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Abstract

Iminosugars are naturally occurring polyhydroxylated alkaloidsese natural
mimics of carbohydratehave foundclinical use with their biological activity
mainly attributed to thir inhibition of glycgrocessing enzymesThe
background to this thesis andthe intramolecular tandem allylic azide

rearrangemerit Huisgen cycloadditiomrediscussedn Chapter 1.

Chapter 2 describes the synthesi$ iminosugar derivatives from-gluconot-
lactonewhich is an extension of work carried optreviously in the Mushy
group for the preparation dfi-deoxyminosugars. This route was particularly
successful in thehighly stereoselectivepreparation of iminosugarfused to
triazolesfrom an intramolecular reangementycloaddition betweeazide and
alkyne groups However the rearrangementycloaddition betweerazide and
alkenegroupsbased onintermediates with thglucose configuratiorsuffered

from poor yields.

An alternative route using a zimsediated reductive fragmentation reactitom

a variety ofcommerciallyavailable sugart preparallylic azide precursorgas
next explored. This is discussed irChapters 35, which also describethe
rearrangementycloaddition reactions of these intermediatesvhich lead to
iminosugars based on glucose, mannose and gsdéadtbe importance of a
conformational constraint to achieve the cycloaddition emerdeghin, the
cycloaddition of the glucose intermediates was affected by poor yitbadeever,
results with the mannose and galactose derivatives were more proriisang.
stereoselectivity was assigned usMNIR coupling constant§ly;-q2 and Jei-
valueg, NOEs, X-ray crystallography and comparisowgh analytical data for
compounds already described in the literature. The stereoselectivities were
rationalisedwith the ad of models built using molecular mechanicBhe

synthesis of a naturél-glycoside iminosugawas achieved.

Overall this thesis demonstrates tha@llylic azide rearrangement carried out in
tandem with Huisgen cycloadditias diastereoselectiven ring formation and

should be useful in organic chemistry.
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Introduction to Iminosugars
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1.1 General Overview of Iminosugars

Iminosugars are polyhydroxylated alkalgidhey are thenatural mimics of
carbohydratesn which the endocyclic oxygen atom has been repdlagéh a

nitrogen aton{Fig 1.1). This simplechangdeads tassomeremarkable biological

OH OH
OO HO&&
OH OH

Fig 1.1 Glucoseand its natural analogue, Nojirimycin

properties.

The first synthess of thesecarbohydrate analoguéy Paulsert 2 Jones * and
Hanessin® °® and their discovery as natural produsysinouye' ® wasreported in
the 196@s.

The growing research on iminosugais a result oftheir ability to inhibit
glycopracessing enzymes *° Inhibitors of these enzymes are important
therapeutic targets for the treatment of the associated diseases such as cancer,

diabetes, lysosomal storage disordersranel genetic disordefs$ *

Due to their potential in medicine, a large number of synthetic approaches
towards piperidines have been developed in order to generate biologically active

analogues®*®

These small molecules argghly functionalised andtereochemicallgomplex,
making them challengingynthetictargets This thesis is concerned withnovel
stereoselectivesynthesis ofC-glycoside iminosugars fromimple carbohydrate

building blocks
1.2 Natural Occurrence

There are ife main classes of iminosuga piperidines, pyrrolidines
pyrrolizidines, indolizidines and nortropane@~ig 1.2); of which the

hydroxylated piperidines will be the focus of this work.
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Nojirimycin Fagomine Mannojirimycin Galactostatin

Pyrrolidines Pyrrolmdmes

HO,  OH HOo,  OH H
OH
b\/ HO\\\"b\/OH
N N
H H

1,4-Dideoxy-1,4- 2,5-Dideoxy-2,5-imino-
imino-arabinitol (DAB) mannitol (DMDP) Australine Alexine

Indolizidines

Ty oH OHy, oH HO OH
N HO G HO NH NH
N - N
HO' HO

Swainsonine Castanospermine Calystegine A3 Calystegine B,

Fig 1.2 Naturally occurring iminosugars

Most naturallyoccurring polyhydroxylated alkaloids have been isolated from
plants, with a few isolated from bacteria and fufigiojirimycin (NJ) was the
first iminosugar to be discoveréal 1966 isolated fromStreptomyce$" % It has
antibiotic and annicrobial properties and was also found to be a potent inhibitor
o f - alh dgludosidases as might be expeetl from its stuctural resemblance

to glucoseThis potent inhibition of a culture broth &treptomyceslsoled to

the isolation ofnannojirimycirf* and galactostatif?

Theisolation of other hydroxylated piperidine alkaloiderh plants and micro
organisms quickly followed Fagomine was isolated from Faggoyrum
esculentumin 1974%° 1-Deoxynojrimycin PNJ) was isolated fromMorus in
19767’ it hadpreviouslybeen synthesisealy Paulsen in 1967 It was also later
found to be produced by bacterBacillus® and S. lavandulag® Swainsonine
was isolated fromSwainsona canescenis 1979%" Castanospermine was

discoveredn the leaves, seeds and barlCafstanospermuraustralin 19813

In recent years, there has been an increase in the number of novesalaés

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

natural products.
1.2.1Iminosugar C-Glycosides

An exactiminosugar mimic of a glycoside structurége nojirimycin, would
result in a labileN,O-acetal functior(Fig 1.3), makingthemunsuitableprobesin

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

OH OH
HO  _~ B
OH HO OH
A NH .
HO' HO™ ™ NH
OH O

Fig 1.3 Hemiacetal structures of nojirimycin

The Xdeoxy iminosugarsadk the hemiacetal function of N&hich increases
their stability. As a result, most of the synthetic targets h&embased on these
deoxyiminosugars. Aralternative is to replace the oxygen of the iminosugars
pseudeanomericcente for a methylene group resultiing a stableC-glycoside
mimic (Fig 1.4).%®

oH OH oH
HO oH HO_~ on ° OH
HO' NH Hom HO' NH
SO;H CH3R
bisulfite 1-deoxy C-glycoside

Fig 14 Stable iminosugars

IminosugarC-glycosides provide the opportunity for the synthesis of a stable
class of azanono and dsaccharides which may have more potent and/or

specificity in comparison to tr@mplerl-deoxysugars
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OH OH OH OH
HOL__~ HO\__~ A
OH oH O "C(\OH HO OH
- NH NH - -
HO' HO HO" ™ NH HO' NH
< H
OH OH SOH CaHo
1 a-HNJ 3 o-HMJ 5 a-HAJ 6 B-1-C-butyl-DGJ
2 B-HNJ 4 g-HMJ
OH OH OH OH
HO\__~ HO__~ :
OH Ho HO OR
NH OH
K NH NH . NH
HO B HO Ruo\‘
:\ HO n H
OH “OH
7 Adenophorine 8 B-1-C-ethyl-DMJ 9 Batzellaside A, B, 10 R = B-D-glucose, R'= H
C(n=3,7,9) 11 R = H, R' = B-D-galactose

Fig 1.5 Examples of raturally occurring C-glycosides**°

The first naturally occurring C-glycoside to be dicoveredfrom a plant
Omphalea diandraw a s-hordonojirimycin (JHNJ) (1) (Fig 1.5.*! It is an

s§"*anda mor e glpcesidasé inhibitot)

inhibitor of U- andb-glucosida
than DNJ*® The alternative positioningf a substituent linked to & rather than

to the endocyclidN-atom leading to a stronger influence on the piperidine ring,
may explain the improved results observed with iminos@yglycosides Also,
morefavourable interactions witthe enzymelipophilic pocketmay be achieved

with this alternative, perhaps improveabsition of the alkyl chaifi®*

Both - @ n d-honbomannoijirinycin (HMJ) (3 and 4), were isolated from a
member of the genusglaonemain 1997* and in 1998 from the bulbs of

Hyancinthus® They aremhibitors o & n dinabnosidases respectivéfy.

Adenophorine (7), a naturally occurringC-glycosides bearing a lipophilic
substituent at thé-position was isolated fronthe roots ofAdenophoralt is a

goodgalactosi dase i ndglycasidasednhibiteafn d moder at e

HomogalactostatifHGJ) (Fig 1.6) has not yet been isolated fromature Both
anomers were prepared by Martin andwaarkers?> *® HGJ retains the potent
activity of its parent GJand GJ as an -gambtasitases,dut noodf U
b-gal act o4iGJd a $ & s -galasiosidake inHibitoDerivativesof HGJ
havebeen isolatedsuch as a galactostafihb-1-C-butyl-deoxygalactostatiii6)

andbatzellasidg9); it seems likelyJ- a n dHGBwill be discovered naturally.
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12 o
13

Fig 1.6 Homogalactonojirimycin
1.3 Biological Activity and Therapeutic Applications

Natural andsynthetic pipedines inhibit oligosaccharidprocessing enzymes:
glycosidased® “® glycosyltransferase® *° glycogen phosphorylasgs™
nucleosideprocessing enzymgé *° a sugar nucleotide muta¥e °’ and
metalloproteinasé& These enzymes aisvolved in a whole range of essential
biological transformationsand nhibition of these enzymes can disrupie
biosynthesis of oligosabarides interferingin all of these processaslt is these
biological properties thatontribute toiminosugarsbeingimportant therapeutic
agents in the treatment of canceriabetes® viral diseases such as HIV,
hepatitis B andC,?® lysosomal storage disordeircluding Gaucher disease®

and Fab r $andrard dissrdess such@stic fibrosis®®

Their reserblance to carbohydrates allows iminosugarée recognised by and
interact with carbohydrate receptors without being processed by the pathways
that they target. They can beatsported by carbohydrate transporters, are
normally well absorbed and can cross the bibman barrier, have both chemical

and metabolic stabilityare watersoluble (polar natujeand are normally

excreted unchanged from thedy®

Iminosugars have long been used as medicines, even before their discovery.
Medicinal preparations of the mulberry plaint17" centuryChina were usetbr

the treatment of diabetels.is now known thasomeof the major components of

the leaves oMorus alba(white mulberry) are iminosugars such as DNJ iad
glycosides® This led to the preparation of derivatives of DNJ in modern

medicine as inhibitors with increased activity against diabetes and the eventual
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release of a marketed drug Miglitol (GlyE&tBayer) in 1996 for type Il diabetes
(Fig 1.7).

N N
HO ~

Glyset (Bayer) Zavesca (Actelion)
Type Il Diabetes Gaucher's Disease
a-glucosidase inhibitor Niemann-Pick type C

Glucosylceramide synthase inhibitor
Fig 1.7 Marketed Iminosugar Drugs

Also based on-DNJ is Miglustat (Zavescd', Actelion), an oral administered
drug approved 2003 for Gauchedisease It has been approved in certain
countries for the treément of Niemann Picks disease aisdcurently being
investigated to treat Ta$achs disease angstic fibrosis. There are many

examplef iminosugarsn various stages of clinical trial&ig 1.8).

OH OH OH OH = oH
HO\O) Ho\é"\\\ H =
‘ AN, 0 OH
HO N\/\/ HO' s ~ N
Miglustat UT-231B Swainsonine
(Actelion) (United Therapeutics) (GlycoDesign Inc)
Phase lla Cystic Fibrosis Phase Il HCV Phase Il Renal cell cancer
OH ., oH OH '
o T - HO
HO : HO OH OH
Q NH NH
/\)\\ o >N HO™ HO"
. Duvoglustat (DNJ) Migalastat (DGJ)
| . .
(I\C/"Zg;i';’r:g) (Amicus Therapeutics) (Amicus Therapeutics)
Phase Il HCV Pompe's desaes Fabry's disease
Phase Il monotherapy Phase Il monotherapy
Phase Il ERT combination Phase Il ERT combination

Fig 1.8 Iminosugars currently undergoingclinical evaluation

Although there are encouraging resuliiability in activity and specificity/poor

clinical selectivity resulting in considerablgideeffects has hampered the
developmenbf iminosugarsn clinical applications. There is a need to identify
new targets wh improved activity and selectivity and difficulties in their

complexities in synthesis and purificatitmovercome.
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1.3.1 Glycosidase Inhibition

Iminosugars are mostly recognised for their ability to inhibit glycosida$es
(Table 11). Glycosyl transferases and glycosidagesenzymes thattalyse the
formation and hydrolysisof glycosidic bonds. The general mecharssfor

inverting and retainingg | y ¢ o s i-glyaosidasg ar¢ dhown (Fig 1.9 and

1.10).

T il T
z 5 &
o (H 0" 7o 5 H-0" 0 0@ ©
0
v S L Ub& o o
HO R = | Ho PO —
H b HO
’ o? oH |
0, HHS o}
H ! R
oj;o(f/‘ oi 0% oj OH

Fig 1.9 Inverting glycosidases

Inverting glycosidases operatga a singledisplacement mechanism in which
water attacks the anomeric center and displaces the aglycone. This is assisted in
t he e nzy miekedyptwoacarbokyliceacid residues from either aspanti
glutamic acid side chainsne of the carboxylic acids acts as a general base for
the attacking water molecule and the other msaeid that protonates the
glycosidic bond. Displacement of thelyapne by water produces the hemiacetal

productvia an oxacarbeniumion-like transition state.

5 8 5
N‘ :57
o ( YN\ Q H 0
N HO N >0~ Aot p N——
HOW/O\R — I R = Ho* y —~0-H == HO/\A/OH

( o ;
Oio@ j: OI c‘LR Oj:OH R
Fig 1.10 Retaining glycosidases

Retaining glycosidases operatéa a double displacement mechanisthat
involves a covalent enzynglycosyl intermediateA narrower active site does
not accommodate watenitially and instead the carboxylic acid group positioned

closer attacks the anomeric site to produce a covalent erglycusyl
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intermediate. The agton diffuses out of the active site and in a second step a
water molecule attacks the anomeric centeder base catalysis of the remaining

carboxylate’ °%¢7

It is thought that iminosugars can act as transition state inhibitors by mimicking
their carbohydrate analogues. An iminosugar of identical somilar
stereochemistry to that of a natural carbohydrate is often, but not always, a

specific inhibitor for the associated processing enzymes.

Iminosugar Glycosidases Inhibited

h-glucosidases (including isomaltase, maltase, sucrase,
1-DNJ trehalase, in8 NIi I 8 S0 £ 3t dA3 2dad2Ral AR
YIyy2airARYWERIEEC| OG 2 &-Audedidass a =

h-glucosidases (including sucrase, maltase, isomaltase ant

NJ 'Yét I-36dz0 2 & AgldctasBiasasy-dcetyH -D-
glucosaminidases

h-HNJ h-EItc{zéZéAvlv?l-éAAé OAYyOf dzRAY3 &
3 dzO 2 a AgRldctaskiases, lactase, glucosidase | and Il

I -HNJ i -glucosidases

1-DMJ hyl yy2aARIaSa ofMdosilgsed aARI &S

MJ h-mannosidases

h-HMJ h-mannosidases

i -HMJ I -mannosidases

1-DGJ h-galactosidase

GJ h-galactosidases -galactosidases

h-HGJ h-galactosidases

Adenophorine h3 | £ OG 2-glukoRitlageS = b
h-glucosidases (including maltase, sucrase, trehalase,

DMDP A Y &S NlidluéoSidages (cellobiase), human lysosomal
YIyy2aA-HI 8§65 8®M 2 &yloftdaseSa ~ |

Fagomine h-glucosidases (including isomaltase and sucrase)

h-glucosidases (including amyloglucosidase, sucrase, malt
Castanospermine Aaz2yYlrtadl évS b2 vij NB K I f I-Vé,S zZ-lYye
glucosidases A y Of dzZRAy 3 €I Ou-l asS |y
3t dzO2 OS NB axpNRidageR I 4 S = i
Swainsonine h-mannosidases
Disaccharidél & Ld§lucdsidases (amyloglucosidase and

Alexine i NB K I tghlactBsidases

Australine Disaccr]aridé] Aé LJ@ucd‘sidasgsvamylog!uvcosidAaAse sucrase,
YItaFasoz 33{idi2@Ad ‘BRdadstidses |

Calystegine A i-3f dzO 2 & AgRactasBldisss |

Calystegine B h.3f dzO2 & AgRdosidasass |

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

in many diseases.
1.3.1.1 Antiviral Agentsand Peptidomimetics

Many viruses are enveloped; their protein capsids are contained in a membrane
composed of glycoproteins, which maklkem susceptibleto inhibitors of
glucosidasesA number of iminosugarkave been shown texhibit anttviral

activities, particularlytowards Himan Immunodeficiency virus (HIVFf "°

HIV encodestwo glycosylated envelope proteins, gplaAd gp4l. During
infection, gpl120 undergoes a conformation change upon binding to CDA4,
exposing gp41. This leads to fusion with the host cell and uptake of the virus into
the cell. Compounds thatlisrupt this interaction prevening viral-cell contact

have potential as antiiral agents foHIV."*

Treatment of HIV infected cells witiN-butyldeoxynojirimycin blocked viral
infectivity in vitro. The conformationathange of gp120 on binding to CD4 did
not occur ad this prevented fusion of the host cell with the vifu& However,

a key challeng&vasto develop potency without compromising toxicity.

Mootoo and ceworkers preparedC- and azaC-gl ycosi de a-nal ogues
galactosylceramideontaininga simple G17 hydrocarbon chain as a ceramide

substituteto determine thie binding to HIV gp120(Fig 1.11).”* They reported

thatthe azaC-glycoside derivative belowinds HIV-1 gp120 with comparable

or hi gher -gafadtosyiceranyde.t han b

OH
H
HO” ™ o/\.)\/\(CHZ)1ZCH3
OH

NHCOR

-Galactosylceramide
OH P yiceram! OH

HO N/\/\/\/(CHz)mCHs HO NH

HO” ™ HO™ ™ (CH5)1oCH3
OH OH
Fig 1.1 1 -Gélactosyceramideand iminosugars containing lipids

10
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Previous work carried out in tHdurphy group has based peptidomimetics on
iminosugars such as DNJ and DMJ as ligandsdoratostatin receptors and HIV
protease” Peptidomimetic research has a goal of developing active comgound
with improved pharmacokinetiqroperties. The general principle is that
pharmacophoric groups are grafted onto a nonpeptide scaffold, which can orient

them in the directionf their respective binding substra{ésg 1.12."

HoN

HO

Somatostatin
HOI--<: NH
1-DNJ HO"

Fig 1.12 Peptidomimeticsbased on 1DNJ

Chey and Murphy” "® designedan inhibitor based on the naturally occurring

glycosidase inhiibor, 1-deoxymannojirimycin(Fig 1.13.
P4

- Binds to
| aspartic acids
aspartlc acids Charged and
H-bond “

H-bond donor

acceptor
OH
(0]

. Py
P, !

Fig 1.13Design of carbohydrate and iminosugar peptidomimetics

There areadvantages of using DMJ or other iminosugak&r the pyranosides

as scaffolds in peptidomimetic desighhe iminosugas could be charged at
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physiological pH’® pharmacophoric groups can be grafted to the ring nitrogen
and they can act aviydrogen bond donsr This contrasts withcarbohydrate
scaffolds, where the pyranose oxygen atom has hydrogen acceptor potential.
Molecular modelling indicatethat the protonated nitrogen could hydrogen bond

with a carbonyl group of M-protease amide backboffe®
There is potential to base scaffotatsiminosugaC-glycosides.
1.31.2 Anticancer Agents

Cancer is dregulatedcell growth or cell migration that can be caused by
mutagens, infections and virusebreatments includesurgery, radiotherapy,
chemotherapy orimmunotherapy Inhibitors of tumour metastés and

angiogenesis are important as suitable druglicates for ancer treatmeri¥:

Iminosugardhave beeshownto interact with enzymes involved in the metabolic
pathway of glycans responsible for tumour cell ingasiand migration.
Nojirimycin, swainsonineand castanospermine were all found to behave as
competitiveinhibitors of N-linked glycan processing in the Galgind reduced
invasion and inhibited tumour etastasisSwainsoningthe lowest toxicity of the
three, reached phase fttials; however as a result of their inhibitory activity

towards allN-linked glycan biosynthesis, the side effects were too séVere.

SiastatinB is a naturally occurring-N-iminosugr thatresembles -glucuronic
acid. Nishimura has synthesisggmdiamine tN-iminosugars as a new class of
glycosidase inhibitor&"®® Two gemdiamine 2N-iminosugars have been
identified as inhibitors of an enzymeheparan sulfate synthesis, which could be
of therapeutic benefit for treating tumagnowth and metastasigsig 1.14).%

O

OH
COxH HO,C O\H/NH A4HCI HO,C O\H/N
o w HN\m\( HN\m\( -3HCI
NHCOCH,3 HN)\NHZ NHAc HN%I\NHZ NHAc

Siastatin B

Fig 1.14 Uronic acid-type iminosugar inhibitors
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Murphy and ceworkers synthesiselybrids of :DNJ and 5aryl-1,2,3triazole
as bifunctional inhibitors of angiogene&¥s®® One bifunctional compoundas a
more potentnhibitor of angiogenesim vitro than either IDNJ or 5aryl-1,2,3
triazole alone. This  compound, N-(8-(3-ethynylphenoxy) octyl-1-
deoxynojirimycin(Fig 1.15), was shown tsuppresses growth and mitjoam of

human lung cancer ceff%*

OH

o NW\/\/\
HO O A

Fig 1.15 N-(8-(3-Ethynylphenoxy) octyl-1-deoxynojirimycin
1.31.3 Lysosomal StorageDisorders and Pharmacological Chaperones

Lysosomal enzymes are synthesised in the ER and are responsible for the
degradation of oligosaccharides, glycolipidsglycoproteins and other cell
componentsA mutation in a lysosomal enzyme can lead to lysosomal storage
disorders, such as Gaucher diseaseFabr y 0 s -Sddhs diseasee or T ay
Pompeds di sease. T hese cataltically ecdnpetemt,z y me s
can beunable to pass the quality control mechanisms ofEBRe resulting in

reduced lysosomal trafficking, substrate accumulation andlaetdysfunction.

Gaucher disease is an autosomal recessive lysosomal storage disordebygaused
a deficiency of b-glucocerebrosidase (Gcase). It is characterised by the
accumulation of glucosylceramide leading t®vere symptoms such as
hepatospleomegaly anemia and skeletal lesions in type | and neurological
manifestations in type Il and Ill. Enzyme replacenmtbetapy(ERT) is effective

for type I. Currently there is no available enzyme or substrate replacement
therapyfor type Il and Illdue to the diiculty of delivering the enzyme/substrate

to the CNS?

Ovelkleeft and ceworkers synthesised a series of lipophil@-glycoside
iminosugarsas glucosyltransferase inhibitofsA -dzaC-glycosde analogue

(Fig 1.16) showed improvednhibitory potency for glucosylceramide synthase
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over the therapeutic ageni-butyl-1-DNJ currently marketed for Gaucher
diseasé® %

OH OH
HO,
HO" o HOY
OH OH

ICSO =9 },lM |C50 =50 MM

Fig 1.16 Enzyme inhibition of glucosylceramide synthasealues for b-
adamantan-1-yl-methoxy-1-DNJ and N-butyl-1-DNJ

An alternative therapy available now is the useyafrbphilic activesite specific
chaperones ASSCs) or pharmacological chaperones (PCShese are small
molecules that bindo the active site of mutant lysosomal enzymes in the ER,
stabilizeand induce theiproper folded conformatioffig 1.17).%°

Iminosugars can be effective ASSCs; they display high affinities to the biological
active site of thie target proteins, they diffuse easily into the cell, they are

reversible inhibitor@nd they can cross the blebdain barrief?

, Ribosome
mMRMNA
— Endoplasmic reticulum membrane
Lumen C ’J
Protein—=’ i
(a) Correct folding l e (b) Misfolding and mis-assembly

and assembly M

- — Mutant .
- — protein Iminosugars as
> Chaperones

.

Golgi apparatus Degradation Golgi apparatus

Fig 1.17 Iminosugars as pharmacological chaperones
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Fan et al. have reported that-6-nonyl isofagomineis the most potent Gcase
inhibitor to date(ICso= 0.6 nM)(Fig 1.18).%°

Hydrophobic
domain

NNV
Sow )

HO NH;

\ O
Carbohydrate O—(
domain Glu34°

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

Recently, aseries of O-alkyl iminoxylitol derivatives were synthesised and
compareda s -Gdase inhibitors. A structwactivity study showed a draatic
influence of t he p o sCil,tO2,008 ordO4) onh humana | k y |
Gcase inhibition, with @D-alkyl derivatives as the most promising class of
compounds for ASSC theraflig 1.19).%" %

OR¢

R%0
R2o‘:Q\j Rs

OR!
R1345 = H, Ry = Hexyl
|C50 =9nM

Fig 1.19 2-O-alkyl iminoxylitol compounds
1.31.4 Rare Disorders- Cystic Fibrosis

Cystic fibrosis (CF)is anautosomal recessive disordeaused by mutations in

the gene encoding the cystic fibrosis transmembrane conductance regulator
(CFTR). These mutations cause lowered expression and activity of CFTR,
affecting the exocrine organs, mainly the lungs amgstive system The most
common CFTR mutationdéIF805 results in improper folding in the ER and
subsequent degradatio@ompounds that correct the folding and trafficking
defects in the CFTR are of great interest as potential therapeutic agents for this

diseme®® %
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Ireland has the highest incidenad CF in the world with 1 in every 10,000
peoplediagnosedvith the disease and 1 in 19 classed as carriers. This is almost
four times he average of every EU country and the US. There is no cure and

currently life expectancin Irelandis 25 yeas.'®

Becq and caworkers showed that miglustéfig 1.20) restored transport and
activity of the CFTR in cells and temporarily reliedethe effects of the
disorder'®* 1% Clinical trials were initiated in 2007A study in 2009 showed that
daily treatment of low concentrations of miglustat for 2 months results in
progressive, stable, reversible and sustained correction of del F508 CFTR

trafficking.*®3

OH HO ~ OH

HOL - 7—5
\@/\OH HG
N
HO" N\/\/ H

Fig 1.20 Miglustat and isoLAB

Preliminary studies show that4-dideoxy-2-hydroxymethyt1,4-imino-L-threitol
(isoLAB) partially rescues the defective del F508 CFTR function and may have a

role against CE**
1.4 Synthetic Strategies

Challenges when considering the preparation of iminosDggycosides:

1 the(piperiding ring must be generated efficiently

1 multiple stereogenic centres must be obtained with high stereochemical
control

1 protecting groups must learefully consideredue to the lgh density of

functional groups

There are two general approaches to thmgparation through asymmetric
synthesis,introducing stereocenters or chiral pool, beginningm a chiral
starting materialwith the appropriate stereochemistry already in planee to
their similarities and availability, carbohydrates hde&e=na common building

block for iminosugar synthests 8% 105108
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General synthetic strategies oefed in the literaturean be dvided into two
main categories depeimg on the disconnections madettwe retrosynthesi€¢5
N or C1N disconnection Kig 1.21) and C1-CH,R disconnection(Fig 1.22).

Disconnecting at @, a final ntramolecularcyclization is used to build the

iminosugar ring. Double and singleductive aminatiorhave been the most

popular methoaf cyclization. Activating a leaving group resulting in cyclization

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

approach has been less exploitéd.

Pino- Gonzalez Fleet 1992

2003, 2008

o

Nicotra 1995
Dondoni 2003

NHR
EWG \ / LG
Armstrong 2000
Zou 2005, 2007 CHR
Johnson 1998
g
CH,R
—»
NHR
Fleet 1998 Ganem 1991
Overkleeft 2003
NHR
N3 —
Liu 1987
o~ O Martin 2001

OR
0
_0
Fleet 1989 %CHZ

NHR
Johnson 1994, 1997
Nicotra 2000 Martin 1996
Compain, Martin 2000 \/g3n Boom 1999
Mootoo 2001
Overkleeft 2007

N3
CH,R
CH,R I

Compain. Martin 2005

Fleet 1989, 1999
Effenberger 1990

Vogel 1996

Wong 2001
Fernandez-Mayoralas 2006

Fig 1.21 Synthesisvia C5-N or C1-N key disconnectiori®
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PG %
N__OR N F 3
Schmidt 1997 ;/HJ/\
J\‘/Dhnslfn11;:§ Shankar 1993
(;?5831 998 l Bt = benzotriazolyl
Cralg 2000
Fmoc
JLIJ_ng? 3331 Sh|pman 2002
ui
Wong 1995
Vasella 1999 /Ig\ Davis 2003

Wong 1997
Wightmann 2000
Sztaricskai 1993 Overkleeft, van Boom 2005

Fig 1.22 Synthesisvia C1-CH>R disconnectiorf

The use of ahermally promoted imémoleailar 1,3dipolar cycloadditionsn the
synthesis of iminosugaC-glycosides have been reported bfleet® and
Overkleeft’. Cycloaddition of an azidoester and subsequent sodium

cyanoborohydride reducti on -lgMI(Sehenaen ei ght
1.2).

N; O
—_—
O O |
CO,Me
3:7,E:Z
MeO,C
(510 H QH
HO _~ OH
(2). Tol, 100 °C, 64% Qvo HN m
(E), Xylene, 140 °C, 45% HO™
O “OH

Scheme 11 Fleet’s synthesiof an eightme mber ed homdMlogue of
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Overkleeft and cavorkers prepared highly functionalised piperidinga a

tandem retréMichael[2+3]-cycloaddition Scheme 1.2.

)

o~ o
NaOMe, DMF
- Ns heat, 35 %
o) ’
MeO,C OTBDPS
i OH | oH
><O ““>OTBDPS O ““OTBDPS
—_—
0 N, X NH
N o)
H 9 |
N
MeO,C CO,Me

Scheme 12 Overkleeftés synthesis of piperidines
1.4.1 Thel,3Dipolar Cycloaddition

The Huisgen Cycloaddition or 1;8ipolar cycloadditioris the reaction of a 1;3

dipole with a dipolarophile to give a five membered heterodyite 1.23).

- N
(N:N\ R-N“SN
R-N —
r— R RS R

Fig 1.23 Huisgencycloaddition between and azide and alkene

A 1,3dipoledescribea system of three atoms over

electrongFig 1.24). There are two types of dipoles; propargitenyl or allyl.

Sc

Fig 1.24 1,3-Dipole systems
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The three atomsan be a variety of combinations of C, N andFy 1.25).

Dipolarophiles are ampounds with €&C and CN double and triple bonds, as

well as many carbomhyunctions** 2

Propargyl - Allenyl Type Allyl Type
N -+ N _+__ ~=
_CEN—Qi - —Q:N:C( /C_'Tl Q - /_C_'TIIO
+ - -+ + - -+
—C=N-0 - —C=N=0 O:T_O - O—T:O
+ - -+ = —
NEN-N. =<—= N=N=N_ | >N=0-0 == >N-0=0
o+ = -+ + = -+
NEN-O = N=N=0 0=0-0 = 0-0=0

Fig 1.25 Some examples ot,3-dipoles

Azides are well known to behave as -diBoles in thermalcycloaddition
reactions The cycloaddition of an azide with an alkemives an unstable
triazoline. Triazoline decompositioirig 1.26) can proceed through a diradical
or zwitterionic intermediate to form an aziridine, imine or a range of different

products depending on reaction and substrate condiioHs.

R2 NR1 R2
R’ T ’ }NR1
R3 RS

RZ2
N, heat or hv
N N or
R3 N ‘N2 /
Triazoline

R2

2 2
NR RAENR! R NHR'
b Th— T
R3

R3 12-Hshift g3
Fig 1.26 Mechanism of 1,2,3triazoline decomposition

1,3-Dipoles containinga functional groupthat can acias a dipolarophile are
extremely interesting substratd$e first example o& double bond participag

in an intramolecular 1;8ipolar cycloaddition with auitably placd 1,3dipole
was reported by LeBend Whang in 1958 Intramolecular cycloadditioh

118 areusually found in molecules laegand flexible enough to accommodate the

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

on the geometry of the cycloaddition.

Fig 1.27 Overlap of 1,3dipole and dipolarophile

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

opportunity to control the stereochemistry of the produatsustiple centers.
1.4.2 Access to IDNJ derivatives via azide-alkene cycloaddition

Previousresearcltarried out in the Murphy lab by Dr Ying Zhalescribeghe
synthesis of DNJ derivativesa intramolecularHuisgen cycloaddition between

an azide and an alken®gheme 13).*1

o o o
O\C/ O\@/\ -N, O\@
LN . " .
BnO' 3 BnO' N-N BnO'
- HO
\@ Nu=OH_ o
BnO" deprotect Ho NH

Scheme 13Gener al s ¢ h e imecesk to DNIdbrivaivéssvia
Azide Alkenecycloadditiord

The synthesis dgan from14 which waspreparedirom -gluconei-lactoneas

described previously by Fleet and-workers™®

Regioselective mesylatioof
the primary hydroxyl groupfollowed by exchange of the mesyl group for an

azide, benzylation and regioselective acetal cleavage daveOxidative
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cleavage using NalOgave the aldehyd#6. The alkenel7 was preparedusing
methy! triphenylphosphonium brade and baevia Wittig reaction (67%).

o o o
Oa_~_..0 Oa_~_ .0 Oa_~_..OH
' ><: a,b ><: cd
v - v - N OH
HO" o HO' o BnO
OH N3 N3
14 14 15
#‘Q #Q

e 0 AP f O\~ F
— —
BnO"™ BnO"
N3 N3
16 17

Scheme 14 Reagents and consitionsa) MsCl, 2,6lutidine, CHCl,. 75% b)
NaNs;, DMF, 85 °C c) NaH, BnBr, THF d) AcOH, e) Naj@H,ClI,/H,0, 824 f)
PhPCHsl, NaHMDS, THF-78 °C, 66

The thermally promoted intnaolecular cycloaddition ofi7 was investigated.
Heatingin DMF or toluene gavenia stereoselective manner, the,3triazoline

18. A fraction containing the aziridinE was obtained after treatment 18 with
silica gel, sugesting that the acidic nature of the gel promoted loss of nitrogen
The aziridinewas treated with 10% P@ to give an inseparable mixture 20

and 21. The formation of21 is explained by hydrolysisf the aziridinein the

presence of adventitious water.

#\O DMF or
E Toluene o Silica Gel 9
o = 110 °C (o) - Toluene 0
N —_— N —_—
Bno\\\c 3 55% Bno\\\\‘ N\,\i/ 35% BnO
17 18
9 %9
10% Pd/C o) Ol A~
EtOAG, 78% _ OH
- NH
BnO' BnO“
20 1.5 21 1.0

Scheme 15 Thermally promoted intramolecular cycloaddition
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The stereoselectivityas rationalized by comparing the relative energy of two
proposedransition stated7a and17b (Fig 1.28). Allylic strain destabilizeshe
transition stateconformer 17b compared withl17a and progression of the

reaction througii7a gives an identical configuration to DNJ.

Fig 1.28 Proposed transition states for Huisgen cycloaddition

The onepot conversion ofl7 with a variety of nucleophiles wasalso
investigated Alkene 17 was heated in toluene for 1dnd then reagents were
added and heating continugithble 1.2.

ﬂ\g o o><9
O« _~__~ Solvent,110°C, 1h Of_— “
> R BnQum. OH
. N then reagents . NH
BnO“ 3 and conditions BnO® N
17 23-26 H
22
Entry Reagents and Conditions Products
1 70% AcOH, 110°C, 1 h Inseparable mixture
Aziridinel9 (15%),
2 70% AcOH, rt, 15 h Azepane22 (33%),
2-O-benzyl INJ(14%)
Toluene, 110 °C, 1 h, then Nal _
3 | (5.0 eq), AcOH (1.5 eq) 23(R =M, 35%)
Toluene, 110 °C, 1 h, then _
4 | MeOH 60 °C, °h 24(R = OMe, 2%)
Toluene, 110 °C, 1 h, then Ac( _
> | (5.0eq), 110 °C, Fh 25(R = OAc, 46)
Toluene, 110 °C, 1 h, then Ph{ _
6 15 I 26 (R = SPh, 5%)

*Toluene removed before addition of reagents

Table 1.2 Summary of onepot investigations
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This thesis describe the continuation of this work, with 1,3-dipolar
cycloadditiors carried out using a modified intermediate of the type below
(Scheme 16).

Scheme 16 General Intermediate towards iminosugar C-glycosides

By introducing an aliphatic groufR) to give a secondary azide and using similar
methodology as seen previously, we propose to syateSiglycoside
iminosugar analoguesSpecifically we will introduce a vinyl group at this
position creating arallylic azide to investigate the Huisgen cycloaddition in our

preparation of iminosug&-glycosides.
1.4.3The Allylic Azide Rearrangement

Azidescan be valuable functional grps in organic synthesis. They are useful
building blocks in the preparation of heterocycles and nitragentaining
compounds and are inert under acidic and basic conslitibhey are often used
in powerful transformationsicluding the Staudingeeaction, Schmidt reaction,
Curtis rearrangememndthe azawittig reactian. They have a special reactivity

in cycloadditionspericyclic reactionsind morerecenty n A CIl i ¢ kK® react i
122

- + + — - +
R—N—N—/N =—> R—N—N—N =—> R—N—N=—N
A B C

N TN

- +
E* R—N—N—/N

()

Nuc

Fig 1.29 Resonance structuresnd reactivities of azides
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Their unusual reactivity is due to the polar mesomeric resonance strustres
(Fig 1.29), explaining the dual nucleophilic and electrophilic charactethef t

proximal and distal nitrogen

The ability of allylic azides to undergo [3;8igmatropic rearrangemewas frst
reported by Winstein and Youlg in 1960 and Heasley and VanderWerf in
1966%* The rearrangement generally occurs at room temperature, creating an

interconverting mixture of isomei$ig 1.30).

N N_ -
(\N// \\N> fast KN// SN slow R N3

S e A

Fig 1.30 The allylic azide rearrangement

The rearrangemertias also been interpreted as a- BBd 1,%intramolecular
dipolar cycloaddition and cycloreversion involving a strained triazoline as an
intermediate Fig 1.31).1*2

HaC = —
= ONNL T HiC  CH,N;
A k1 A
'y k2 'y
HaC
HoC — 3
H3C N3 N\‘N,N

Fig 1.31 Dipolar cycloaddition and cycloreversion

Trost? reportedon the presence of intramolecular hydned®nding between
allylic azide and free hydroxyl groupsading to a shift in the equilibrium of
isomerisationThe 1,2isomer was favoured (9:1) due ittramolecular hydrogen

bonding occurring, which is not possible with the-is@mer Fig 1.32).
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O O O O
HO! G"IN3 —— (/).<\:>
H_N:‘
N
\\?\1

Fig 1.32 Intramolecular H -bonding between azides and alcohols

Sharplessand coeworkers investigated theselectivity of the allylic azide
rearrangement, comparing primary, secondary and tertiary alialtigtic azides
(Fig 1.33). A trapping exgeriment was carried outeacting each type of azide
with phenylacetylene using a copper catalisith steric and electronic effects

were shown tinfluence the reactivity dllylic azides-*°
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Primary vs. Tertiary Azides Ph
N
N3 N3 a ,\II/ é
Jw ~~ / —_— \N
70 % 30 % )\)

55 %
47 % trans, 8 % cis 91 % trans, 9 % cis
Secondary vs. Tertiary Azides
Ph

N
P S -
X ‘_y%/\—»)\/NK
N

65 % 35 %
32 % trans, 3 % cis Ph
N
2\
Na N3 a ANV
N OH == pHo M _~_OH —=
NN OH
82 % 18 %
Primary vs. Secondary Azides Ph
T3 N3 N \N'N‘N N!>l \
— a ~
s = /\/ — \§< + N
67 % 33 % Ph /K/
28 %

57 % trans, 10 % cis 72 9,

61 % trans, 11 % cis
Ph Ph
N
N3 N3 a NN \ N \
HO\/\/ HON ‘N F N
45% 55% HO\/\) HON
50 % 50 %

Reagents and conditions: a) azide (1 mmol), phenylacetylene (1 mmol), CuSOy4
(0.5 mmol), sodium ascorbate (0.1 mmol), tBuOH/H,0 (1:1, 2ml), rt 12 h

Fig 1.33 Selectivity in theallylic azide rearrangement?®

Excellent selectivity washownbetweenprimary vs tertiary and secondans
tertiary, with no detectablgoroducts arising from tertiary azidddixtures were
detected when comparimgimary and secondary allylic azides (~7:3, 1°:29n
introducing afree hydroxyl adjacent to the allylic azidejidence showed that
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the Hbonding effects between the hydroxyl and the azide groups could
significantly alter the equilbrium in these dynamic system$he equilibrium
between primary and secondary allylic @dhanged significantly~1:1, 1°:2°).
Sluggish rearrangement rates can be due to inductive electronic effects and
hydrogen bonding effects

Aubé and ceworkers demonstrated howifférences in the azides reactivity
patternsand the effect of substituentan prove advantageauBhey combined

the allylic azide rearrangement and the intramolecular Schmidt reaction to
prepare substituted lactams stereoselectiveghéme 17). They found thaby
alteringsubstituentsaand their orientation, they could change butcome of the

reaction and the products.

0 N; 0 0 Na

- SnCly, -
CH,Cl,,
reflux
(@)

R =H, 68% (1.2:1, a:c)
R = tBu(S), 68% (3:1, a:c)
R = tBu(R), 63% (25:1, a:c)
Schene 1.7Stereocontrol in a combined allylic azide rearrangement and

intramolecular Schmidt reaction*?’

Although possible to take advantagfethe significant stereochemical differences
between substrateshi$ rearrangement is generally viewed as a liability in
organic synthesis and as a functional group is avoidethis work we propos
to make use of the allylic azide rearrangement in tandem with theighr

cycloadditionto prepare iminosuga-glycosideqScheme 18).
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RO

— RO"

OH
HOL _~
OH
NH
HO
OH

HNJ derivatives
Where Nu = OH, N3, OR, SPh

Homonojirimycin

Scheme 18 Proposedroute for the tandem allylic azide rearrangement

Huisgen 1,3dipolar cycloaddition

The key reactionwill not be without difficulties.The tandem rearrangemeint
cycloaddition will have the potential of producing two new sigemic centers at
C-1 and G5. All four allylic azide isomersH, Z, R and S could exist ina
dynamicequilibrium We hypothesised that either tRe or Sisomer would be
more reactive in an intramolecular cycloaddition and lead to the
diastereoselective formation of piperidinega triazoline and aziridine

intermediatesgenerating two new stereocentéfsg 1.34).

PO Po\v PO PO
AN— AN— \NM\N
} u
Ny = - WN3 —— NH
dynamic S = New
equilibrium | X stereocentres

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

In the general introduction, motivation for this project has been outlifiée.
main aim was to investigate th@ndem allylic azide rearrangeméntuisgen
cycloadditiontowardsthe preparation of iminosug&-glycosides These small
carbohydrate mimetichiave huge medicinal potential] particularly aspotent
glycosidase inhibitotsTheir synthesis is challenging andis important to
developnovelpathways tonaturalandnon-naturaliminosugars.

OH
HO R
HO NH
AN
28

Fig 1.35 Target Compounds

These analogues, 1-C-ethylenedeoxynojirimycin  (27), 1-C-ethylene
deoxymannojirimycin (28) and 1-C-ethylenedeoxygalactostatin(29), arising

from triazoline decomposition could potentyalgive a range of different
analoguedy using different nucleophiles (R-©H, -OR, -N3, -SR). The alkene
moiety could be exploited by a range of different methods such as oxidation to
give access to natural produdtiNJ (1) and HMJ (3). Cross metathesisr
addition reaction®f the terminal alkengould allow preparation ofminosugar

conjugates.This thesis deals with the inv&gmtion of these possibilities.
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HNJ Derivatives fronb-GluconoU-Lactone Chapter 2

2.1 Introduction

2.1.1Previous syntheses of homonojirimycin and analogues

Few polyhydroxylated piperidine alkaloids are commercially available; there
have been many attempts to develop methodsefaape this class of compounds.
UHNJ was first prepared from the bisulfite adtwf nojirimycin in 8 steps
(Scheme 2.1

HO 4 98z
OH 1.Ba(CN),, 85%  BZOL -~ oz - (CF3C0)0, 89%
. _NH -
HO" 2. BzCl, 82% BzO" > NH 2. TFA/H,0, Hg(TFA),
SO,H &N 3. N,Oy, 97%
oB
H z OBZ OH

i 2. HCIEt,0, 75% NH.HCI
CO,H HO™
SH,0H CH,OH

Scheme2l Sy nt h-BIMJifreanNdf U

BzO OB 1. NaBH4 =
\CF\EO\CF © BFELO. BoHy OBz NHy/MeOH HOL -~ OH
BzO" ™ 3 B0 o NHHCI .

Thef i rst t ot a4dHNIswasrepbreed in $9900b§ Kidayashi and co
workers. The chiral allylic alcohol was prepared from diethytartrate in 6
steps. The cyclisation step was carried out usigly Et refluxing methanol and

deprotection in @d gave the final product in 68 yield Scheme 2.2'%°

HO O NBanZ

Diethyl 6 steps 7 steps oMOM 2 steps
L-Tartrate — » OS|Bu“Me2 >

OMOM
(R):(S) 2.5:1
OMOM oH
NH EtsN, Hcl,  HO o
MeZ’BuS|O\/ oMom MeOH >< \Cfomom MeOH I
HO™ ™
OMOM :
“OH

0si'BuMe,
Scheme2.2Fi r st totalHN§ynthesis of U

Both anomers of HNJ were prepangd a chemoenzymatic approach. The lactol
synthesised fromgis-but-2-enel,4-diol was a suitable substrate for rabbit muscle
fructose 1bi sphosphate al dol aandb-HNHwitH highgenat i o

selectivity Scheme 2.3'%°
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N; OH
5-7 Steps o 1. RAMA, DHAP
—_— * —_— >
no— \on —=. D““OH 2. acid
O
phosphatase
*(S) = beta
*(R) = alpha
OH

OH OH :
s 10 % Pd/C,H, HO
Ho/\*(\.AH/\OH —

N; OH O HO™ N

OH
NH

OH
Scheme2.¥ hemoenzymati c-caagphNdoach t o

Martin and Sa aHNg steremselgctivelyasardeutdle rbductive
amination of a2,6-heptodiulose using ammonium formate and NgBMN. The

diketone was prepared from tettabenzyt -gluconel,5lactone Scheme
2 4) 131,132

OBn OBn

BnO 0 3 steps BnO o) NH4.HCO,,
E— NaBH5CN, MeOH,
oo BnO OMOM -
BnO BnO o

n (@) 34% over 4 steps
9n OH
BnO _~ E
OBn HO -

NH aq HCI, THF 90% OH

BnO™ - - NH
Li, NH, 87% HO
OMOM

OH
Scheme2.48ynt hed4dNk of b
Blériot and ceworkers showed thal-benzyl pentahydroxpzepanes undergo
ring isomerization during mesylation of the hydroxyl group beta to the nitrogen.
This is promoted by neighbouring niteg participation, forming an aziridine
which is trapped by chlorine. The resulting chloromethyl tetrahydroxy

piperidines were converted into their corresponding homoglyconojirimycins
(Scheme 2.5
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BnO OBnN MsCl, Et3N,

_ _steps BnO,, O 0oBn CHCl,
D-arabinose ___ " ' —_—
HO"" NBn
i ©Bn | OBn OH
BnO - - -
\C(\OH 79 % BnO\C(\OH HO\O/\OH
+ L = - >
] NBn ‘ ‘ NH.HCI
BnO "2 BnO" ™ NBn HO" ™ '
( :\ ~
_ Cl OH
L Cl _

Scheme 2.Ring isomerization to homoglyconojirimycins

Compain and Martin have synthesised an egginbon homologueof HNJ,
similar to the proposed target compounds this thesis(Scheme 2. as a
method of preparing glycoconjugate mimeticsia cross metathesis.
Intramolecular reductive amination of the amBwbose hemiketal liberated

upon acidic hydrolysis of the isopropylidene provided the diastezgoally

pure iminosugar in 66 yield % 13
ﬁ\
o _—OBn N OB
6 steps W, O Allyl NH,, N, o s n
Qx = e e (S
O O quant BnO\s O)<
1. Vinyl MgBr, HoN
Et,0, 76% \2) —OBN 4 TFAH,0
2. Pd(PPh), NDMBA, (_Z_ 2. NaBH,CN,
CH,Cly, 80% AcOH, MeOH, 66%

Scheme 2.6 Synthesis ofomonojirimycin analogue

Nicotra and ceworkers carried out an intramolecular reductive amination to give
the benzylated intermediat8cheme 2.Y. This intermediate was used to prepare

bicyclic piperidines containing cyclic carbamate, urea and guanidine mdféties.
136

34



HNJ Derivatives fronb-GluconoU-Lactone Chapter 2

OBn OBn
BnO ~ OBn V|nyI MgBr, BnO R OBn |BX, DMSO,
S THF, 63% 97%
BnO" Zn S Nopa —
NHBnN NBnR
OBn
BnO.  : NaBH(OAG);, oBn

OBn  Na,SO,, AcOH  BnO

, O -
/ 1., .
~ OBn (R=H)65%  BnO"

NBnR over 2 steps

Scheme 2.7 Synthesis ofdmonojirimycin analogue
2.1.2 Retrosynthesis

For this work, D-gluconoUt-lactone was an obvious starting point for three
reasons; a) It is a useful enantiopure scaffold from winaimonojirimycin
analogues could be obtained; Zhou and Murph¥?® had used it as a starting

point towards 1DNJ derivativesand c) itis cheap and readily availabl€he
retrosynthetic strategy totiegl ycosi de deri vatives was

route, with some modification§¢heme 2.8.

An allylic alcohol could be introduceda a Grignard or Wittig reactiowith the
aldehyde derived fromb-gluconct-lactone The alcohol could belisplacedto
give the allylic azide at which point the rearrangement would be obseriédr
introduction of the alkene moietyan intramolecular Huisgen ZXd@polar
cycloaddition could be carried oth give access to the 1,2tBazoline. This
reaction would potentially produdsvo new stereogenic centres. Extrusion of
nitrogen and subsequent reantiof the aziridine with nucleophiles would give
access taminosugarC-glycoside analogues. Oxidation of the terminal alkene

and deprotection would alloaccess t@natural product, dmonojirimycin.
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NI

o 0
HO_~ oH O .
HO:CE\g\ — RO™ S —
OH A

OH ~o
- O -
HO OH ,\\o>< |
— . &— RO"
o Ny RO Y O
o) o
Scheme 2.8 Retrosynthesis from-glucono-u-lactone

2.2 Results and Discussion

2.2.1Synthesis of Allylic Azide Intermediates

The route began fron30, which was prepared from-gluconcU-lactone as

described previously by Fleet andworkers'*®

OH ¢
o)

HO \OH a /
' ' — % = HO
OH
o)

31a
Scheme 2.Reagents and Conditionsa) p-TsOH, MeOH, Acetone, DMP,

73%:; b) BnBr, AgO, DMF, 9i 26%

Protection of the free hydroxyl groub 30 proved troublesome.dhzyl bromide

and NaH as a base were too harsh for this intermediate containing the methyl
ester. Milder conditions using BnBr in the presence of silver(l)oxide in DMF
provided the benzylatadtermediate8la, however, never with full conversion of

the starting material resulting in poor yietd 31a On one occasionjue to
extended reaction times of \@eeks the benzylated product was isolated after

difficult chromatograpit separation in 4% yield. Previougublicationsin the
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literature report 746 and 82%for this transformatior®” **® More recently a

paper reported similar probleraad yieldso those encountered héré.

Other benzylation conditions were testiedluding neutral conditions reported
by Poon and Dudlé§® using 2benzyloxy1-methylpyridinium triflate(Scheme
2.10. However,theseconditions werenot successful in increasinte yield or

degree ofeaction completion on@asonably largscale.

ROH

. CCh ROH N
PN +
Ph” 0 rdlj Ph N0 ’T'/

HOTf TfO Me

31a =

> 31a

10% 1%

30

Scheme 210 Benzylation via benzyl trichloroacetimidate and 2benzyloxy-1-
methylpyridinium triflate

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

later steps, few wereonsideredsuitable The MOM ether was introduced using

MOMCI in the presence of DIPEA to give the fully protected intermecdiaban

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

solution to theuse of thebenzyl ether as MOMCI is highly toxic and

carcinogenic and also expensive (8§ were required for this steplRoth

benzylated and MOM protectéatermediates were taken on.

MOMCI, DIPEA,
CH,Cly, 78% MOMO

31b

Scheme 211 MOM ether protection

Reduction of3la-b to the primary alcohol was carried out using lithium

aluminium hydride. e alcohdd 32ab were oxidised using the Deddartin
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periodinane (prepared accordinghe method ofreland and Lit*) giving 33a
b.

+ +s

o) b e
Ma _a QLI g
31b RO" (0] ROV | (0]
OH (@]
32a R =Bn, 85% 33a R =Bn, 93%
32b R = MOM, 83% 33b R = MOM, 94%

Scheme 2.1Reagents and conditionsa) LiAIH4, THF, 0 °C; b) Des#lartin
Periodinane, CkCly, 0 °C

Preparation of the allylic alcohol from the aldehyde wasngted with (2
hydroxyethyl) triphenylphosphonium bromide andbutyllithium; however this
Wittig reaction did not give the desired allylic alcoh®tfieme 2.18

33aR=Bn
33b R = MOM

Scheme 2.13Vittig reaction with (2 -hydroxyethyl) tripheny Iphosphonium
bromide

The aldehyde 33ab was reacted witha Grignard reagentvinyl magnesium
bromide,at-78 °C to give the allylic alcohd4ab as a mixture ofyn andanti-
isomers in a-1:1 ratio. There was no attempt to control the stereochemistry at
this point as it was assumed that once the azide was introduced the allylic
rearangement would occur in a dynamic fashion regardless of stereochemistry.
Mesylation of the allylic alcohol, followed by exchange of the mesyl group for

an azide gave the ally azides 36ab and as expectedhe rearrangement

occurred.
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33a a
33b

34a R =Bn, 45-62% 35a R = Bn, 86%
34b R = MOM, 50 - 65% 35b R = MOM, 86%

36a R =Bn, 78%
36b R = MOM, 79% Major Isomer

Scheme 2.1Reagents and conditionsa) Vinyl MgBr, THF, 0 °C; b) MsCl,
EtsN, CH.Cl,, 0 °C; c) NaN, DMF, 100 °C

There are fourstereoisomersthat this intermediate campotentially adopt.
However,the only isomer observed by NMR was thens-primary azide. It was
not surprisingthat thiswas the most stable structurejstknown that secondary
allylic azides rearrange fasteghan primary alllic azides andthe more
substituted alkene is favour&td

Next, the alkene moiety required for the cycloaddition was introdui&eérent
strength agueous acetic acid solutions were tested; the terro@tal group \as
cleaved selectively using 80 AcOH. These acidic conditionsere not strong

enough tacleave the MOM protecting group @6b and37bwas isolated.
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36a 60% AcOH

36b ——————= ROV

e

37a R =Bn, 80%
37b R = MOM, 79%

Scheme 2.1%elective cleavage of terminal acetonide group

Oxidative cleavage ahe diolusing NalQ gave aldehyd&8ab in good yield
Compounds 39ab were prepared via Wittig reaction using methyl
triphenylphosphonium bromide with base. The Wittig conditions were
investigated; varying the basenBuLi, NaHMDS ad LiHMDS) and
temperatures -{8 °C i rt). The best conditiondound were treating the
phosphonium salt withNaHMDS at-78 °C for 25 min, 0 °C for 15 min and rt for
25 min. The, upon recooling to-78 °C, the aldehyde was introduced dhé
mixture wasstirred for 15 min therRT for 2 h. Howeve, the yields were found

to be variablg2071 55%).

e

37a a
37b

38a R = Bn, 80% 39aR =8n
38b R = MOM, 80% 39b R = MOM

Scheme 2.1®Reagents and conditionsa) NalQ, CH,Cl,/H,0O; b) PRPCH;Br,
NaHMDS,-78 °C to rt, 20 55%

The two intermediate89a and 39b were prepared from-gluconoU-lactonein
10 steps. A few problematic reactions, protecting the secondary hydroxyl, the
Grignard and the Wittig reactions led to difficulties in scalupg and the

isolation of low quantities of the desired intexdiates.

40



HNJ Derivatives fronb-GluconoU-Lactone Chapter 2

2.2.2Thermally promoted intramolecular cycloaddition

With 39ab to hand, the rearrangemeintcycloaddition was investigatedhe
heating of39 to reflux in DMF gave, in a stereoselective manner, the 4,2,3
triazoline40 (Scheme 2.1).

DMF
o}
1007c + recovered SM
40 - 55%
39a R =Bn 40a R = Bn, 20 - 30%
39b R = MOM 40b R = MOM, 20 - 35%

Scheme 2.17 Thermally promoted intramolecular cycloaddition

The yields were significantly lower than that reported by 2Hq@5% vs 50%),
due to the added complication of a tandem alglicde rearrangementhe
cycloaddition reaction did nqiroceedfully to completion despite being lefin

for days/weeks; starting mater®ab was always recovered.

The stereochemistry &-5 was easily assigned usidgalues and gave the same
configuration as seen previous@Hapter 1, analogous with DNJ Overlapping
signals with the benzylated intermediat@a made it difficult to confirm the
stereochemistry at-C. With 40b, Jy;.42 values isolated were found to be 5.8 Hz,
which fall between typicalJ values for alpha or beta sugarfFig 2.1).
Comparisons with othef values and literature reports later on help to confirm

the stereochemistry.

)

#\ Js.4 2.6 Hz
© Jsg 10.1 Hz
N

MOMO"

X
J1’2 5.8 Hz 8
Ji73.1 Hz

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

rearrangementycloaddition reaction were investigatddble 2.1).

.. ProductStartin .
Conditions Material Recove?ed Yield
DMF, 110°C, 6 h 40 10-35%

DMF, rt, 72 h 39 90%
Toluene, 110 °C, 6 h 40 15%

Neat, 80 °C, 5 min Decomposition -
DMF, 70 °C, 12 h 39 90%
EtOH, 78C 12 h 39 80%
CHG 40 °C, 24 h 39 90%

Xylenes, 140 °C, 6 h Decomposition -
THF, 70 °C, 24 h 39 90%
H,O, 100 °C, 24 h 39 and decomposition 50%

ACN, UV, 250 W, 10 nir24 h Decomposition -

Table 2.1Temperatures and solvents

Raisedtemperatures were reiged for the rearrangemeiit cycloaddition to
occur. The optimal temperature for this cycloaddition was determined to be
between 90 110 °C. Below thisstarting material was recoveredclusivelyor

after long periods, starting matd and decompositm Above this range,
complete decomposition was observéttreasing the reaction temperature is
restricted by the thermal lability of most triazolines; some triazolines decompose
spontaneously at room temperatureng reaction times gavdecomposition of

azide39 and triazolin&40.

Referring to experiments carried out by Zhou, a seriesiepot investigations
werecarried with little success. It was thought that by eliminating the isolation of
the unstable intermediate, the triazoline, the iminosugarales could be
prepared directly fron89, however, due to the small amounts of the triazoline

being generated, this was difficult.
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Conditions Product Yield

DMF, then AcOH, 100 °C, 24 41aNu = OAc 11%

DMF, AcOHNaN;, 110 °C, 41bNu = N, 41aNu = OAc 9%
Tol, 110 °C, then B at rt Decomposition -
Tol, 110 °C, then PhSH at rt Decomposition -
Tol, 110 °C, then Nalt rt Decomposition -
Tol, 110 °C, then MeOH at rt Decomposition -

Table 2.2 Attempts to react triazolinein situ with nucleophiles

Heating in DMF first and then adding AcOH led to the isolation of one product
which was characterised as th&#@cetylated sugadla The Jyi.42 Value for
4lawas determined as 8.9 Hz (apdenl). This indicated the beta anomer had

formed.

Using NaN; as a nucleophilein the presence of AcOHed to a mixture of
products obtained, containing the-&ido product asonfirmed by infrared
spectroscopystrong peak a2103 cn). When the cycloddition was carried out
using only Nal, (no acid preselt starting material39 was recovered

exclusively

We dtempedto open the triazoline ring using stronger acidic conditions, HCI or
H.SQO,, hoping to generate the-@H or 6Me products. These conditions
appeared too harsh for the triazoline. Due to the presence oflahiel
protecting groups od0b, complex mixtures were observed. It was clear that
although the strength of the acid andatidition to the reaction needed to be
controlled, the use of acid was necessary for the breakdown of the triazoline ring

into desired products.

There are a few reasons that could account for the poor yietgrigadditions:
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1 Higher ratioof the primary(1°) to secondary (2°) azide (exclusively 1° at
rt) leading to slow formation of products

1 Cabon-carbon double bonds that are neither strained nor interacting with
electrondonating or electromvithdrawing or conjugating substituents
react slowly with azids**

1 Intramolecular 1,3lipolar cycloadditions are possible wherever
flexibility of the molecule can accommodate theuiegd transitiorstate
geomety, i.e. if sufficient overlap of the reacting species is not obtained,

the cycloaddition will be sluggish or not proceed
2.2.2.1 Disubstituted Alkene Intermediates

In an attempt to optimise the cycloaddition reaction, we considered using di
substituted alkenestrained alkenebave been reportetd react faster in these
types ofcycloadditions** It was thought that by introducing substituted alkenes
this would have an effect on the reactivity of the alkene; altethmy

cycloadditionreactivity.

From intermediat@8, a number of Wittigeagentsvereinvestigaed in order to
access dsubstituted alkenes with varying degrees of success. Yieldsquiee

poor Scheme 2.18

42a R = CO,Et, 27%, E:Z 1:0.7
42b R = Br, 15%, E only
42c R = Ph, 73%, E only

Scheme 2.18 Synthesis of -dubstituted alkenes

Upon heatingt2a-c in DMF, no desired productgsereisolated.Starting material
was usually recovered in good yieldorgugated dipolarophiles amgenerally

reported to be more reactive thanconjugatedlipolarophiles, however in the
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case of42¢ the bulky phenyl substituentpossibly hinders the approachf the

reactant groups and consequently decreases/blocks the rate of cyclodéfdition.
2.2.3 Considering the Stereochemistry

Although there were difficulties optimizing the leyielding rearrangemerit
cycloaddition of 39ab; it was proceeding selectively. In every case, the
triazoline was isolated as one stereoisomer (by NMR analy#ish. J values
obtainedso farin the'H NMR spectraFig 2.1), it was difficult to determine the

structure ashealpha orbetaanomer.

Minimization of the allylic strain in the transition state would account for the
axial substituent forming at-6. However, at the anomeric position, it was

unclear why one stereoisomer would form preferenti&lig 2.2).

Fig 2.2 Proposed transition states
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It is possible that the allylic azide rearrangement mechanism fagonarsomer
exclusively.Or, there could be a significant energy difference betwee§-thed
R-isomers, due to more attainabllignment of the azide and alkene in the
transition stateA molecular mechanics study was carried out on the four isomers
of intermediate39b to try to rationalise the stereoselectivity of the tandem

cycloaddition.

Structures were generated by Monte I€aronformational search method and
minimized by Macromodel 6.0. AMMFF94s force field was used due to the
presence of an azide in the structuréBe total energywas calculatedwhich
include parameters such afretch, bend, torsion, improper torsiovian der
Waals and electrostatic energies. The lowest relative energies of the different
conformers were compared as an explanation for the preference of one
conformer over another. Molecular mechanics is empirical and approximate, it is,
however, a usefutechniquewhich is able to tackle many of the important

questions in chemistry/>

E (106.4201kJ/mol) and Z (108.232%J/mol)

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

isomers and E values from Macromaodel)
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S(222.471%J/mol) and R (211.1941kJ/mol)

Fig 2.4 Lowest energy conformers o8- and R-isomers 39b(S and R isomers

and E values from Macromodel)

Azide 39b existsat room temperaturan the trans-configurationas the major
isomer observed by NMR. This correlates with the lowest total energy value
106.4201kJ/mol obtained for thd=-configuration The huge jump in energy
required from the 1° azide to the 2° azide could explain the low yield of the

cycloaddition.

Additional conformatioal searches were carried out constraining the bond
distances of the 2° allylic azideg to 1.0+ 0.5 U and setting the dihedral angle
(between the azide and alkene defined beltawzeroto help provide a more
accurate picture of the type of conformer thatuld undergo the cycloaddition
(Fig 2.5 and 2.6). The allylic strain was minimised during the conformational

search to account fohe stereochemistry at&'****°
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S (243.7666kJ/mol) R (297.3574J/mol)

Fig 2.5 Lowest energy conformers of constrained isom&B9b (Sand R

isomers with dihedralangled e f i ned set to zero and di s

From these modelshe S-isomerlooks to beapproaching a chagonformerand
was calculated to have Bwer total energyvalue The R-isomerlooked to be
approaching a bodype transition stateNewman projections below show
possible gauche interaction®ig 2.6). Alignment of the alkene in thé&
configuration shows one possible gauche interact@nsus two gauche

interactiondor the alkenen the R-isomerconfiguration

H H
— N3 H N3
HO Cs HO Cs
H 7 \

Fig 2.6 Possible transition stateand Newman projectons of S- and R-

isomers for 39b

These factorscould account for thestereoselectivity observed with the
rearrangementycloaddition reaction and would predict favourable formation of

the beta anomer.
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2.3 Alternative Dipolarophiles

A major advantage of the route described in this chapter is the preparation of
intermediate38 (Fig 2.7). This aldehyde can be exploited in a numbér

reactions.

Fig 2.7 Aldehyde intermediate
2.3.1 Schmidt/Boyer Reaction

The Schmidt reactioScheme 2.1pis an aciecatalysed reaction of hydrogen
azide with electrophiles such as carbonyls, tertiary alcohols or alkenes, followed
by a rearrangement and extrusion of thl produce amines, nitriles, amides or

imines*® An extension of the Schmidt reaction using algldes isthe Boyer
147,148

reaction
H
H (o)
o} - OH ‘o +
H - HN; . H
LIRS | . R _"_
R/U\R' R)Jf\R' R)\R‘ R™N
H N,
H.,H
\1"., -H,0 R N R
R/(% RO —% R§<\ —% R——=N il
N -H N—N=N H*
H N, —
HO

R taut izati 0 R
>:N automerization >~NH
R' R'

Scheme 2.1%chmidt/Boyer reactionmechanism
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Acidic conditions/Lewis acids (TFA, BFELO, TiCly)) are generally used to
promote lactam formation. Zhou isolated the lactam derivativ®NJ after
treating the aldehyde with TFA at 8¢heme 2.2p'*°

o o) HO " _0
— %
- NH
BnO NH HO'
Scheme 2.20 Zhouds | actam

With the allylic azide intermediat@8, there was no trace of the lactam isolated
after treatment with TFA at rt. The use of Tj@éd to decomposition of the
starting material after 5 min. Heatshbeen necessary in all previous experiments
to promote rearrangement to the secondary allylic azide and allow cyclisation.
Heating the aldehyde in the presence of TFA/AcOH did not give the desired

lactam, just the deprotected intermediate.

Scheme 2.21 Schmidt/Boyer reaction with allylic azide
2.3.2 Huisgen Cycloaddition with nitrile dipolarophile

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

enhanced glycosidase inhibitory activity, haverbesported Fig 2.8).%> **° This
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has been attributed to their greater rigidity, locking their conformation favouring

inhibition .’

OH OH OH OH
HO oH HO oH HO on HOL A
\ N\ N N\ N\ N
HO TN AcHN (N HO [N HO (N
N~N N~N N~N N~N

B-D-glucosidase, N-Ac-B-D-glucosaminidase a-D-mannosidase, f3- a-D-mannosidase,
B-D-galacosidase, D-mannosidase B-D-mannosidase,
B-D-mannosidase B-D-glucosidase

Fig 2.8 Bicyclic iminosugar-tetrazoles as inhibitors

Tetrazoles have uses as bioisosteric replacements for carboxylic acids in drug

design; they have similar pKa and cLogfg(2.9).**

0 N-N
)J\ /Q N
N

OH H
pK, 4.75 pK, 4.50
tPSA 37.3 tPSA 49.11
cLogP -0.19 cLogP -0.194
CMR 1.29 CMR 1.95

Fig 29 Tetrazoles as bioisoteric replacement for carboptic acids

Aldehyde38 was reacted witlhodine in a mixture of ag ammonia améiF at rt

to give the nitrile43 in good yield">* Upon heatingto reflux for 3 daysonly
starting material was recoveret@ihe reaction was also tested using the MW

reactor and only starting material recovered.

aq NHs, I, THF

— Momo“

79%

43
Scheme 2.22 Synthesis of nitrile dipolarophile

The eactivity of dipolarophileslecreases with the introduction of a heteroatom
(alkynes>alkenes>heteroatojds' Demko and Sharpless demonstrated that a
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heteroatom (N, O, S) adjacent to the nitrile dipolarophile increases its reactivity
in inter- and intramolecular cycloadditions with azid&¥ *** however it was not

possible to easily introduce a heteroatom to the intermediates prepared here.
2.3.3Huisgen Cycloaddition with alkyne dipolarophile

A 1,3 dipolar cycloaddition reaction between an azide and a terminal alkyne with
elevated temperatures caivegrise to a mixture of regisomers 1,4and 1,5

triazoles Scheme 2.2B

N, N,
A R-N" N R-N"°N

RN, + —R ———» - + \—{

R' R'
Scheme 2.23 Azidalkyne 1,3dipolar cycloaddition

Meldd™> and Sharples2® working independently, introduced the copper
catalysed variantwhich gives rise to the 1,#gioisomerexclusively via a
different mechanism(Fig 2.10)."*" More recently, a ruthenium based
cycloaddition has alsobeen introduced which givesl,5disubstituted

regioisomerexclusively™®

= [CuLJ*

Ln_zCu R R—
\¥/ H©
R CfCuLn_z
g , R'—=——=CuL,4
N, N
N~ g
N=N-N
@ .
N=N-N R

Fig 2.10 CUAAC mechanism
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There is interest in triazoles and triazfillsed compounds as targets for
medicinal purposes? **° Examples of triagle-fused iminosugars as inhibitors

are shownkKig 2.11).

HOOC HOOC
Fig 2.11 Reported iminosugarfused triazole glycosidase inhibitor&’

Zhou carried out an intramolecular dolar cycloaddition with an age and

an alkyne to give the-DNJ derivative'®*

Scheme 2. 24 ZhouDN3triagolerdrivatve i s of a 1

To prepare an allyliazide intermediate with the alkyne dipolarophile, the
aldehyde38 was reacted withhie OhiraBestmann reagerand base in MeOH.
The OhiraBestmann reagent, (Dimethytdiazoe2-oxopropyl phosphonafewas
prepared by the reaon of dimethyt2-oxopropylphosphonate anpacetamide

benzenesulfonyl azidScheme 2.25%2
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SO,N3 6 O
LT wep
AcHN e
NaH, THF,
63%
o o
MeO-P
MeO
Ny
K,COs, MeOH,

78%

Scheme 2.25 Synthesis and reaction of OhiBestmann reagent

The mechanism of he OhiraBestmannis shown $cheme 2.25 The
phosphonatadds to the carbonyl compound forming an alkoxide to give an oxa
phosphetane. A cycloelimination gives a dimethyl phosphate anion and a diazo
alkene (comparable to the Wittig reaction mechanism). Upon loss of nitrogen a
vinylidene carbene is fmed that undergoes a in#igration of the hydrogen
substituent to give the desired alkyne.

O) O

I

0 o PR (9?)
o - . R

— MeOH, KOH MeO-P MeO-P
e . MeO ) MeO
N, -H* N N
©
MeQO_ P o
MeO-P{O - (OMe),PO,
. Ny——
= R - s =
N R R
o @ @j -N, r—~H
N:N:\ - NZN\/\R - :C — » — R
R © R

Scheme 2.26 OhiraBestmann mechanism

The alkyne44 was heated in DMF to give the inusugar fused triazolé5
observed in good yie (601 73%); this wasmuch higher than the aziddkene
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cycloadditonand compar abl e wi AlkyneZanegenetallythe x per i me

most reactivepartnersor azidesin these types of cycloaddition’

—o
DMF

100 °C

—"

60-73% MOMO™

Scheme 2.26 Preparation of triazole

Again, one stereoisomer was formed exclusively. Jhegs, value of45 were
larger than seen previously (6.6 M2.5.8 Hz) butstiln ot t y p Upoa | of b

deprotedbn, the Jy;-42 value (8.3 Hzseemed to indicat@n equatorial orientated
alkene(Scheme 2.2).

HCI
MeOH

E—

90%

Scheme 27 Deprotection of triazole andJ values

1D 'H NOE experiments carried out also indicated the beta strudgige2(19.

Fig 2.12 NOE couplings for45
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A coupled®C NMR was carried outjeterminingdc11: values ford5to bel142.4

Hz (Fig 2.13). The otherJ valuesobserve can be due t6Jcir: and 3Jcins

couplings. While, there are no reportedy;.c1 values foriminosugarsin the

literature there are values for carbohydratés series of Jyi.c1 values for
iminosugarscould show a trend and indicate the formatiorh afr b products

(see appendix 1A crystal structure of the protected triazdlec onf i r med t he
product Fig 2.14).

NI DR G T M0 e bas
L R R o R
Noow NBYS oIm® no@n P N R A e e
@Hss  RoBE  Lhwos  TIoa BEBBBEEEBD0GH6H GG 5
BREGE 8888 BBEE 3330 20 = —
e v S e
4.0
k1.5
I 3.5
A (qdd)
sé‘?;:' 1.0
(5,59, 7.55, 142.40)
3.0
‘| | Fo.5
|‘ ‘ i [2.5
L i
el i g e bt .0
A (qdd)
T T T T T T T 56.10 oo
9.0 58.5 58.0 575 570 565 56.0 555 55.0 545 54.0 53.5 J(5.59, 7.55, 142.40)
f1 (ppm) |
k1.5
c2
1.0
c1
c-3
c-4 | 0.5
k0.0

T T T T T T T T T T T T T T T T T T T T T T
140 135 130 125 120 115 110 105 100 95 90 85 £ (ED ) 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm

Fig 2.13 Coupled **C NMR spectrum of protected triazole 45
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Fig214Cr yst al s ttmamokedsur e of D

The S-configuration in theriazoleintermediate could be preferrddading to the
b-anomer Models of the two isomers are shown bel@vig 2.15). The distance

bet ween the azide and al kyne were set
zero (defined as before ifrig 2.5). There could be a steric interaction of the
alkene group in the axial position of tRasomer destabilising this conforme.

lower energy transition state could allow for the favourable formation of the beta
anomer.As discussed previouslyFig 2.6), unfavouable gauche interactions

with the alkene in th&®-isomer could allow for the stereoselective formation of

the betaanomer.
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S5

S(208.3246 kJ/mol) andR (213.3112 kJ/mol)

Fig 2.15 Proposed transition state of azidalkyne cycloaddition

While the yields were much improved on using the alkyne in the cycloaddition, it
was thought that by using eith#ére rutheniumor copper catalyst, thgields
would improve further. However, the observed yields were slightly lower than

with no catalyst Table 2.3).

Exp Conditions Yield (%)
1 DMF, 100 °C 60-73
2 Cul, Na ascorbaté},O/tBuOH/t, then heat 45
3 CprRuCl¢od), DMFrt, then heat 30

Table 2.3 Catalysed azidealkyne cycloadditions
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Although the difficulties associated with reacting and handling the 1,2,3
triazolines,their advantage is that there are more options for functionalization.
Triazoles are stable argenerallydo not break downAttempts were made to
functionalize the alkynes beforecarying out the cycloaddition alkylation
reactions of the alkynes were carried out using acid chlorides like methyl
chloroformate in the presence of bgsBuLi) to no succes¥? Introducing a

halide usingN-iodosuccinimide and AgNgalso proved futilé®*
2.3.31 Oxidation of alkene moiety

Yu'®® describes procedure for the oxidativeesvage of olefins by OsONalO,

and 2,6lutidine. Oxidation of the alkend5 to the diol was carried out using
catalytic OsQ, followed by addition of Nal® for oxidative cleavage. The
aldehyde was not isolated to prevent epimerisation at the anomeric center
occurring. NaBH was added to the crude aldehyde to give the hydbkyrhe

oxidation proceeded very slowly with lowmversion of starting material.

Scheme 2.2&Reagents and conditionsa) OsQ, 2,6lutidine, NalQ,
Dioxane/HO b) NaBH, EtOH

Ozone is often preferred for these oxidatioBsheme 2.3 An A2Z MP-8000

Corona Discharge Ozone Generator was used to cartiiswstep.

An exothermic cycloaddition of ozone with an alkene generates a primary
ozonide, which has limited stability and undergoes cycloreversion to a carbonyl
oxide and a carbonyl. These species readily undergo another cycloaddition to
give an ozonid or other products. The ozonide reacts with reducing agents to

product the aldehyde.

59



HNJ Derivatives fronb-GluconoU-Lactone Chapter 2

\ 7%

J\/‘ \\O+ - . 1?/0
A-\d

primary

ozonide

™ R
+o/o CH, A 9‘/‘/\0 reduction O
R e e e
H

carbonyl ozonide
oxide

Scheme 2.29 Mechanism of alkene ozonolysis

Dussault and cavorkers have carried out the ozonolysis of alkenes in a
solvent/water mixtue to aldehydes and keton€&.A mixture of Q/O; was
bubbled through a solution of the protected tri@an acetone/bD. Sudan Red

7B indicator was used to visually determine conversion of the alkene and prevent
over oxidation of the compound. The crude aldehyde was reduced using, NaBH
in EtOH Scheme 2.3Pto give compound? in 56% over two steps.

Scheme 2.30Reagents and conditionsa) Oy/O,, Acetone/HO, 0 °C b) NaBH,
EtOH, 560 over two steps

The Jy1-42 valuesof 47 were determined as 6.2 Hz, which were comparable to
previous triazole intermediates. @oupled*C NMR experiment was carried out
to determineJyi-c1 values(J = 145.7 Hz) Fig 2.16), which correlated with

previous values.
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Fig 2.16 Coupled °C spectra of &
Deprotection o#47 in methanolic acid gave the final product, a new compound,
48 in 88% yield (Scheme 2.31 The Jy1.42 Values were determined 883 Hz. A

coupled™®C NMR experiment was carried out tietermineJyy.ci value ( =
145.1 Hz) Fig 2.17).

Scheme 2.31 Deprotectionf 47
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Fig 2.17 Coupled **C NMR spectrum of unprotected triazole 48

All of the Jyi1.c1 values determined have been in close agreement with each other.
2.4 Conclusions

A route was devised based upon previous chemistry carried oDt bging
Zhou Overall this route provided allylic azidetermediats in 10 stepdrom -
gluconai-lactone. The benzylation step, Grignard and Wittig reastied to
isolation of intermedias in poor overall yielddJpon investigation of the key
step, it was noted that the cycloadditiseemednore complicated than seen
previously with the primaryazide. It was however, a stereoselective
cycloadlition leading to abetaconfiguration. The ore-pot experiments were

mosty unsuccessful due tow yields of the triazoline

Molecular mechanics was used to rationalise the stereochemistry of the key
reaction. All constrained stereocisomershow a lower relative energy in the
transition statefor the Sisomer There are fewer gauche interactidios the
alkene in theSconfiguration. These reasons perhaps indicaty the beta

product is observedxelusively over the alpha.
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A valuable intermediate, aldehy@8, gavescope for other dipolaropkito be
introduced The alkyne dipolarophile was a successful precursor to-frjazble
product s, st er e o pwdud (confirmeel byyNMBR endi¥ay g t h e
crystallography).

In summary, this route showed some encouraging results, particuldmdy t
stereoselectivity of the tandem rearrangemiertycloaddition. However, the
variousproblems withthis route hampered a full investigatidxiternative routes
were considered towards the synthesis of the allylic azide intermediatesre

discussed ithe next chapters.
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3.1 Introduction

3.1.1 A new r o4pglecopyranoside met hyl U

Although the route discussed {Dhapter 2 did allow for the stereoselective

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

An alternative route from commedci ally &
glucopyranoside, was ekged. A reductive fragmentation reaction was used to

prepare the intermediatdsiq 3.1).

OH I
o 0]
HO RO
HO OMe RO OMe

Fig 3.1 Retrosynthesis

Berret and Vaslla describe the zinemediated reductive fragmentation of
methyl 6deoxy6-halo-hexopyranoside'®’ The activated zinc reacts with alkyl
iodides in an iodinginc exchange followed by elimination to give thldehyde
(Scheme 3.1 Harsh conditions and high temperatucas lead to experimental
difficulties. Madseroptimised the fragmentation ofiédo-6-deoxysugarsising

sonication'® 16°
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_.-Zn

| g OR
(@]
RO RO 2 <0 :
RO - —_— RO —~ » WO
OMe RO Sve OR OR
_ 2n _
I=--. A Znl
SIoeel N - .
RO 0---:3 l-,Zn2+ RO (0} I,Zn o---:332n2+
RO ,,' —— RO ," —_— RO /,'
RO [/ RO I/ RO
O\ O\ RO ,
O\

Scheme 3.1 Mechanism of zinmediated reductive fragmentation

There were many advantages to this synthetigte. It is shorter thanthe
previous routethe alkenamoietyis easily introduced and there is fh&entialto
begin with anycommercially availablsugar to giveaccess tahe corresponding

iminosugarC-glycosides
3.2 Results and Discussion

3.2.1 Synthesis omono-protected intermediates

Usi ng Ganditogsg 6 me tokgldopyrdnosidevasheaedin THF with
triphenylphosphine, iodinend imidazoleto give the 6deoxy6-iodo sugar
4917172 The Giodo sugar was protected asrlzyl, methyland triethyl silyl
ethers; protecting groups usdwthd to be stable undéhe zinc reduction
conditions andthe chemistryof later stepsThe fully protected intermediates
50ac were sonicate in a mixture of THF anéi,O with pre-activated zinc dust
for 2- 4 hat 40 °C to giveblac. Aldehyde5lawas reacted immediately to
prevent epimerization using @riard conditions to give the allylic alcohs2a

as a mixture ofyn andanti-isomers {1:1ratio) (Scheme 3.2
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OH | |
HO% a HO/&‘ b,cord RO&
HO - HO —  ~ RO
HO OMme HO OMe RO OMe
49

50a R =Bn, 73%
50b R = Me, 78%
50c R = TES, 75%

OR

RO ~_.~

RO™ |
(0]
51a R =Bn, 79%
51b R = Me, 79%
51c R=TES, 80%

Scheme 3.2 Reagents and conditiona) k, Im, PPh, THF, reflux, 79%; b)
BnBr, NaH, DMF, 60%; c) IMeKOH, DMF, 78%; d) TESCI, Im, CHCIy; e) Zn
), THF/H,O (9:1) 40 °C; f) Vinyl MgBr, THF, 6%

Introducing the secondary azide $@a proved difficult. A range of different
conditions were teste(Table 3.1). The preparation of the mesylate, tosylate and
triflate (entriesl, 2 and9), were investigated and observed by NMR. However,
after chromatography, decomposition was observed and when brought on

directly, no azido products were isolated.
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OBn

conditions

Exp Conditions
MsCI,EtN, CHCL, rt and-78
°C,then NaN, DMF, reflux
TsCI, EN, CHC), rt,

then NaN, DMF, reflux

PPh, DIAD, DPPA, THF, 0 °C t
rt

PPh, DIAD, MeSIN, TBAF, THF
O0°Ctort

DPPA, DBU, 0 °Cto rt

DPPA, DBU, NalN °C to rt
pNO.DPPA, DBU, rt
PNO.DPPA, DIAD, 0 °C to rt
Py, TO, CHCL, 0 °C to rt,

then NaN, DMF, rt

Table 3.1 Azidation reactions

© oo ~NO O b

An alternative route via the Wittig reaction involvedheating 51ac with
(carbethoxymethyleng)phenylphosphoranein toluene to giv e t h-e
unsaturated esteb3ac in good yields Compoundsb3ac werereduced using
DIBAL-H at-78 °C to give54ac. The azide was introduced using Mitsunobu
type conditions to givés5ac. The fully protected allyli@zides werall observed
as 1°trans-allylic azide by*H NMR (andas seen previously iBhapter 2).

68

Ce



HNJ Derivatives frorM e t h-p-Glucbbyranoside Chapter 3

51a R =Bn a
5lbR=Me —> RO"
51c R=TES

CO,Et

53aR=Bn, 81%
53b R = Me, 82%
53c R=TES, 85%

—_—
OH
54a R = Bn, 84% 55a R = Bn, 68%
54b R = Me, 83% 55b R = Me, 67%
54c R = TES, 84% 55¢c R=TES, 67%

Scheme 3.3 Reagents and conditiona) PRPCHCQELt, Tol, reflux; b)
DIBAL -H, CHyCl,, -78 °C; c) PP§ DIAD, DPPA, THF

3.22 Cycloaddition Investigations

Next, thethermally promoted intramolecular cycloadditiohthe above allylic
azides weranvestigated.However, in the case of these intermediates, heating
55ac in DMF for approx. 8 h did not lead to any cyclized produmging

isolated.

55a-c

Scheme 3.4 Tandem rearrangemerit cycloaddition

A wide range ofconditions in attempts to optimise the rearrangement
cycloaddition,were carried out. Varying temperatures and solvents (as described
in Chapter 2, Table 2.3, using additives Table 3.2, carrying out ongot
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investigations and experimenting with a microwave reactor, did not lead to any

of the desired products to be observed.

Some Lewis acid catalysts are reported teatinate to alkenesnd/or nitrogen
functionalities” *"* and many reactions are reported to be improved in their
presence'® 173 17® A range of catalysts were chosen due to th@rdination
abilities and availability.However, vwen conditions were too mild; starting
material was recovered from the reactiamd under harsherconditions;

decomposibn wasobserved.

Conditions Product Yield

Lewis Acids: AICITiIC), FeGl
Znb, ZnGl, BR.ELO

55acand decomposition -

TfOH, CECHCN Decomposition -
DMF, NE{TFA, rt, 24 hr 55ac 60%

DMF, 4, 100°C Decomposition -

Pd(OAG) Decomposition -

Table 3.2 Use of additives to promote cycloaddition

The fully deprotected intermediate was also prepaf@mpound55c was
reacted with tetrabutylammonium fluoride cleave the TES ethéf5and give
the fully deprotected intermediat&6. This triol was observeds a~1:1 mixture
of 1° cis- andtransallylic azides most likely due to intramolecular hydrogen

125

bonding™” Again heatingin DMF, the fully deprotected intermediate did not

lead to any cycloaddition produc(Scheme 3.k
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N3

56 R=H, 1:1 E:Z
b |:>57 R = Ac, E only
Scheme 3.3Reagents and conditionsa) TBAF, THF, 766 b) AcO, Py c)
DMF, 100 °C

Acetyl groups were introduced &6 as electron withdrawing groups (compared
with benzyl and methoxy protecting groups) to possibly alter the reactivity. Exact
equivalents of AgO were necessary to stop acetylation of the azide functionality.

Heating of57 in DMF, gave recovered starting mateiraB8%.

A new route had been developed and a range of allylic azide intermediates
prepared, however, the rearrangemgyioaddition had not occurred upon

heating any of the intermediates.
333 Synthéwoirmaofi odadbhy constrainedb inte

For 1,3dipolar cycloadditions to occur, a highly organised transition state is
required to allow sufficient overlap of the HOMO and LUMO orbitals. If overlap

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

Fig 3.2 HOMO and LUMO overlap of azidealkene cycloaddition

Previously, the 1,2;8iazoline was successfully isolated from intermedie8
(Chapter 2); while only starting material or decomgben had been observed
from intermediate$5ac, 56 and57 (Chapter 3). Considering the two general
structures of thellglic azide intermediategFig 3.3), it could bethat thediol

isopropylidene protecting groupis acting as a conformational constraint
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allowing sufficient overlap of the azide and alkene for dtyeloadditionto
proceed upon heating, which is not occurring on the intermediates discussed so

far in this chapter.

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

To test this theory, an isopropylidene group was introduced selectively tedhe C
and G5 hydroxyls of the triob6. Acetonide58 was observed as a mixture 15
cis- andtransisomers

H,SO,, Acetone

78%

56 ~1:1 E:Z

Scheme 3.6 litroduction of diol scaffold

Acetylation of the fre&-OH to give59 was used to verify that the acetonide had
been introduced at-@ and G5. There was significant downfield shift (~1 ppm)
of the'H NMR signal for the @ proton; this shift is commonlgbserved for a

CH proton after acetylation of an adjacdntdroxyl group. The use of 2D
heteronuclear multiple bond correlation spectroscopy (HMB&GPathowed the
required three bond correlation between the carbonyl of the acetyl group with H
6 (Table 33, Fig 3.4and3.5).
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Ac,0, Py, Oab5
DMAP

. o
71%

58 ~1:1E:Z

Scheme 37 Acetylation of free hydroxyl

Compound 'H NMR (500 MHz, CDC}))
14.09(t, J= 4.8 Hz, H, H-6), 4.05

> (t, J=5.1 Hz, 1H, Heb);
59 5.381 5.33 (M, 2H, H6a, H6b)

Table 3.3 'H NMR data for H-6

Compound 58

JWL J':ﬂu AR I

WA |
AV e W A AN — Y

Compound 59

H\-G n
_ﬂmkwwum JML .jﬂk_ i J‘k_,,,ﬁ L

58 54 50 46 42 38 34 30 26 22 18 14
) f1 (ppm)
Fig 3.4"H NMR downfield shift comparison for 58 and 59
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H-6
\ r
Wl | il |
| s e T 20
: 40
~ fe0
_— -y ey = -
— = See SN . 80
L £
ol
- 1002
— v e -- 1120
] - i 1140
1160
C=0 — o -l -
180

62 58 54 50 46 42 38 34 30 26 22 18 14 1.0
f2 (ppm)

Fig 3.5 HMBC spectra of 59

Heating 58 in DMF allowed the cycloadditionto occur and gavehe 1,2,3
triazoline 60 as the major product in yields siniléo those seemreviously
(~3®%). Again the stereochemistry atB0vas easily assigned usidgalues and
gave the same configuration as befdrealues isolated for the anomeric carbon
were Ju1.42 6.4 Hz. This value, as before (5.8 Hz), falls between typical alpha
andbeta rangegdowever, based oexperimental and modelling datarried out

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

DMF
100 °C Recovered SM
10 - 30% (40 - 50%)

Scheme 3.8 Cycloaddition reaction

On one occasion, theigration product of he 1,2dioxolane58 to the 1,3
dioxane 61 was isolated The dioxane waseatd in DMF for 24 h which
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resulted in full recovery o6l From this experiment, itvas concludedthat
protection of the 1:8liol does not allow the intramolecular cycloaddititm

occur Scheme 3.9

OH
O P DMF OH
100 °C :
A N W
><O““‘ o >< + “ Y r N
' o_ O
| A
N3
DMF
100 °C

61 recovered 89%

Scheme 3.Lycloaddition of dioxolane-protected azide 61

The free hydroxyl on compoursB was also protected using benzyl bromide, to
provide a direct comparison with compouB8a (Chapter 2). Intemediate62
was more stablthan58 and existed exclusively as the ttans-allylic azide (by

'H NMR). Heating compounéi2in DMF gave the triazolin3in 15- 23% with
recovered starting material %6 This compared with yields obtained from the
intramolecular cycloaddition o889b. Nucleophilic attack of AcOH on the

triazoline gave the-@cetylated iminosug#4.

QBn
%

Scheme 3.1Reagents and conditionsa) BrBr, NaH, DMF, 82% b) DMF,
100 °C, 23% c) DMF, AcOH, 100 °C, %©
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It was not possible to isolat®;., values for triazolines3. Jy, values for64
were resolved and determindd,.y; to be 5.8 Hz.This value correlates with

values isolated previously and is most likbkta.
3.3.3.1 Optimisation of rearrangemenicycloaddition reaction

The rearrangemeitycloaddition was proceeding, however still at low yields.

We looked at ways in which to improve this.

The thermally promoted cycloaddition B8 carried out in HPLC gide DMF (by
chance) led to the isolation of trace amounts of a side product. This was
determined to be the-®H iminosugar65, perhaps due to adventitious water
present in the lower grade DMF. Thg 1, value in65 was 7.8 Hz (apt triplet),
which would bemore indicative of the beta anom#éran previous values
isolated Deprotection 065 in acid gaves6 (signals were overlapping;values

were not isolated).

60 20%

Scheme 3.11 Reagents and conditiors} HPLC grade DMF, 100 °®) aq
AcOH, 24%

It was thought that by perhapsarying the ratio of DMF to HO, optimal
conditions could be determined for the synthesi$@®fAn experiment carried
out with 0.5 to 5 eq of ¥D in DMF ga\e the starting material 1:215% and the

76



HNJ Derivatives frorM e t h-p-Glucbbyranoside Chapter 3

triazoline107 20%, however, no improvement on increasing the yield of the 6
hydroxyl sugar was made. Often, difficulties were encountered in isolating

compounds5 as a product, even in trace amounts.

Many cycloaddition reactions have been reported to be improvedebyse of a

MW reactor:’® At the appropriate power and temperature, the cycloaddition
proceeds in a shat time period than in the oil bath. Howeyvthis appears to be

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

azide occurs in less than 5 mifaple 3.4.

Conditions 58 60 Decomposition
DMF, 80 °C,@0 W, 1h 18% 15% -
DMF, 150 °Q00W, 5min - - 100%
HPLC DMF, 80 °C, 150 W, 1 40% 15% -
HPLC DMF, 150 °C, 300 W, 1 - - 100%

Table 3.4 MW studies
3.33.2Alternative diol protecting groups

It had been determined that a constrairthenform of a diol scaffold is necessary
for the cycloaddition to occur. There are a number of options for the protection

of diol functional groupsTable 3.5.17°
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Z/
/ R
—0

z R R
O-methylene C H H
O-ethylidene C Me H
O-cycloalkylidenes
(n=4 cyclopentylidene C (CH)n
n=5 cyclohexylidene)
O-isopropylidene C Me Me
O-benzylidene C Ph H
O-benzylidene substituted C
Y =0-NG,, p-OMe,p-NMe, Y-GH, H
Ossilylene Si Ph Ph
O-alkylboron B Me Me
O-cyanoalkylidene C Me CN
O-(dimethylaminoalkylidene) | C Me NMe,

Table 3.5 Diol protecting groups

Selected examples were investigated. The usepahathoxybenzyl group led to
complex mixture of inseparable isomelse to lack of selectivity and adidnal
chiral centers within the protecting grogfcheme 3.1R Heating the mixture

did not lead to any cyclized products being isolated.

PMP.
OH }Q
< o < /
A NN b
7YY + —X—
Oy ° HO"Y|
PMP

Major isomer

Scheme 3.12 Reagents and conditions) p-Anisaldehydalimethylacetal
pyridinium p-toluenesulfonateDMF; b) DMF, 100 °C

Protection of the triol56 with a cyclohexylidene group gave, as with the
isopropylidene, the 4;itermediates7. Upon heating in DMF, the triazolirg8
was observedhoweverin very poor yield. Isolated values for H1 to H2 were

6.5 Hz, which correlates with values for prewsdtiazoline products.
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Scheme 3.13 Reagents and conditions) Cyclohexanone, 1$0,, dioxane,
73%; b) DMF, 100 °C, 5 7%

A 7-membered disiloxanprotecting groupvas also investigated. From the triol
56, a complex mixturevas formed. Heating in solvent did not lead to any desired

products.

Scheme 3.14 Reagents and conditiors) TiPDSCI,, Im, DMF; b) DMF, 100
°C

3.3.3.3Secondary allylic azides

So far, we had looked at varying the reactaamditions (temperature, solvent
additives etc.), different protecting groups and substituting the alkene
dipolarophile, with little success in optimisationofying the azide moiety had

not yet been considerg@rig 3.6). Possibly, two secondary azidesmpeting
would allow for a shift in equilibrium towards the azide we wanted to react and

result in higher yields.

PO~ Fr PO, ~Fvg PO A~Fr PO, ~Fvr
| - Na vs. | - N3
x R x
N3 N3 R'

Fig 3.6 Possible equilibrium of two 2° azides competing
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To prepare the substituted azide, a methyl groupimtesduced $cheme 3.1h
Intermediateb4c was reacted with the Desartin reagent to give the aldehyde
69 in good yield. Methyl magnesium chloride was used in the Grignard reaction
to give the 2° allylic alcoholrO as a mixture of isomers. Under Mitsumo
conditions with DIAD and DPPA, the azide was introduced and deprotection
with TBAF gave azidealcohol 72. The isopropylidene group was selectively
introduced at the @ and G5 position as before to givi8. Compounds2 and

73 were observed as complexxtures of isomers.

N3

7MR=TES 73
72R=H,~1:11EZ

Scheme 3.15 Reagents and conditionBessMartin Periodinane, CCl,, 85%;
b) MeMgCl, THF,86%; c) PPRB, DIAD, DPPA, THF,72%; d) TBAF, THF,
71%; e) Acetone, k50O, 74%; f) DMF, 100 °C

Azide 73 was heated in DMF for up to 24 h. However, mostly staniagerial
was recovered (16 55%).

3.2.4 Consideration of the stereochemistry using molecular mechanics

Some simple molecular mechanics studies were attempted in order to try to
rationalise the mlts. Models of thé&k and Sallylic azides for both the fully
deprotected compourisb and the isopropylidene protected intermedtBevere

built and calculations were performed using the Maestro MacroModel molecular

mechanics program as @hapter 2. Thelowest energy conformations generated
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by conformational searches are shown belbwg 3.7 and 3.8). The azide and
alkene functionalities are in closer proximity for the protected compb&8nblut
still does not seem that they could be easily alignedHerctycloaddition to

proceed.

S(244.3788 kJ/mol) andR (248.4018 kJ/mol)

Fig 3.7 Lowest energy conformers of 56Rland Sisomers andE values from
MacroM odel)

S(208.6813 kJ/mol) andR (211.2844 kJ/mol)

Fig 3.8 Lowest energy conformers of 58

We carried out calculations limiting the distances between the proximal and
distal atoms of the azide and alkemeto 15 + 1.0 U. The dihedral angle
defined belowfig 3.9), was set to zero in order to generafgamar arrangement
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between the azide and the alkéffé®? The allylic strain was minimisedtb
account for the stereochemistry forming at6.CWe hoped that this would
geneate a conformer perhaps representative of the transition Sel@w are
pictures of the lowest energy conformers generated within these pararfegers (
3.9and3.10).

& B 20 o 2
;)
£

S(327.5133 kJ/mol) ancR (317.4515 kJ/mol)

Fig 3.9 Lowest energyconformers of 56 with dihedral angle (defined by -
34 set to O0O) and distances (1.5

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

Fig 3.10 Lowest energy conformers of 58 with dihedral angle (as before and
set to 0) and distances (1.5N1

There wa a huge jump in energy upon constraining the distances and forcing the
azide and alkene into a closer proximity and also a significant difference in
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energy between compoun@$ and 58, indicating the importance of the diol

constraint. Th&Sisomer was fond to be lower in energn 58.

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

in a transition state; it looks like both conformers are in adfadfr formation
(Fig 3.10.

N3 H N

HO Cs HO Cs
H // \
Fig 3.10Possble transition statesof 58 (S and R) and Newman projections

Newman projections show two gauche interactions for the alkene Risloener
and only one gauche interaction in t8asomer, perhaps a factor imhy we
observed stereoselectivity in the tandem allylic azide rearrangeémdaisgen

cycloaddition of these intermediates.
3.3Conclusions

An alternative routeto substances for the rearrangemeydloaddition was
developed. This route was shorter and batter scope, although the observed
yieldswerestill poor. The importance of the effect of different protecting groups
was emerging and the requirementtioé 1,2diol constraintin promoting the
cycloaddition was discovered. The isopropylidene was llest scaffold

investigated so far.

Jvalues isolated compared with values discussed in chapter 2 and it would seem
that the beta sugars were forming exclusively. Models build for Ratimd S

intermediates showed that the allylic azide intermediate caulgbing through a
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half chair transition stateMinimisation of gauche interactions in tiasomer

couldallow for favourable formation of the besémomer.

Despite alternate routes and various attempts at optimisation, this
rearrangementycloaddition was not observed to proceed very successfully from
these glucose derivatives. This route was also used in the preparation of mannose

and galactose derivatives which are dssad in the following chapters.

84



Chapter 4

Homomanngjirimycin D erivativesf r om Met hy |
D-Mannopyranoside



HMJ Derivatives fronMe t h-p-Mantbpyranoside Chapter 4

4.1 Introduction

4.1.1 Previous syntheses of homomannojirimycin and analogues

Fleet and caworkers prepared} a n dHMB via a key intermediate bicyclic

aminclactone baring a D-mannose configuration. The unstable lactone

under went nucl eop h-anino esterawthicheegirkerisedto tigei ve t h
b-ami no ester. Separati on-amdHMd aspdlot ect i o

as other isomers such agpi-homomannojirimycin $cheme 4.)109 18318

#\O o OR
(0] OR 1. NaOAc or

1. P(OEY, JVOHNI NayCOs _ \@A
N3ﬁ0/u\/ 2. NaCNBHjs O\ZRO 2. Deprotect

6]

Scheme4.1F|l eet 6s s yamtd-lhild’:is i s U
The first reporteds y n t h e-siMJIswasoaf benfbenzymati@approach for the
synthesis of iminosugarsusing an aldolaseD{fructose diphosphate (FDP)

aldolase) to catalyse the key asymmetric aldol addition rea&itremes.2). %

0
O N po I on

= — OH >
HO OH

OH
OH
OH OH HO
1. RAMA, DHAP : 10 % Pd/C, H, OH
JE—— - H——
2. acid © H © HO NH
phosphatase N OH O
OH

Scheme 4.2 Wongds chembMInzymati c syn

Another chemoenzymatic approaclwtar ds t he dHyhwadusisgi s of b
fructose 1,ébisphosphate (FBP) aldolas¢€scheme 4.3 The lactol was
stereoselectivelysynthesisedvia Sharpless epoxidation, treated with rabbit

muscle fructose 1;6isphosphate aldolase and phosphatase and hydrogenated to

gi v-ieMIH®
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5-7 steps N3 OH 1. RAMA, DHAP

—_— 2. acid

O OH phosphatase
*(S) = beta
*(R) = alpha

OH OH oH
o o 10% Pd/C,H,  HOL~ OH

_—

H « NH

N; OH O HO
OH

Scheme4Xhemoenzymatic apHMloach to U an

FernandeMayoralaset al describe h e s y n tHM&and isomevsffronfo-
and L-diethyl tartrate. The key step involves a prolosalyzed aldol
condensation, in which both enantiomers of proline have been used as 4d,catalys

affording complementargnti-aldol products$cheme 4.4’

Ph Ph OH
O OH A o><o PN h% :
o~ o o™ o o H, HO
COEt — » + L-Pro = 2 OH
EO,C —, % LePro_ =] T
OH O E| o H HO
N3 O N; OH O
OH

Scheme 4.48ynthesis ofb-HMJ from L-diethyl tartrate

Fleet and cavor ker s prmethy, aethyd cand fphemyderivatives of
deoxymannojirimycin® Some of which have been isolated as natural products

since by Kato and cworkers>®

o><o MelLi >< OH

Vinyl MgB LYr HO\_~
or Vinyl MgBr :
H OH
(@) 3 R O Deprotect HO
3 N3 R
R = Me, Vinyl, Ph R = Me, Et, Ph

Scheme 4.5 FIl| eet@gycosidemt hesi s of all

These compoundsFig 4.1) were assayed as inhibitors of human liver
glycosidases. Allcompounds tested were potent and specific competitive
inhibitors of human liverJ-L-fucosidase Introduction of a bulkier aromatic
group gave a more potent inhibitor thasDi4J. However, only iIDMJ was an

inhibitor of h -mannosidase.
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OH OH OH OH oH
HopAOH 1O~ 1O~ oH Mo~ oH MO OH
HO NH HOQH Hom Ho§'\f Ho§'\f

Ph
50x10°%M 1.0x 108 M 1.0x 108 M 7.0x108M 1.0x 10 M

Fig 4.1 Values f or i-nficosilase catalysedof h u man
hydrolysis of 4u mb e | | iLffueapyyanosdé by DMJ derivatives

This chapter presenta route allowingaccess taminosugarC-glycosidebased
on mannoseThe same chemistrgmployed from glucos@Chapter 3) was used

to prepardghesederivatives
4.2 Results and Discussion

4.2.1 Synthesis and cycloaddition oftrans-isopropylidene protected

intermediate

The rout e s t ar tbamethyl r nnarmopyraeosidey The Hilly
deproteted azideB0 was preparedia intermediate§4-79 as seen previously in
chapter 3. The aetonide was introducetd 80 using 2,2dimethoxypropane in

the presence of 30, in dry acetone to giv81 (Scheme 4.k
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HO OH | OH | OTES
HO -Q a_ Ho -Q b TESO -Q
HO HO TESO
OMe

OTES (:)TES
c TESO B _— q TESO =
— — e -
TESO" | TESO |
o CO,Et
76 77

N3 N3
78 L79R=TES, E 81~1:1,E:Z
9L>80R=H,~1:1E:Z

Scheme 4.6Reagents and conditionsa) k, PPh, Im, THF, reflux, 756; b)
TESCI, Im, CHCI,, 70%; c) Zn))), THF/HO, 40 °C, 840; d) PARPCHCQEL,
Tol, reflux, 826; e) DIBAL-H, CH,Cl,, - 78 °C, 84%; f) PPh, DIAD, DPPA,

THF, 77%; h) TBAF, THF, 7%; i) p-TsOH, 2,2DMP, Acetone, 7%

Acetylation of the free ©OH of 81 verified the acetonide had been introduced at
C-5 and G6. This regioselectivity is different to the glucose derivatives in

chapter 3, where the isopropylidene was regioselectively introducéwe &4
and G5 position.

O ~_= Ac,0, Py,
DMAP, 82%
HO |
|
N3
81~1:1,E:Z

Scheme 4.7 Acetylation of free hydroxyl
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The 'H NMR spectra below shows the significant downfield shift of thé H
signal upon acetylationT@ble 4.1) (Fig 4.2. The HMBC shows the correlation
between thearbonyl of the acetyl group to-6l(Fig 4.3).

Compound 'H (500 MHz, CDgI ¥3C (126 MHz, CDgI
81 1 n-®8%j{2H, Hi, H6) L TnoM) o
82 1 p ©JEb.0 Bz IH, H) I THOH O

Table 4.1 Chemical shifts of H4 and C-4

Comnound 81

r2
H-4
| mmm
,WH.AIUM,____ ol l_ ,nlj|__________ . M"\“___A__ . ‘l\«.q_,____ | ,,'f‘-u,,___‘,____. [ . d\_,
Compound 82

6.0 5.8 5.6 5.4 52 50 4.8 46 44 4.2 4.0 3.8 3.6 3.4 3.2 3.0 28 2.6 24 2.2 20 1.8 1.6 1.4
f1 (ppm)

Fig 4.2*H NMR spectra of 81 and 82
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H-4
| |' J J
e Mk AL e T
r1o
_ T ° = S: :30
3 - 50
3 = = 170
—_— - I o= - [ =
0 E
N
t —
RN —rews :110 e
— 2 v 1130
1150
C=0 — = 1170

60 56 52 48 44 40 36 32 28 24 20 16 1.2
2 (ppm)

Fig 4.3 HMBC Spectra of 82

The isopropylidene protected intermedi8fewas heated in anhydrous DMF for
6 h and gave the 1,2{8azoline83, stereoselectively, in 5060% andrecovered
starting materia81l in traceamounts up to 2. This yield is significantly better

than the experiments carried out with the glucose derivatives.

O

DMF, 100 °C, 6 h Recovered SM

(trace - 10%)

50 - 60%

Scheme 4.8 Thermally promoted cycloaddition

The Jy1.42 value for the anomeric proton o83 was 2.2 Hz. Inthe case of
mannoseJy1-42 Values alone are not sufficient to confirm the stereochemistry at
the anomeric centreA coupled **C NMR experimentwas carried out and
determinedly;c1 to be 142.2 HzKig 4.4). This compares to the values obtained
in Chapter2f o r -tridzodes (842145 Hz) and could indicate the triazoline as
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the beta anomefThe other values obtained below are most likely du@do:

and>Jc1n: coupling.

o
~
o

!
62
\
I
U
B L BB

A{ddt) 1

@

o
=
=

i
=)

1(6.30, 11.93, 142.23)

| ﬂl I ‘I r|ﬂ‘i| r2
I Ty
DRI SRR U

: T T T — —— :
14 642 64.0 638 63.6 634 63.2 63.0 628 626 624 622 A (ddt)
f1 (ppm)

D B
e
o o

iy
=

T
LR
I

T
AN
=

1(6.30, 11.93, 142,23}

—
iy
5}

c1

1 )L

T T
135 130 125 120 115 110 105 100 a5 20

AL A e S S S e
Mok e R N WL RS N @ w

83 fl(p%om] 73
Fig 4.4 Coupled™*C NMR spectrum for 83

For mannopyranoside, @alue of 170Hz for 'Jci4: indicates an equatorial
proton at G1 and a'Jc.1 Of 160 Hz indicates an axial protéRig 4.5)."%° While
the YJcin1 values observed here difs from these values, we hope that by

comparing a series 0fc1.41 valuesa trend will emerge (see appendix 1).

OH OH
HO HO
HO A HO -Q
HO Heq  vs. HO OH
H H [
OH Hax
JC1-H1 ~170 Hz JC1-H1 ~160 Hz

Fig 4.5 Jc1.n1 values forU- a n dmabnopyranoside

Following the success of éhrearrangementycloadditionof 81, we tested the
onepot reaction. ntermediate81 was heate in DMF or toluene for 6 h, then
cooled to approx. 50 °@nd AcOHwas charged.The main product waghe 6-

acetybted iminosugaB4 in 35% yield from 81. When acidpH>2) was charged

92



HMJ Derivatives fronMe t h-p-Mantbpyranoside Chapter 4

to the pot, the main product isolated after ion exchange chromatography was the
fully deprotected intermedia®5 (Scheme 4.9 Although, this procedure led to

the desired products, it was not a completely clean reaction and thersowere
undetermined side products remaining. Jhg4, valueof 84 was2.3 Hz

O Az 9 OH
HOL _~
a,b © OAc ¢ OH
E— .
H NH
© | HO NH HO
| X X
N3 84 85
81

Scheme 4.9 Reagents and conditiona) DMF, 100 °C, 6 h; b) AcOH0 °C, 8
h, 35%; c) aq HCI, 8

4.2.2 Synthesis and cycloaddition oftrans-butane diacetal protected

intermediate

Some work was described Dhapter 3 detailing results using different diol
protecting groupsWe decided to investigate further the influence of the diol
protecting group on the cycloaddition reactioging the moresuccessful
mannose based derivativds was thought a-6or 7-membered diol protecting
group would allowmore flexibility, while still introducing sufficient constraint

for the cycloaddition(Fig 4.6). We investigated introducing alternative diol
protectng groups directly from the triol intermediateh@pter 3), however, this

led to mixtures. We looked at introducing these groups at the beginning,

eliminating the need for deprotectionfreotection steps later on in the scheme.

iPr

MeQ » | _iPr
: iPro 9=si;
0 MeO Y 0 oSl 0
Ol A~ = Ol A= Ou A~ =
RO ‘ RO ' RO
N3 N3 N3

Fig 4.6 5 vs.6- vs.7-membered diol protecting groups
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The dispirodiketals (dispoke), cyclohexah@-diacetals (CDA) and uiane2,3
diacetals (BDA} are specifically designed for the protection of vicitrahs

diols. BDA wasinvestigated as a-@iembered diol protecting group as it was
easy to prepare and yields are usually superior to the corresponding cyclehexane
1,2-diacetal protecting grouf*

The BDA group was i ntr odu-mandopyanoside r eact i
and butane€,3-dione in methanol with trimethyl orthoformate and CSA as a

catalyst®* The route proceeded smoothly to give the allylic agi8leia 86-92in

good yield as a white solid.his is the first allylic azide that was isolated as a

solid (Scheme 4.1)

HOL on MeO  HOS on MeO I, oH
HO —O a O ‘O b O ’O
HO — 0 — o
OMe OMe OMe OMe OMe
87

86 trans-diol
OMe
|
MeO o'E)Es Me O
c /§8 - d
—_— O —_— —b
OMe OMe TESOJ;\/
88
OMe >)<0Me }k
(0]
MeO B MeO
o ~ f o ~ g 00
TESO TESO |
COzEt
OH
L 92R = TES
93 R=H

Scheme 4.10 Reagents and conditiares) 2,3Butanedione, CSA, CH(OG4,
DMF, reflux, 726; b) b, PPh, Im, THF, reflux, 886; c) TESCI, imidazole,
CH.Cly, 70%; d) Zn))), THF/HO, 40 °C, 900; e) PRPCHCQEL, Tol, reflux,
83%; f) DIBAL-H, CHCly, - 78 °C, 796; g) PPB, DIAD, DPPA, THF, 74%; h)
TBAF, THF, 636

94



HMJ Derivatives fronMe t h-p-Mantbpyranoside Chapter 4

Heating93in DMF proceeded to give the 1,213azoline94in poorer yield than
the isopropylidene intermediate. However, the triazofidewas isolated as a

white solid. It was possible to grow crystals and obtain a crystal struétigre (

4.7

>H<0Me
O OMe
MeO H }k

o ~Z  DMF,reflux  MeO 9
8 h O~
HO — j;\ﬁ”
| 20 - 25% Ho” NN
Na ~
93 Solid 94 Solid

Scheme 4.11 Thermally promoted cyoaddition of 93

Fig 4.7 Crystal structure of 94

The structure shows the stereochemistryithat anomeric carbon to be alpha,

which is the oppositeotwhat has been observed sa finis is the first reported
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crystal structure of a triazoline fused imingar. There are very few reports of
triazoline crystal structures in the literatdf@ A coupled®™C NMR was carried
and determined théc;.4; value of94 to be149.6Hz (Fig 4.8), which is larger
than anyJciyi values isolated previously, perhaps being indicative of the

different anomer configuration in this case.

mmenn owooy
pagan 2L RT
DEBRRE LE5H8
mEmnn riel oo 2.5
28999 ggddg
i St 1.5
c1
c-4 1.0
‘ k2.0
‘ 0.5
i M, M
y MW ] WV "
o Mgt \ AL VEL A LS I A (ddt)
{ 52.760 1.5
! ! ] ! ] 1(5.48, 10.63, 149.60)
63.5 63.0 62.5 62.0 615
f1 (ppm)
F1.0
Fo.5
Fo.o
: B B - - B : s : : : - : : B s - : : : : : B - -
135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
1 (ppm)
Mo n s Hs ¢ m
uy TOMmMMaN = O
c@mnn gRogedugdd
mmmmm [k o<
98898 0.8 ) t2.5
R
07
A (ddt) [o46
2.7 Los
¥(5.48, 10.63, 149.60) -
T Fo4 f2.0
// F0.3
1
it W h 0.2
1
] | Fo.
f oo f1.5
: : : : . - - B :
4.5 640 635 6.0 625 620 6L5 6L0 60.5 A (ddt)
1 (ppm) 62.76
3(5.48, 10.63, 149.60)
.o
fo.5
1
0.0
. : - . : - . : : . : : | - . : - : : : : - : . :
135 130 125 120 115 110 105 100 95 90 85 81 _75 65 60 55 50 45 40 35 30 35 20 15

70
f1 (ppm)

Fig 4.8 *C NMR spectrum showingJui.c1 valuesfor 94
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Unfortunately due to the lower yield, any epet conditions tested did not lead

to the isolationof iminosugar products fr@&

The dispoked3 was benzylated to observe if the free hydroxyl had an effect on

the cycloaddition$cheme 4.1p

Scheme 4.12 Reagents and conditiorsy BnBr, NaH, DMF 0 °C 5%; b)
DMF, 100 °C, 52%

The benzylated intermediat®b was reacted as in every other cycloaddition
experiment. Monitoring by TLC, theeaction proceeded similarly tothers.
Upon chromatography, the major product was determined to be the reduced

imine produc®96.

It has been shown throughout this work that the protecting groups have a major
influence over the results of the tandem rearrangeimeytloaddition. A change

in readivity occurred on introducing the benzyl protecting group. It is likely the
triazoline formed during the reaction but was more unstable than its unprotected

analogue and broke down to form an imiBetl{eme 4.1B

Scheme4.13 Mechanism of imine formation

The presence of hydrogen bonding can stabilise certain conformations over
others that in the absence of hydrogeonding, would be favoured. On

97











































































































































































































































































































































































































































































































http://www.cambridgemedchemconsulting.com/resources/bioisoteres/acid_bioisosteres.html
http://www.cambridgemedchemconsulting.com/resources/bioisoteres/acid_bioisosteres.html

























































































































