2 C3 C4 C5 C6 C3C  CsC

3,5-Di-C-methyl-glucosé

a-fur  25% 96.28 80.23 81.33 84.36 75.67 é6.7 22.01 21.61

Bfur  25%  100.26 83.90 80.42 86.71 75.27 66.7 21.47 21.70

a-pyr 0% - - - - - - - -

B-pyr  50% 91.70 77.67 76.30 73.42 78.08 67.79 15.79 14.55
3,5-Di-C-methyl-mannosé

a-fur  50%  100.10 82.20 78.85 84.67 75.86 66.60 23.05 R1.5

Bfur  25% 95.23 76.28 77.80 85.98 75.48 66.42 23.38 21.63

a-pyr  17% 91.42 73.23 75.15 74.68 80.93 63.54 21.21 24.06

B-pyr 8% 89.73 75.68 74.18 70.61 7785 68.34 19.74 14.28

Table 6:*C Chemical shifts of 3,5-db-methyl hexoses (referenced to acetone at 30.9(.gpencentages were
estimated from peak area in th¢ 1D spectrum® There are peaks at 66.67 and 66.69 ppm which eassigned to the
C6 of the two furanose form$Not visible in the 10°C spectrum, measured from the HSQC and HMBC.
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Appendix 2

Contents of CD Appendix

The first 9 structures directly relate to this paj the remainder were run for members and
collaborators of the Fleet Group.

File Name Structure Chemical Name
o._o
Me.,. OAc 2-O-Acetyl-2,4-di-C-methyl-3,40-isopropylidene--
Acetate o “Me arabinono lactone
A(o
Me, Me
HO OH 1-Deoxy-2,4-diC-methyl-3,40-isopropylidene:-
Arabinitol Me'')—\'H arabinitol
o8
o0 2 4-Dimethyl-3,40- id binono-1,5
k) - - ) - e:- - ) -
£63-01128 Me'mOH Iactor:rene y isopropylidene:-arabinono
Q Me
A(o
740 Me
£63-02204 0 O _o 2,3:5,6-DiO-isopropylidene-3,5-d&-methyl-_ -
Me——/ mannono-1,4-lactone
740 Me _ _ .
£63-02424 o 0 3,5-Di-C-methyl-5,60-isopropylidene--glucono-1,4-

lactone
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3,5-Di-C-methyl-5,60-isopropylideng--mannono-

o (o]
- o
E63-02427 \)Sj 1,4-lactone
Me < -
HO OH
o__on HO
E63-03592 Me: ., .OH 2,4-Di-C-methyla-L-arabinose monohydrate
HO Me
OH
0. ..OH
Me: ., - - - i - ~-06=- -l -
E65-0570 O)/\[J\Me 2 De_oxy 2,30-isopropylidene-2,4-dE-methyl$-L
arabinose
A(o
o._o
HO Me 2,3(9-0-Benzylidene-2c-methylD-ribono-1,4-
E65-02199 o 5 lactone
Ph
o0 2,3-0O-Isopropylidene--apiono-1,4-lactone
- /M
E63-01056 HO o o [(3S49)-3,4-dihydroxy-4-(hydroxymethyl)-3,4-db-
X isopropylidene-4,5-dihydrofuran-2(3H)-one]
O. _OH 1-Deoxy-4C-hydroxymethyl-3,40-isopropylidene-
"M L-ribulofuranose
E63-02165 /"
HO °)<° [(2R,3S,49)-4-(hydroxymethyl)-3,40-isopropylidene-

2-methyltetrahydrofuran-2,3,4-triol]

250



2-Azido-(R)-3,5-0-benzylidene-2-deoxy-Z-methyl-
D-xylono-1,4-lactone

E63-02168
Ph O Me [(2S4aR, 7R, 7aR)-7-azido-7-methyl-2-phenyldihydro-
4H-furo[3,2-d][1,3]dioxin-6(4aH)-one]
0 \\‘OH
¥ ;_\< 2-C-Hydroxymethyl-2,30-isopropyl-idene-3z-
- Me
E63-03386 o><) \OH methyl$-L-erythrose
W
N{_cooH _ .
E63-03717 H,0 (2R,39)-3-HydroxyN,N-dimethylproline monohydrate
OH
OH (2S,3R,4R,59)-3,4,5-Trihydroxypipecolic acid
HO, OH dihydrate
E63-03783
N~ NCOOH [(2S3R,4R,59-3,4,5-tri-hydroxypiperidine-2-
H carboxylic acid dihydrate]
;O; _0
HO O O
E63-04121 2-0O-(4,4’-Dimethylbenzhydryl)--erythronolactone
o0_o
T
£64-026 ph%O O 2-0O-Benzhydryl-3,4-§)-0O-benzylidened-lyxono-1,4-

lactone
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E64-01010 1-Deoxyb-arabinitol
HO OH
E64-01012 IZzil-gt;)BrlznzhydryI-3,4-(S)-O-benzyI|dene|3-xylono-1,4-
Me
HO
E64-01385 OH o 6-Deoxy-«a-L-talopyranose
OH
OH
H :
° OH 1-DeoxyD-galactitol
E64-01429 OH
HO [L-fucitol]
Me
N OH
3 6-Azido-6-deoxye-L-galactose
E64-01568 | .0 °/ on
HO [6-azidoi-fucose] monohydrate
OH
Me
—OH .
| OH 1-Deoxy+-mannitol
E64-01705 HO ]
HO— [6-deoxy+-mannitol orL-rhamnitol]
—OH
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3-0O-Benzhydryl-2,5-dideoxy-2,5-imino-2-methyl-

E64-01902 L-lyxono-1,4-lactone
Ve o
HN
Me o
HO HQ// O'Bu
E64-02011 —= O tert-Butyl 2-deoxy-4,50-isopropylidenea-gluconate
N=N
N/~CO,Me | (455R 6R)-Methyl 4-hydroxy-4,5-iso/
E65-0610 propylidenedioxy-4,5,6,7-tetrahydro-1,2,3-
HO O 7& triazolo[1,5-a]pyridine-3-carboxylate
OH
E65-01755 2,6-Dideoxy-2,6-imina:--glycerob-ido-heptitol

HO, Elj OH
HO\\\\\ N /'/,/OH
H
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The following articles have been removed from the appendix of this version of the thesis for copyright
reasons:

Hotchkiss, D. J. et al. (2007). 'Green aldose isomerisation: 2-C-methyl-1,4-lactones from the reaction of
Amadori ketoses with calcium hydroxide', Tetrahedron Letters 48(4), 517-520. Available at
http://dx.doi.org/10.1016/j.tetlet.2006.11.137

Booth, K. V. et al. (2008). 'Carbon-branched carbohydrate chirons: practical access to both enantiomers
of 2-C-methyl-ribono-1, 4-lactone and 2-C-methyl-arabinonolactone’, Tetrahedron: Asymmetry 19(20),
2417-2424. Available at http://dx.doi.org/10.1016/j.tetasy.2008.10.013

Booth, K. V. et al. (2009). '‘Doubly carbon-branched pentoses: synthesis of both enantiomers of
2,4-di-C-methyl arabinose and 2-deoxy-2,4-di-C-methyl arabinose using only acetonide protection’,
Tetrahedron Letters 50(36), 5088-5093. Available at http://dx.doi.org/10.1016/].tetlet.2009.06.098
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