UNIVERSITA DEGLI STUDI DI MILANO

DIPARTIMENTO DI SCIENZE BIOMEDICHE, CHIRURGICHE E ODONTOIATRICHE.

Scuola di Dottorato in Biochimica

DOTTORATO DI RICERCA IN BIOCHIMICA
BIO/10 - XXVI CICLO

EVALUATION OF THE [INHIBITORY ACTIVITY
OF VARIOUS UNREPORTED CMP-Neu5Ac
DONOR CONGENERS ONGM3 SYNTHASE

Antonio GREGORIO
Matricola: R09263

Tutor: Chiar.mo ProfMario ANASTASIA

Coordinatore: Chiar.mo Prdfrancesco BONOMI

Anno Accademico 2012/2013
|



TABLE OF CONTENTS

Summary

1. INTRODUCTION

1.1 Sialyltransferases (STs)

1.1.1 Eukaryotic and viral STs

1.1.2. Prokaryotic STs

1.1.3. Structures 3D of Sts

1.2 Sialylation and sialylglycoconjugate

1.2.1 Catalytic mechanism of STs

1.2.2 Biological synthesis of the CMP-Neu5Ac siglaonor
1.2.3 Acceptor family

1.2.4 Function of sialylglycoconjugates under pblggiical and pathological conditions

1.3 Sialyltransferase inhibitors

1.3.1 Donor-based inhibitors

1.3.2 Acceptor-based inhibitors

1.3.3 Transition state-based inhibitors
1.3.4 Bisubstrate-based inhibitors
1.3.5 Other ST inhibitors

1.4 GM3 synthase

1.5 GM3

1.5.1 GM3 in cell proliferation and oncogenesis
1.5.2 GM3 in apoptosis

1.5.3 GM3 in cell adhesion

1.5.4 GM3 in cell differentiation

1.5.5 GM3 in insulin resistance

1.5.6 Other processes

2. AIM OF THE WORK
3. RESULTS AND DISCUSSION

3.1 Chemical results and discussion

3.2 Biological results and discussion

3.2.1 Inhibition on bacterial-2,3 ST fromPastelirella multocida
3.2.2 Inhibition of GM3 synthase




3.2.3 Metabolic evaluation of sphingolipid pattégntreatment with peracetylated GM3 42

synthase inhibitors

4. CONCLUSIONS a7

5. EXPERIMENTAL 49
5.1 Chemical materials and methods 49
5.2 Biological materials and methods 50
5.3 Chemistry 51
5.3.1 Synthetic procedure affording alcohol 9 51
5.3.2 General procedure to synthesize chloro digveslla-c 54
5.3.3 General procedure to synthesize dibromo atvies 14a-c 57
5.3.4 Synthetic glycosilation procedures affordioglerivatives 12a-c and 13b-c 59
5.3.5 Synthetic deprotection procedures affordiagvetives 3a-e 72
5.3.6 General procedure of 1,7 lactonization reacti 87
5.3.7 General procedure to synthesize peracetytategbounds 5a-c and 5e 93
5.4 Biological 102
5.4.1 Inhibition activity assay on commeraiaR,3-ST 102
5.4.2 Inhibition activity assay on GM3 syntase 104

5.4.3 Sphingolipid pattern evaluation by metablalizelling with [3°H] sphingosine([3- 106
®H] SPH) in HEK cells treated with inhibitors
6. REFERENCES 110



Summary

A class of sialosides (down report8d-e, 4a-c, 5a-c and 5e), designed to inhibit the biological
transfer of sialic acidl to the terminal portion of glycoconjugates, meedhtoy the enzymes
sialyltransferases, was synthesized and their itdnp activities was tested on @-2,3
sialyltransferase, from Pasteurella multocida, ama GM3 synthase, present both as a cellular

homogenate and in a cell line of HEK293 (Human Brabic Kidney).
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The synthesized compoungse are congeners of the natural sialyl donor CMP-Nea2 and
incorporate some structural properties of the commb3a, the only known inhibitor of GM3
synthase enzyme reported in a short fote.

Moreover, we synthesized also the lactofees and the peracetylated derivativéa-c and 5e in
order to improve the cell permeability of their pat hydroxyl acids.

The GM3 synthase activity was evaluated detechegfdrmation of the labeled GM3 in process
using lactosyl-ceramide labelled (fB4#(sphingosine)]LacCer] as acceptor, or labeled syjusine

([3-3H] SPH) as unsialylated ganglioside precurddrast procedure allowed to evaluate also the
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complete pattern of gangliosides formed in the oelthe presence or absence of inhibitors. All
synthesized compounds were tested on GM3 synthéiekocellular homogenate. The more active
acidic compounds were also tested on intact cekdj improving their lipofilicity, by methyl
esterification and after peracetylation. The fre@mpounds3b-c, 3e and 4c show an inhibitory
activity always higher thar8a. Similarly the peracetylated methylestsy-c and 5-e are more
activity than5a in intact cell lines.

All compounds show an inhibitory activity highertbe cell homogenates than that on HEK cells.
The lactonedgla-c were not active in cell lines probably since tlieynot cross the cell membrane
as the peracetylated methyl esbere that are actives.

Thea-sialoside5e resulted the most active. This is a very intengstesult since evidences that the
geometry at the anomeric centre of the glycosybd@not an exential requisite.

However, all results together extend the knowlemlyenhibitors of GM3 synthase and provide new

structural information for the development of othewrel STs inhibitors.



1. INTRODUCTION



1. INTRODUCTION

Sialyltransferases (STs) are an enzyme family dbletransfer theN-acetylneuraminic acid
(Neu5Ac; SA) 1 or its companions, activated as cytidine 5-morasgthateN-acetylneuraminic
acid (CMP-NeubAc)?2, (Figure 1) to the terminal portion of a glycoconjugate, whea
glicoconjugate (glycolipid, glycoprotein, and lipgpsaccharide) is a compound in which one or
more monosaccharide or oligosaccharide units avaleotly linked to a noncarbohydrate moiety

(the aglycone}:®
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Figure 1: A) Neu5Acla(SA) with main companions and activated SA (CMP-Ble) and B) biological sialylation.

The sialic acid molecule, leaving the donor anddiog the acceptor, undergoes a reversal of its
beta configuration at the anomeric carbon, thusifiog an alpha bond.

The process is of relevance since sialylated gbrotéins, glycolipids are involved in various
biologically important processes as cellular intdoms during cell development, cell

differentiation, inflammation processes and bindifigirus or bacteri4.> " ®

*More often the name SA is used to signify onehaf more studied members of sialic acid famiyacetylneuraminic
acid (Neu5Ac)N-glycolilneuraminic acid (Neu5Gc) and 3-deoxy-naradnic-acid (KDN).



In fact, due to its strategic terminal position,uUSAc plays an important role in recognition and
signaling phenomena occurring in a large numbezediilar events (cell-cell interaction, immune
response, cellular differentiation, apoptosis angrationy.

CMP-sialic acid derives from the sialic acid, pras@ the cell nucleus, that is activated as CMP-
SA by catalysis of a synthetase.Then, the formed&A migrates to the Golgi apparatus, where
allows the sialyl transfer, assisted by a ST. Is ttay the formation of a sialylate-glycoconjugate
or, specifically, of the GM3 occurs. From thereg\thare transferred outside of the cell, on the cell
membrane.

Of particular interest it appears a specific STecalGM3 synthase (CMR-acetylneuraminic acid:
lactosyl-ceramide (LacCep-2,3 ST) responsible for the synthesis of GM3, ingpkest member

of a family of sialylatedglycosfingolipids, calleghngliosides, particularly abundant on neuronal
cell surface. GM3 is the precursor for most of there complex ganglioside species and is
synthesized by transfer of a Neu5Ac molecule fromiPENeu5Ac to a terminal galactose residue
of a LacCer through the-2,3 glycosidic bond formatiofi*

The involvement of sialylglycoconjugate, such as I;Nh some important physiological and
pathological events, as well as the relationshipwéen the alteration of ST activity and
pathological states (tumor, metastatic and inflatonyaprocesses), suggests that this enzyme may
be of value as a therapeutic targét*?

However, despite the interest for inhibitors of Sibsefficient inhibitors of GM3 synthase has, until
now, been reported, apart from the de-phosphoratgative 3a (Figure 2) described, in a short

paper! as specific for the GM3 synthase.
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Figure 2: Inhibitor of GM3 synthase reported in literature.

In order to find insights on the biological siakyten process using compounds potentially able to
regulate these pathways, in my PhD work, | decitegerform a study of possible inhibitors of
GM3 synthase. In particular, | focused my interestinhibitors having, a8a' a structure that
mimes that of the CMP-Neu5At

Thus, | programmed and performed the synthesisightt ecidic sialosides, analogues of CMP-

Neu5Ac, and of their 1,7 lactone congeners. Morgadviested the newly synthesized compounds
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on a bacteriab-2,3 ST, using an universal kit, and on GM3 syn¢hegaluating the formation of
labeled GM3 obtained from labeled sphingosine *f&phingosing LacCer)® In this final
comprehensive report on my PhD thesis work, | surimed and discussed the main obtained

results.



1.1 Sialyltransferases (STs)

STs are a subset of glycosyltransferase enzymes)(@r family that catalyzes the biological
transfer of monosaccharaides from an activated dtm@ specific acceptor molecule forming a
glycosidic linkage. To perform their catalytic attty STs use CMP-Neu5A2 as sialyl donor and
in their action these enzymes mediate the trargfarmolecule of Neu5Ad& to the terminal non-
reducing end of a growing carbohydrate chain linkgkgtoconjugate (glycoproteins, glycolipids
and lipopolysaccharides) (FiguB?. Usually, they bond the NeuS5Ac molecule byi-sglycosidic

linkage to terminal residue of glycoconjugates’
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Figure 3: Biological sialylation.

The terminal sugar, accepting Neu5Ac, can be acentdeof galactose, that forms the bond at C-3
or C-6 position, a residue dfacetyl galactosamine that forras2,6 linkages or another residue of
Neu5Ac bonded to the C-8 position.

STs are commonly (CAZy database) classified in different families: GT29 comprising
eukaryotic and viral ST sequences and GT4, GT3&825GT52 and GT80 comprising bacterial ST
sequences.’

Moreover on the basis of crystallographic and foéda available, STs can be grouped into two
structural superfamilies that represent variatiohshe canonical glycosyltransferase (GT-A and
GT-B) folds. These two superfamilies differ in thature of their active site residues, notably the
catalytic base (a histidine or an aspartate reyidaethe following paragraphs | report a short
comment on the ST family in eukaryotic, viral amdkaryotic?

1.1.1 Eukaryotic and viral STs

All eukaryotic and viral ST sequences are groupéalthe GT29 CAZy family; ® while, to date, 20
different STs, acting on glycoproteins and/or glymds, have been characterized in human. They
are classically split into the following four graypdepending on the type of linkage formed and of

the nature of the sugar acceptor:



ST6Gal family comprises only two protein members (ST6Gal-1 an@&al-11) that catalyze

the transfer of Neu5Ac residues to the hydroxyugron C-6 of a terminal galactose residue
of type 2 disaccharide (GHl-4GIcNAc), and potentially to th&-acetylgalactosamine
(GalNACc) residue of LacdiNAc motif (GalNAd-4GIcNAc);

ST6GalNAc family comprises six different members (ST6GalNAc-I tg tHat catalyze a

similar reaction but they use as acceptor a Galkgsidue found orO-glycosylproteins
(ST6GalNAc-I, Il and 1V) or on glycolipids (ST6Gai¢-IIl, V and VI);
ST3Gal family comprises six protein members of the ST3Gal gr{sip3Gal-I to VI)

catalyze the formation of @2,3 linkage between Neu5Ac and terminal galactesalues
found on glycoproteins and glycolipids. The subfiesil and Il use as a specific acceptor
the type 3 oligosaccharides structure [ZaBGalNAc-R as asialo-GM1 and GM1la. The
ST3Gal lll, IV, V and VI recognize as acceptor #esigosaccharide structure: @i
3/4GIc(NAC)-R. In particular, only subfamily V usess specific acceptor the LacCer
affording the ganglioside GM3.

ST8Sia family comprises six enzymes (ST8Sia-1 to VI) that medilagetransfer of Neu5Ac

to the hydroxyl group in C8 of another terminal N&a residue, found on glycoproteins
and glycolipids.

Vertebrate STs (GT29) predominantly reside in tiodgGcompartment and they have, similarly

with the other Golgi-resident GTs, a type Il arebttire consisting (Figue in:
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Figure 4: Vertebrate STs architecture.

A short N-terminal cytoplasmatic taivith high variable amino acid composition and no

essential for the catalytic activity, but its roig still not clarified. It has been proposed that
it could define subcellular localization and couydbvide stability to ST in intracellular

dynamics;



e aunique transmembrane doméat is known as Golgi membrane anchor and itccpldy

a role in localization of the ST;

* a variable stem domain length from 20 to 200 ansicids.This is the region that inactive

the catalytic domain when is not necessary forctitalysis. This region often displays high
sequence variability and little secondary orgamraand is therefore predicted to be highly
flexible.** However, the role of the stem is not only thist lithas been proposed that it
could play a role in both the enzyme retention pprapriate sub-compartment (Golgi
apparatus) and in enzyme activity. Moreover, thehaaism of this activation is not yet
clarified;**

« alarge C-terminal catalytic domain facing in tomen of the Golgi compartmetit.

A special feature of GT29 enzymes, considered lakmfor the identification of ST gene, is the
presence in their catalytic domain of four consdrpeptide sequences, termed sialylmotifs such
assialylmotif L (large), S (small), motif 3 and %ery small). The functional significance of the
sialylmotifs L and S, assessed by site-directedagertesis, using the human ST6Gal-I as a model,
led to reach the following conclusidr

» the sialylmotif L is devoted to the recognitionsafgar donor;

» the sialylmotif S aimed to the binding of both doaad the acceptor substrates;

* the sialylmotif L and S are believed important foe catalytic activity of ST, in fact they

form a disulfide linkage between two cysteine rasg]

* motifs 3 and VS contribute to the binding of theegmtor.
Except for these peptide motifs, the various GTZfugs show few sequence similarities.
Considering only the twenty distinct human ST seges, that have been cloned to date, we can
observe that they have in common the presencelpfl@rinvariant residues (five in motif L, two in

motif S and VS and one in motif 3).

1.1.2 Prokaryotic STs

Bacterial STs are very important since are exprefsepathogenic bacteria to mimics sialylated
human glycan structures on their cell surface. Thius enzymes that synthesize these structures
represent attractive targets for therapeutic deretnt’ °

Bacterial STs, as evident from the above classifina appear to have more flexible substrate
specificity than their eukaryotic counterpartsfdiot, these enzymes differ from mammalian ones,
which are commonly monofunctional, since have mldtifunctions, including ST activities
responsible for forming different sialyl linkagesthwor without additional sialidase and trans-
sialidase activities.



All the known bacterial STs have been classifiew ifive different CAZy families (GT4, GT38,
GT42, GT52 and GT80).

e Family GT4 includes highly homologous capsular polysacchaf@eS) polymerases
(SiaDs), such asN. meningitidis serogroups W135 and Y which have both
hexosyltransferase al,4 galactosyltransferase activity for SiaDW135 ani,4
glucosyltransferase activity for SiaDY) and sialgtisferase activities responsible for
the synthesis of sialic acid-containing heteropdyim CPSs [-6Gal/Gid,4
NeuS5Am2-]n.

e« Family GT38 includes polySTs (NeuS, SiaD) froma. coli K1 or K92 andN.
meningitidesserogroup ¢;*°

o Family GT42 comprises mono-functional-2,3 STs and bifunction&l2,3/-2,8 STs
from C. jejuniandH. influenza(Cst-1, Cst-I, Cst-lI, Lic3A, Lic3B)** %’

» Family GT52 includes mono-functionat-2,3 STs and bifunctionak-2,3/0-2,6 STs
from Neisseria spgLst), but also am-1,2 glucosyltransferase that uses UBB-Glc
from Salmonella entericasubsp.Arizonae'” *® The presence of both inverting and
retaining enzymes in the same family is somewhaxpected and highlights the
difficulty in assigning a precise biochemical functto the yet uncharacterized protein
sequences that classify into family GT52.

e« Family GT80 comprisesa-2,3 STs,0-2,6 STs and bifunction&l2,3/0-2,6 STs. One

peculiar feature is that some bacterial STs ardifuttional.

1.1.3 Structures 3D of STs

Currently, some structural information is availalite seven STs, belonging, to families GT4,
GT29, GT42, GT52 and GT80. On the contrary, nocttinal data of the seven crystallized ST are
available for the bacterial ST family GT38.

Observing the 3D structures, it appears that STstever their eukaryotic or prokaryotic origin,
fall into the two main folding groups: GT-A and @@folds. The folds of GT29 and GT42 families
are considered as variants of the GT-A architecthte they lack the DxD motif that is one
characteristic feature of most GT-A enzymes. Theydt require the metal ion for their catalytic
activities, whereas STs of families GT38 and GTH2aéso adopt a GT-B fold. These two ST
structural super-families not only differ in thaipatial arrangement but also in the nature of their
activate site residues, notably the catalytic lfad@stidine or an aspartate residue), thus suiggest

that they evolved independently.



1.2 Sialylation and sialylglycoconjugate
From a chemical point of view, the sialylation isyaeaction that introduces a sialyl group into a
molecule. As | discuss in next paragraph, no d@&fmiconclusion has been reached on its

mechanism, but some hypotheses can be formulated.

1.2.1 Catalytic mechanism of STs
On the bases of its result, the sialylation is a@lewphilic substitution reaction operated by a
nucleophilic carbohydrate hydroxyl on the anome@cbon of the sialyl donor bearing a good

leaving group activated by a phosphate ester fonftf *°
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Figure 5: ST mediated sialylation reaction

Considering the stereochemistry of the sialosylad@nd that of sialic fragment bonded to the end
of the glycoconjugate, an inversion of the confegion @3 to a) at the anomeric center occurs.
Indeed, STs are classified as GTs inverting metalihndependent enzymes, where the reaction
occurs by the inversion of anomeric carbon confgon B, in CMP-Neu5Ac, toa in
sialylglycoconjugaté: ®

This inverting mechanism, catalyzed by GTs appe#rssupport a possiblen® mechanism,
whereby a general base deprotonates the incomicigaphile of the acceptor sugar, thus enabling
the direct displacement of the nucleoside diphosgtfa

Moreover, a retaining GT catalyzed mechanism is pl®posed that should procedd a double-
displacement reaction with a covalently bound géyte@enzyme intermediate. In this mechanism, a
suitably positioned amino acid within the activeesiunctions as a nucleophile to catalyze the
reaction is necessaly. In comparison to inverting glycosyltransferasesetaining

glycosyltransferase reactions also proceed thraxglearbenium ion-like transition states.



Despite this, several evidences (inhibition andcekmstudies) appear to support the hypothesis that
is Sv1 the mechanism for ST reactith®However, both the conjectures are in agreement tivith

formation oxacarbeniumione transition states inSfereactions (Figuré).
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Figure 6: Schematic representation of (a) inverting and ¢tgining catalytic mechanisms via oxacarbeniumione

transition state and ST oxacarbenium ione.

Despite of this, the mechanism for retaining glytimansferases is still being explored in order to
identify any intermediate in its support that a thoment appear only highly speculative.

At the moment, in absence of appropriate mechasigdences, any choose between g 8 S,2
mechanism is not possible.

Despite the knowledge of the catalytic enzyme &leimited, however the catalytic role of some
aminoacidic residues located on the active siteeappmportant. For example, both aminoacidic

residues of histidine (His) family or aspartic a¢aily (Asp) are important for their action as

10



catalytic base in different ST. Some other aminidiacesidues have been also found to facilitates
the elimination of the phosphate leaving group dhdir action on specific ST has been
demonstrated?

However, structural data to understand the pregiekecular base that account for the acceptor
substrate specificities are still scarce. Diffeesen acceptor specificity are attributed to the li
domain region that probably plays a major roledkesting different acceptor molecules.

Thus, additional structural studies (modelling amatation) are needed to further understanding the

mechanism action.

1.2.2 Biological synthesis of the CMP-Neu5Ac sialgsdonor

The biosynthesis of CMP-Neu5Ac, is strictly cortethto that of Neu5Ac (Figurd. Herein, | will
consider both.

In vertebrate system Neu5Ac derived by condensatioManNAc-6-phosphate (ManNAc-6-P)
with phosphoenolpyruvate (PEP). The precursor ofiiNfsc-6-P is glucose which is transformed in
the cytosol, in several steps, into Uridine DipHase N-Acetylglucosaminine (UDP-GICNAC).
This substrate is converted in ManNAc-6-phosphaianNAc-6-P) by a bifunctional enzyme
called GIcNAcepimerase (GNE) / ManNAc kinase (MNKhen, the ManNAc-6-P is the substrate
of a specific aldolase to give the Neu5Ac-9-P thaturn, is transformed by specific phosphatase
(encoded by]NANP), to free Neu5Ac in the cytoplasmic compartnfent.

At this point Neu5Ac is transferred within the neies where it is activated, as CMP-Neu5Ac, by
the action of specific enzyme called CMP-synthdse eukaryotic cells, there is a feedback
inhibition system contributing to govern the levefssialic acid in the cell: free CMP-Neu5Ac acts
as allosteric inhibitor of GNE. These topologicsesues are not applicable to prokaryotes, where
CMP-Neu5Ac are synthesized in the cytoplasm anecty used in the coordinated assembly of
cell-surface glycans, before their delivery to sleface.

Finally, the CMP-Neu5Ac is transferred in the Go#giparatus where the Neu5Ac is linked by
specific STs to an appropriate acceptor moleculeen] the oligosaccharide of nascent

glycoconjugate is carried outside on the cell membr?

11
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Figure 7: Intracellular sialic acid metabolism. CTP, cytidinephosphate; PEP, phosphoenolpyruvate; OGS,
oligosaccharides.The sialic acid pathway beginmity UDP-GICNAc proceeds by the sequential actibfagh) UDP-
GIcNAc 2-epimerase/ManNAc 6-kinasg)sialic acid 9-phosphate synthagd) sialic acid 9-phosphatasé) CMP-
sialic acid synthetase. Then, CMP-sialic acid Guignsporter and sialyltransferase (several in mshistall a sialic
acid on glycoconjugates destined for the cell sigrfa

1.2.3 Acceptor family

The main acceptors of sialic acid, transferredmcgic ST using CMP-SA as high-energy donors,
are the penultimate sugars of glycoconjugates @jjlyids, glycoproteins and lipopolysaccarides).
The most common linkages of Neu5Ac are to the @-8-6 positions of galactose residues or to
the C-6 position oN-acetylgalactosamine residues. However, NeuS5Acatam take up internal
positions within glycans, the most common beingnvbee SA residue is attached to another, often
at C-8 positiorf> In addition, internal SA can occur in the repegtimits of some bacterial

polysaccharides and echinodermal oligosaccharides
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1.2.4 Function of sialylglycoconjugates under physlogical and pathological conditions.
Sialylglycoconjugates being expressed on the ce&inbrane, are involved in many biological
functions as cell-cell talking, molecular recogmitievents, cell differentiation, immune response
modulation and many othef8: 2% In fact, many evidences show that sialylglycocgajes are
recognized from specific glycoprotein for exampée kectines, that act as regulating factor in the
activation of lymphocyte B and in the homeostasigymphocytes T. Thus, they modulates in this
way, the immune response and the inflammatory peEse

Moreover the sialylglycoconjugates play importasies in cell adhesion, survival and proliferation
(see GM3 section). On the other hand, the SAs gflyaoconjugate can mask the antigenic
recognized site located at the penultime galaagtesidue of the glycoconjugate.

Furthermore, the high expression of SAs on outémoembranes appears to suggest that they have
roles in the stabilization of molecules and memébsamas well as in modulating interactions with the
environment. In particular, the electronegativergba of sialylglycoconjugates, due to negative
charge at the sialic acid residues in the termpuation, allow the modulation of some functions
such as the binding and transport of ions and drtiys stabilization protein conformation,
including enzymes and enhancement of the viscosityucins.

On the other hand many evidences have suggestedreation between the alteration of ST
activity and of sialylglycoconjugate presence irvesal diseases. Indeed an alteration of the
sialyltransferase activity causes the characterestimposition of glycoproteins in transformed cells
as shown in human colorectal cancer, breast carzinteukemic cell lines and metastatic tissbre.

24

Thus, the elevated plasma sialyltransferase aesvitan be used as tumor markers for cancer
diseases. These alterations in the ST activityiarsialylglycoconjugated composition in sick cells
have been observed also in: inflammatory patholegypimmune illness, metabolic disorderand

many others.
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1.3 Sialyltransferase inhibitors

In recent years much attention has been devotel@velop inhibitors of STs due to the fact that,
inhibition of these enzymes represents an usetllitoelucidating the biological functions of the
sialylation process and possibly in improving tipenatic applications. In fact, these enzymes are
considered potential therapeutic targets in maimgskes and in particular in some tumours (as
breast carcinoma, metastatic tissue and coloreatater) in pathological inflammation processes,
in metabolic disorder and many others. As a cormecg, in spite of the scarce structural
information on the enzymes structure, a numbebitdris have been developed following different
lines. A suitable accepted classification may be:

donor-based inhibitors (CMP-Neu5Ac);

acceptor-based inhibitors;

transition state analogues;

A W N B

bisubstrate analogues.
5 other ST inhibitors

It will be herein shortly discuss them.

1.3.1 Donor-based inhibitors
These inhibitors mime the CMP-Neu5Ac, the commonadosubstrate of all known STs, and
compete with it. In particular, they should be $wsized considering the structure of the natural
donor substrate and of the previously data reppd®acerning the consequences of its modification
or substitution to its three molecular portions:

» cytidine portion

* phosphate bridge

* sialic acid moiety

The cytidine portion is essential for the competitive inhibition adiji® Indeed, CMP (cytidine
monophosphate), CDP and CTP are potent inhibitohsiman seruna-2,6 ST K; = 16 to 50uM),
while the replacement of the cytidine nucleotidéhvanother nucleotide (AMP, UDP), affords to a
drastic reduction of antisialyltransferase activity

The contribution of thg@hosphate bridge to the binding, is not clear. In fact, the sulosittn of this
portion with different groups does not afford a egkable inhibition, as shown by derivativied

(Ki = 250 to 78QuM), thiophosphonatdl and amino acid derivativi®/ (Icso =1000uM towards
0-2,6 ST) or the dephosphonate deriva®ag21% towarda-2,3 ST and 30% inhibition at 21mM

towarda-2,6 ST) (Figures). 1 %> %’
14



No conclusion can be made, in our opinion, conogrrihe stereochemistry of the phosphonate
group linking to the sialic portion. In fact, fewimers has been synthesized and/or tested and the
only reports, concerning phosphite or aminoacidangeners afford contrast result, (a low

decreasing and inalteration).

Sialic acid portion is not an essential requirement for high bindirfinaies.?® 24n fact, interesting
result was obtained replacing the SA portion witiother acidic sugar moiety. Indeed, the
substitution with derivatives of quinic acid;IX compoundsaffords aK; value between 20-1400
KM against an-2,6 ST from rat livef?>! Of interest it appears the introduction of a fineratom

in the SAs molecule that improve eight titkevalue ¥ K;=5.7uM) (Figure8). As already known
from other glycosyltransferase inhibitors, fluorisgbstituted glycosyl donors are potent inhibitors
of these enzyme. Indeed, the electronegative fleoaitom prevents the cleavage of the glycosidic
bond by destabilization of the oxacarbenium iomgiton staté® 32 As a final comment, we can
say that to design a rational formulation of donohibitor analogues, only few literature

information are still available.
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Figure 8:Donor-based inhibitor.

1.3.2 Acceptor-based inhibitors
The programming of inhibitors according to this aggeh is based on the knowledge of the
interactions involved in the enzyme-substrate rattan process. Acceptor analogues compete
with the natural glycoconjugate in the active sitehe enzyme, without be glycosilated, due to the
lack of the accepting group in their structure.
Several compounds, which mimes the structure of témminal glycan portion of the sugar-
acceptors, have been reported in the literatureveder, herein, | report the compounds that in my
opinion, afford the relatively most interestingukts. As showed in the Figu® compoundsXI-
Xl and the dimeric compounxlV, that mime the structure df-acetyllactosamine, show values
of Ki = 760-4140uM towardsa-2,6 ST from rat liver, very similar to that compesding to the
endogenous acceptoKy= 90QuM).** Furthermore kinetic analyses on these compounds sh
some interesting features:
1. the binding of CMP-SA with enzyme do not affect thend between acceptor, or its
analogues, and STs;
2. their inhibition mode is not purely competitive;
3. the hydroxyl group at C-6 df-acetyl lactosamine is not important for the enzygubstrate
binding. Indeed, compound$§V-XVIl , showed similar inhibition dat&{ = 760 to 1700
HM)-34
The values oKi of all these inhibitors are very lower than thadedonor analogues. This result
could be explained considering that the designedbgs are based on the small terminal unit of the

sugar-acceptor, while STs recognize not only thaitel residues, but also more extended portions
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of their natural acceptors. In fact, kinetic stedteward rat liverm—2,6 ST show that they form

multivalent binding site&>

OH NHAC

HO
or R WOH\C’%\OCHS

OH
NHAc OH/° OH
XI: R=H:K, = 760uM o
XII: R=SH;K; = 3780uM HO oo OCH,4
XII: R=OTHP:K, = 4140uM OH NHAC
c@; o XIViK;=2000 M
0
o] O OCgH
HO @éﬁ/ gH17
OH NHAC

XV: R=H:K,;=1700uM
XVI: R=SH:K; = 1100uM
XVII: R=OTHP:K; = 760pM

Figure 9: Acceptor-based inhibitors.

1.3.3 Transition state-based inhibitors
The structures of those inhibitors have been ddvisensidering the possible formation of an
oxacarbenium ion in the transition stat€lll (Figure 10), of the sialylation with inversion of the
anomeric carbon configuration. This intermediats hadistorted half-chair conformation and a
positive charge that is delocalized between theremiw carbon and the oxygen atom of the ring. In
particular, Smith and coworkers, on the basis @& pinoposed transition state formation, have
noticed the following essential features, thattthasition state inhibitor should possess:

 an anomeric carbon with Sfybridization;

* an appropriate distance between the anomeric canbdthe CMP leaving group;

two negative charges of oxygen atom with a distari@bout five bonds;

an essential cytidine portion, while the sialictpor may be substituted by other groups.

According to this, the first transition-state mimseinhibitors were the 2-deoxy-2,3-didehydxs-
acetylneuraminic acid (DANA) derivatives. These DANerivative show a sialic portiéHXX-
XX) and a good values &f; (0.04 to 6.0uM) and in additionXX and XXl , having an exocyclic
double bond?" *® Subsequently, Smitat al. developed other new inhibitors of transition staye
the replacement of sialic motif (very expensiveststing material) with sialyl-mimetics, such as
D-glucosamine. In this way, the new compouRédl-XXVI , differing only for the simplified side
chain, showed inhibitory activity further improveticcording with my knowledge, the compounds
17



XXIV-XVI exhibit the best inhibition activity, against2,6 ST, until now reportefAnother
class of transition-state analog inhibitors wasetigyed containing: a CMP moiety essential for
activity, a carboxylate, or, alternatively, a phlegpate group as a spacer, while the sugar or
glycosidic portion (Neu5Ac or D-glucosamine) is lesged with a stable “non-glycosidic" bond to
CMP. A double bond is introduced in the pyranosdicsiring to obtain a flattened ring system
which mimics the transition-state. Major exponeottshis class are derivatives of cycloexanone
XXVII
staring from D-quinic acid. All these compoundswtan important antisialyltransferase activity. In
particular, compoundg&XIX andXXX are potent inhibitors against2,3 K; = 4-10uM) anda-2.6
(Ki = 0.27-1.6uM).31 %8

Starting from these results, new specific inhilstarere synthesized agains®,6 STs.Inter alia,

and compoundXXVIII-XXX with endocyclic and exocyclic double bonds, synitexs

the shybridization of anomeric carbon of the transitgate is simplified by the replacement with
planar or hetero-aromatic system. The phosphoratgpgdisplaces the carboxyl group of sialic
acid portion that allows the presence of two negatharges and it must be spaced again five bonds
and the bond to the essential cytidine portion. &owther a-hydroxyacetate anda-
hydroxyphosphonate analogues, with various aromiais, show a good inhibition activity against
a-2,6 ST. For example, compoundXXI-XXXIIl have aK; value between 7-28M as well as
XXXIV and XXXV that contain different aromatic rings and conserttea antisialyltranferase
activity (Ki= 0.6-0.13uM). 2

As described above, all the powerful sialyltranas$er inhibitors known are polar and charged.
However compounds of this type are difficult to exeeir functions in cells or organisms due to
their low membrane permeability. The design andaliery of inhibitors that can easilypermeate

the cell membrane remain a major challenge.
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Figure 10:Transition state-based inhibitors.

1.3.4 Bisubstrate-based inhibitors

The bisubstrate inhibitors are characterized byptiesence, in the same molecule, of elements that
mime both donor and acceptor portions. For thigwadent from the formulas, of the more active
inhibitors of this type (Figurdl), their design take advantage from the knowledgpiiaed in the

studies of transition-state analogs.
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Herein, | report the more interesting compoundswshg inhibitory activity® (XXXVI and
XXXVII andXXXVIII; Figurell).

In another approach the natural CMP-Neu5Ac dona attacked via a short S@Hispacer to the
6'-position of a lactosamine derivative. The resgltbisubstrate analoXXVIIl exhibits an
inhibition activity Ki = 10uM) towards a-2,3 anda-2,6 STS which is in the range of the

corresponding donor substrate analtgs.
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Figure 11 :Bisubstrate-based inhibitors.

1.3.5 Other ST inhibitors

In addition to the more common strategy examinegdttie development of the inhibitors of STs,
some other structures of relatively small endogsnamolecules, antibiotic antisense-
oligonucleotides, and natural products show arbitdry activity against STs.

For example theiy macroglobuline is a small endogenous protein repoas a selective inhibition
against-2,6 ST but the mechanism of inhibition action @s dear?®

Another exemple is thE-butylmannosamine that is a small molecule ablgetoin the metabolism
of sialic acid and it is converted in CMP-SABut.iglksompound is transferred less efficiently than
the natural CMP-Neu5Ac, showing an inhibition effeward thex-2,8 STs*

Moreover, the treatment with specific antisensgaiucleotide, complementary to the region
upstream of the initial codon of Bdl,4GIcNAm-2,6 ST, shows the decrease of the expression of

enzyme and of its mMRNA levét.
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Furthermore, by screening of natural products ardamial extracts (about 7500 samples) it was
possible to individuate the sayasaponin I, thet fasmpetitive inhibitor of CMP-Neu5Ac for
ST3Gal I, with a value df;= 2.1 pM, that shows the most potent antisialyltrarefe activity>
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1.4 GM3 synthase

Of partiaular relevance it appears GM3 synthase (ST |, ST3Ga&MP-NeuAc:LacCera-2,3-
sialyl transferase; EC 2.4.99.9) that catalyzestthmasfer of Neu5Ac, to the terminal galact
residues of LacCer, thus affording GM3, the metalqmecursor for the biosynthesis of ganglios
series (Figurel2).This enzyme is highly specific r their lipid substrate and it recognizes o
LacCer as acceptor substraté. Studies on genes encoding STs, including thosesyrthesize
gangliosides have permitted to predict the amind aequences ohese enzymes and of G
synthase and to have many insights on the regylatechanism for their expression. The isola
of the cDNA of GM3 synthase appears to depend entype of tissue, dominating in bra
muscles, testes, and placefftd” Moreover same successful cloning of the gene engoGiM3
synthase makes it possible to prepare the recomibémazyme both as full sequence and frags.

This possibility has allowed some preliminary sasdidevelopecto understand the mechani:
regulating GM3 contents in tissues and cells thatyever, are not completely clarifi
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Figure 12: Biosynthesis of a, b and ¢ series of gangliosi@es, ceramide; SA, sialic acid; ST I, GM3 synths8€
II, GD3 synthaseST lll, GT3synthase; ST IV, GD1a synthase; ST V,1@Bynthase; GIcT, GlcCer synthase; Ge
LacCer synthase; GalT Il, GM1 synthase; GalNAc-acetylgalactosylaminyltransferase, GM2 synt.
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The gene encoding human GM3 synthase is locatéleosecond chromosome and consists of nine
exons containing the coding region in exons“4Bunctional analysis of the 5'-flanking region by
the transient express method revealed that the 783 region from the transcription initiating
site functions as the core promoter essentialréorscriptional activation of the GM3 synthase gene
in cells of human neuroblastoma and hepatoma.

Several signal pathways (PKA, PKC, stress-activatetein as kinase/c-JunN-terminal kinase, and
p38MAPK) are able to regulate its expression byabkvation of CREB. Indeed, within promoter
region of gene for GM3 synthase, there is CRE (cAlponse elements), that is recognizes from
CREB increasing of GM3 synthase levels as well &8t

Moreover, also Sp-1 and AP2 transcription factamgeha binding site within gene promoter of
enzyme, with enhance the basal activity of the Gyihasé?

Intracellular location of GM3 synthase is a factegulating its synthesis and that of higher
gangliosides that occurs, mainly in cells and &#sswf both endoplasmic reticulum and the Golgi
apparatué’ Recently it has been proposed the presence ofsiforms of GM3 synthase, a short
and long isoform&. *° The first is mainly located in the “proximalti§medialtrans) Golgi
apparatus and it should be involved in synthesisimple gangliosides GM3 and GD3, while the
second one is located in Golgi apparatus (distahsnet) and should be mainly involved in
synthesis from GM3 of more complex gangliosides {@DCT1a, GT1b, and GQ1lb see Figlg
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1.5 GM3

GM3 is an essential component of plasma membrgné Ganglioside-enriched microdomains
(GEM) or rafts. This topological distribution hasdm found in the majority of extra neural tissues
of vertebrata and represents an interesting antdulrvesearch field. The main function of GEM is
in signal transduction where it concentrates ramephd signaling molecules on the membrane.
This maximize the effect of the ligand-receptordomgy during the signal transduction and prevent
undesirable “talks” between different signaling hyeays. In particular, GM3 is involved in
regulation of all cellular processes (cell prol#eon, differentiation, apoptosis, embryogenesis,
oncogenesis and many others).

Herein | report a short mention of the GM3 rolesame of these processes.

1.5.1 GM3 in cell proliferation and oncogenesis

Several literature data on the ability of GM3 tdibit the growth of tumor cells and tumor
development are reportétihis ability is due to a fundamental property ofstiyanglioside to
suppress tyrosine phosphorylation of some growttiofareceptors (as fibroblast growth factor
(FGF) and platelet-derived growth factor (PDGF)@gent in membranes of tumoral cells. This
action has been detected in some human tumors, asicteuroblastome, lymphoma and ovary
cancef In contrast with this general behavior, has beaggested that GM3 induces the
proliferation of carcinoma in the presence of uinake>°

However, GM3 can also influence proliferation by#rer mechanism: this ganglioside can inhibit
the cell population growth by prolonging the G1 gdaf the cell cycle in fibroblast cultures.
However, it should be noted that the ratio of GM3cbmplex gangliosides determines their

influence on tumor growth and angiogenesis.

1.5.2 GM3 in apoptosis

GM3 plays a dual role in apoptosis: since in on baad, it suppresses the effect of apoptotic
cytokines éntiapototic effect), and in the other one causes apoptosis due ibitioh of cell
proliferation @ro-apoptotic effect).

» Antiapototic effect is correlated with an increase of the sialidadiviag that
transforms GM3 in SA and lactosylceramide (LacC&hHis compound has an
anti-apoptotic effect by an up-regulation on BcltBat one turn inhibits the
apoptosis machine. In this way, the levels of GM&rdase while the cell

motility and cell growth increase.
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» Pro-apoptotic effect is mediated by two different actions. The first asean
inhibition of the cell proliferation that especialbccurs in metastatic cells. The
second effect involves the relationship betweenGMS8 ando—TNF levels. Last
one is a multifunctional cytokine with a well-ediabed role in immunity
modulation and inflammation. Moreover, it is a kmowunducer of insulin
resistance and apoptosfs.Indeed, increase the GM3 level induces the
correspective enhancement to expressior-GiNF affording a pro-apoptotic

effect’®

1.5.3 GM3 in cell adhesion

Many literature reports suggest that the role of33Mthe cell adhesion consists in an enhancement
of the cell extracellular matrix interaction. Faistance it has been observed that adhesiveness of
melanoma B 16 on endothelia cells is due to a 8peoteraction between GM3, expressed on the
melanoma B 16 cells, and LacCer located on thescelbthelia surface.

The adhesion degree is in relationship with theresgion level of GM3 on the cell surface of
melanoma cellg?

These data suggest that the adhesion of GM3 odnpuraction on integrine receptotfsThese
conclusions are consistent also with data repottieginvolvement of GM3 in suppression of cell

mobility, invasiveness and apoptosis.

1.5.4 GM3 in cell differentiation

The ganglioside GM3 seems to be important also adutating the cells differentiation. Many

evidences of this activity have been showed byelaionship between differentiation and levels of
GM3. For example the high level of GM3 (tenfold rease) have been found in differentiation of
human polypotent leukemic cells (HL60) to monoayt@érophage phenotype induced by
mitogenic agent as phorbol ester (Protein kinagPKC)>> Moreover, the GM3 is able to induce

the differentiation of HL 60 cells also without tipeesence of proliferation inducer as mitogenic
agents. In fact the accumulation of GM3 in the mplasmembrane induces a variation of the

ganglioside pattern, exposed on the cell membraaiei$ needful for the cellular differentiation.
56
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1.5.5 GM3 in insulin resistance

GM3 level are also regulated by the expressionaefNF and, in the adipocyte cells, the
enhancement of the-TNF expression leads an increase of GM3 leveldh vabnsequently
suppression of the transduction signals mediatettidjnsulin receptors GM3 medidfe>”’

Indeed, in this way, the adipocyte is not ableespond to insulin signals conducing to the insulin
resistance mediated by GM3 since causes on unoguplithe insulin receptor activity towards the
insulin receptor substrate with suppression ofilkalin-sensitive glucose transport.

Moreover has been reported that, using inhibitgesrest the biosynthesis of GM3, the effectief
TNF on adipocyte cells is suppress, resolving tisailin resistanc&’ °’ Thus the serum level of
GM3 may be useful marker for the management of bmdia syndrome, including insulin
resistance, as well as, for the early diagnosisatbierosclerosi¥’ Recently inhibitors GM3

biosynthesis are proven to have therapeutic vajusrél administration in diabetic rodent mod®l.

1.5.6 Other processes

Other studies that relate the GM3 values and tlseroence of pathologies have been reported. As
an example, some observation demonstrate a dimdctbetween GM3 synthase and hearing

functions. Indeed, mice lacking of GM3 exhibit cdetp hearing loss due to selective degeneration
of the organ of Corti. However, also the relatiapsbetween over expression of GM3 and some
viral diseases has been sugge&téiThus, the involvement of GM3 synthase, in manydgjizal

and pathological function, suggests that this emzynay be of value as therapeutic or biological

tool.
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2. AIM OF THE WORK
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2. AIM OF THE WORK

With the aim to find suitable inhibitors of GM3 gdimase, in my thesis work | decided to study the
synthesis of the glycosid8a, the first congeners, reported in a short note,h@sanly active

inhibitoron GM3 synthase and of other unreportedl@gues. Indeed, | devised to synthesize also
some perfluorinated analoguds-c and lactoneda-c, confident that these compounds could have
an inhibitions activity improved in respect to tig&d. Moreover, | devised to setup a synthetic
procedure that could allow to establish, withoutlals, the stereochemistry of the final compounds

that, in the case &a, had been only empirically established.
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Figure13: Donor inhibitors based on CMP-Neu5Ac designed gmthesized.

For the selection of the structure | considered tha presence of the perfluoroacylamido groups
could increase the inhibition activity of the compds as occurs for thedBfluorine CMP-Neu5Ac

in respect to the natural non fluorinate compo@n(&igure 8).3? In my mind, the presence of the
fluorinated acyl groups in glycosidb-c and4b-c should growth the tendency of the carbonyls to
their tetrahedral hydrate form, a characteristiowrto expand the activity of carbonyls against
some enzymes activity. Similarly, the inner esteaition of the polar carboxylic group with the 7
hydroxyl group, could increase the inhibition aityivof the compoundda-cin respect to the parent
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acids. Moreover | devised to synthesized also #rflyorinated glycosidei—epimers at anomeric
center3d-e Their testscould support or contrast the conjecthat the stereochemistry of this
center is an essential requirement for the inhipitctivity on ST2’ Furthermore | synthesized
theperacetylated derivativéga-c and5ein order to facilitate the cell permeability oktlglycosides
in experiments performed on cells.

| could test these compounds on cell homogenateoanckll lines in order to verify their action.
After the selection of the active compounds, | daelfine their synthesis and their structure.
Herein, | report the successful synthesis of algpmmed compounds: acids, lactoregpimers,

and acetylated analogues and encouraging resutteonnhibitory activity on GM3 synthase.
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3. RESULTS AND DISCUSSION
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3. RESULTS AND DISCUSSION

In this section | will discuss all the experimentakults starting from the description of the
synthetic protocols | set up to obtain some newcagide derivatives, NeuSAc-CMP donor
analogues. Then, | will continue the discussiororgpg some biological assays on STs and GM3

synthase performed to evaluate the inhibitory &gtof these new compounds.

3.1 Chemical results

We decided to synthesize the glycosid®ase and their 1,7-lactoneéa-c taking advantage from
some works, recently done in the Prof. Mario Ansistéaboratory, both on thé-transacylation of
amides and on the 1,7-lactonization of NeuSAY So, we started our synthetic work from the
known cytidine aldehyd6® that, in a relatively shorter way than that repdrin literature afforded
the alcohol9, i.e. the cytidine portion of the required glycosidgs-e (Schemel).! The alcoho®,

by glycosidation with the nucleophilic 5-acylamid¢#,8,9-tetra@-acetyl-2-chloro-2,3,5-tridehoxy-
B-D-glycero-D-galacto-2-nonulopyranosatéda-¢ afforded B-glycosides12ac, in satisfactory
yields (39, 36 and 27% respectively), accompanieddriable, but always minor, amounts of their
2u0-epimersl3ac (<1, 20 and 24% respectively) (Scheie

We performed the reaction with the chlorinated derdida-csince we were interested to obtain the
B-glycosidesl2a-cand thea-epimersl3a-g not only to test the influence of thheandp geometry

in the inhibition, but also to interpret the cheatiand physical properties of these compounds
having both isomers.
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Scheme 1Synthesis of: A) cytidine portion, B) sialosyl doa@nd C) glycosidic reactioReagent and conditions
A) i: (PhP=CHCHO, CHCl,, 23°C, overnight, ii:H, Pd/C, MeOH, rt, 1h; iii.: NaBE MeOH, -20°C, 15 min, 45%; B)
iv: AcCl, MeOH, 0°C to 23°C, overnight, 77, 81 aBd%; C) v: AgOTf,toluene/CENO,, rt, 3h,f-anomers yields (39,
36 and 27%) and-anomer yields ( <1, 20, 24%).

In the work, the aldehyd@was transformed into the homologue alcahbly a Wittig reaction with
(triphenylphosphoranylidene) acetaldehyde, followsyg the a catalytic hydrogenation of the
formed a,B-unsaturated aldehydé and by a successive chemical reduction of theraszil
aldehyde8 with NaBH, to the alcohoB. We attempted also a direct reduction of the aldef?,
using various chemical or catalytic methods thatyéver, afforded unsatisfactory results, due to
the cleavage of the acetamido and of the cytidaselof the unsaturated or saturated aldehyades

8. The aldehyd® could be isolated, without significant loss, byple column chromatography on
silica, on the contrary, the saturated and unstdraldehydes/ and 8 showed an evident
decomposition, during their purification on silicaason for which we successively reacted in crude
form, limiting the purification to a sample used tbeir complete characterization. At the end, we
isolated the alcohd, in pure form as a stable compound in 45% yietonfithe aldehyd®.This
alcohol showed the expected physico-chemical ptigsethat were identical to those in part
reported for compoun@ prepared by a different route.

In parallel, we prepared the 2-chloroderivativesa-c (77, 81, 80%) useful to perform the

glycosidation of the alcohd, treating the appropriate peracetylated sialid acethyl ested Oa-c
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with hydrogen chloride in methanol (Scherhe Then we performed the glycosidation of the
alcohol 9 with the 2-chlorine of Neu5Ad1a under the Koenig-Knorr like conditions, and we
obtained the desirefl-glycoside12a in satisfactory yields (39%), that we considerstattory
since some starting alcohol could be recovereddiynen chromatography. The unfluorinatpd
glycosidel2awas accompanied by trace amounts ofatkepimerl3a(< 1%). Then, we performed
the reaction with the fluorinate compouridih-c and observed the glycosideab-c(36% and 27%
respectively)accompanied by more consistent amoointBeir Zi-epimers13b-c (20% and 24%
respectively). This confirmed the literature obséion according to which, the presence of a
perfluorinated acylamido group at C-5 of sialicdadbnors decreases tfRestereoselectivity of the
glycosidatior®* The obtained glycosides showed the correct eleahem@lyses and chemical and
physical properties in agreement with their streetiHowever, in spite to our expectations their
complete NMR analysis did not allow to assign nagity theiro or B-geometry that, at this point of
the work, we assigned on the basis of the empiridak for the sialosidé$,(this assignment was
also in the reported short note disclosing thelmsis 0f3a) i.e. we assigned th@-configuration to
the anomers showing a relatively lower coupling stant between H-7 and H-8 sialic protons
(Jn7.ns= 1.6-1.9 Hz fo3-anomers and 8.7 Hz feranomers) and a relatively larger chemical shift
difference between the two H-9 protons (around @@m) in respect to the-anomers { < 0.1).
Moreover, in the course of our work we unequivaocatinfirmed this assignment by chemical way,
showing that only the sialosides deriving by anrappate deprotection of the sialosidEza-¢ of
assigne@—geometry, were able to form 1,7-lactones.

At this point, after some unsuccessful attempisiarove the yields of our glycosylation reactions,
we decided to experiment the selective preparatiothe glycosidel2a-c following an two step
procedurej.e. performing the glycosylation of the alcolbivith dibromine derivatived4a-g (92,
93, 95%) prepared by simple addition of brominéhosialyl glycals methyl estet$a-c We were
confident that, as first reported by T. Goto et’&la dibromine sialosyl donot4a-G as a
consequence of theans geometry of its bromine atoms, reacts preferdgtfedm thep-side. If, in
our case, this effect exceeded the opposite infeieri the perfluorinate acylamido groups at C-5,
we ideally could obtain a quantitative selectivityfavor of thep-glycosidesl6a-c (51, 48, 32%).
This, by reductive elimination witm{Bu);SnH of the 3-bromine atom, could afford the desfed
glycosidel2a-c(81, 83, 87%) (Schent.

In effect, the sialylation, performed at 23 °C, wted in all cases in a short time affording
exclusively the expectefiglycosidesl6a-cthat, by successive debromination, gave the gigless
12a-cidentical in all respects to those obtained above.

However, the overall yields of the two steps preaesulted only slightly higher of those observed
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in the one steppreparation of thel-glycoside 12a-Ggthus we considered this procedure as an
alternative not at all attractive.

AcO OAc

+O._CO,Me AcQ _ PAe Br

AcO AcOw 0 CO,M
© RCOHN 2Me
AcO

OAc Br
15a-c 14a-c

NHAc

N/

(0] o)\|

. N

ii
9 + 14a-c—> iii

AcOw (o) —» 12a-c
RCOHN COMe
AcO
Br
(@) (0]

aR= CH3 16a-c ><
b R =CF;
cR= CF3CFQCF2

AcO OAcC

Scheme 2:Syntheses of: A) dibromine sialosyl donda-c and alternative glycosylation reactiofeagent and
conditions A) i: Br,, CH,Cl,, 0°C to rt, 92, 95, 93%; B) ii: AgOTHf, toluene/GO,, rt, 3h, 51, 48, 32%; iii: (BYpnH,
THF, reflux, 2h, 81, 83, 87%.

With the synthetized protected sialosid@a-¢ we performed the synthesis of the desired lastone
using as common key intermediates the aBas obtained by a sequential regeneration of the
protected functions according to the reaction segei@eported in the scheme (ScheBheThis
sequence was selected experiencing some less astiisf results obtained reverting the
regeneration of the protected functions. The secpienerits a few key observations concerning
first of all the hydrolytic conditions found to rewve the methyl ester function keeping the 5-
acylamido group. This was easy in the case of teéyhgroup that allowed, as expected, the use of
the aqueous sodium hydroxide (on the contrary Nattfo®s not work, contrast with refererice)
and in the case of the heptafluorobutyric amide tbkerates the methanolic,&0O;, in moist
methanol. On the contrary, it was critical in these of the trifluoroacetyl group that occurs in a
suitable way only in the presence of triethylamineaqueous methanol under strictly controlled
conditions.

The obtained sialoside8a-c showed physical-chemical properties (Mass spedislR) in
agreement with the assigned structures. In paati@ppear indicative for the-structure the NMR
analysis with a total proton and carbon resonassgaments, achieved by combination of 1D and
2D NMR experiments. These evidenced show cleapprsignals shifted to relatively high fields (

= 2.40-2.43 ppm) for the 3-equatorial hydrogen aahsialic acid portion, diagnostic for tige
sialoside bond in the molecul®sThe relatively high fields shift was evident onmguaring the
chemical shift observed in tH&-NMR spectrum of ther-glicosides3d and 3e (6§ = 2.81-2.79
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ppm), obtained by regeneration of the protectedtfans of thea-glicosidesl3b and 13c(Scheme
3). Indeed we prepared alseisomers,3e and 3d, and we controlled théil-NMR spectra, their
inability to form an 1,7-lactone and their anti Glgyhtase activity.

The 'H-NMR attributed to the known glycosidga was also identifiable to that reported for the
same compound, provided that some mistakes andesus attributions of the literature are carried

out (compare experimental data).
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HO OH
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AcHN “0
HO HO OH o
17 o__oO 18 0
> ><O
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bR =CF;
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Scheme 3synthesis of free sialyl-glycosides and 1,7 lacstin®eagent and conditiong:moistly TFA, CHCI,
reflux 30 min-1h, 72-79%; ii:NaOMe, MeOH, rt, 1h8-81%; iii a NaOH aq 1M, rt, 40 min, 90-92%; iii BN,
MeOH/H,0, rt, 12h, 86-88%; iii c: KLO; H,O/MeOH, rt, 92%; iv:CbzClI, BN, THF/DMF (4:3; v/v), 0 °C to 23 °C,
1h, 70-71%; v: TFA aq (95% V/v), rt, 30 min, 75%.

With the appropriated hydroxyl acidic glycosid&ss-c in the hands, we attempted their direct 1,7-
lactonization, using our protocol recently set-agp the preparation of 1,7-lactone of Neu5Ac
(Schemed). ®® The reaction afforded the desired 1,7-lactofies with different yields that were
good fordb-c, while were unsatisfactory f@gra. No lactones were obtained in the parallel reactio
of thea-glycosides3e and 3d.We considered these results in keeping with tloengdry assigned to
the starting glycosides that in this way was suggabrby chemical evidences. Moreover,

considering that the unsatisfactory yields in th&ction of3a was due to the lower solubility of this
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glycoside in the reaction solvent, we decided tenapt the lactonization on the corresponding
acetonidel?7 (Scheme3). In this case, the reaction occurs in satisfgctoeld and affords the
protected 1,7 lacton&8 in good yields. The regeneration of the hydoxygioups of cytidine
system of the lactonga with differ acids, appeared not completely selectwnd difficult to control.
Thus, we accepted as the best conditions thosg asjneous GEOOH (95%, 30 min, 23 °C)
affording, in 75% vyields, a mixture (65-10%) of tHesired final lactonda and of its parent acid
3a. Moreover, we could separate the desired by revenase preparative column chromatography.
On the other hands, sample of all final compoun@sewpurified by reverse-phase preparative
column chromatography and lyophilisation this waydoe their use in biological assays.

Then, in order to achieve a further objective, whigs to develop of cell-permeable inhibitors, |
accomplish also the synthesis of the correspondinglogues protected as acetyl derivatives,
compoundsa-e

In fact, we were supported by some literature s&idivhich demonstrated the effectiveness of
administering the peracetylates derivatives ofisiatid as precursors readily converted to the
corresponding free donor substrate analogs intraagy in cell culture®®

Thus, we prepared the protected compolads in agreement with the scheme below (Schéjne
by simple deprotection of the hydroxylic cytidinerpon of the sialoside$2a-eand reacetylation.
The reactions work well and afforded the desirespounds in high yields (around 70%).
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. 1 g

c %\/\&; . AcO OAc O O™™N

AT 50 — w ’
ROCHN &R 2
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oL c AcO OAc
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NHAc
A0 OAc NHAc AcO  OAc

AcO™ o) L AcO™ 0
ROCHN e} oJ\ — ROCHN o O"™N
AcO \/\%_Oj AcG V\%Ez

AcO OAc
13¢ 0)8 a-anomers Se
a:R=CHs
b:R=CF,
c:R= C3F7

Scheme 4:Synthesis of peracetylated analogieegs Reagents and conditiomsioistly TFA, CHCl,
reflux 30 min-1h, 77-79%; ii: Ac20, Py, 23 °C, 38-81%).
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3.2 Biological results and discussion

Considering our decision to study donor-based $ibitors, we decided, at first, to test the ability
to inhibit the enzyme activity of the acidic compas 3a-eand of the lactoneéa-c on a bacterial
a-2,3 sialyltransferase (froRasteurella multocida For this purpose we used a very simple and
universal non-radioactive commercial assay thateisatile for the evaluation of the inhibition
activity of compounds on purified ST5.

Then, in order to find new inhibitors of GM3 syntlea we decided to test our synthesize
compounds on cell homogenate fraction containing3@Gyinthase of Human Embryonic Kidney,
HEK cells. For this we devised to use an HPTLC gadiivity imaging assay according to the
procedure reported by Prinetti al. since this assay was also applicable to non-pdrénzymesin

the following section, | will describe the resuttistained using all the synthesized compounds at 1
mM concentration and for the most promising compisuio a further concentration of 10 uM.
Finally, we also report the data obtained perfognassays on HEK cell cultures finalized to
determine the variation of sphingolipid pattern the presence of our inhibitors, using their
peracetylated derivatives, compouldsc and5e

Herein, | first discuss the results on a commercid,3 sialyltransferase then the biological assays

on GMS3 synthase.

3.2.1 Inhibition on bacterial @-2,3 ST from Pasteurella multocida

We first tested the anti ST inhibitory activity thie acidic compound3a-eand of the lactone$a-c

on a bacteriad-2,3-ST.

All compounds, were first purified, by preparatid®LC, and them tested for their possible anti-
sialytrasferase activity,usirig-acetyllactose amine as acceptor. | devised usmdoaimetric assay
reported by L. Wiet al based on the evaluation of inorganic phosphatedd in the hydrolysis of
the nucleotidic leaving group lost by CMP-sialicidadn the sialyltransferase reactibh.The
malachite green phosphate detection reagents tinatinorganic phosphate to a green colored
complex allow us to evaluate the amount of inorgamosphate released, that is equal to the CMP-
sialic acid consumed or the sialyl-conjugate predusee experimental section).

Compoundsa-eand4a-cafforded the inhibition results reported in thédaing table (Tablel).
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Table 1: Inhibition of the bacterial ST frofRasteurella multociday free acidic sialoside3a—eand lactoneda—c

NH
2 NH,

o fﬁ NHCOR N)E
OH
O™™N 0 I§
o)
o O N

0
H
9o °VYE 0
ROCHN COOH OHO
HO 3 HO o

T oron da-c OHOH
aR=CH3 _
bR =CF, aR=CH,

R=C.F B-anomers bR =CF;

=Rt ¢ R = CF;

dR=CF,4 ] a-anomers
eR= C3F7

Compound KM(UM) or Ki(uM)®

CMP-Neu5Ac 422 +9
3a 1312 + 14
3b 402+ 7
3c 109+ 4
3d 406+ 6
3e 12843
4a 60218
4b 21514
4c 65+3

#Each value represents the mean + standard deviatitovo or three independent experiments carrigdrotriplicate.

As evident from the&i of the tested compoundb-e and 4a-¢ all of them arealways noticeable
lower than theKi of 3a and of the K1 obtained in our experiment for CMP-Neu5Ac. Intéres

the fluorinated congeneBb and3c are three times or more than one order of magaiaative than
3a Apparently, the B-heptafluorobutyrrate compoun@s, 3eand4c are the most actives.

An additional increase of the inhibitory activity observed in all lactones compourfidsavhen
compared with their respective acid analogues. Ewere interesting, the-epimers3d-e retain a
comparable activity suggesting, in agreement withfew literature data, that the geometry at this
center is not an essential requirement for thebitdri-enzyme interactiof?y.

Thus, we can conclude that both the presence ofifle atoms and lactonization improve the

inhibitory activity of the synthesize sialosides.
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3.2.2 Inhibition of GM3 synthase

Then, considering the final aim of our work, we ided to test all the new compounds on the GM3
synthase.

Since, we were interested to confirm and evaluadrthibitory activity of compounda, the only
reported inhibitor of GM3 synthase, and to compigeinhibition activity with other prepared
congeners, we performed an initial screening evialiaof all the synthesized compounds at the
concentration of 1 mM. This concentration is lowean that (21 mM) used in the literature to
obtain with the compounga 20% inhibition of the GM3 synthase in tissues.

In our experiments, almost initially, we could @serude GM3 synthase obtained from HEK c&lls.
In this way, we could select the most active conmaisithat in a second moment could be tested on
a purified enzyme. Thus, we evaluated our compowrd€ell homogenate fraction containing
GM3 synthase using as acceptor substrate of thgmeniabeled LacCer, at the position three of
sphingosine, according to Prinedtial

In this way the activity of the obtained GM3 colie evaluated from the radioactivity incorporated
in the molecule. As a scale we decided to considenaximum (100%) the radioactivity associated
to the GM3 formed in absence of inhibitors. We ddeied as the minimum (0%) the situation in
which no reactivity was associated to GM3 andhmmeantime, all radioactivity was associated to
the starting LacCer. The intermediate values wetabéished by a mathematical extrapolation.
Herein, | reported the results obtained on the & lactonecompounds, | avoided to describe the
results on protected compounds that result inaetiveeconcentration of 1 mM.

As we can observe from the results, reported intide (Table2), as % inhibition extent,
compound3a, its fluorinated analo@b and thea-heptafluorinate3es how at 1 mM the 100%

inhibition.
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Table 2: Inhibition of cell homogenate fraction containing/@ synthase of HEK cellsby free acidic sialosi@es-e

and lactoneda—at a 1mM concentration.

<LacCer p ‘* ’*.

<V | -

(_;“f. (;:r+ .3;' 3B 3¢ 3d 3e . CIT- C.T+ .‘;i x

+ 1 mM inhibitors + 1 mM inhibitors

GM3 synthase inhibitors (1 mM)
120
100
80

60

40 1

GM3 % on CT+

20 H Kok sk

O R e ¥k x Xk k%

CT+ 3a 3b 3c 3d 3e 4a 4b 4c

Each value represents the mean + standard deviatibmo or three independent experiments carriedimotriplicate,
expressed as percentage of GM3 on positive control.

Data were average from a triplicate inhibition gsparformed at 37° C for 3 hours. Moreover |
repeated again the experiments vttand3dthus confirming their behavior, that, surprisinghas
different from that oBb and3d.

Also lactonedla-c show an unexpected behavior when compared wiih dlo&l analogues, in fact
the unfluorinated lactonéa is less active than the acdad, as in the case of the lactodle and its
acid analogu&b; on the contrary the lactode is more active thaBc.

Moreover very interesting data are obtained witrtBo isomers3e-d In particular compounge
displays a 100% inhibition activity, higher thasftepimer.

Thus, all the synthesized compounds, having arbitibin activity lower than 10%, were tested at

two order of magnitude lower concentration (10uM).
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Table 3:nhibition of cell homogenate fraction containing@ synthase of HEK cellsby selected free acidic

sialosides3a, 3b, 3eand lactonécat a 10 pM concentration.

GMS3 synthase inhibitors (10 uM)

120
T 100
|_
O 80+
C
(@] 60 T XXFK
3 i
o 40
S 20

0 .
CT+ 3a 3b 3e 4c

Each value represents the mean + standard deviatibmo or three independent experiments carriedimotriplicate,
expressed as percentage of GM3 on positive control.

As evident from the data reported in table (Ta®)leall the compounds tested at this concentration
(10 uM), independently from their acid or lactosicucture, show an inhibitory activity in the
range of 50% compared to the positive control. regtng, all the tested compounds show an
inhibitory activity higher than that of compoufd, the most active compound being thei2omer

3e

3.2.3 Matabolic evaluation of sphingolipid patternby treatment with peracetylated GM3
synthase inhibitors

Encouraged by the good results obtained on GMahaget of HEK cell homogenates, we decided
to test the active substances in cell culturesablatto determine also the sphingolipid pattern of
HEK cells. For this we treated with inhibitors af@t®H] sphingosine ([3H] SPH), a natural
precursor of sphingolipids. With this assay, it Idobe possible to evaluate the cellular content of
sphingolipids in terms of both quality and quantitypresence or absence of our inhibitors, simply
by an extraction of the metabolic radioactive pdwand HPTLC separation.

In particular, we decided to evaluate the inhilyitactivity of both lactone8a-c and peracetylated
methyl esters derived from free acids, compolbade We tested the protected analogs considering
that these molecules have an improved increasegpHificity useful to cross membranes.The
results obtained are reported in the table beloabl@4) and they are once again expressed
considering 100% the GM3 formed in absence inhibito
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Herein | reported are the results that, to date, mpst promising, obtained for the protected
derivatives of acids. However, further biologicaakiation is necessary and merit additional work.

Table 4:Evaluation of radiolabelled GM3 on HEK cells trahtey selected peracetylatedmethyl esters sialoSiales

5eat a 10 pM concentration versus the control.

150 - Radiolabeled GM3

|
o
—
O 1 00 i — * % **
c *kk en
O — i
X
® 50
=
Q)

0 CTRL 5a b 5c se

Each value represents the mean + standard deviatiomo or three independent experiments carriedimotriplicate,
expressed as percentage of GM3 on positive control.

As evident from the results reported in the pictanel referred to triplicate experimentally all the
tested compounds are actives. In particular, thegetylated5c, derivatived of thefluorinated
inhibitor 3¢, shows the lower activity followed by the unflumated5a. This result is in agreement
with the trend of values found inhibition assayhmmogenate fraction containing GM3 ST.

On the contrary an evident improvement of inhilyitactivity is observed for the perfluoroacetate
5b and for the hepetafluorobutirratepimersSe Thus, this result suggest that, once again, & m
active inhibitors of GM3 at the moment known is tezivative3e

In the same experiments, in addition to the GMpaasion, we also checked the levels of the other
known gangliosides (GD1a, GM1 and GM2) presenh@aqueous phase (Tabla).
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Table 5 (a) and (b): Radiolabeled sphingolipid distribution, aqueous ga)l organic phases (b), of HEK cells
treated with inhibitors by metabolic labeling withhingosine ([3H] SPH.

(a)

Radiolabeled Sphingolipid Distribution
(Aqueous Phase)
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(b)

Radiolabelled Sphingolipid Distribution
(Organic Phase)

0]
o

3 CTRL
I 53
O sb
= 5c¢
[ s5e

®
o

Distribution (%)

!
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Each value represents the mean + standard deviatitmo or three independent experiments carriedimotriplicate,
expressed as percentage of GM3 on positive control.
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The data reported for the treatment with the compeisynthesizeBa-c and5e show that, in our
conditions, only the synthesis ofganglioside GM3significantly decreases (p< 0.0001). This
suggests that the inhibition obtained is specdicGM3 synthase.

Moreover, inspectingthe data concerning the GM2,caegld observe, almost in some cases, an a
statically significant increase of the levels of @M his is in agreement with a literature showing
that decreasing the GM3 biosynthesis causes alglaralease of GM2%Also in this aspect in our
opinion further studies and experimentations ageired.

We evaluated also the incorporation of labeled regdgine in soluble organic fraction of cells
(Table5b). This in order to inspect the complete sphingdigpattern, as reported in the picture on
organic fraction containing neutral lipids sphingain (SM), globoside 3(Gb3), glucosylceramide
(GlcCer), ceramide (Cer).As evident from the resulinchanged picture of natural lipids is
observed.This appears to suggest that all our itoing) independently from their activity level, are

all specific for GM3 synthesis. This is a resultio@able for future researches.
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4. CONCLUSIONS
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4. CONCLUSIONS

In conclusion, | have synthesized, by an unrepopextedure, eight sialoside congeners of the
natural sialyl donor CMP-Neu5Ac.

The synthetic protocol, set up for the glycosidatiallows to assign the structure of all compounds
beyond any reasonable doubt using both NMR evideonte and3 epimers and the successive
exclusive 1,7 lactonization of tifeepimers. The preparation of the reported inhib8arallowed
also to set up some capricious reaction conditrep®rted in the synthesis and to correct NMR
assignment of the few reported intermediate arttiefinal compound.

Interesting, the availability of the-epimers allowed us to evidence that éhend3 geometry of the
glycoside bound of the CMP-Neu5Ac mimic inhibitassirrelevant or even ameliorative of the
inhibitory activity of the compounds.

This observation, together with the final result®wing that an acetylation of the hydroxyl and
amine group of the cytidine portion and the saddeaportion facilitates the cell permeability
provide interesting structural formation for thevdl®pment of new STs inhibitors.

The set up of the synthetic general method fomptieparation of the active inhibitors appear useful
for a rational programming of new inhibitory, evewith computational chemistry support.
Concerning biological experiments devoted to aagerthe inhibitory activity of the compounds,
efforts are still necessary both to purify GM3 $yage and to avoid the use of radioactivity. In this

respect, deuterium labelled precursory offer morvenient opportunity for further studies.
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5. EXPERIMENTAL

5.1 Chemical materials and methods:

All chemicals used were special (specific) gradkessotherwise specified, were purchased from
commercial source. Water was prepared by filtedegnized water on a Milli-Q Simplicity 185
filtration system from Millipore (Bedford, MA, USA)Discovery DSC-18 SPE tubes for sample
clean up were purchased from Supelco (Bellefonte FSA).

Solvents were dried using standard methods andlaetisbefore use. The progress of all reactions
was monitored by thin-layer chromatography (TLCjrieal out on 0.25 mm E. Merck silica gel
plates (60 F254) using UV light, 50% sulphuric a@disaldehyde/s$0O,/EtOH solution or 0.2%
ninhydrin in ethanol and heat as developing agglhtilash chromatography was performed with
normal phase silica gel (E. Merck 230-400 mesttailjel), following the general protocol of
Still[1].

Melting points were measured on a SMRBp apparatus (Stuart Scientific, USA) and are not
corrected. NMR spectra were recorded at 25°C omrukeB AM-500 spectrometer operating at
500.13 MHz for'H and 125.76 MHz fot°C. The chemical shifts are reported in ppm and logp
constant are given in Hz, relative to §ID signal fixed at 3.31 ppm fdH spectra and to GIOD
signal fixed at 49.05 ppm fdrC spectra, to (DMSOs signal fixed at 2.50 ppm fdH spectra and

to (DMSO0)ds signal fixed at 39.52 ppm fdrC spectra, relative to CDgs$ignal fixed at 7.26 ppm
for 'H spectra and to CD€kignal fixed at 77.00, and to internal (§4COH 1.24 ppm and 30.29
ppm for solutions in BD.

Proton and carbon assignments were establishewcé#ssary, withH-'H and'*H-'*C correlated
NMR experiments. Data foHH NMR are recovered as follows: chemical shift (ppmultiplicity

(s, singlet; d, doublet; t, triplet; g, quartet; multiplet; br , broad), coupling constant(s) in,Hz
number of protons, assignment of proton(s).

Optical rotations were taken on a Perkin-Elmer pdlarimeter equipped with a 1 dm tube;p[a]
values are given in Tleg cni g and the concentration are given in g/100 mL. Maestrometry
was performed using Finnigan LCQDeca quadrupolernam mass spectrometer equipped with an
ESI ion source (Finnigan ThermoQuest, San Jose, @34A). The spectra were collected in
continuous flow mode by connecting the infusion pudirectly to the ESI source. Solutions of
compounds were infused at a flow rate of 5 mL/min.

The spray voltage was set at 5.0 kV in the posiéind at 4.5 kV in the negative ion mode with a
capillary temperature of 220 °C. Full-scan massispavere recorded by scanning a m/z range of

100-2000. All described compounds showed a puf8%, as determined by HPLC (UV and MS
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detectors). LC-UV/MS data were collected with anil&gf 1100 HPLC connected to a Bruker
Esquire 3000+ ion trap mass spectrometer througbSamterface.

5.2 Biological materials and methods:

Inhibition activity assay on commerciale 2,3-sialyltransferase. Commercial chemicals were of
analytical grade or the highest purity availalie,3-Sialyltransferase frofasteurella multocida
CMP-sialic acid, N-acetylD-lactosamine were purchased from commercial sourbtdachite
Green Phosphate Detection Kit was from R&D SysteBwdvents were distilled before use. The
water routinely used was freshly distilled on asglapparatus. ST activity was measured with a
microplate reader (Victor 3, PerkinElmer) set ab &2n wavelength.

Inhibition activity assay on GM3 synthase. Commercial chemicals were of analytical grade er th
highest purity available. Human Embryonic Kidneyg kR93A (Invitrogen). Protein concentration
was determined by a JASCO V-530 spectrophotométez. cell pellet was homogenized with a
Dounce homogenizer.

[3-*H(sphingosine)]LacCer and other radioactive lipided as reference standards was from Prof.
Bruno Venerando group that collaborated to my thesirk.

High performance silica gel-precoated thin-layeitgd (HPTLC Kieselgel 60) were purchased from
Merck (Darmstadt, Germany).Radioactive lipids wansualized with a Beta-Imager 2000
(Biospace, Paris, France) and identified by compangith radiolabeled standards.

Sphingolipid pattern evaluation by metabolic labeling with [3-3H] sphingosine ([3-3H] SPH) in
HEK cells treated with inhibitors.

Commercial chemicals were of analytical grade ertitghest purity available. Human Embryonic
Kidney, HEK293A (Invitrogen). Protein concentratiomas determined by a JASCO V-530
spectrophotometer. [34]sphingosine (19.8 Ci/mmol) was provided by Petiner (Waltham,
MA). The radioactive lipid , used as reference dtaids was from Prof. Bruno Venerando group
that collaborated to my thesis work.

High performance silica gel-precoated thin-layettgg (HPTLC Kieselgel 60) were purchased from
Merck (Darmstadt, Germany).

Radioactive lipids were visualized with a Beta-lrmag000 (Biospace, Paris, France) and identified

by comparison with radiolabeled standards.
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5.3 Chemistry

5.3.1 Synthetic procedure affording alcohol 9

NHACc
N= |

Aldehyde 6 (1.20 g, 3.71 mmol) was dissolved in &H (60 mL), added by
(triphenylphosphoranyliden) acetaldehyde (1.36.46 41mol) and stirred overnight at 23 °C. Then,
the orange solution was concentrated in vacuove giude aldehyd@é. Then, the crude mixture of
aldehyde6, dissolved in MeOH(100 mL), was directly hydrogemhin the presence of Pd on
carbon 10% (160 mg) for 2 h. At this time, the betlawas filtered, washed with MeOH (60 mL)
and the solvent was then evaporated under reduesdyse to afford the crude compouwhdrhis
intermediatewas dissolved in MeOH (20 mL) and #&ction was cooled at -20 °C. At this time,
NaBH, (158 mg, 2.05 mmol)was added and after 15 minutesréaction was stopped with the
addition of acetone (4 mL), then neutralized witmkgerlite resin IRC-50 (H. The resin was
filtered, washed with MeOH (30 mL) and the solvesis then evaporated under reduced pressure
to afford, after purified by chromatography ongligel (eluting with AcCOEt/MeOH, 9:1 v/v), the
compound9 (590 mg, 45%), as white powder: m.p. 97-98°C (frGiH,Cl,-diisopropyl ether);
[a],° = +31.2 € 1.0 in methanol)*H NMR (CDCh): 6 = 9.71 (s, 1H; NH), 7.72 (ds5 = 7.5 Hz;
1H, H-6), 7.42 (dJs6 = 7.5 Hz, 1H, H-5), 5.65 (dly > = 1.6 Hz, 1H; H-1’), 4.97 (dd} 3 = 6.6,
Jr1 = 1.6 Hz, 1H; H-2"), 4.62 (1H, br dz » = 6.6,J3.4 = 4.6 Hz, 1H; H-3"), 4.19-4.16 (m, 1H;
H-4’), 3.67-3.64 (overlapping, 2H; H-7a’ and H-7b2.25 (s, 3H; NHCOCklat C-4), 1.87-1.78
(overlapping, 2H; H-5a’ and H-5b"), 1.73-1.67 (depeping, 2H; H-6a’ and H-6b’), 1.56 (s, 3H;
C(CHs),), 1.33 ppm (s, 3H; C(Chb). MS (ESI positiven/z 376.2 [M+Na], 729.1 [2M+Na].
11.89. Other physico-chemical properties were idahto those reported in literatute.
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The caratterization of intermediate aldehydes 6, and 8 purified only in small quantities.

HNMR (CDs),;S0: 6 = 9.75, (s, 1H; NHAc), 9.37 (s, 1H; CHO), 7.68 Jgs = 7.6 Hz, 1H; H-6),
7.55 (d,Js6 = 7.6 Hz, 1H; H-5), 5.60 (s,1H; H-1’), 5.30 (br#;, = 6.2 Hz1H; H-2), 5.16 (br d,
Jz 4 = 6.2 Hz, 1H; H-3"), 4.58 (s, 1H; H-4"), 2.30 (B1; OCOCH at C-4), 1.55 (s, 3H; C(GhHt),
1.38 (s, 3H; C(CH).);MS (ESI positivedn/z 323.9.[M+HJ. Other physico-chemicals properties

were identical to those reported in litterattfte.

NHAc
N ~

OHC |
g@\l
0

op

7

Aldehyde7 showed: m.p. 183°C (from GBl,-diisopropyl ether);d]p ?° = +24.7 € = 1 in CHC}).
IHNMR (CDCh): 6 = 9.56 (dJr¢ = 7.8 Hz, 1H; H-7"), 8.95 (s, 1H: NH ), 7.60 (#s = 7.5 Hz,
1H; H-6), 7.43 (dJs s = 7.5 Hz, 1H: H-5), 7.00 (dd 4+ =6.2Js ¢ = 15.8; 1H, H-5"), 6.23 (dd 7
=7.8Js 5 = 15.8, 1H; H-6’) 5.57 (br s,1H; H-1"), 5.25 (br & 3 = 6.3, 1H; H-2'), 5.07 (ddJ)z 4 =
3.9,J 2 = 6.3 Hz, 1H; H-3"), 4.87-4.83 (m, 1H: H-4"), B.7s, 3H: NHCOCH at C-4), 1.58 (s,
3H; C(CH),), 1.36 ppm (s, 3H: C(CH); °C NMR (CDCh): ¢ = 193.2 (C-7'), 170.1 (
NHCOCH;), 163.3 (C-4), 154.6 (C-2), 153.0 (C-5), 147.9-G% 132.3 (C-6"), 114.3Q(CHa),),
99.0 (C-1'), 96.8 (C-5), 89.0 (C-4’), 85.2 (C-385.0 (C-2'), 27.0 (QTHa)s), 25.2(CCHs),), 25.0
(NHCOCHs). MS (ESI positiven/z 372.1 [M+Na]. Elemental analysis calcd (%) fofd819N3Os:
C 55.01, H 5.48, N 12.03; found C 54.86, H 5.34,1\D2.
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Aldehyde8 showed: m.p. 185°C (from GBI,-diisopropyl ether); d]p *° = +23.4 ¢ = 1 in CHC}).
'H NMR (CDCk): 6 = 9.75 (br s, 1H; H-7"), 9.23 (s, 1H; NH ), 7.68 Js5 = 7.4 Hz, 1H; H-6),
7.42 (d,Js6 = 7.4 Hz, 1H; H-5), 5.60 (br s,1H; H-1"), 5.04 (@rJ, 3 = 6.5; 1H, H-2’), 4.71-4.67
(m, 1H; H-3’), 4.14-4.0 8 (m, 1H; H-4"), 2.62-2.%8&verlapping, 2H; H-6a’ and H-6b’), 2.26 (s,
3H; NHCOCH; at C-4), 2.19-2.03 (overlapping, 2H; H-5a’ and bl}51.55 (s, 3H; C(CH)>,), 1.33
ppm (s, 3H; C(Ch),); *C NMR (CDC}): § = 201.2 (C-7"), 170.4 (NBOCH;), 163.1 (C-4), 154.5
(C-2), 146.6 (C-6), 114.5(CHa),), 96.7 (C-5), 96.2, (C-1"), 87.2 (C-4’), 84.9(C}283.8 (C-3"),
40.0 (C-6") 27.2 (CCHg3)y), 25.5 (C-5),25.3 (GTH3)), 25.0 (NHCQCH3) ppm. MS (ESI
positivem/z 374.6 [M+Na]. Elemental analysis calcd (%) fond8,:N30s: C 54.69, H 6.02, N
11.96; found C 54.35, H 5.87, N 12.06.
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5.3.2 General procedure to synthesize chloro deritiges 11a-c.

To a solution of selected compud@a-c (0.30 mmol), dissolved in acetyl chloride (35 ndr)d
cooled at -10°C under argon atmosphere, anhydrailsamol (5 mL) was added. The solution was
stirred at room temperature overnight then the unéxtwas evaporated in vacuo to give a syrup,
which was crystallized from hexane-ethyl acetateftording the desired derivativéda-c

Synthesis of compound 11a.

AcO  OAc
Cl

co™ 0
CH3COHN CO,CHg
AcO

11a

Starting from the peracetylated Neu5Ac methyl edt@a (160 mg, 0.3 mmol) the 2-chloro
peracetylated Neu5Ac methyl esteta (117 mg, 77%) was obtained as only sterecisomex as
white solid."H NMR (CDCh): 6 = 5.47 (ddJ; &= 2.4,37,6= 7.0 Hz, 1H; H-7), 5.44 (dlyys = 10.2
Hz, 1H; NH), 5.39 (dddJs32= 4.8, J4,5= 10.4,J43, = 11.0 Hz, 1H; H-4), 5.17 (dddl,0a = 2.7,
Jg,op= 5.8,J3, = 7.0 Hz 1H; H-8), 4.42 (ddJoa & 2.7,J9agp= 12.5 Hz, 1H; H-9a), 4.35 (dds =
2.4,Js5= 11.3 Hz, 1H; H-6), 4.20 (ddds ny = 10.2,J5 4= 10.4,J5 = 11.3 Hz, 1H; H-5), 4.06 (dd,
Job,g= 5.8,Jop.0a= 12.5 Hz, 1H; H-9b), 3.87 (s, 3H; COOH2.78 (dd J354= 4.8,J3a3= 13.9 Hz,
1H; H-3a), 2.28 (ddJsp,3= 11.2,J343,= 13.9 Hz, 1H; H-3b), 2.12 (s, 3H; OCOQH2.05 (s, 3H;
OCOCH;), 2.04 (s, 3H; OCOCH), 2.03 (s, 3H; OCOC¥), 1.91 ppm (s, 3H; NHCOCHMS (ESI
positive)n/z 532.9 [M+Na]. Elemental analysis calcd (%) fogE,sCINO;2: C 47.11, H 5.53, N
2.75; found C 47.18, H 5.61, N 2.81. Other physibemical properties were identical to those
reported in literaturé&’

Synthesis of compound 11b.

AcO  OA
© ¢

AcO™ 0
CF3COHN CO,CH3
AcO

11b
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Starting from theN-trifluroacetamido peracetylated NeuSAc methyl edt@b *° (176 mg, 0.30
mmol) and the 2-chloro derivatidelb (137 mg, 81%) was obtained as only stereocisomarvasite
solid: m.p. 132°C;{]p?° = +25.1 ¢ = 1 in CHC}). *H NMR (CDCh): 6 = 6.53 (d Jnns = 10.1 Hz,
1H; NH), 5.53 (dddJs3a= 4.9,s5= 10.2,Js3, = 11.3Hz, 1H; H-4), 5.44 (ddl; = 2.3,J7,6= 7.2
Hz, 1H; H-7), 5.19 (dddJg,0a = 2.6, Jge= 5.3,Js7 = 7.2Hz 1H; H-8), 4.51 (ddJs = 2.3, J65=
10.7 Hz, 1H; H-6), 4.40 (ddlgas= 2.6, Joaop= 12.6 Hz, 1H; H-9a), 4.13 (ddds Ny = 10.1,J54 =
10.2, Js¢= 10.7 Hz, 1H; H-5), 4.08 (ddleps= 5.3, Jopoa = 12.6 Hz, 1H; H-9b), 3.89 (s, 3H;
COOCH), 2.83 (ddJzgs= 4.9,J3a3p= 14.0 Hz, 1H; H-3a), 2.31 (ddgp,3= 11.3,J353= 14.0 Hz,
1H; H-3b), 2.13 (s, 3H; OCOGH 2.09 (s, 3H; OCOCH), 2.05 ppm (s, 6H; 2 X OCOGH **C
NMR (CDCh): § = 170.8, 170.6, 170.4, 169.5 (4CCOCHs), 165.3(C-1), 157.6 (1Clcr = 38.0
Hz, COCFR),115.3 (CJcr = 287.9 Hz, CQFs), 96.0 (C-2), 73.1 (C-6), 70.7 (C-8), 68.1 (C-86,9
(C-7), 62.0 (C-9), 53.7 (COTHS3), 49.0 (C-5), 40.4 (C-3), 20.7, 20.5, 20.4 (4C,@TE3) ppm.MS
(ESI positive)m/z 586.2[M+NaJ. Elemental analysis calcd (%) fopdE2sCIFsNO;,: C 42.60, H
4.47, N 2.48; found C 42.52, H 4.48, N 2.63.

Synthesis of compound 11c

AcO OAc

cl
AcO'" o)
C3F,COHN CO,CH3

AcO

11c

Starting from theN-trifluroacetamido peracetylated NeuSAc methyl estéc °*%(206 mg, 0.30
mmol) and the 2-chloro derivativieLc (160mg, 80%) was obtained as only sterecisomendsta
solid: m.p. 128°C;d]p%*° = +12.5 ¢ = 1 in CHC}). *H NMR (CDCk): = 7.32 (d,Juns = 9.7 Hz,
1H; NH), 5.55 (ddd,)s 32= 4.9,Js5= 10.3,Js3p = 11.2Hz, 1H; H-4), 5.43 (ddl; &= 2.2, J7,6= 5.7
Hz, 1H; H-7), 5.15 (dddJs,0a = 2.5,Js7 = 5.7, Jg,oo= 6.4 Hz 1H; H-8), 4.57 (ddJs = 2.2,Js5=
10.7 Hz, 1H; H-6), 4.50 (ddga & 2.5J0a0p= 12.5 Hz, 1H; H-9a), 4.18 (ddd nr= 9.7,J54 = 10.3,
Js= 10.7 Hz, 1H; H-5), 4.10 (ddlgp = 6.4, Jop0a= 12.5 Hz, 1H; H-9b), 3.88 (s, 3H; COOQH
2.83 (dd,J3a4= 4.9,J3a3= 13.9 Hz, 1H; H-3a), 2.24 (dd3p,3= 11.2,J3a3= 13.9 Hz, 1H; H-3b),
2.13 (s, 3H; OCOCH, 2.10 (s, 3H; OCOCH), 2.04 (s, 3H; OCOC¥, 2.03 ppm (s, 3H;
OCOCH); **C NMR (MeOD):§ = 170.6 (4C, @OCHs), 169.7(C-1), 158.1 (1Clcr = 26 Hz,
COCRCRCRs), 124.0-110.0 (3C, CCOF,CF,CFs), 95.9 (C-2), 73.1 (C-6), 70.8 (C-4), 67.8 (C-8),
67.0 (C-7), 62.0 (C-9), 53.9 (CQEBi3), 49.5 (C-5), 40.6 (C-3), 20.8, 20.6, 20.5, 204 (
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CHsCOO) ppm.MS (ESI positive)m/z686.3[M+Na]. Elemental analysis calcd (%) for
szH25C|F7NO]_2: C 39.80, H 3.80, N 2.11; found C 39.72, H 3.78.105.
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5.3.3General procedure to synthesize dibromo derivative$4a-c.

To a solution of appropriate compout8a-c (0.60 mmol) in dichloromethane (5mL) was added
bromine (0.80 mmol) at 0°C under argon atmosphAfeer stirring for 30 minutes at room
temperature the mixture was evaporated in vacugiie a syrup, which was crystallized from

hexane-ethyl acetate to afford the analougous iby®ho derivativel4a-c

Synthesis of compound 14a.

AcO OAc
Br
AcO'" 0
CH3;COHN CO,CHsy
AcO Br

1l4a

Starting from15 (284 mg, 0.60 mmol), the 2,3-dibromo derivativka (383 mg, 93%) was obtained
as a white needles showiftg:NMR (CDCL): 6 = 5.86 (d,Juus = 9.6 Hz, 1H; NH), 5.69 (ddl, 3=
3.5,045= 10.5Hz, 1H; H-4), 5.41 (ddl;s= 2.1,J75=6.8 Hz, 1H; H-7), 5.20 (dddlg9a = 2.3,J3.9p
=5.8, Jg7= 6.8 Hz, 1H; H-8), 5.02 (d}; .= 3.4 Hz, 1H; H-3), 4.58 (ddlsny= 9.6,J54= J56 =
10.5Hz, 1H; H-5), 4.47-4.40 (overlapping, 2H; H46daH-9a), 4.15-4.07 (m, 1H; H-9b), 3.88 (s,
3H; COOCH), 2.14 (s, 3H; OCOC#}, 2.09 (s, 3H; OCOC¥), 2.06 (s, 3H; OCOCH), 2.03 (s, 3H;
OCOCH), 1.93 ppm (s, 3H, NHCOGH All other physicochemical properties practically
superimposable to those previously repoffed.

Synthesis of compound 14b.

AcO OA
¢ Br
A we O
CF3;COHN CO,CHj;
AcO
Br
14b

Starting from15b %316 mg, 0.60 mmol), the 2,3-dibromo derivativb (392 mg, 95%) was as a
white needles, showinga]p?° = -30.1 € = 1 CHCE)."H NMR (CDCk): = 7.00 (d Jnw,5 = 9.1 Hz,
1H; NH), 5.84 (ddJa s = 3.2,Js5= 10.4Hz, 1H; H-4), 5.40 (d app;s=6.6 Hz, 1H; H-7), 5.27-5.23
(m, 1H; H-8), 5.06 (dJs,= 3.2 Hz; 1H; H-3), 4.59 (d ap@ss= 10.8 Hz; 1H, H-6), 4.52-4.45
(overlapping, 2H; H-5 and H-9a), 4.19 (dHy s 5.5, Joboa = 12.6 Hz, 1H; H-9b), 3.92 (s, 3H;
COOCH), 2.17 (s, 3H; OCOCH, 2.11 (s, 3H, OCOCH), 2.10 (s, 3H; OCOCH, 2.05 ppm (s,
3H; OCOCH); **C NMR (CDCE): § = 170.7, 170.6, 170.3, 170.1 (4CCOCH;), 163.8 (C-1),
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157.6 (1CJcr = 38.0 Hz,COCFs),115.3 (CJo r = 287.9 Hz, COFs), 91.0 (C-2), 75.3 (C-6), 70.6

(C-8), 68.1 (C-4), 66.9 (C-7), 61.9 (C-9), 54.4 (@TH3), 52.6 (C-3), 46.1 (C-5), 20.9, 20.6, 20.4
(4C, OCQCHa3) ppm.; MS (ESI positive) M+Nain/z 710.3[M+Na]. Elemental analysis calcd (%)

for CyoH24BrFsNO;2: C 34.96, H 3.52, N 2.04; found C 34.85, H 3.48.080.

Synthesis of compound 14c.

AcO OAc
Br

AcO' 0
C3F,COHN CO,CHs
AcO Br

14c

Starting from 14¢* (376 mg, 0.60 mmol), the 2,3-dibromo derivath@c (439 mg, 93%) was as a
white needles, showinga]p?° = -18.5 ¢ = 1 in CHCE).'"H NMR (CDCh): 6 = 7.29 (d Jnns = 8.8
Hz, 1H; NH), 5.89 (ddJs 3 = 3.5,J45= 10.6Hz, 1H; H-4), 5.37 (ddl; = 1.8,J;6= 6.3 Hz ;1H, H-
7), 5.25 (dddJg 94 = 2.3, Jgop= 5.7,J3, 7= 6.3 Hz 1H; H-8), 5.08 (dJ; = 3.5 Hz; 1H, H-3), 4.64
(dd, Js = 1.8,Js5= 10.8 Hz, 1H, H-6), 4.52 (ddgags 2.3J9aon= 12.6 Hz, 1H, H-9a), 4.43 (ddd,
Jsnh = 8.8,J54 = 10.6,J5 6= 10.8 Hz, 1H; H-5), 4.22 (ddlgp &= 5.7, Jopoa= 12.6 Hz, 1H; H-9b),
3.91 (s, 3H; COOCH), 2.18 (s, 3H; OCOCH), 2.09 (s, 6H; 2 X OCOCH), 2.04 ppm (s, 3H;
OCOCH;). °C NMR (MeOD): 6 = 170.6, 170.5, 170.4, 169.8 (4CCOCHs), 163.8(C-1), 158.0
(1C, Jcr = 38.0 Hz,COCF3),125.0-110.0 (3C, COGEFR,CF3), 90.6 (C-2), 74.7 (C-6), 70.4 (C-8),
67.7 (C-4), 67.0 (C-7), 61.8 (C-9), 54.0 (CO®), 52.8 (C-3), 46.1 (C-5), 20.8, 20.6, 20.5, 20.3
ppm (4C, OC@Hs).MS (ESI positive)m/z810.3 [M+NaJ. Elemental analysis calcd (%) for
CooH24BroF7N4O12: C 33.57, H 3.07, N 1.78; found C 33.49, H 2.98..[R0.
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5.3.4Synthetic glycosilation procedures affording to dewatives 12a-c and 13b-c

Procedure A general glycosilation procedurevia chloro derivatives

NHAc
N“ |
AcO  OAc o OJ\N
NHAc Ac\w\/\w
ROCHN COOCH
j‘\ﬁ AcC 7
AcO  OAc
HO O™™N Cl B-anomers  12a-c S
(@) \
AcO™
J\w + ROGIN—_L/ “coocH, .
AcO NHAc

o O AcO  OAc

— COOCH;
11a-c A N |
° AcO" 0 A
ROCHN o} O™\
a:R=CHj AcO 0
b:R=CF,
c:R=CjF; o-anomers 13a-c

o O

S

To a stirred solution of the appropriate chloriregivhtive 11a-c(0.95 mmol) and of alcoh® (265
mg, 0.75 mmol) in anhydrous mixture of toluene (¢hD) and nitromethane (4.0 mL), containing
molecular sieves 4A, was added a solution of AgEBB3 mg, 1.10 mmol) dissolved in toluene
(2.0 mL) and nitromethane (2.0 mL) at room temperatnder argon. The crude was stirred for 3h
at room temperature and filtered throught celitd bad solid was washed with AcCOEt/MeOH
mixture. The combined filtrates were evaporatedvatuo to a residue, that was purified by

chromatography on silica gel to afford the destecthpoundd 2a-candl3a-c.

Procedure B: General glycosilation procedurevia dibromo derivatives (step 1) and reductive
dibromination (step 2)

NHAc e
AcO
o O™ N OAc Br AcO OAc O 0o 5 N
O \
ACO™ =0 Step1  pco®
\/\w + ROCHN COOCHS ROCHN 2 COOCH;
AcO —_— AcO

5 14a-c 16a-c

l Step2  NHAc

N= |
AcO  OAc o OJ\N
a:R=CH, ACO™T—0 o
b:R=CF; ROCHN COOCH;
c:R=C;F; AcO o o
L

B-anomers  12a-c
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(Step J) To a stirred solution of the appropriate dibroefda-c(1.10 mmol) and of alcoh@ (265
mg, 0.75 mmol), in anhydrous mixture of toluen&® (#L) and nitromethane (4.0 mL), containing
molecular sieves 4A, was added a solution of AgEGDB mg, 1.20 mmol) dissolved in toluene
(2.0 mL) and nitromethane (2.0 mL) at room tempgeatinder argon. The crude was stirred for 3h
at room temperature and filtered throught celitd bad solid was washed with AcCOEt/MeOH
mixture. The combined filtrates and washing werapevated in vacuo to a residue, that was

purified by chromatography on silica gel, to afftiheé desired compound$a-c

(Step 2)To a solution of compountiba-c(0.10 mmol) and in THF (5 mL) was added tri-n-tty
hydride (0.06 mL, 0.20 mmol), and the reaction weSuxed for 3h. Then the reaction was
concentrated and the residue was tritured withogdispyl ether and hexane to afford the

appropriate compounda-c.
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Synthesis of compounds 12a and 13a

NHAC
NHAc
AcO
j‘\/| PR coocH, N
AcO"™ @)
AcO OAc O O"™N"  CH,COHN o) OJ\N
o) AcO 0
co™ O
CH3COHN COOCH;
AcO O O
o_ 0
122 S

i) Starting from compouniila (484 mg; 0.95 mmol) and operating accordingrocedure A, the
compoundl2awas obtained as a first eluate, after rapid chrography (AcOEt/MeOH, 98:2 v/v
to AcCOEt/MeOH, 80/20 v/v), as a white solid (241,§%) together with trace of itsanomer
13aas a second white solid eluate (mg, <1%).

Compoundl2a showed: §]p?° = -7.2 € = 1 MeOH.'H NMR (CDCk): 6 = 9.20 (s, 1H, NH at C-
4), 7.90 (dJInns = 9.9 Hz, 1H; NH at C-5"), 7.61 (dss = 7.4 Hz, 1H; H-6,), 7.43 (ds= 7.4
Hz, 1H; 5-H), 5.89 (ddJ; ¢-= 1.6, J;»,6»= 3.0 Hz, 1H; H-7"), 5.68 (ddJ> ;r = 1.2,J> 3 = 6.3,
1H; H-2"), 5.43 (br s, 1H; H-1"), 5.35 (dddy 32> = 4.9, J4»,5»= 10.5,J4,3p> = 11.1 Hz, 1H; H-
4, 5.11(ddd,Jg, 7» = 1.6,Jg7,0a" = 2.0,J5",9p"= 9.5 Hz 1H; H-8"), 5.00-4.95 (overlapping, 2H;
H-3’'and H-9a"), 4.54 (ddJs"5» = 10.6 J7» = 3.0 Hz, 1H; H-6"), 4.28-4.19 (overlapping; 2H, H-
4’and H-5"), 4.12 (ddJop" 9a»= 12.0,Jop",0a= 9.5 Hz, 1H; H-9b”), 3.80 (s, 3H; COOGH 3.58-
3.54 (overlapping, 2H; H-7a’ and H-7b’), 2.60 (dek",3p°= 12.7,J3» 4»= 4.9 Hz, 1H; H-3a"), 2.26
(s, 3H; NHCOCH at C-4), 2.23 (s, 3H; OCOGH 2.06 (s, 3H; OCOCH), 1.97 (s, 3H; OCOC#j,
1.92 (s, 3H; OCOC}), 1.81 (s, 3H; NHCOCHat C-57), 1.76-1.59 (overlapping, 4H, H-5a’, H-
5b’, H-6a’and H-6b’), 1.57 (s, 3H; C(Ghb), 1.41 ppm (s, 3H; C(CHy).

'H NMR (MeOD): ¢ = 8.05 (dJs 5= 7.5 Hz, 1H, H-6), 7.42 (br ds ¢ = 7.5 Hz, 1H, H-5), 5.83 (d,
Ji2 = 0.9 Hz, 1H, H-1"), 5.48 (ddly»¢ = 2.2,J7,6:= 4.2 Hz, 1H, H-7"), 5.31-5.24 (overlapping,
2H, H-4"and H-8"), 5.14 — 5.08 (m, 1H, H-2’), 408- 4.73 (overlapping,2H, H-3' and H-9a"),
4.18 (dd,Js5» = 10.5Js7 = 2.2 Hz, 1H, H-6"), 4.15 — 4.08 (overlapping, 2H;9b”and H-4"),
4.00 (t appJse” =Js74» = 10.5, 1H, H-5"), 3.81 (s, 3H, COOGH 3.64 — 3.55 (m, 1H, H-7a),
3.46 — 3.40 (m, 1H, H-7a), 2.49 (dda 3= 12.9,J3 4= 4.9 Hz, 1H, H-3a"), 2.21 (s, 3H,
NHCOCH; at C-4), 2.14 (s, 3H, OCOGH 2.02 (s, 3H, OCOC¥), 2.01 (s, 3H, OCOCH), 2.00 (s,
3H; OCOCH), 1.96-1.86 (overlapping, 5H, H-5a”, H-5b” andHCOCH; at C-5"), 1.8 —1.65
(overlapping, 1H, H-6a"and H-b"), 1.57 (s, 3H, CKl),), 1.38 ppm (s, 3H, C(Cib); °C NMR
(MeOD): 6 = 173.5 (1C, NKKOCH; at C-5"), 172.9 (1C, NIEOCH; at C-4), 172.5 (1C, C4€00
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at C-9”), 172.0 (2C, CBCOO at C-4” and C-8"), 171.9 (1C, GO0 at C-7"), 169.2(C-1"),
164.7 (C-4), 157.7 (C-2), 148.5 (C-6), 115CHs),), 100.0 (C-2), 98.2 (C-5), 96.7 (C-1’), 88.8
(C-4), 86.3 (C-2'), 85.6 (C-3"), 72.8 (C-8"), 72.(C-6"), 70.7 (C-4"), 70.3 (C-7"), 64.7 (C-T),
63.7 (C-9), 53.2 (COGH,), 50.3 (C-57), 38.5 (C-3"), 31.5 (C-5'), 27.6 (CHa)), 26.8 (C-6),
25.6 (CCHa),), 24.6 (NHCGCH; at C-4) 22.9 (1C, NHCOH; at C-57), 21.0, 20.8, 20.7, 20.7 (4C,
CHsCOO) ppm. MS (ESI positive)/z827.0[M+HJ', 849.3 [M+Na]; elemental analysis calcd (%)
forCseHsoN4O16: C 52.30; H 6.10; N 6.10; found C 52.41; H 6.185 R09.
CompoundL3a(a-anomer) MS (ESI positivej/z827.3[M+HJ", 849.0 [M+Na].

i) Starting from the dibromid&4a (697 mg, 1.10 mmol) and operating accordingracedure B
step lintermediatel6awas obtained after rapid chromatography (elutinip WicOEt/MeOH, 98:2,
v/lv), as a white powder (346mg, 51%), showing: ML.»-156°C dec. (from Ci&l,/diisopropyl
ether); p]p®® = -20.2 € = 0.5 in chloroform); ¢]p*° = +65.0 ¢ = 1.0 in methanol)’H NMR
(CDCl): 6 =9.23 (s, 1H; NH at C-4), 7.89 (@\n,s = 9.9 Hz, 1H; NH at C-57), 7.59 (dls5= 7.3
Hz, 1H; H-6), 7.42 (dJs6= 7.3 Hz, 1H; H-5), 5.87 (dd};»s» = 1.6,J776» = 2.8 Hz, 1H; H-7"),
5.63 (d,J» 3 = 6.3 Hz, 1H; H-2’), 5.41 (br s, 1H; H-1"), 5.28d, Js" 3-= 3.7,J4",5» = 10.4 Hz, 1H,;
H-4"), 5.12 (ddd,J 7+ = 1.6, Jg",0a» = 2.1, Jg",0p= 9.5 Hz 1H; H-8"), 5.05 (dd,Joa",e» = 2.1,
Joar,obr = 12.1 Hz, 1H; H-9a”), 4.91 (ddJs,4= 1.8,J3,2= 6.3 Hz, 1H; H-3),4.71 (dJ3» 4= 3.7
Hz, 1H; H-3"), 4.67 (dddJs",nu = 9.9,J57,47=J5",6-= 10.3 Hz, 1H; H-5"), (ddJs'5» = 10.3,
Je7n = 2.8 Hz, 1H; H-6"), 4.25-4.20 (m, 1H; H-4"), 4.18d, Jop",8"= 9.5, Jop",0a» = 12.1 Hz, 1H,;
H-9b”), 3.80 (s, 3H; COOCE), 3.63-3.53 (overlapping, 2H; H-7a’ and H-7b’)22.(s, 6H;
NHCOCH; at C-4 and OCOC¥), 2.09 (s, 3H; OCOC¥), 1.94 (s, 3H; OCOC¥), 1.89 (s, 3H;
OCOCH), 1.79 (s, 3H; NHCOCHat C-5"), 1.70-1.58 (overlapping, 4H; H-5a’, H:5bl-6a’ and
H-6b"), 1.54 (s, 3H; C(Ch)2), 1.39 ppm (s, 3H; C(CHh). *H NMR (CD;OD): 6 = 8.05 (d Js.= 7.4
Hz, 1H; H-6), 7.44 (dJs6 = 7.4 Hz, 1H; H-5), 5.81 (dl'» = 1.6 Hz, 1H; H-1), 5.47 (dd}y» 6=
21,3 ,8= 4.4 Hz, 1H; H-7"), 5.38-5.31 (overlapping, 2H;8%and H-4"), 5.14 (dd,J> - = 1.6,
Jra = 6.4 Hz, 1H; H-2'), 4.83 (ddJsa "= 1.5 HzJw o = 12.7 Hz, 1H; H-9a™), 4.70 (t)3,4=
4.2,33,2= 6.4 Hz, 1H; H-3"), 4.71(dJ3" 4= 3.6 Hz, 1H; H-3"), 4.51 (tJ5",4=J5",6»= 10.5 Hz,
1H; H-5"), 4.24 (dd,Js",5»= 10.5,Js",7»= 2.1 Hz, 1H; H-6"), 4.18-4.09 (overlapping, 2H; H-
and H-9"),3.84 (s, 3H; COOC#), 3.68-3.61 (m, 1H; H-7a’), 3.39-3.33 (m, 1H; H)7I2.21 (s,
3H; NHCOCH; at C-4), 2.18 (s, 3H; OCOGH 2.06 (s, 3H; OCOC}},2.02 (s, 3H; OCOCH),
2.01 (s, 3H; OCOCE}), 1.96-1.86 (overlapping, 5H; H-5a’, H-5b’ and NBICH; at C-5"), 1.83—
1.76 (m, 1H; H-6a’), 1.72-1.65 (m, 1H; H-6b’), 1.&5, 3H; C(CH),),1.37 ppm (s, 3H; C(Chh).
3%C NMR (CD;0OD): 6§ =173.5 (1C, NKEOCH; at C-5"), 172.9 (1C, NIi@OCH; at C-4), 172.5,
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172.0, 171.9, 171.6 (4C,@DCHy), 167.2(C-1"), 164.7 (C-4), 157.7 (C-2), 148.9-6% 115.3
(C(CHa),), 101.5 (C-2"), 98.2 (C-5), 97.2 (C-1'), 88.8 (€), 86.2 (C-2), 85.7 (C-3), 72.7 and
72.6 (C-6"and C-8"), 70.6 (C-4"), 70.1 (C-7")66.3 (C-7'), 63.8 (C-9"), 53.4 (COCHS3), 52.9
(C-3"), 46.4 (C-5"), 31.3 (C-5), 27.6 (QLH=),), 26.6 (C-6"), 25.6 (QTH3),), 24.6 (NHCCTH; at
C-4), 22.9 (1C, NHCGH; at C-5"), 21.0, 20.8, 20.7, 20.6 (4C, OCB3) ppm.MS (ESI positive)
m/z927.1[100%; "*Br-M+Na]*, 929.1 [94%:®Br-M+Na]". Elemental analysis calcd (%) for
CssH49BrN4O1g: C 47.74, H 5.45, N 6.19; found C 47.66, H 5.565.00.

Purified intermediatd6a (0.10 mmol 90.4 mg) was reacted accordingitocedure B step 2to
afford the title compound2a (67 mg 81%). MS (ESI positivel)/z827.4[M+HJ", 849.2 [M+Na].
elemental analysis calcd (%) fosdsoN4Oss: calcd C 52.30; H 6.10; N 6.10; found C 52.37; H

6.15; N 6.02. Other physico-chemical propertiesendentical to those previously reported.
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Synthesis of compounds 12b and 13b

NHACc NHA
AcO OAc ¢
L) woomg Nﬁ
AcO'" 0
ACQ  OAc O O""N”  CF4COHN o} oJ\N
o) AcO o
AcO" 0]
CF;COHN COOCH;5
AcO o O IS
13b

i) Starting from compoundllb (564mg, 0.95 mmol) and operating accordingrocedure A; the
compoundl2b was obtained as a first eluate, after rapid chrography (hexan /AcOEt, 70: 30v/v
to AcOEt/MeOH 95:5 v/v), as a white solid (238 n3§%) toghether with its-anomerl3b as a
second white solid eluate (134 mg, 20%).

Compound12b showed: m.p. 134%a]p ?° = -44.5 € = 1 in CHC}), [0]o®° = -12.2 € = 1 in
MeOH).*H NMR (CD Ck): 6 = 9.16 (d Jwn s = 9.8 Hz, 1H; NH at C-5”), 9.02 (s, 1H; NH at §;4
7.58 (d,Js 5= 7.4 Hz, 1H; H-6), 7.42 (dls¢ = 7.4 Hz, 1H; H-5), 5.90 (ddi;»,¢»= 1.9,J7¢- = 2.9
Hz, 1H; H-7"), 5.67 (d,J;» = 1.5 Hz, 1H; H-1), 5.43-5.36 (overlapping, 2H:3and H-4"),
5.09 (dddJs" 7» = 1.9,J8",0a" = 2.2,Jg",9"= 9.9, Hz 1H; H-8"), 4.95 (dd,Joa" "= 2.2 Joa"9p" =
12.1 Hz, 1H; H-9a"), 4.92 (dd)»,; = 1.5, J»,3= 6.3 Hz, 1H; H-2"), 4.71 (ddJs» 7» = 2.9,J5" 5" =
10.3 Hz, 1H; H-6"), 4.28-4.21 (overlapping, 2H;#-and H-5"), 4.08 (ddJop g = 9.9 HzJgp" 95

= 12.1 Hz, 1H; H-9b”), 3.79 (s, 3H; COOGH 3.60-3.53 (overlapping, 2H; H-7a’ and H-7b’),
2.65 (dd, Jza,4»= 5.1, Jzan,3p»= 12.8 Hz, 1H; H-3a”), 2.21 (s, 6H; NHCOGHat C-4 and
OCOCH), 2.01 (s, 3H; OCOCH), 1.95 (s, 3H; OCOCH), 1.78 (s, 3H; OCOC¥), 1.77-1.69 (m,
1H ; H-3b"), 1.61-1.53 (overlapping, 4H, H-5a’, ¥, H-6a’ and H-6b’), 1.55 (s, 3H; C(GH),
1.40 ppm (s, 3H; C(Ckh). *H NMR (CD;0D): 6 = 8.04 (d Jss= 7.5 Hz, 1H; H-6), 7.35 ( dls s =
7.5 Hz, 1H; H-5),5.83 (dl»'» = 1.1 Hz, 1H; H-1"),5.43 (ddly»6» = 1.9,J77,8»= 4.4 Hz, 1H; H-7"),
5.34(ddd,Js" 32 = 4.9J4 5= 10.5,ds», 3 = 10.9Hz 1H; H-4"), 5.27(ddd,Jg" ,9a» = 2.3, Jg", 7» =
4.4, 33 0=6.9 Hz 1H; H-8"),5.04 (dd,J>,1 = 1.1, ;3= 6.2 Hz, 1H; H-2"),4.74 (ddJoa g =
2.3Joaop" = 12.4 Hz, 1H; H-9a"),4.70 (ddlz,4 = 4.5,J3,2= 6.2 Hz, 1H; H-3’), 4.31 (dd)s 7~ =
1.9,Js75» = 10.5 Hz, 1H; H-6"), 4.15-4.01 (overlapping, 2H:4and H-9b”), 4.00 (t appJs: 4» =
Js»e» = 10.5, 1H; H-5"),3.80 (s, 3H; COOGH3.60-3.53 (m, 1H; H-7a’),3.44-3.38 (m, 1H; H-
7b"), 2.50 (ddJza",47= 4.9,J3a7,3p= 13.0 Hz, 1H; H-3a”) ,2.19 (s, 3H; NHCOGHt C-4),2.12 (s,
3H; OCOCH),2.01 (s, 3H; OCOCH),2.00 (s, 3H; OCOCH,1.97 (s, 3H; OCOC}),1.90-1.66
(overlapping, 5H; H-5a’, H-5b’, H-6a’, H-6b’ and Bb"), 1.55 (s, 3H; C(CH),), 1.35 ppm (s, 3H;
C(CHsy),); *C NMR (MeOD):d = 172.9 (1C, NIiEOCH; at C-4), 172.5, 172.0, 171.8, 171.7. (4C,
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OCOCHg), 169.0(C-1"), 164.5 (C-4), 159.3(1Q¢ = 37 Hz,COCFs), 157.7 (C-2), 149.1 (C-6),
121.7 (1CJc = 318 Hz C@F3), 115.5 C(CH3),), 100.0 (C-2"), 98.2 (C-5), 95.7 (C-1"), 88.3 (C-
4’), 86.4 (C-2), 85.2 (C-3"), 72.5 (C-8"), 71.4Ct6"), 70.0 (2C C-4”, and C-7"), 64.8 (C-7’),
63.5 (C-9"), 53.3 (CO@Hj3), 51.0 (C-5"), 38.4 (C-3"), 31.3 (C-5'0r C-6'27.5 (CCHs3),), 26.8
(C-6’ or C-5), 25.6 (CCH3)y), 24.6 (NHCCCH3 at C-4), 21.0, 20.7, 20.6 (4C, 4 X OCB3). MS
(ESI positive)m/z 903.1 [M+Na]. Elemental analysis calcd (%) fogd8a/FsN4O1g: C, 49.09; H,
5.38; N, 6.36; found C, 49.17; H, 5.35; N, 6.32.

Compound13b (a-anomer): m.p. 120°Cpo]p ?° = -4.70 € = 1 in CHCE); 'H NMR (CDCh): ¢ =
9.30 (s, 1H; NH at C-4), ,7.72 (& 5= 7.5 Hz, 1H; H-6), 7.42 (dlss = 7.5 Hz, 1H; H-5), 6.92 (d,
Iwus = 9.7 Hz, 1H; NH at C-5"), 5.66 (br s, 1H; H-1%.41 (ddd,Jg" 7+ = 8.7, Jg»,0a = 2.9,
Jg,op7= 4.6, Hz 1H; H-8"), 5.33 (dd,J;»,¢'= 8.7,J7¢> = 1.9, Hz, 1H; H-7"), 5.09 (dddJs 32" =
4.6, 5= 10.7,J4 3> = 12.0Hz 1H; H-4"), 5.03 (d appJ,3= 6.1 Hz, 1H; H-2"), 4.64 (dd,
Jga = 4.7,33,2= 6.1 Hz, 1H; H-3"), 4.28 (dd)s»7»= 1.9,Js 5= 10.7 Hz, 1H; H-6"), 4.23-4.19
(overlapping, 2H; H-9a” and H-9b"), 4.16-4.04 (rhH; H-4"), 4.00 (dd appds'nn = 9.7,J57 47 =
Jsr = 10.7, 1H; H-5"), 3.83-3.77 (m, 1H; H-7a"), 3.78H; COOCH), 3.31-3.24 (m, 1H; H-7b"),
2.65 (dd Jsa,a7= 4.6,J327,307= 12.9 Hz, 1H; H-3a”"), 2.24 (s, 3H; NHCOGHt C-4), 2.13 (s, 3H;
OCOCH;), 2.11 (s, 3H; OCOCH), 2.04 (s, 3H; OCOC#, 2.02 (s, 3H; OCOCH, 1.93 (dd,
Japy4n= 12.1,J347,30= 12.9 Hz,1H ; H-3b™), 1.83-1.76 (overlapping, 2H;5a’ and H-5b’), 1.71-
1.58 (overlapping, 2H H-6a’ and H-6b"), 1.56 (s,;3E{(CH),), 1.34 ppm (s, 3H; C(Chb); *H
NMR (CD;0OD): § = 8.05 (dJs 5= 7.5 Hz, 1H; H-6), 7.42 (dls ¢ = 7.5 Hz, 1H; H-5), 5.85 (dly » =
2.0 Hz, 1H; H-1"), 5.40 (dddJ)s",9a = 2.9, Jg",0p"= 5.2, Jg» 7» = 9.0Hz 1H; H-8"), 5.30 (dd,
Jre = 2.2,37,8= 9.0 Hz, 1H; H-7"), 4.97 (ddJ>,;r = 2.0, J»,3= 6.4 Hz, 1H; H-2"), 4.91 (ddd,
Jg»3ar = 4.6, ,57= 10.4,Js 3p» = 12.1Hz 1H; H-4"), 4.65 (dd,J3,4 = 4.4, J3,2= 6.4 Hz, 1H,;
H-3), 4.32 (dd,Jg'7» = 2.2,J"5» = 10.5 Hz, 1H; H-6"), 4.27 (ddJoa g = 2.6 HZJoa op = 12.5
Hz, 1H; H-9a”), 4.18-4.13 (m, 1H; H-4"), 4.09 (ddby" 8" = 5.2 HZJgp» 9 = 12.5 Hz, 1H; H-9b”),
3.97 (ddJs7¢» = 10.5,J57 4~ = 10.4, 1H; H-5"), 3.83-3.77 (overlapping, 4H; OQH; and H-7a),
3.39- 3.33 (m, 1H; H-7b’), 2.67 (ddg' 4= 4.7, J3a",3»= 12.7 Hz, 1H; H-3a”), 2.18 (s, 3H;
NHCOCH; at C-4), 2.14 (s, 3H; OCOGHN 2.10 (s, 3H; OCOCH), 1.99 (s, 3H; OCOCH), 1.97
(s, 3H; OCOCH), 1.88-1.63 (overlapping, 5H; H-5a”, H-5b”, H-8aH-6b” and H-3b”), 1.56 (s,
3H; C(CH),), 1.35 ppm (s, 3H; C(CHt); °C NMR (MeOD):6 = 173.0 (1C, NIEOCH; at C-4),
172.5, 171.8,171.6 (4C,@DCH;), 169.6(C-1"), 164.7 (C-4), 159.4 (1Q¢F = 37 Hz,COCR),
157.7 (C-2), 147.6 (C-6), 117.1 (1C, CB;), 115.4 C(CHa),), 100.1 (C-2"), 98.1 (C-5), 95.5 (C-
1), 88.6 (C-4’), 88.5 (C-2"), 85.3 (C-3’), 72.5{€’), 70.2 (C-4"), 69.4 (C-8"), 68.4 (C-7"), 65
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(C-7"), 63.4 (C-9”), 53.4 (COQHj3), 50.8 (C-5"), 39.1 (C-3”), 31.1 (C-5), 27.6 (CHa)y), 27.1
(C-6"), 25.7 (CCHg3)2), 24.6 (NHCCCH; at C-4), 21.3, 20.8, 20.7, 20.6 (4CH3;COO) ppm. MS
(ESI positive)m/z903.4[M+NaJ. Elemental analysis calcd (%) faeBli/FsN4Owg: C, 49.09; H,
5.38; N, 6.36; found C, 49.15; H, 5.41; N, 6.30.

i) Starting from the dibromid&4b (866 mg, 1.10 mmol) and operating accordingracedure B
step lintermediatel6bwas obtained after rapid chromatography elutindy litexane /AcOEt, 70:
30v/v to AcOEt/MeOH 95:5 v/v) as a white powder§3#g, 48%), showing: m.p. 134-136 °C dec.
(from CH,Cl,/diisopropyl ether); ] = + 65.0 ¢ = 1.0 in CHOH).*H NMR (CDCk): 6 = 9.23
(d, Inus” = 9.1 Hz, 1H; NH at C-5”), 9.04 (s, 1H; NH at §;4.58 (dJs 5= 7.4 Hz, 1H; H-6), 7.43
(d, Js6= 7.4 Hz, 1H; H-5), 5.91 (br, s, 1H; H-7"), 5.8d, J> 1 = 1.3,J>,3= 6.3 Hz, 1H; H-2'),
5.39 (d,Jy» = 1.3Hz,1H; H-1) 5.31(ddJ)s",3» = 3.7,J47,5»= 10.0 Hz, 1H; H-4"), 5.12 (ddd)s" 7

= 21,3390 = 2.4, J3",9p»= 9.5, Hz 1H; H-8"), 5.04 (dd,Joa "= 2.4J0a" 9> = 12.1 Hz, 1H; H-
9a”), 4.89 (ddJs,4 = 1.8,J3,2= 6.3 Hz, 1H; H-3"), 4.76 (dJ3» 4 = 3.6 Hz, 1H; H-3"), 4.75-4.67
(overlapping, 2H; H-5"; H-6"), 4.26-4.21 (m, 1H4-4"), 4.14-4.09 (m, 1H; H-9b"), 3.83 (3H,;
COOCH), 3.64-3.55 (overlapping, 2H; H-7a’ and H-7b'22 (s, 3H; NHCOCHat C-4), 2.21 (s,
3H; OCOCH), 2.07 (s, 3H; OCOCH), 1.94 (s, 3H; OCOC¥), 1.78 (s, 3H; OCOC¥), 1.77-1.55
(overlapping, 4H, H-5a’, H-5b’, H-6a’ and H-6b"),54 (s, 3H; C(CH),), 1.39 (s, 3H; C(CH),); *H
NMR (CDsOD): 6= 8.02 (dJs 5= 7.5 Hz, 1H; H-6), 7.43 (ds6 = 7.5 Hz, 1H; H-5), 5.80 (dy' > =
1.7 Hz, 1H; H-1), 5.46 (dd};» ¢ = 2.0,J7,8-= 4.6 Hz, 1H; H-7"), 5.40(ddJ)s,3» = 3.6J4",5=
10.5, Hz 1H; H-4"), 5.32 (ddd,Js" 00" = 2.5, Jg" 7+ = 4.6, Jg",0"=7.3, Hz, 1H; H-8"), 5.09 (dd,
Jo = 1.7,3,3= 6.4 Hz, 1H; H-2),4.81 (ddga» g = 2.5 Joaop' = 12.4 Hz, 1H; H-9a"), 4.73 (d,
J37 4= 3.6 Hz, 1H; H-3"), 4.71 (ddJs .4 = 4.4, J3,»= 6.4 Hz, 1H; H-3'), 4.50 (ddJs ¢~ = 10.6,
Js 4o = 105 Hz, 1H; H-5"), 438 (ddJs¢ 7= 2.0, Jgr5-= 10.6 Hz, 1H; H-6"), 4.17-
4.07(overlapping, 2H; H-4' and H-9b™), 3.83 (s, 3BOOCH), 3.69-3.63 (m, 1H; H-7a’), 3.41-
3.35 (m, 1H; H-7b"), 2.19 (s, 3H; NHCOGHt C-4), 2.15 (s, 3H; OCOGH 2.03 (s, 3H;
OCOCH), 2.00-1.99 (overlapping, 6H; 2X OCO@)H1.93-1.60 (overlapping, 4H; H-5a’, H-5b’,
H-6a’ and H-6b"), 1.54 (s, 3H; C(G)4), 1.35 (s, 3H; C(CH).). *C NMR (MeOD):s = 172.9 (1C,
NHCOCH; at C-4), 172.5, 171.9, 171.8, 171.3. (4CCQ@CHs), 167.0(C-1"), 164.7 (C-4),
159.3(1CJcr = 37 Hz,COCR), 157.7 (C-2), 148.6 (C-6), 117.7 (1&,r = 287 Hz CTF;), 115.4
(C(CHj3)), 101.5 (C-2"), 98.2 (C-5), 96.7 (C-1"), 88.6 &}, 86.2 (C-2’), 85.5 (C-3’), 72.4 (C-8"),
71.9 (C-6"), 70.0 (C-4"), 69.8 (C-7"), 66.4 (C%, 63.6 (C-9”), 53.2 (CO®HS3), 52.6 (C-3"),
47.1 (C-5"), 31.2 (C-5'or C-6'), 27.6 (@H3),), 26.7 (C-6" or C-5), 25.6 (CHs),), 24.6
(NHCOCH3; at C-4), 21.0, 20.7, 20.7, 20.5 (4C, 4 X OCHR);MS (ESI positive)m/z981.1[100%;
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Br-M+Na]", 983.1 [94%;*'Br-M+Na]". Elemental analysis calcd (%) forgBisBrFsN4sOig C
45.06, H 4.83, N 5.84; found C 45.06, H 4.83, N45.9

Purified intermediatel6b (96 mg 0.10 mmol) was reacted accordingptocedure B step 2to

afford the title compound2b (73 mg 83%). MS (ESI positive)/z903.4[M+Na]. CagHa7F3N4O1s:
calcd C, 49.09; H, 5.38; N, 6.36; found C, 49.025H5; N, 6.40
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Synthesis of compounds 12c and 13c

NHAc NHAc
AcO OAc
1) et )
AcO"" 0
AcO OAc O O"™N” C4F,COHN o) OJ\N
0 AcO o
AcO'" 9]
C3F7OCHN Pt COOCH;3
‘ o_° 13c o 0
12c )Q )<

i) Starting from compouniilc (536 mg; 0.95 mmol) and operating accordingtocedure A, the
compoundl2cwas obtained as a first eluate, after rapid chrography (hexane/AcOEt 70:30 v/v
to AcOEt/MeOH 95:5 v/v), as a white solid (199 n23%) togheder with ite-anomerl3c as a
second white solid eluate (177 mg, 24%).
CompoundL2c showed: m.p. 128-130 °Cy]p *° = +3.9 € = 1.0 in methanol)*H NMR (CDCk): 6
=9.19 (dJnns = 9.7 Hz, 1H; NH at C-5"), 9.08 (s, 1H; NH at §;4.58 (d,Js == 7.4 Hz, 1H; H-
6), 7.42 (dJsg = 7.4 Hz, 1H; H-5), 5.96 (dd;,g-= 1.8,J76-= 3.2, Hz, 1H; H-7"), 5.68 (dJ;" >
=1.6 Hz, 1H; H-1"), 5.39 (ddlz,4 = 4.4,J3,»= 6.3 Hz, 1H; H-3), 5.36 (dddls",34 = 5.0,J4" ,57=
10.4,34 3 = 11.0Hz 1H; H-4"), 5.11 (ddd,Jg», 7» = 1.8, Jg",0a" = 2.4, Jg",0p"= 9.6 Hz 1H; H-
8"), 4.95 (dd,Joa" 8"= 2.4J9a" op» = 12.1 Hz, 1H; H-9a"), 4.92 (ddl,» = 1.6, J,,3= 6.3 Hz, 1H;
H-2"), 4.73 (dd,Je¢ 7= 3.2, Js5» = 10.7 Hz, 1H; H-6"), (4.32 dddJyns" = 9.7,J54» = 10.4,
Js» g = 10.7 Hz, 1H; H-5"), 4.27-4.23 (m, 1H; H-4"), 4.qdd, Jop" s» = 9.6 Jop"0a» = 12.1 Hz, 1H;
H-9b”), 3.79 (3H; COOCH), 3.58-3.54 (overlapping, 2H; H-7a’ and H-7b")6&.(dd, Jz4",4"=
5.1, Jza7,3p= 12.8 Hz, 1H; H-3a"), 2.22 (s, 3H; NHCOGHt C-4), 2.21 (s, 3H; OCOGH 1.99
(s, 3H; OCOCH), 1.95 (s, 3H; OCOCH#}, 1.79 (s, 3H; OCOC¥), 1.76-1.73 (m, 1H; H-3b™) 1.70-
1.58 (overlapping, 4H, H-5a’, H-5b’, H-6a’ and H-phL.55 (s, 3H; C(CH)2), 1.40 ppm (s, 3H;
C(CHs),); *H NMR (CD;0D): 6= 8.05 (d,Js 5= 7.5 Hz, 1H; H-6), 7.36 (dls¢ = 7.5 Hz, 1H; H-5),
5.87 (d,Jr > = 1.6 Hz, 1H; H-1"), 5.41 (dd}7»¢-= 1.9, J7,e»= 4.6 Hz, 1H; H-7"), 5.37 (ddd,
Js 3 = 5.0, Jg7 5= 10.6,J4 3p» = 11.7Hz 1H; H-4"), 5.29 (br dddJg",0a" = 2.5, Jg 7+ = 4.6,
Jgr,op=7.1 Hz, 1H; H-8"), 5.03 (dd,J>,» = 1.6, J,3= 6.5 Hz, 1H; H-2'), 4.79-4.70 (overlapping,
2H; H-3' and H-9a”), 4.36 (ddJs7» = 1.9, Js"5» = 10.3 Hz, 1H; H-6"), 4.17-4.10 (overlapping,
2H; H-4’ and H-9b”), 4.07 (ddJs"¢» = 10.3,J54» = 10.6 Hz, 1H; H-5"), 3.82 (s, 3H; COOG}H
3.61-3.57 (m, 1H; H-7@’), 3.45-3.41 (m, 1H; H-7I2)55 (ddJ3a",4= 5.0,J32,30"= 13.0 Hz, 1H;
H-3a"), 2.22 (s, 3H; NHCOCElat C-4), 2.14 (s, 3H; OCOGH 2.05 (s, 3H; OCOC¥), 2.03 (s,
3H; OCOCH), 1.96 (s, 3H; OCOC#), 1.92-1.72 (overlapping, 5H; H-5a’, H-5b’, H-6&l;6b’ and
H-3b"), 1.57 (s, 3H; C(CH),), 1.37 ppm (s, 3H; C(CHb); **C NMR (MeOD): s = 172.9 (1C,
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NHCOCH; at C-4), 172.5, 172.1, 171.7, 171.5 (4GC@CHs), 169.0(C-1"), 164.5 (C-4), 159.6
(1C, Jcr = 28 Hz,COCRCRCR;), 157.7 (C-2), 147.9 (C-6), 124.0-110.0 (3C, @&CF,CFy3),
115.5 C(CHzg),), 100.0 (C-2"), 98.2 (C-5), 95.7 (C-1"), 88.3 &), 86.4 (C-2), 85.2 (C-3’), 72.5
(C-8"), 71.4 (C-6"), 70.0 (C-4™), 69.9 (C-7")p4.8 (C-7"), 63.5 (C-9”), 55.3 (COCH3), 51.0 (C-
5”), 38.4 (C-3"”), 31.2 (C-5"), 27.5 (GTH3),), 26.8 (C-6’), 25.6 (CQTH3)2), 24.6 (NHCCCH; at C-
4), 21.0, 20.7, 20.6 (4CCH3COQO) ppm; MS (ESI positive)n/z1003.0 (100%), 1004.1
(55%)[M+Na]". Elemental analysis calcd (%) fogd8l47F7/N4O1s: C 46.53, H 4.83, N 5.71; found C
46.42, H 4.78, N 5.89.

Compoundl3c (a-anomer): m.p. 132-136°Cyp > =-26.1 € = 1 in CHOH); 'H NMR (CDCh): ¢
=9.30 (s, 1H; NH at C-4), 7.72 (&= 7.5 Hz, 1H; H-6), 7.42 (dlss = 7.5 Hz, 1H; H-5), 6.93 (d,
Jwnse = 10.0 Hz, 1H; NH at C-5"), 5.66 (br s, 1H; H-1%.41 (dddlg",0a" = 2.7, Jg~,0p"= 4.6,
Jg 7+ = 8.7 Hz 1H; H-8"), 5.33 (dd,J;» ¢ = 1.8J;»,-= 8.7Hz , 1H; H-7"), 5.09 (dddJs",3a" =
4.6, 5= Jav 3 = 10.5Hz 1H; H-4"), 5.05-5.01 (m,1H; H-2'), 4.64 (ddg,4 = 4.6,J3,»= 6.1
Hz, 1H; H-3), 4.28 (ddJs» 7= 1.8,J5-= 10.7 Hz, 1H; H-6"), 4.26-4.19 (overlapping, 2H: H
9a” and H-9b”), 4.16-4.09 (m, 1H; H-4"), 4.00 (dabp,Js Ny = 10.0,J54» = 10.5J5 6= 10.7,
1H; H-5"), 3.83-3.77 (m, 1H; H-7a’), 3.75 (3H; C@B®s), 3.31-3.25 (m, 1H; H-7b"), 2.65 (dd,
Jsarar= 4.6, Jaarapr= 12.9 Hz, 1H; H-3a"), 2.34 (s, 3H; NHCOGHat C-4), 2.13 (s, 3H;
OCOCH;), 2.11 (s, 3H; OCOCH), 2.04 (s, 3H; OCOC¥, 2.02 (s, 3H; OCOCH, 1.91 (dd,
Jap,47= 10.5,J347,3p°= 12.9 Hz,1H ; H-3b™), 1.83-1.75 (overlapping, 2H;5a’ and H-5b’), 1.72-
1.60 (overlapping, 2H, H-6a’ and H-6b’), 1.56 ($J;3C(CHs)2), 1.34 ppm (s, 3H; C(C#t); *H
NMR (CDsOD): 6 = 8.05 (d,Js 5= 7.5 Hz, 1H; H-6), 7.42 (br dlss = 7.5 Hz, 1H; H-5), 5.85 (d,
Ji» = 2.0 Hz, 1H; H-1), 5.39 (dddlg,9a" = 2.6, Jg~,0p"= 5.1,Jg", 7» = 8.9Hz 1H; H-8"), 4.97
(dd, 377 6= 2.0,Jd77,8»= 8.9 Hz, 1H; H-7"), 4.97 (ddJ>,1» = 2.0, J»,3= 6.4 Hz, 1H; H-2'), 4.92
(ddd, J4» 34 = 4.7, J47,5»= 10.5,J4" 3p» = 12.0Hz 1H; H-4"), 4.65 (ddJz,4 = 4.4, J3,2= 6.4 Hz,
1H; H-3'), 4.34 (ddJg'7» = 2.0,J¢5» = 10.5 Hz, 1H; H-6"), 4.27 (ddJoa g = 2.6Ja s = 12.5
Hz, 1H; H-9a”), 4.19-4.13 (m, 1H; H-4’), 4.09 (ddy s»= 5.1Jop" 92> = 12.5 Hz, 1H; H-9b"),
4.03 (t appJs 6" =Js74» = 10.5 Hz, 1H; H-5"), 3.85-3.76 (overlapping, 4BO00OCH; and H-7a’),
3.39-3.33 (m, 1H; H-7b’), 2.69 (ddg",s»= 4.7, Jza,3p»= 12.7 Hz, 1H; H-3a”), 2.18 (s, 3H;
NHCOCH; at C-4), 2.15 (s, 3H; OCOGHN 2.11 (s, 3H; OCOCH), 1.99 (s, 3H; OCOCH), 1.96
(s, 3H; OCOCH), 1.88-1.61 (overlapping, 5H; H-5a’, H-5b’, H-6&;6b’ and H-3b”), 1.56 (s,
3H; C(CH)2), 1.35 ppm (s, 3H; C(CHt); °C NMR (MeOD):6 = 173.0 (1C, NIEOCH; at C-4),
172.5, 171.8, 171.4 (4C, GDCHg), 169.5(C-1"), 164.7 (C-4), 159.6 (1CJcr = 27 Hz,
COCFCFCF;), 157.7 (C-2), 147.6 (C-6), 124.0-110.0 (3C, @&CF,CF3), 115.4 C(CHs),),
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100.0 (C-27), 98.1 (C-5), 95.5 (C-1"), 88.6 (C-486.6 (C-2'), 85.3 (C-3’), 72.4 (C-6"), 70.2 (C-
4”), 69.5 (C-8”), 68.5 (C-7"), 65.6 (C-7’), 63.§C-9"”), 53.3 (COCCH3), 50.7 (C-5"), 39.2 (C-

3"), 31.1 (C-5"), 27.6 (CCH3)2), 27.1 (C-6"), 25.7 (CLH3)y), 24.6 (NHCCQCH; at C-4), 21.3, 20.8,
20.7, 20.6 (4C, OCOH3) ppm; MS (ESI positiven/z1003.1[M+Na] Elemental analysis calcd
(%) for GggHa7F7/N4O18: C 46.53, H 4.83, N 5.71; found C 46.42, H 4.7&.B0.

i) Starting from the dibromid&4c (866 mg, 1.10 mmol) and operating accordingrtocedure B
step 1 intermediatel6c was obtained after rapid chromatography (hexar@Ec70:30 v/v to
AcOEt/MeOH 80:20 v/v, as a white powder (254 mg¥%32showing: m.p. 138-140°Cy]p *° =
+8.5 € = 1 CHOH);"H NMR (CDCh): § = 9.23 (dJnn,5» = 9.0 Hz, 1H; NH at C-5”), 9.04 (s, 1H;
NH at C-4), 7.58 (dJs 5= 7.4 Hz, 1H; H-6), 7.43 (ds6 = 7.4 Hz, 1H; H-5), 5.91 (br, s, 1H; H-7"),
5.63 (ddJ» 1 = 1.1 Hz,J»,3= 6.3 Hz, 1H; H-2’), 5.39 (dJ1 > = 1.1Hz,1H; H-2’) 5.32(dd)s ,3» =
3.6,Js,57= 9.9 Hz, 1H; H-4"), 5.12 (dddJs" 7» = 1.7,J8",9a = 2.4, Jg",0p"= 9.4, Hz 1H; H-8"),
5.04 (dd,Joa" "= 2.4J9a79p» = 12.1 Hz, 1H; H-9a”), 4.89 (ddlz,s» = 1.7, J3,2= 6.3 Hz, 1H; H-
3), 4.76 (d,J34»= 3.7 Hz, 1H; H-3"), 4.73-4.67 (overlapping, 2H; %1z H-6"), 4.26-4.22 (m,
1H; H-4’), 4.14-4.06 (m, 1H; H-9b”), 3.82 (3H; CQIMs), 3.64-3.54 (overlapping, 2H; H-7a’ and
H-7b’),2.23 (s, 3H; NHCOCHat C-4), 2.21 (s, 3H; OCOGH 2.01 (s, 3H; OCOCH), 1.95 (s,
3H; OCOCH), 1.78 (s, 3H; OCOC#¥), 1.77-1.51 (overlapping, 4H, H-5a’, H-5b’, H-6and H-
6b"), 1.51 (s, 3H; C(CH)2), 1.39 ppm (s, 3H; C(CHt); *H NMR (CD;OD): 6= 8.02 (d,Jss= 7.5
Hz, 1H; H-6),7.43 ( dJs6 = 7.5 Hz, 1H; H-5), 5.80 (dly'» = 1.8 Hz, 1H; H-1'),5.46 (dd};» ¢ =
2.0, J7 = 4.6 Hz, 1H; H-7"), 5.40(ddJs",3» = 3.6J)s",5»= 10.5, Hz 1H; H-4"), 5.29 (ddd,
Jg" 007 = 2.6, 77 = 4.6,Jg",0p"=7.3, Hz, 1H; H-8"), 5.09 (dd,J»’,» = 1.8, J»,3= 6.4 Hz, 1H; H-
2),4.81 (ddJoa g = 4.6Joa 0p = 12.4 Hz, 1H; H-9a"), 4.74-4.69. (overlappind{;2H-3’ and H-
3"), 4.50 (dd,Js" ¢ = 10.6,J57 4~ = 10.5 Hz, 1H; H-5"), 4.38 (ddJ¢»» = 1.9,Js" 5= 10.6 Hz, 1H;
H-6"), 4.17-4.07(overlapping, 2H; H-4’ and H-9b"3.83 (s, 3H; COOC#), 3.69-3.63 (m, 1H; H-
7a’), 3.47-3.41 (m, 1H; H-7b"), 2.19 (s, 3H; NHCOgHt C-4), 2.15 (s, 3H; OCOGH 2.03 (s,
3H; OCOCH), 2.00-1.99 (overlapping, 6H; 2X OCO@JH1.92-1.66 (overlapping, 4H; H-5a’, H-
5b’, H-6a’ and H-6b’), 1.54 (s, 3H; C(GM), 1.35 ppm (s, 3H; C(CHb). 1*C NMR (MeOD): s =
173.0 (1C, NKLOCH; at C-4), 172.5, 172.0, 171.6, 171.2 (4CC@CH;), 167.0 (C-1"), 164.7 (C-
4), 159.6 (1C,Jcr = 26 Hz, COCRCRCF;), 157.7 (C-2), 148.3 (C-6), 124.0-110.0 (3C,
COCF,CF,CF3), 115.5 C(CHg),), 101.5 (C-27), 98.2 (C-5), 96.2 (C-1"), 88.3 &), 86.3 (C-2),
85.4 (C-3), 72.5 (C-8"), 71.8 (C-6"), 69.9(C-9; 69.6 (C-7"), 66.4 (C-7"), 63.5 (C-9”), 53.6
(COOCHg3), 52.6 (C-3"), 47.1 (C-5"), 31.1 (C-5'0r C-6'R7.6 (CCH3)y), 26.7 (C-6' or C-5'), 25.6
(C(CH3)y), 24.6 (NHCQCH; at C-4), 21.0, 20.7, 20.7, 20.5 (4C, 4 X OCH)) ppm. MS (ESI
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positive)m/z1082.6 [M+Na]. Elemental analysis calcd (%) fogdEl46BrFN4O1s: C 43.07, H 4.38,
N 5.29; found C 43.02, H 4.38, N 5.35.

Purified intermediatd6¢c (L05 mg, 0.10 mmol) was reacted accordingitocedure B step 2to

afford the title compound2c (85.3 mg 87%). MS (ESI positivel/z1003.3[M+Na]J; elemental
analysis calcd (%) for §gH47F/N4O15: C 46.53, H 4.83, N 5.71; found C 46.50, H 4.76.[RO.
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5.3.5Synthetic deprotection procedures affording derivaitves 3a-e

Step 1: General procedure of actonide deprotection.

To a solution of appropriate2a-cor 13b-c(0.40 mmol) in dichloromethane (5mL) moist TFAGO.
mmol) was added and the mixture was stirred fom3tutes or 1 houer at reflux. Then the mixture,
treted with weak basic resin IRA 67, was filtered @vaporated in vacuo to give a syrup, which

was purified by chromatography on silica gel, tmif the desired de-acetonide intermediate.

Step 2: General procedure of deacetylation.

To a solution of.de-acetonide intermediate (0.20afinm dry methanol a 0.5 M solution of sodium
methoxide in dry methanol was added. After stirfimgl h the solution was neutralized by addition
of Amberlite weakly acid CG50, filtered, and evagubr The residue was purified by flash
cromatography to afford thhe methyl ester8afe

Step 3: General procedures methyl ester deprotectio

The residue (0.10 mmol) was reacted according biieese procedures.

a) In agueous methanol (1.0 mL, 2:1 v/v) saturatigkd K,CQO;s, was stirred for 12 h at 23 °C. Then
the solution was treated with an acidic resin Ariteeweakly acid CG50. The solution was filtered
and the solvent was removed under reduced pressaftord the free glycoside.

b) The appropriate protected sialoside (0.10 mmis§olved in methanol-water (1.5 mL, 2:1 v/v)
was treated with BN (0.90 mL) under stirring for 12 h at 23 °C. Thiwe solvent was removed
under reduced pressure and the residue was redowgrewater and lyophilized many times until
complete elimination of BN.

c) The residue (0.18 mmol) dissolved in MeOH and wated with NaOH aq solution for 40 min.
under stiring at 23°C. Then the reaction is neiztedl with Amberlite weakly acid CG50, filtered

and the solvent was removed under reduced pressure.

Step 4: General procedure of purification by HPLC-RP cromatography

All final compaunds3a-ewere purified by HPLC-RP chromatography using thgr€verse phase
column (Atlantis C-18-Preper T3 ODB, 5um, 19X10 rALC column) and starting from 100%
of aqueous 0.1% (v/v) formic acid to 100% CH3CNehent.
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Synthesis of compound 3&ia 3 step deprotection and preparative HPLC purificaton.

NHAGC
Nﬂ
J\N

o)

AcO OAc ©
w
AcO'" 0
H3COCHN COOCH;

AcO OHOH

Step 1 Starting from12a (331 mg, 0.40 mmol) according to theneral deprotection procedure
step lhe de-acetonide compoundwas obtained, after flash chromatography (eluitimigh
AcOEt/MeOH 9:1) as white powder (230 mg 75%) shawim.p. 118-121 °C:of o> = +14.2 € =

1 in methanol)™H NMR (MeOD):6 = 8.03 (dJs 5= 7.5 Hz, 1H; H-6), 7.40 (dls ¢ = 7.5 Hz, 1H; H-
5), 5.83 (d,Jy> = 2.5, 1H; H-1"), 5.41 (dd};»,6= 2,2 ,8:= 4.1 Hz, 1H; H-7"), 5.32-5.28 (m,
1H; H-8"), 5.26-5.22 (m, 1H; H-4"), 4.80 (ddpa"g"= 2.5 HZJga"s» = 12.4 Hz, 1H; H-9a"), 4.20
(dd, J»,1= 2.5J,3= 5.2 Hz,1H; H-2'), 4.18-4.07 (overlapping,2H; H-&Yd H-9b"), 4.06-4.02
(m, 1H; H-4"), 3.95 (tJs5»,4-=Js,6-= 10.41 Hz, 1H; H-5"), 3.86 (ddls,»= 5.2,J3,4= 7.1 Hz, 1H;
H-3"),3.80 (s, 3H; COOCk 3.66-3.59 (m, 1H; H-7a’), 3.47-3.41 (m, 1H; H-)b2.47 (dd,
Jsarar= 5.0, Jaar,3p'= 13.0 Hz, 1H; H-3a”), 2.19 (s, 3H; NHCOG at C-4), 2.11 (s, 3H;
OCOCH), 2.04-1.96 (overlapping, 11H; 3 X OCOg;Hi-5a’ and H-5b"), 1.90-1.81 (overlapping,
5H; NHCOQH; at C-5", H-6a’ and H-6b’), 1.79 ppm (ddgy 4»= 11.5,J3p7 30-= 13.0 Hz, 1H; H-
3b”); °C NMR (MeOD): 6 = 173.6 (1C, NiEOCH; at C-5"), 173.6 (1C, NIGOCH; at C-4),
172.7, 172.3, 172.1, 171.8 (4CCOCH;), 169.2(C-1"), 164.2 (C-4), 158.1 (C-2), 146.2-6;
100.0 (C-2"), 98.4 (C-5), 94.0 (C-1"), 84.5 (C-476.3 (C-2"), 75.0 (C-3"), 73.0 (C-8"), 72.3 (C-
6”), 70.5 (C-4"), 70.1 (C-7"), 64.9 (C-7’), 64.4C-9"), 53.3 (COQCH3), 50.3 (C-5"), 38.5 (C-
3”), 31.2 (C-5"), 27.3 (C-6'), 24.6 (1C, NHCCH; at C-4), 22.8 (1C, NHCCH; at C-5"), 21.0,
20.9, 20.8, 20.8 ppm (4C, O@BI3); MS (ESI positive)m/z809.3[M+Na]. Elemental analysis
calcd (%) forGsH46N4O18: C 50.38, H 5.89, N 7.12; found C 50.46, H 5.8(7.08.

NH,
Nﬂ
HO OH OJ\N
o 0
HO™ 0
CH;COHN COOCH;
HO OHOH

methyl ester of 3a
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Step 2 This intermediate (157 mg, 0.20 mmol) was dedatdyl according togeneral
deprotection procedure step 2o afford, after flash cromatography (eluiting witltcOEt/MeOH
8:2), theintermediate metyl ester of3aas white powder (104 mg 90%) showing: m.p. 118-12
°C; [0]o® = +15.1 € = 1 in HO); *H NMR (D,0): 6= 7.67 (d,Js== 7.6 Hz, 1H; H-6), 6.03 (dls ¢

= 7.6 Hz, 1H; H-5), 5.84 (dly.» = 3.9 Hz, 1H; H-1'), 4.33 (ddly 1 = 3.9, 3 = 4.9 Hz, 1H; H-
2’), 4.14-4.00 (overlapping, 3H; H-4’, H-4” and 81}, 3.96-3.88(overlapping,2H; H-5"and H-
6”), 3.88-3.81(overlapping, 5H; COOGHH-8"and H-9a”), 3.76-3.74 (overlapping,2H; H-7a
and H-9b™), 3.59 (d,J;»g= 9.3Hz, 1H; H-7"), 3.40-3.33 (m, 1H; H-7b’), 2.4@ld, J35" 4 =
4.7J35 3p»= 13.2 Hz, 1H; H-3a"), 2.05 (s, 3H; NHCO{), 1.95-1.70 ppm (overlapping, 5H; H-
5a’, H-5b’, H-6a’, H-6b’ and H-3b")**C NMR (D,0): § = 176.2 (1C, NKEOCH), 171.9 (C-1"),
166.8 (C-4), 157.6 (C-2), 143.4 (C-6), 100.0 (C;297.5 (C-5), 92.0 (C-1"), 84.5 (C-4"), 75.0 (C-
2", 74.3 (C-3), 71.9 (C-6"), 71.2 (C-8"), 69.8C-7"), 67.7 (C-4"), 64.7 (C-9"), 64.6 (C-7’), 8.8
(COQCHg), 53.2 (C-5"), 40.7 (C-3"), 30.5 (C-5’), 26.3 (6'), 23.4 ppm (1C, NHCGHj3); MS
(ESI positive)m/z599.3[M+Na]. Elemental analysis calcd (%) forElzsN4O13: C 47.91, H 6.29,
N 9.72; found C 47.87, H 6.09, N 9.83.

NH,
Nﬂ

HO OH OJ\N

0 0
HO™ 0
CH;COHN COOH
HO OHOH
3a

Step 3 Finally, metyl ester of 3a(104 mg, 0.10 mmol) was deprotected accordingeetple
deprotection procedurgep 3(C)to afford free acidBa (93 mg 92%), after purification by HPLC-
RP cromatography accordingdeneral deprotection procedure step 4The compaunds 3a was a
white solid that showedn]p?® = +13.9 € = 1 in H0); *H NMR (D,O): 6 = 7.64 (dJss= 7.5 Hz,
1H; H-6), 6.00 (dJs 6 = 7.5 Hz, 1H; H-5), 5.87 (d' > = 3.9 Hz; 1H; H-1"), 4.31 (t apfdy 1 = 3.9,
Jr 3 = 5.4 Hz, 1H; H-2"), 4.11-4.06 (overlapping, 2H:4and H-4"), 4.02 (t appJs, = 5.4 Hz
1H; H-3’), 3.97-3.84(overlapping,4H; H-5", H-6",H-8"and H-9a”), 3.71 (dd, Jop",8"=
5.3Ja,00"= 11.7 Hz, 1H; H-9b”), 3.62-3.56 (m, 1H; H-7a"),53. (d,J;»g» = 9.4Hz, 1H; H-7"),
3.38-3.31 (m, 1H; H-7b’), 2.37 (ddga 4= 4.8z, 3p»= 12.9 Hz, 1H; H-3a”), 2.05 (s, 3H;
NHCOCHS3), 1.94-1.86 (m, 1H; H-5a’), 1.82-1.69 (overlappidi; H-5b’, H-6a’ and H-6b’), 1.63
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ppm (t app,Jsy, sar= 12.9 Hz, 1H; H-3b");**C NMR (D;0): d= 176.3(C-1"), 175.6 (1C,
NHCOCH;), 167.0 (C-4), 158.4 (C-2), 142.4 (C-6), 100.7AQ; 97.1 (C-5), 91.2 (C-1), 84.1 (C-
4", 74.7 (C-27), 73.8 (C-3’), 70.9 (C-6"), 70.&¢8"), 69.2 (C-7"), 67.9 (C-4"), 64.4 (C-9”), 8.3
(C-7), 52.9 (C-5"), 40.8 (C-3"), 30.3 (C-5), 25 (C-6'), 22.9 ppm (1C, NHCCH3); MS (ESI
negative)m/z561.3[M-HJ, 583.3[M-2H+Na]. Elemental analysis calcd (%) forB3sN4O13 C
46.97, H 6.09, N 9.96; found C 46.87, H 6.00, N59.8
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Synthesis of compound 3lvia 3 step deprotection and preparative HPLC purificaton.

NHAC
Nﬂ
AcO OAc OJ\N
0 0
AcO™ o)
CF;COHN COOCH;,4
AcO OHOH

Step 1 Starting from 12b, (352 mg, 0.40 mmol) according to the genedaiprotection
procedurestep ltheintermediate de acetonidevas obtained, after flash chromatography (eluiting
with AcCOEt/MeOH 9:1 as white powder (259 mg 77%dwing m.p. 128-130 °Cp]p%° = +21.5

(c = 1 MeOH);'H NMR (CD;OD):0= 8.02 (d,Js 5= 7.5 Hz, 1H; H-6), 7.47 (dls¢ = 7.5 Hz, 1H:;
H-5), 5.81 (dJy 2> = 2.0 Hz, 1H; H-1"), 5.39 (ddl;» ¢ = 2.0,J77,8»= 4.2 Hz, 1H; H-7"), 5.38-5.29
(overlapping, 2H; H-4” and H-8"), 4.78 (ddlpa" g'= 2.1,Joa9p = 12.4 Hz 1H; H-9a"), 4.28 (dd,
Jor7n= 2.0,J5750= 9.5 Hz, 1H; H-6") 4.18 (dd,J»,» = 2.0, J,3= 4.9 Hz, 1H; H-2"), 4.12 (dd,
Jobr g7 = 7.4d0a79p» = 12.4 Hz 1H; H-9b”),4.05-3.96 (overlapping, 2H:4’ and H-5"), 3.87-3.77
(overlapping, 4H; H-3" and COOGH3.67-3.59 (m, 1H; H-7a’),3.48-3.42 (m, 1H; H-7B’b1 (dd,
Jsarar= 4.9, Jzary3p= 12.9 Hz, 1H; H-3a"),2.18 (s, 3H; NHCOGHat C-4),2.12 (s, 3H;
OCOCH;),2.03 (s, 3H; OCOCE),2.02 (s, 3H; OCOCE,1.97 (s, 3H; OCOC,1.92-1.77
(overlapping, 5H; H-5a’, H-5b’, H-6a’, H-6b’ and 8b”). *C NMR (MeOD): ¢ = 173.0 (1C,
NHCOCH; at C-4), 172.5, 172.2, 171.7, 171.5 (4C, 4 X@CH;), 169.0(C-1"), 164.4 (C-4),
159.3 (1C,Jcr = 38 Hz,COCF;), 158.0 (C-2), 146.1 (C-6), 117.1 (1sr = 287 Hz CT@F3),
100.0 (C-2"), 98.3 (C-5), 94.1(C-1"), 84.4 (C-4776.2 (C-2'), 75.0 (C-3), 72.7 (C-8”), 71.6 (C-
6”), 70.0 (C-4"), 69.9 (C-7"), 65.0 (C-7’), 63.5C-9"), 53.3 (COQCH3), 51.0 (C-5"), 39.5 (C-
3"), 31.1 (C-5'or C-6’), 27.2 (C-6’ or C-5’), 24.GNHCOCHj3 at C-4), 21.0, 20.7, 20.6 ppm (4C, 4
X OCOCH3);MS (ESI positive) m/z863.1[M+Na]. Elemental analysis calcd (%) for
CaaHasFsN4O1g C 47.15, H 5.16, N 6.66; found C 47.22, H 5.28.80.

NH,
N’E
HO OH OJ\N
Q 0
HO™ 0
CF;COHN COOCH;
HO OHOH

methy ester of 3b
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Step 2 This intermediate (168 mg, 0.20 mmol) was dedatdyl according togeneral
deprotection procedure step 2o afford, after flash cromatography (eluiting wititcOEt/MeOH
8:2), the intermediate metyl ester of3b(115 mg 91%) as white powered showing: m.p. 120°C;
[a]p?° = +18.1 € = 1 in CHOH). 'H NMR (CD:;0D): 6= 7.60 (d,Js 5= 7.4 Hz, 1H; H-6),5.93 (d,
Js6= 7.4 Hz, 1H; H-5),5.77 (dl;'» = 3.2 Hz, 1H; H-1"),4.20-4.09 (overlapping, 3H;24-H-4",
and H-6"), 4.00 (t appJs'4» = Jsvgr = 10.3, 1H; H-5"), 3.96-3.90 (m, 1H; H-4’), 3.8%76
(overlapping, 7H; H-3’, H-7a’, H-8", H-9a” and COCH), 3.67 (dd,Jop" g7 = 5.2J9a"9p» = 11.3
Hz, 1H; H-9b"), 3.46 (d appJr,s»= 9.4, 1H; H-7"),3.30-3.24 (m, 1H; H-7b"),2.39 (d&sa,a =
4.9, Jza7,3p»= 12.5 Hz, 1H; H-3a"),1.94-1.71 (overlapping, 4H:34’, H-5b’, H-6a’ and H-6b’)
1.66 ppm (ddJsp 4= 11.5,J34,30= 12.5 Hz, 1H; H-3b")*C NMR (MeOD):§ = 171.5(C-1"),
167.7 (C-4), 159.8 (1Clcr = 37 Hz,COCF;), 158.5(C-2), 142.8 (C-6), 117.6 (1@, = 287 Hz,
COCFs3), 100.1 (C-2"), 96.3 (C-5), 93.1 (C-1), 84.3 &), 75.8 (C-2), 75.0 (C-3"), 71.8 (C-8"),
71.4 (C-6"), 70.1 (C-7"), 67.3 (C-4"), 65.2 (C9, 64.4 (C-7’), 54.3 (C-5"), 53.4 (COQGHy),
41.9 (C-3"), 31.1 (C-5'0r C-6"), 27.0 (C-6’ or C¥ppm; (ESI positive)n/z653.0[M+Na], MS
(ESI negative)n/z629.1[M-HJ. Elemental analysis calcd (%) fopd833F3sN4O;3: C 43.81, H 5.28,
N 9.04; found C 43.62, H 5.10, N 9.30.

NH,
Nﬂ
HO OH o OJ\N
0
HO™ 0
CF;COHN COOH
HO OHOH
3b

Step 3 Finally metyl ester o8b (113.5 mg, 0.10 mmol) was deprotected accordingetwerale
deprotection procedure step 3(B}o afford, by HPLC/preparative accordingsiep 4 of general
deprotection the compand8b (97 mg 88%) as white powder showing: m.p. 129-C316]p%° =
+18.9 €= 1 in HO); 'H NMR (D,0): 6= 7.86 (d Js 5= 7.9 Hz, 1H; H-6), 6.23 (dls ¢ = 7.9 Hz, 1H:;
H-5), 5.83 (dJ; 2> = 3.8 Hz, 1H; H-1"), 4.35 (ddl,;r = 3.8, J>,3= 5.1 Hz, 1H; H-2"), 4.23 (t app,
3 = 4.9, 34 57= g 3pr = 11.1HZ 1H; H-4"), 4.13-3.99 (overlapping, 4H; H-3’, H-4H-5"
and H-6"), 3.89-3.82 (overlapping, 2H; H-8” and-94"), 3.69-3.62 (overlapping, 2H; H-7a’ and
H-9b"), 3.53 (d appJs.s-= 9.7, 1H; H-7"), 3.42-3.36 (m, 1H; H-7b’), 2.43ddJs3s",4"= 4.9,
Jzan3p= 13.2 Hz, 1H; H-3a”), 1.96-1.87 (m, 1H; H-5a’),88-1.70 ppm (overlapping, 4H; H-5b’,
H-6a’, H-6b’ and H-3b”). *C NMR (D;0): § = 174.4(C-1"), 160.6 (C-4), 160.0 (10 ¢ = 39 Hz,
COCFs), 149.0 (C-2), 144.9 (C-6), 116.4 (1@ = 286 Hz, C@F;3), 100.0 (C-2"), 95.8 (C-5),
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914 (C-1), 86.4(C-4"), 74.4 (C-2), 73.5 (C-3), 70(LC-8"), 70.1 (C-6"), 68.8 (C-7"), 66.6 (C-
4”), 64.1 (C-9”), 63.6 (C-7’), 53.5 (C-5") 40.%¢-3"), 30.0 (C-5’0r C-6"), 25.8 (C-6’ or C-5)
ppm; MS (ESI negativein/z 615.2[M-HJ. Elemental analysis calcd (%) forb®E3F3N4O13 C

42.86, H 5.07, N 9.09; found C 43.01, H 5.0, N 9.12
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Synthesis of compound 3wia 3 step deprotection and preparative HPLC purificaton.

NHAC
Néf]
AcO  OAc o OJ\N
o)
AcO™ o)
C4F;COHN COOCH;
AcO OHOH

Step 1 Starting from12¢ (392 mg, 0.40 mmol) according to theneral deprotection procedure
step 1 thede-acetonide intermediatewas obtained, after flash chromatography (eluitivith
AcOEt/MeOH 9:1) as white powder (297 mg 79%) shawim.p. 130-132°C,ofp° = +19.4 ¢ =
1.0 CHOHI); *H NMR (CD;0D): 6= 8.04 (d Js== 7.4 Hz, 1H; H-6), 7.37 (dls s = 7.4 Hz, 1H; H-
5), 5.83 (dJy 2> = 2.6 Hz, 1H; H-1"), 5.41-5.27 (overlapping, 3H:M, H-4" and H-8"), 4.76 (dd,
Joarg"= 2.3J0a"g" = 12.4 Hz, 1H; H-9a"), 4.32 (d appe-5- = 10.4 Hz, 1H; H-6"), 4.19 (dd}),1-

= 2.6, J»,3= 5.2 Hz, 1H; H-2’), 4.15-4.00 (overlapping, 3H; H-#-5" and H-9b”), 3.87 (dd,
Jg,2=5.2,J3,4 = 6.5 Hz, 1H; H-3’), 3.80 (s, 3H; COOGH 3.67-3.59 (m, 1H; H-7a’), 3.48-3.41
(m, 1H; H-7b"), 2.53 (ddJza",4"= 4.7,33a7,3p"= 12.9 Hz, 1H; H-3a"), 2.19 (s, 3H; NHCOGHt C-
4), 2.12 (s, 3H; OCOCH), 2.04 (s, 3H; OCOCH), 2.01 (s, 3H; OCOCH), 1.96 (s, 3H; OCOCH),
1.92-1.76 ppm (overlapping, 5H; H-5a’, H-5b’, H-6&-6b’ and H-3b”);*C NMR (MeOD):4 =
173.0 (1C, NHLOCHs at C-4), 172.5, 172.2, 171.6, 171.4 (4C, 4 R@LCH;), 169.0(C-1"), 164.2
(C-4), 159.6 (1CJcr = 26 Hz, COCRCF,CF;), 158.1 (C-2), 146.1 (C-6), 121.0-106.0 (3C,
COCF,CF,CF3), 100.0 (C-2"), 98.4 (C-5), 93.8 (C-1), 84.6 &}, 76.3 (C-2'), 74.9 (C-3)), 72.7
(C-8”), 71.5 (C-6"), 69.8 (2C, C-4” and C-7")65.0 (C-7’), 63.5 (C-9”), 53.3 (COCHs3), 51.0
(C-5"), 38.5 (C-3"), 31.1 (C-5'), 27.2 (C-6"), 26 (NHCCOCH3 at C-4), 21.0, 20.7, 20.6 (4C, 4 X
OCQOCH3) ppm;MS (ESI positive)m/z963.1 [M+Na]. Elemental analysis calcd (%) for
CssHasF7/N4O1g C 44.69, H 4.61, N 5.96; found C 44.52, H 4.7(.83.

NH,
Néf]
HO OH oJ\N
? 0
HO™ 0
C4F,COHN COOCH;
HO OHOH

methyl ester of 3¢

Step 2 This intermediate (188 mg, 0.20 mmol) was dedatdyl according togeneral
deprotection procedure step 2o afford, after flash cromatography (eluiting wiitOEt/MeOH
8:2), theintermediate metyl ester of 3c(130 mg 89%) as white powered showing: m.p. 130-
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132°C; p]p?° = +5.0 €= 1 in CHOH). *H NMR (CDs;0D):6= 7.60 (d Js 5= 7.5 Hz, 1H; H-6),5.93
(d, Js6 = 7.5 Hz, 1H; H-5),5.77 (dly » = 3.4 Hz, 1H; H-1"),4.20-4.02 (overlapping, 4H;24-H-
4”, H-5” and H-6"),3.96-3.89 (m, 1H; H-4"), 3.88.74 (overlapping, 7H; H-3’, H-7a’, H-8", H-
9a” and COOCH), 3.63 (dd,Jop" "= 5.6Joa" 0> = 11.4.4 Hz, 1H; H-9b”), 3.44 (d appy g =
9.4, 1H; H-7"),3.29-3.24 (m, 1H; H-7b'),2.39 (ddga,sr= 4.8, Jaar3r= 12.9 Hz, 1H; H-
3a""),1.93-1.69 (overlapping, 4H; H-5a’, H-5b’, Haband H-6b’), 1.66 ppm (ddlsp-,4= 11.2,
Jaarapr= 12.9 Hz, 1H; H-3b").2°C NMR (MeOD):d = 171.6(C-1"), 167.7 (C-4), 159.9 (1Qsf =
25.7 Hz,COCF,CF,CFs), 158.4 (C-2), 142.8 (C-6), 120.9-107.1.0 (3C,CFCF,CF3), 100.1 (C-
2”), 96.3 (C-5), 93.1 (C-1"), 84.2(C-4"), 75.8 (£), 75.0 (C-3), 71.7 (C-8"), 71.4 (C-6"), 70.2
(C-77), 67.3 (C-4"), 65.3 (C-9"), 64.4 (C-7’), 8.4 (C-5"), 53.5 (CO@H3), 42.0 (C-3"), 31.0 (C-
5or C-6), 27.0 (C-6' or C-5). ppm;MS (ESI posit) m/z753.1[M+NaJ,(ESI negative)
m/z729.1[M-H']". Elemental analysis calcd (%) fops833F/N4O13 C 41.10, H 4.55, N 7.67; found
C 41.30,H 4.40, N 7.82.

NH,
Nﬂ
HO OH o OJ\N
o}
HO™ 0o
C4F,COHN COOH
HO OHOH

3c

Step 3 Finally, methyl ester 08b (130 mg, 0.10 mmol) was deprotected accordingeoerale
deprotection procedure step 3(A)o afford3c as white powder (119 mg 92%), after purification
by HPLC-RP chromatography accroding step 4 of general deprotection procedureThe
compound3c showed: m.p. 125-126°Cy]p*° = + 22.1 € = 1 in H0). 'H NMR (D,O):6= 7.64 (d,
Js 5= 7.6Hz, 1H; H-6),6.05 (dJss = 7.6 Hz, 1H; H-5),5.86 (d]; »» = 4.0 Hz, 1H; H-1"),4.30 (dd,
Jo = 4.0,1,3= 4.6 Hz, 1H; H-2"), 4.20 (ddd)s 32" = 4.9, J4»,5»= 10.2,J4», 3> = 11.2Hz 1H,;
H-4"), 4.09-4.00 (overlapping, 4H; H-3’, H-4’, H*5and H-6"), 3.91-3.82 (overlapping, 2H; H-8"
and H-9a”), 3.63-3.57 (overlapping, 2H; H-7a and9bl’), 3.47 (d app,J77,s»= 9.4, 1H; H-
7"),3.37-3.31 (m, 1H; H-7b’),2.40 (dd}sa»,a»= 4.9, Jza»,3p»= 13.2 Hz, 1H; H-3a"),1.95-1.69
(overlapping, 4H; H-5a’, H-5b’, H-6a’ and H-6b’).66 ppm (ddJsp",4 = 11.2,J357,3p7= 13.2 Hz,
1H; H-3b”). *C NMR (D:;0): 6 = 176.1(C-1"), 166.9 (C-4), 160.4 (1Clcr = 26.6 Hz,
COCF,CF,CFs), 158.3 (C-2), 142.2 (C-6), 120.9-107.0 (3C, @HCF,CF3), 100.6 (C-2"), 97.1
(C-5), 91.0 (C-1’), 84.0(C-4"), 74.6 (C-2"), 73.63"), 70.8 (C-8"), 70.0 (C-6"), 69.1 (C-7"), 6D
(C-4"), 64.3 (C-9"), 63.2(C-7"), 53.8 (C-5") 4D (C-3"), 30.1 (C-5'or C-6"), 25.9 (C-6’ or C-5’).
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ppm; MS (ESI negativein/z 715.2[M-HJ, 737.4[M-2H+Na]. Elemental analysis calcd (%) for
Cz4H31F7N4O;|_3Z C 40.23,H 4.36, N 7.82; found C 40.60, H 4.13.BD.
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Synthesis of compound 3dia 3 step deprotection and preparative HPLC purificaton.

NHAc
AcO OAc
wmm ] ﬁ
AcO™ (o)
CF3CONH 0] OJ\ N
AcO o
OHOH

Step 1 Starting from 13b, (352 mg, 0.40 mmol) according to thgeneral deprotection
procedurestep 1 the de-acetonide compound B8b (255 mg 76%) was obtained, after flash
chromatography (eluiting with AcCOEt/MeOH 85:15), aswhite solid and showing: :m.p. 132-
134°C; p]p?° = -24.1 € = 1 in MeOH);:*H NMR (CD;OD): 6 8.08 (d,Js 5= 7.4 Hz, 1H; H-6), 7.49
(d,Js6=7.4 Hz, 1H; H-5), 5.85 (dy'» = 1.4, 1H; H-1"), 5.47-5.41 (m, 1H; H-8"), 5.38,(J7" 8=
8.7 Hz, 1H; H-7"), 4.96-4.84 (m, 1H; H4"), 4.36:47 (overlapping, 2H; H-6” and H-9a”), 4.18-
4.15 (m,1H; H-2"), 4.14-4.03(overlapping,3H; H-Bi;4’ and H-9b™), 4.02 (t appJs» 4" = Jsr 6" =
10.7 Hz, 1H; H-5") 3.90-3.80 (overlapping, 4H; Hdnd COOCH), 3.44-3.38 (m, 1H; H-7b’),
2.71 (dd,Jza7,47= 4.6, Jzav,3p»= 12.5 Hz, 1H; H-3a"), 2.20 (s, 3H; NHCOg), 2.17 (s, 3H;
CH3COO), 2.13 (s, 3H; C¥COO), 2.01 (s, 3H; C¥0OO0), 1.99 (s, 3H; C4OO0), 1.94-1.72 ppm
(overlapping, 5H; H-5a’, H-5b’, H-6a’, H-6b’ and BB”). MS (ESI positive)m/z863.6[M+Na].
Elemental analysis calcd (%) fog4El43FsN4O1s: C 47.15, H 5.16, N 6.66, found C 47.66, H 5.20,
N 6.40.

NH,
HO
u;jma 0
= |
CF3CONH O OJ\N
HO o

methyl ester of 3d ~ OHOH

Step 2 This intermediate (164 mg, 0.20 mmol) was dedatdyl according togeneral
deprotection procedure step 2o afford, after flash cromatography, (eluiting wAcOEt/MeOH
8:2), theintermediate metyl ester 0f3d(106 mg 84%) as white powered showing:m.p. 1322034
[a]p?°=-16.2 €= 1 in MeOH):'H NMR (CD;OD):6 7.61 (d Js 5= 7.3 Hz, 1H; H-6), 5.95 (dls ¢ =
7.3 Hz, 1H; H-5), 5.79 (br dy »» = 1.7Hz 1H; H-1"), 4.09 (br s, 1H; H-2’), 3.99-3.9dverlapping,
2H; H-4’ and H-5"), 3.90-3.80 (overlapping, 8H; 8i; H-6", H-7a’, H-8"”, H-9a” and COOCH3),
3.71 (ddd, g 357 = 4.6,J475» = 10.2,d4 3p» =12.4 Hz; 1H; H-4"), 3.64 (ddJop",8"= 5.9J0a",00"=
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11.9 Hz, 1H; H-9b™),3.50-3.42 (overlapping, 2H; #t and H-7b"), 2.68 (ddlsa" 47= 4.6 J3a", 3p"=
12.8 Hz, 1H; H-3a”), 1.91-1.63 ppm (overlappindi;5H-5a’, H-5b’, H-6a’, H-6b’ and H-3b”).
MS (ESI negative)n/z629.2[M-HJ. Elemental analysis calcd (%) fopd&33F3N4,O13: C 43.81, H
5.28, N 8.89, found C 43.94, H 5.40, N 8.72.

HO  OH NH,
wm Nﬁ
HO™ @)
CF3;CONH o) oJ\N
HO o
3d
OHOH

Step 3 Finally, metyl ester of 3d(114 mg, 0.10 mmol) was deprotected accordingeoerale
deprotection procedure step 3(B}o afford the compaun8d (96 mg 86%) as white powder after
purification by HPLC-RP chromatography showing:nip5-128°C; §]p %° = -20.5 € = 1 H,0); *H
NMR (D20): 6 = 8.12 (dJs5= 7.7 Hz, 1H; H-6), 6.18 (dJss = 7.7 Hz, 1H; H-5), 5.88 (dly» =
3.9 Hz, 1H; H-1"), 4.34-4.29 (m, 1H; H-2"), 4.1299. (overlapping, 3H; H-3', H-4’ and H-5"),
3.96-3.84 (overlapping, 4H; H-6", H-7a’, H-8"and-9a”), 3.85-3.68 (m, 1H; H-4"), 3.64 (dd,
Jop,87= 6.2J9a7,00»= 11.5 Hz, 1H; H-9b”),3.59-3.50 (overlapping, 2H:H’ and H-7""), 2.81 (dd,
Jzar 4= 4.6J3a" 3p»= 12.6 Hz, 1H; H-3a”), 1.88-1.67 ppm (overlappiidd; H-5a’, H-5b’, H-6a’,
H-6b’ and H-3b”); MS (ESI negative)n/z 629.1 [M-H]. Elemental analysis calcd (%) for
CosHssF3N4O13: C 43.81, H 5.28, N 8.89; found: C 45.76, H 5M(8.96.
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Synthesis of compound 3gia 3 step deprotection and preparative HPLC purificaton.

NHAC
AcO OAc
COOCH; N7
AcO™ o)
CF3CF,CF,CONH o) OJ\N
AcO o
OHOH

Step 1 Starting from 13¢ (392 mg, 0.40 mmol) according to thgeneral deprotection
procedurestep 1 thede-acetonide compound271 mg 72%) was obtained, as white powder, after
flash chromatography (eluiting with ACOEt/MeOH 85)1showing:m.p. 122-124 °Co]p %° = -
14.9 €= 1 in MeOH):'H NMR (CDs;OD): ¢ 8.06 (d,Js== 7.5 Hz, 1H; H-6), 7.46 (dlss = 7.5 Hz,
1H; H-5), 5.83 (dJy > = 2.5, 1H; H-1"), 5.41 (dddJs",0a" = 2.7, J5",0p"= 5.2,Jg, 7» = 8.9HZz 1H;
H-8"), 5.29 (dd,J;" 6= 2.1, 8= 8.9 Hz, 1H; H-7"), 4.96-4.88 (m, 1H; H4"), 4.3@d, J¢- 7» =
1.9 HzJs»5» = 10.7 Hz, 1H; H-6a"), 4.29 (ddlyag= 2.7 HzJyag» = 12.5 Hz, 1H; H-9a”), 4.15
(dd, Jo,1= 2.5J,3= 5.2 Hz,1H; H-2"), 4.09-4.00(overlapping,3H; H-H:5" and H-9b”), 3.88-
3.78 (overlapping, 5H; H-3’, H-7a’and COOg)H3.42-3.36 (m, 1H; H-7b’), 2.70 (ddsa,4"= 4.7,
Jsar,3p= 12.7 Hz, 1H; H-3a"), 2.18 (s, 3H; NHCOg), 2.15 (s, 3H; CHCOO), 2.11 (s, 3H;
CH3COOQ0), 1.99 (s, 3H; C¥0OO0), 1.96 (s, 3H; C¥0OO0), 1.91-1.69 ppm (overlapping, 5H; H-5a’,
H-5b’, H-6a’, H-6b’ and H-3b");**C NMR (MeOD):§ = 173.0 (1C, NiEOCH; at C-4), 172.5,
171.9, 1715, 171.4 (4C, GBOO), 169.5(C-1"), 164.2 (C-4), 159.6 (1Qcr = 27 Hz,
COCF,CF,CFs), 158.1 (C-2), 146.1 (C-6), 124.0-110.0 (3C, @HCF,CF3), 100.1 (C-2"), 98.2
(C-5), 93.8 (C-1), 84.7 (C-4"), 76.4 (C-2)), 75(€-3"), 72.4 (C-6"), 72.3 (C-4"), 70.5 (C-8"),
68.6 (C-7"), 65.7 (C-7’), 63.5 (C-9), 53.3 (CQtHs5), 50.7 (C-5"), 39.2 (C-3"), 30.7 (C-5'), 27.5
(C-6"), 24.6 (1C, NHC@Hj3 at C-4), 21.3, 20.8, 20.7, 20.6 ppm (4E3CO0). MS (ESI positive)
m/z963.1[M+Na]. Elemental analysis calcd (%) fors843F/N4O1s: C 44.69, H 4.61, N 5.96,
found C 44.66, H 4.73, N 6.03.

NH,
HO
%OO% Nﬁ
HO™ 0 |
CF5CF,CF,CONH 0] OJ\N

methyl ester of 3e
OHOH

84



Step 2: This intermediate (188 mg, 0.20 mmol) was deaatsdl according togeneral
deprotection procedure step B afford, after flash cromatography (eluiting witltOEt/MeOH
8:2), theintermediate metyl ester of 3e(126 mg 86%) as white powered showing:m.p. 125-127
°C; [0]p?°=-11.1 € = 1 in MeOH);*H NMR (CD;0D): 6 7.61 (d,Js == 7.3 Hz, 1H; H-6), 5.94 (br
d, Js = 7.3 Hz, 1H; H-5), 5.78 (br s, 1H; H-1'), 4.09 (& 1H; H-2'), 4.03 (ddJs ¢ = Js5v4» =
10.2, 1H; H-57), 3.96-3.91 (m, 1H; H-4’), 3.90-&7 overlapping, 8H; H-3’, H-6", H-7a’, H-8",
H-9a” and COOG3), 3.81-3.72 (m, 1H; H-4"), 3.69 (ddlgp",8'= 6.3J9a",0p"= 11.6 Hz, 1H; H-
9b"),3.49-3.42 (overlapping, 2H; H-7b’ and H-7"2,68 (dd Jsa" 47 = 4.5J3a", 3p"= 12.7 Hz, 1H; H-
3a”), 1.92-1.65 ppm (overlapping, 5H; H-5a’, H-5b1-62, H-6b and H-3b")}*C NMR (CD;OD):
0 =170.9 (C-1"), 167.7 (C-4), 160.0 (10 r = 26 Hz,COCRCF,CF), 158.4 (C-2), 142.6 (C-6),
124.0-110.0 (3C, COF,CF,CF3), 100.3 (C-2"), 96.3 (C-5), 92.8 (C-1"), 84.1 &}, 75.9 (C-2),
75.0 (C-3"), 73.7 (C-6" or C-8"), 72.8 (C-6" 0€-8"), 70.3 (C-7"), 68.3 (C-4"), 64.8 (C-7'or C-
9”), 64.7 (C-7'or C-9"), 54.1 (C-5"), 53.3 (COQHj3), 41.9 (C-3"), 30.7 (C-5"), 27.2 ppm (C-6");
MS (ESI positive) m/z: 753.6 [M+N&] Elemental analysis calcd (%) fops833F/N4O13 C 41.10,
H 4.55, N 7.67; found C 41.19, H 4.61, N 7.59.

HO  OH NH,
wm Nﬁ
HO™ 0o
CF3CF,CF,CONH o) OJ\N
HO o
3e OHOH

Step 3 Finally methyl ester of3e(130 mg, 0.10 mmol) was deprtected accordingeoerale
deprotection procedure step 3(A)xo afford 3e (108 mg, 84%) as white powder after purification
with HPLC-RP cromatography in according with gehgreocedure step 4. The compouBd
showed: §]p* = -11.3 € = 1 H,0);"H NMR (D,0): d = 8.05 (d Js 5= 7.5 Hz, 1H; H-6), 6.09 (br d,
Js6 = 7.5 Hz, 1H; H-5), 5.90 (d]y'» = 3.8 Hz, 1H; H-1"), 4.36-4.26 (m, 1H; H-2"), 243.99
(overlapping, 3H; H-3’, H-4" and H-5"), 3.97-3.8@verlapping, 4H; H-6", H-7a’, H-8"and H-
9a”), 3.81-3.72 (m, 1H; H-4"), 3.64 (ddlop*,s'= 6.3Joa00= 11.5 Hz, 1H; H-9b"),3.59-3.50
(overlapping, 2H; H-7b’ and H-7"), 2.79 (ddga" 4= 4.8 Ja", 3p'= 12.6 Hz, 1H; H-3a"”), 1.92—
1.67 ppm (overlapping, 5H; H-5a’, H-5b’, H-6a’, H'6and H-3b"); **C NMR (D,0O): § = 176.6
(C-1"), 166.3 (C-4), 159.8 (1CJ)cr = 26 Hz, COCF,CFRCR;), 157.7 (C-2), 141.5 (C-6), 120.0-
110.0 (3C, C@F,CF.,CF3), 100.8 (C-2"), 96.4 (C-5), 90.2 (C-1"), 83.4 &), 74.0 (C-27), 73.0
(C-3), 72.1 (C-6" or C-8"), 71.9 (C-6" or C-87, 68.4 (C-7"), 68.1 (C-4"), 64.5 (C-7"), 62.6 (C
9"”), 53.0 (C-5"), 40.6 (C-3"), 29.3 (C-5’), 25.ppm (C-6'); MS (ESI negativap/z 715.3 [M-HTJ;
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elemental analysis calcd (%) fop831F7N4O13: C 40.23, H 4.36, N 7.82; found: C 40.39, H 4.24,
N 7.85.
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5.3.6 General procedure of 1,7 lactonization reaan

Triethylamine (1.24 mmol) was added to a stirretitsan of starting materiaBb-c or 17 (0.10
mmol) in THF-DMF mixture (1.5 mL and 1 mL), stirgrnthe solution at 0 °C, for 5 min. Then,
CbzCl (0.14 ml, 0.98 mmol), dissolved in THF (1 migas added dropwise and the mixture was
stirred at 23 °C, for 1 h. Then, the reaction Me(kb mL) was added and the stirring was
continued for 15 min. After evaporation of the it under high vacuum (0.1 mmHg), a crude
residue was obtained which, after purification laglh chromatography afforded the pure lactb®e
and4b-c.
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Synthesis of compound 4a.

NH
NHAc N7 §
N7 |
J\/E HO OH oJ‘\N
AcO  OAc o O™™N 9) o
o HO™ 0
AcO™ 0 " AcHN COOH
AcHN COOCH3; HO OO0
AcO OO0
12a S 17 l 18
NH,
NHAc Nﬂ
0 I
HO_ V5 © O "N
/7/ %'O (0]
OH
HO 0
00
2
N/
NHAC N7 |
o J\)E HO OH OJ\N
0} O™™N + 0 o
HO J O HO\\\" O
:fo,{"o o AcHN COOH
HO HO OHOH

4a OHOH 3a

The compound.2a(165 mg) was treated withe general deprotection procedurestep 2 and step
3(C) to afford, the compound? (95 mg 79%) as white solid showing]$*® = +39.1.1 (c = 1,
H,0). *H NMR (D,0): § = 7.64 (d Js 5= 7.5 Hz, 1H; H-6), 6.02 (dk ¢ = 7.5 Hz, 1H; H-5), 5.81 (d,
Ji2 = 2.1 Hz; 1H; H-1'), 5.09 (ddl> 1 = 2.1,J» 3 = 6.5 Hz, 1H; H-2"), 4.73-4.64 (m, 1H; H-3"),
4.16-4.11 (m, 1H; H-4’), 4.07 (ddy» 3a»= 4.9, Jy» 5»= 10.4Jy», 3= 10.8, Hz, 1H; H-4") 3.91-
3.77(overlapping,4H; H-5", H-6", H-8"and H-9a”)3.66 (ddJop",s"= 5.6Joa",0p"= 12.1 Hz, 1H;
H-9b”), 3.56-3.50 (overlapping, 2H; H-7a’ and HJ)7'3.36-3.29 (m, 1H; H-7b’), 2.37 (dd,
Jzam 4= 4.8F3a7, 3p»= 13.0 Hz, 1H; H-3a”), 2.04 (s, 3H; NHCO), 1.84-1.77 (overlapping, 2H;
H-5a’and H-5b"), 1.72-1.61 ppm (overlapping, 3H6H~ H-6b’ and H-3b").**C NMR (D,O): 6=
178.1(C-1"), 175.4 (1C, NBOCH), 167.1 (C-4), 157.8 (C-2), 143.7 (C-6), 115@(QHs),),
100.5 (C-1"), 96.7 (C-5), 91.2 (C-1"), 86.9 (C-485.0 (C-2"), 83.7 (C-3"), 70.8 (C-6"), 70.7 (C-
8"), 69.0 (C-7"), 67.8 (C-4"), 64.2 (C-9"), 63 (C-7’), 52.8 (C-5"), 40.7 (C-3"), 30.2 (C-5),
26.6 (C-6’), 25.7 (QCH3): ), 25.1 (CCH3)2), 22.8 (1C, NHCOCH3); MS (ESI negative)
m/z601.4[M-HJ. Elemental analysis calcd (%) faE3sN,O13: C 49.83, H 6.36, N 9.30; found C
49.89, H 6.14, N 9.10.
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The intermediate compountl7 (60 mg, 0.10 mmol), according to general procedoi® 7
lactonization, is transformed to pure lactod8 (41 mg 70%)after purification with flash
chromatography (eluiting with AcOEt/MeOH 80:20 v/gompaundL8 showed:§]p = +23.1 (c =
1, CHOH). 'H NMR (CD;0D): & = 7.63 (d Js 5= 7.5 Hz, 1H, H-6), 5.91 (dls 6= 7.5 Hz, 1H, H-5),
5,77 (d,Jr 2 = 2.3Hz, 1H, H-1"), 4.95 (ddly 1 = 2.3,J» 3 = 6.5 Hz, 1H, H-2"),4.63 (ddlz 4 = 4.8,
Js;2 = 6.5 Hz, 1H, H-3’), 4.58 (br s, 1H, H-6"), 4.468d, J;»6» = 1.0,J75 = 7.8 Hz, 1H, H-7"),
4.07-4.04 (m, 1H, H-4"), 4.04-3.99 (m, 1H, H-43,97 (br dJs» 4 = 1.2 Hz,1H, H-5"), 3.82-3.69
(overlapping, 4H, H-7a”, H-8”, H-9a”and H-9b")3.48-3.42 (m, 1H, H-7b"), 2.12 (ddza 4" =
3.3%a3"= 14.1 Hz, 1H, H-3a"), 2.06 (ddlsp 4= 2.1, Jap"3a-= 14.1 Hz, 1H, H-3b"), 2.02 (s,
3H, NHCOCH),1.84-1.78 (overlapping, 2H, H-5a’and H-5b’), 1-¥46 (overlapping, 2H, H-6&’
and H-6b™), 1.55 (s, 3H, C(CH»), 1.35 ppm (s,3H, C(CH,);**C NMR (CD;OD): & = 173.0 (1C,
NHCOCH;), 170.3 (C-1"), 168.0 (C-4), 158.0 (C-2), 144.56F; 115.5(1C, (CHj3),), 96.3 (C-5),
96.1(C-2"), 94.7 (C-1’), 87.6 (C-4"), 86.2 (C-2'85.3 (C-3’), 79.8 (C-7"), 73.2 (C-8"), 72.1 (C-
6"), 67.7 (C-4”), 64.7 (C-7"), 63.6 (C-9”), 52.8§C-5"), 38.0 C-3”), 31.0 (C-5), 27.7 (C-6"),
27.0(1C,CCH3),), 25.7(1C,CCH3),), 22.5(1C, NHC@Hs) ppm.MS (ESI negativen/z583.1[M-
H]", 605.2[M-2H+Na]. Elemental analysis calcd (%) foBl3eN4O.2: C 51.37, H 6.21, N 9.58;
found C 51.28, H 6.29, N 9.61.

The compound.8 (50 mg 0.09 mmol ) was dissolve in 200 pL of wated it was treated with a
solution of CRCOOH ag at 95% v/v (8 pL 0.10 mmol) under stirrémt, 30 minute at room
temperature. Then the reaction is neutrlizzed kg ddded of Amberlite IRA-67, filtered and
evaporated in vacuo. The crude reaction was pdribg HPLC-RP according to thgeneral
procedure of deprotection step 4to afford as first eluate the pure compodad30 mg 65%) and
3aas second eluate (5 mg 10%).

Compaund4a showed: §]p?° = +31.0 € = 1 in MeOH).*H NMR (CD;OD):0= 7.60 (d,Jss= 7.5
Hz, 1H; H-6), 5.91 (dJs6 = 7.5 Hz, 1H; H-5), 5.77 (dly' » = 3.3 Hz, 1H; H-1"), 4.56 (br s, 1H; H-
6”), 4.44 (d appJs»,s»= 7.8, 1H; H-7"), 4.11-4.08 (m,1H; H-2’), 4.05-4.4f, 1H; H-4"), 3.96-
3.94 (m, 1H; H-4’), 3.94-3.84 (m, 1H; H-5"), 3.83:68 (overlapping, 5H; H-3’, H-7a’, H-8", H-
9a” and H-9b”), 3.50-3.43 (m, 1H; H-7b’), 2.10dJ3a",47= 3.4,J3a",30»= 14.1 Hz, 1H; H-3a"),
2.05 (ddJsp" 4= 2.1,J3p7,3a»= 14.2 Hz, 1H; H-3b"), 1.88-1.69 (overlapping, 4H:5a’, H-5b’, H-
6a’ and H-6b’). MS (ESI positive)n/z 567.1 [M+Na]. Elemental analysis calcd (%) for
CooH32F3N4O12: C 48.53, H 5.92, N 10.29; found C 48.69, H 5N@,0.01.
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Compaundashowed:o = 7.62 (dJs 5= 7.5 Hz, 1H; H-6), 6.01 (dls 6= 7.5 Hz, 1H; H-5), 5.87 (d,
Jv2 = 3.9 Hz; 1H; H-1'), 4.31 (t apPz 1 = 3.9,J23 = 5.4 Hz, 1H; H-2"), 4.11-4.06 (overlapping,
2H; H-4’and H-4"), 4.02 (t appJs, = 5.4 Hz 1H; H-3’), 3.97-3.82(overlapping,4H; H-5", H-6",
H-8"and H-9a™), 3.71 (ddJop",s"= 5.4J0a",00-= 11.7 Hz, 1H; H-9b"), 3.62—3.56 (m, 1H; H-7a),
3.53 (d,J7»g" = 9.4Hz, 1H; H-7"), 3.38-3.30 (m, 1H; H-7b’), 2.3@d, J3a 4" = 4.8J3a" 3p»= 12.9
Hz, 1H; H-3a"), 2.05 (s, 3H; NHCO3), 1.94-1.86 (m, 1H; H-5a’), 1.82-1.69 (overlappidiH;
H-5b’, H-6a’ and H-6b’), 1.63 ppm (t apPsy", sa»= 12.9 Hz, 1H; H-3b”). MS (ESI negative)
m/z561.1[M-H]. All other physicochemical properties practicallye superimposable to those
previously reported for the same compound.
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Synthesis of compound 4b.

NH-
NHCOCF, NZ
o 5 OJ\ |
HO, '} N
el ke
OH
HO 0o
4b
OHOH

Starting from compoundb (61 mg, 0.10) and operating accordind.{@ lactonizatio nprocedure
the compoundtb (42mg 70%) was obtained in pure form, after flastmatagaphy (eluiting with:
AcOEt/MeOH 85:15). The compountb showed: m.p. 123-124 °Cyl]p ?° = +19.1 ¢ = 1 in
MeOH).'H NMR (CDs;OD):6= 7.62 (d,Js 5= 7.5 Hz, 1H; H-6), 5.96 (dlss = 7.5 Hz, 1H; H-5),
5.80 (d,J» = 3.5 Hz, 1H; H-1"),4.67 (br s, 1H; H-6"),4.47 @pp,J7",s»= 7.9, 1H; H-7"),4.14-
4.08(overlapping, 2H; H-2’ and H-4"), 4.00 (br B; H-5"), 3.95-3.90 (m, 1H; H-4’), 3.86-3.75
(overlapping, 4H; H-3’, H-7a’, H-8"and H-9a"), 35-3.69 (m, 1H; H-9b"),3.49-3.42 (m, 1H; H-
7b'),2.16 (ddJsar,a= 3.5,d3a7,30°= 14.2 Hz, 1H; H-3a”), 2.07 (ddlsp,4»= 1.5,J3p",3a-= 14.2 Hz,
1H; H-3b"),1.89-1.61 (overlapping, 4H; H-5a’, H-5iH-6a’ and H-6b")"*C NMR (MeOD):§ =
170.1(C-1"), 167.6 (C-4), 159.0(1Q¢r = 38 Hz,COCFs), 158.6 (C-2), 142.5 (C-6), 117.3 (1C,
COCF3),96.5 (C-5), 96.1 (C-2"), 92.5 (C-1'), 84.4(C-4'y9.7 (C-7"), 76.0 (C-2"), 74.9 (C-3),
73.0 (C-8), 71.3 (C-6"), 67.0 (C-4"), 65.0 (C-¥ 63.5 (C-9”), 53.8 (C-5"), 38.0 (C-3"), 30.9
(C-5'0r C-6’), 27.2 (C-6’ or C-5’). MS (ESI posit®) m/z621.2 [M+Na] . Elemental analysis calcd
(%) for GooHa9F3N4O12: C 44.15, H 4.89, N 9.36; found C 44.71, H 4.65).10.
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Synthesis of compound 4c.

NH2>
NHCOC3F N7
o o o’/l\ |
HO '} N
/7/ /"o 0
OH
HO 0O
4c
OHOH

Starting from compoundc (72 mg, 0.10 mmol) and operating according to hgtdnization
procedue, the compoundic (50 mg, 71%) was obtained in pure form, after flasbmatagaphy
(eluiting with: ACOEt/MeOH 85:15). The compourtt showed: §]p ?° = - 429 ¢ = 1 in
MeOH)*H NMR (CDs;OD): 6 = 7.60 (d,Js 5= 7.5 Hz, 1H; H-6), 5.92 (dJs¢ = 7.5 Hz, 1H; H-5),
5.77 (d,Jr» = 3.3 Hz, 1H; H-1"),4.68 (br s, 1H; H-6"),4.46 @bp,J;»,s'= 8.0, 1H; H-7"), 4.13-
4.07 (overlapping, 2H; H-2’ and H-4"), 4.04 (br B; H-5"), 3.94-3.88 (m, 1H; H-4’), 3.84-3.75
(overlapping, 4H; H-3’, H-7a’, H-8”and H-9a"), 34-3.70 (m, 1H; H-9b"), 3.48-3.43 (m, 1H; H-
7b’) 2.15 (dd Jsar,am= 3.4,J3a7,307= 14.2 Hz, 1H; H-3a”), 2.07 (ddlsy 4= 2.3,Jap,32-= 14.2 Hz,
1H; H-3b"), 1.89-1.68 (overlapping, 4H; H-5a’, Hb5 H-6a’ and H-6b").*C NMR (MeOD):6 =
170.0(C-1"), 167.6 (C-4), 159.4(1Clcr = 27 Hz, COCF,CF,CFs), 158.5 (C-2), 142.6 (C-6),
120.1-109.3 (3C, COF,CF,CF3),96.4 (C-5), 96.1 (C-2"), 92.6 (C-1'), 84.3 (C)4'79.7 (C-7"),
76.0 (C-2'), 74.9 (C-3’), 73.0 (C-8"), 71.3 (C-§,66.9 (C-4"), 65.0 (C-7’), 63.5 (C-9”), 54.1 (C
5”), 38.0 (C-3"), 30.9 (C-5’0r C-6"), 27.2 (C-60r C-5); MS (ESI positivejn/z 721.1 [M+Na]. E
lemental analysis calcd (%) forRgEl,0F/N4O12: C 41.27, H 4.18, N 8.02; found C 41.11, H 4.39, N
8.13.
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5.3.7 General procedure to synthesize peracetylatedmpounds 5a-c and 5e.

Step 1: General procedure of actonide deprotection

To a solution of appropriate2a-cand 13c (0.4 mmol) in dichloromethane (5mL) moist TFA (0.6
mmol) was added and the mixture was stirred fom@tutes or 1 houer at reflux. Then the mixture,
treted with weak basic resin IRA 67, was filtered @vaporated in vacuo to give a syrup, which

was purified by chromatography on silica gel, twif the desired deprotected intermediate.

Step 2: General procedure of acetylation

The de-acetonide compoundsidfa-cor 13c (0.2 mmol) was dissolved in pyridine (2 ml) and, to
this solution, was added acetic anhydride (1.6 mnidien the reaction was stirred for 3h at 23°C.
At this time, the reaction mixture was diluted wAlcOEt, washed with aqueous HCI (1 M) and
worked-up, to afford, after purification by flasthromatography the desiderated peracetylated

compaunds.
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Synthesis of compound 5a

NHAC
Nﬂ
AcO OAc o OJ\N
0
AcO™ 0
CH3;COHN COOCH;
AcO OHOH

Step 1 Starting from12a (331 mg, 0.4 mmol) according to the gengadcedure to obtain
peracetylated compound step ,1the de-acetonide compound b2a was obtained, after flash
chromatography (eluiting with AcOEt/MeOH 9:1) asitelpowder (242 mg 77%). This compound
showed:*H NMR (MeOD): § = 8.02 (d,Js 5= 7.4 Hz, 1H; H-6), 7.40 (dls¢ = 7.4 Hz, 1H; H-5),
5.83 (d,Jr> = 2.5, 1H; H-1"), 5.41 (dd)7»,6-= 2,2F77,8»= 4.1 Hz, 1H; H-7"), 5.30-5.25 (m, 1H;
H-8"), 5.26-5.22 (m, 1H; H-4"), 4.80 (ddlya" s»= 2.4 HzJga" g = 12.4 Hz, 1H; H-9a™), 4.20 (dd,
Jo,1= 2.53,3= 5.2 Hz,1H; H-2'), 4.18-4.07(overlapping,2H; H-6i& H-9b™), 4.06—4.02 (m,
1H; H-4"), 3.95 (t,J5",4»=J5",¢-= 10.3 Hz, 1H; H-5"), 3.86 (ddJ3,>= 5.2,J3,4= 7.1 Hz, 1H; H-
3"),3.80 (s, 3H; COOCEH) 3.66—-3.59 (m, 1H; H-7a’), 3.47-3.41 (m, 1H; H-Y2.47 (ddJs3a7,4"=
5.0,J3a7,30°= 13.0 Hz, 1H; H-3a”"), 2.19 (s, 3H; NHCQ{ at C-4), 2.11 (s, 3H; OCOGH 2.04—
1.96 (overlapping, 11H; 3 X OCOGHH-5a’ and H-5b’), 1.90-1.81 (overlapping, 5H; NEICH;
at C-5”, H-6a’ and H-6b’), 1.79 ppm (ddgp”, 2= 11.5,J3p"347= 13.0 Hz, 1H; H-3b”). MS (ESI
positive)m/z809.1[M+NaJ. All other physicochemical properties are pradycsuperimposable to

those previously reported for the same compound.

NHAC
AcO OAc o OJ\N
o
AcO™ o
CH,COHN COOCH,
AcO AcO  OAc
5a

Step 2 The de-acetonide compound b2a (157 mg, 0.2 mmol) was treatedccording to the

general procedure to obtain peracetylated compoundtep 2 for affording the compoun8a

(159 mg, 91%) after flash chromatography (eluitiwgh AcOEt/MeOH 99:1) as white solid

showing:p]p ?° = +32.1 ¢ = 1 CHOH). *H NMR(CD;0D) ¢ = 8.02 (d,Js= 7.5 Hz, 1H; H-6),

7.47 (dJse= 7.5 Hz, 1H; H-5), 5.91 (dl'» = 3.8 Hz, 1H; H-1’), 5.57 (dd)>,1;- = 3.8,J>,3= 5.9
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Hz, 1H; H-2"), 5.41 (ddJ; ¢ = 2.0,J77,6-= 4.0 Hz, 1H; H-7"), 5.30-5.24 (overlapping 2H; H-3
and H-8"), 5.21 (dddJs 32" = 4.9)4,57= 10.5 Js» 3p» = 11.4Hz 1H; H-4"), 4.80 (dd,Joa g =
2.3Ja"9p = 12.3 Hz, 1H; H-9a”), 4.21-4.15 (m, 1H; H-4')}£2-4.06 (overlapping, 2H; H-6" and
H-9b™) 3.97 (dd,Js» 4~ =10.5,J56» = 10.4, 1H; H-5"), 3.80 (s, 3H; COOGH 3.64-3.57 (m, 1H;
H-7a’), 3.49-3.39 (m, 1H; H-7b"), 2.45 (ddsar,a= 4.9, Jsar,apr= 12.9 Hz, 1H; H-3a"), 2.19 (s,
3H; NHCOCH at C-4), 2.11 (s, 6H; 2X OCOGH 2.09 (s, 3H; OCOCH 2.02 (s, 6H; 2X
OCOCH), 1.98 (s, 3H; OCOCH, 1.96-1.87 (overlapping, 2H; H-5a’ and H-5b’) 8.8s, 3H;
OCOCH), 1.83-1.57 ppm (overlapping, 3H; H-6a’, H-6b’ amtt3b”). MS (ESI positive)
m/z893.5[M+Na]. Elemental analysis calcd (%) forsBlsgF;N4Oo: C 51.03, H 5.79, N 6.43;
found C 51.23, H 5.56, N.6.32.

95



Synthesis of compound 5b

NHAC
AcO OAc o OJ\N
o
AcO™ 0
CF3COHN COOCH,
AcO HO OH

Step 1 Starting from12b, (352 mg, 0.40 mmol) according to theneral procedure to obtain
peracetylated compound step ,1the de-acetonide compound D2b was obtained, after flash
chromatography (eluiting with AcOEt/Exane 9:1) dsiter powder (266 mg 79%). This compounds
showed:™H NMR (CD;OD): = 8.02 (d,Jss= 7.5 Hz, 1H; H-6),7.47 ( dJsg = 7.5 Hz, 1H; H-
5),5.83 (d,J; 2> = 2.0 Hz, 1H; H-1’), 5.39 (dd};»¢ = 2.0,J;7,8-= 4.2 Hz, 1H; H-7"), 5.38-5.29
(overlapping, 2H; H-4” and H-8"), 4.78 (ddlpa" "= 2.1,Joa9p = 12.2 Hz 1H; H-9a"), 4.28 (dd,
Jor7n= 2.0,J5750= 9.5 Hz, 1H; H-6") 4.18 (dd,J»,» = 2.0, J,3= 4.9 Hz, 1H; H-2"), 4.12 (dd,
Jobr g7 = 7.4d0a7 9p» = 12.2 Hz 1H; H-9b”),4.05-3.96 (overlapping, 2H:4’ and H-5"), 3.87-3.77
(overlapping, 4H; H-3" and COOGH3.67-3.59 (m, 1H; H-7a’),3.48-3.42 (m, 1H; H-7B’b1 (dd,
Jsarar= 4.9, Jzary3p= 12.9 Hz, 1H; H-3a"),2.16 (s, 3H; NHCOGHat C-4),2.12 (s, 3H;
OCOCH;),2.03 (s, 3H; OCOCE),2.02 (s, 3H; OCOCE,1.97 (s, 3H; OCOCE,1.92-1.75
(overlapping, 5H; H-5a’, H-5b’, H-6a’, H-6b’ and Bb”). MS (ESI positive)n/z863.3[M+Na] .

All other physicochemical properties are practicaliperimposable to those previously reported for

the same compound.

NHAc
NZ |
AcO OAc o OJ\N
o)
AcO™ 0
CF3COHN COOCH;
AcO AcO OAc
5b

Step 2 The de-acetonide compound b (168 mg, 0.20) was treatedccording to thgeneral
procedure to obtain peracetylated compounds steddt affording the compoun8ib (164.5 mg 89
%), after flash chromatography (eluiting with Ac@tetxane 9:1) as white solid showing: m.p. 130-
131 °C; p]p?° = +21.3 £ = 1 CHOH);*H NMR(CD;0D) 6= 8.02 (d Js 5= 7.5 Hz, 1H; H-6), 7.47 (
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d, Js6 = 7.5 Hz, 1H; H-5), 5.91 (dly » = 3.8 Hz, 1H; H-1’), 5.51 (dd),;- = 3.8, J»,3= 6.0 Hz,
1H; H-2'), 5.38 (ddJ;» 6 = 2.1,J77,8:= 4.5 Hz, 1H; H-7"), 5.35-5.27 (overlapping 2H; H-4nd
H-8"), 5.25 (t app,Js,2r = Jav,57= 6.0 Hz, 1H; H-3"), 4.77 (dda s = 2.5J0a" 0" = 12.4 Hz, 1H;
H-9a"), 4.27 (ddJs",7»= 1.9,Js",5»= 10.4 Hz, 1H; H-6"), 4.21-4.15 (m, 1H; H-4’), 4.44106 (m,
1H; H-9b"), 3.99 (ddJs" 4~ =10.3,J57¢» = 10.4, 1H; H-5"), 3.81 (s, 3H; COOG}N 3.64-3.57 (m,
1H; H-7a’), 3.47-3.40 (m, 1H; H-7b’), 2.49 (ddha,4= 5.0, Jsa",30-= 13.0 Hz, 1H; H-3a"), 2.18
(s, 3H; NHCOCH at C-4), 2.12 (s, 3H; OCOG}N 2.10 (s, 3H; OCOCH), 2.09 (s, 3H; OCOCH)
2.03 (s, 3H; OCOC}J, 2.01 (s, 3H; OCOCH), 1.96 (s, 3H; OCOC¥), 1.96-1.72 (overlapping, 5H;
H-5a’, H-5b’, H-6a’, H-6b’ and H-3b”). MS (ESI pds/e) m/z947.6 [M+Na]. Elemental analysis
calcd (%) for G/H47F3N4O,0: C 48.05, H 5.12, N 6.06; found C 48.18, H 5.4((.BB
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Synthesis of compound 5c¢

NHAC
AcO OAc o OJ\N
o]
AcO™ o)
C4F,COHN COOCH;
AcO OHOH

Step 1 Starting from12¢ (392 mg, 0.40 mmol) according to tgeneral procedure to obtain
peracetylated compound step ,1the de-acetonide compoundIdfc (297 mg 79%) was obtained,
after flash chromatography (eluiting with AcCOEt/Md®:1) as white powder. This compounds
showed™™ NMR (CD;OD): 0= 8.04 (d,Js = 7.4 Hz, 1H; H-6), 7.37 (dls¢ = 7.4 Hz, 1H; H-5),
5.83 (d,Jy > = 2.6 Hz, 1H; H-1’), 5.41-5.27 (overlapping, 3H: ™, H-4" and H-8"), 4.76 (dd,
Joarg"= 2.3J0a"g" = 12.4 Hz, 1H; H-9a"), 4.30 (d appge-5- = 10.4 Hz, 1H; H-6"), 4.19 (dd},1-

= 2.6, J»,3= 5.0 Hz, 1H; H-2’), 4.14-4.00 (overlapping, 3H; H-#-5" and H-9b”), 3.87 (dd,
Jg,2= 5.0,J3,4 = 6.5 Hz, 1H; H-3’), 3.80 (s, 3H; COOGH 3.67-3.59 (m, 1H; H-7a’), 3.48-3.41
(m, 1H; H-7b"), 2.53 (ddJza",4"= 4.7,33a7,3p"= 12.9 Hz, 1H; H-3a"), 2.19 (s, 3H; NHCOGHt C-
4), 2.12 (s, 3H; OCOCH), 2.04 (s, 3H; OCOCH), 2.01 (s, 3H; OCOCH), 1.96 (s, 3H; OCOCH),
1.92-1.76 ppm (overlapping, 5H; H-5a’, H-5b’, H-6&1-6b’ and H-3b”); MS (ESI positive)
m/z963.4[M+NaJ. All other physicochemical properties are pradiycauperimposable to those

previously reported for the same compound.

NHAc
AcO OAc o OJ\N
(@)
AcO™ 0
C3F,COHN COOCH;z
AcO

5¢ AcO OAc

Step 2 The de-acetonide compound of 12¢188 mg, 0.20 mmol) was treateaccording to the
general procedure to obtain peracetylated compoundtep 2affording the compoun8ic (182.4
mg 89 %), after flash chromatography (eluiting wkbOEt/hexane 9:1) as white solid showing:
[a]p?° = +21.3 € = 1 CHOH). 'H NMR(CD;0D) 6= 8.02 (d,Js 5= 7.5 Hz, 1H; H-6), 7.47 ( dls 6

= 7.5 Hz, 1H; H-5), 5.91 (dlv» = 3.8 Hz, 1H; H-1"), 5.54 (dd)>,;- = 3.8, J»,3= 6.0 Hz, 1H; H-
2’), 5.36 (dd,J;» - = 2.0,J77,8:= 4.5 Hz, 1H; H-7"), 5.35-5.27 (overlapping 2H; H-4nd H-8"),

5.25 (t appJa,2 = Jar,s+= 6.0 Hz, 1H; H-3'), 4.76 (ddJoar g = 2.5J0a" 90" = 12.4 Hz, 1H; H-9a"),
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4.29 (ddJg",7»= 1.1,J5»,5»= 10.6 Hz, 1H; H-6"), 4.22-4.15 (m, 1H; H-4"),4.4dld, , Jop 5= 7.3
Jobr0a» = 12.4 Hz, 1H; H-9a”1H; H-9b”), 4.05 (ddls» 4 =10.3,J5»6» = 10.6, 1H; H-5"), 3.80 (s,
3H; COOCH), 3.64-3.57 (m, 1H; H-7a’), 3.46-3.40 (m, 1H; H)72.51 (dd, Jza",4»= 5.0,
Jsar,3p= 13.0 Hz, 1H; H-3a"), 2.18 (s, 3H; NHCOGHt C-4), 2.12 (s, 3H; OCOGHN 2.10 (s,
3H; OCOCH), 2.09 (s, 3H; OCOC¥) 2.03 (s, 3H; OCOCH), 2.02 (s, 3H; OCOCH), 1.95 (s, 3H;
OCOCH), 1.93-1.73 ppm (overlapping, 5H; H-5a’, H-5b’, @4:, H-6b’ and H-3b). MS (ESI
positive)m/z1047.2[M+Na]. Elemental analysis calcd (%) fogdB47F/N4O20: C 45.71, H 4.62, N
5.47; found C 45.11, H 4.75, N.5.23.
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Synthesis of compound 5e

AcO  OA NHAC
¢ COOCHs >
AcO" ) J\ |
C4F;OCHN o o N
AcO o
HO OH

Step 1 Starting from13¢ (392 mg, 0.40mmol) according to tigeneral procedure to obtain
peracetylated compound step ,1the de-acetonide compoundifc (275 mg 74%) was obtained,
after flash chromatography (eluiting with ACOEt/Md®®:1) as white powder. This compounds
showed:H NMR (CDs;OD): 6 8.06 (d,Js 5= 7.5 Hz, 1H; H-6), 7.46 (dls s = 7.5 Hz, 1H; H-5), 5.82
(d, Jy> = 2.5, 1H; H-1"), 5.41 (dddJs 02" = 2.7, Jg",00"= 5.2, Jg», 7» = 8.9Hz 1H; H-8"), 5.29
(dd, 37 6= 1.8J377,8"= 8.9 Hz, 1H; H-7"), 4.96-4.88 (m, 1H; H4"), 4.3#d, Js» 7= 1.8 HzJs" 5

= 10.7 Hz, 1H; H-6a"), 4.29 (ddlya"s"= 2.7 HzJoa»g» = 12.5 Hz, 1H; H-9a"), 4.15 (ddl,,1=
2.5%,3= 5.2 Hz,1H; H-2’), 4.08-4.00(overlapping,3H; H-4H-5" and H-9b”), 3.88-3.78
(overlapping, 5H; H-3’, H-7a’and COOGH 3.42-3.36 (m, 1H; H-7b’), 2.70 (ddzs,4 = 4.6,
Jsar,3p= 12.7 Hz, 1H; H-3a"), 2.18 (s, 3H; NHCO), 2.15 (s, 3H; CHCOO), 2.11 (s, 3H;
CH3COO), 1.99 (s, 3H; C¥OO0), 1.96 (s, 3H; C4CO0), 1.91-1.69 ppm (overlapping, 5H; H-5a’,
H-5b’, H-6a’, H-6b’ and H-3b”). MS (ESI positivan/z963.2[M+NaJ. All other physicochemical
properties are practically superimposable to thpwseiously reported for the same compound.

AcO  OA NHAC
¢ COOCHs >
AcO™7~0 g |
AcO o
be AcO OAc

Step 2 The de-acetonide compound of 13¢188 mg, 0.20 mmol) was treateaccording to the
general procedure to obtain peracetylated compaundtep2, for affording the compounée
(180.4 mg 88 %), after flash chromatography (edgitwith AcOEt/hexane 9:1) as white solid,
showing::m.p. 132-129 °CyJp*° = -18.3 ¢ = 1 in MeOH);*'H NMR (CD;OD): 6 8.05 (d,Js. = 7.5
Hz, 1H; H-6), 7.47 (dJsg = 7.5 Hz, 1H; H-5), 5.93 (dJ;» = 3.8, 1H; H-1"), 5.51 (dd,
J2,1=3.8J2,3= 6.0 Hz,1H; H-2"), 5.40 (dddls ,9a" = 2.6, Jg",9p"= 5.4,Jg" 7» = 8.6Hz 1H; H-8"),
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5.28 (ddJ;» 6= 2.1,J;,¢= 8.6 Hz, 1H; H-7"), 5.22 ( t apply,»=J3 .4 = 6.0 Hz, 1H; H-3'), 4.92
(ddd,Js» 32 = 4.6,d47 50 = 11.1,J4 ,3p» = 11.9 Hz, 1H; H4"), 4.34 (ddJs» 77 = 2.1 HzJs»5» = 10.7
Hz, 1H; H-6"), 4.30 (ddJoa g = 2.6 HzJoa op» = 12.5 Hz, 1H; H-9a"), 4.21-4.16(m, 1H; H-4"),
4.13-4.01 (overlapping, 2H; H-5" and H-9b”), 3.8177 (overlapping, 4H; H-7a’and COOGg)H
3.42-3.35 (m, 1H; H-7b’), 2.69 (ddsa",4"= 4.6, J3a,3p°= 12.7 Hz, 1H; H-3a”), 2.18 (s, 3H;
NHCOCH;3), 2.14 (s, 3H; ChBLCOO), 2.11 (s, 3H; C¥OO), 2.10-2.09 (overlapping, 6H;
2XCH3CO0O0), 1.99 (s, 3H; C4C0OO0), 1.96 (s, 3H; C¥OO), 1.90-1.63 ppm (overlapping, 5H; H-
5a’, H-5b’, H-6a’, H-6b’ and H-3b”);MS (ESI posite) m/z1047.1[M+Na]. Elemental analysis
calcd (%) for GoH47F7/N4Oy0: C 45.71, H 4.62, N 5.47; found C 45.13, H 4.7(%.B1.
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5.4 Biological

5.4.1 Inhibition activity assay on commercial 2,3-sialyltransferase

ST activity and inhibition assay

Inhibition of o 2,3-sialyltransferase activity is performed essdigt according to using a
commercial sialyltransferase activity ¥it This kit takes advantage of a 5’-nucleotidaseetnove
inorganic phosphate from the leaving nucleotideidoy 5’-monophosphate (CMP) of
sialyltransferase reactions and malachite greerspdtaie detection reagents that turn inorganic
phosphate to a green colored complex. The amoumasfanic phosphate released by the 5'-
nucleotidase is equal to the CMP-sialic acid coreliior the sialyl-conjugate produced; therefore,
the rate of inorganic phosphate produced refléekinetics of a sialyltransferase reaction.

Briefly, the ST reaction was carried out in o0 of reaction buffer (25 mM Tris, 150 mM NaCl, 5
mM MgCl, and 5 mM MnCJ, pH 7.5) in a 96-well plate at room temperature 20 min. To
determine the kinetic parameters of ST, multipbct®ns with varied amounts of either the enzyme
or substrates were carried out simultaneously m phesence of fixed amounts of all other
components, including a coupling phosphatase. degatly, specific activity against donor
substrate CMP-NeuAc in the presence of 1 mM accdpiacetylb-lactosamine; specific activity
VS. acceptor substraldacetylb-lactosamine in the presence of 0.2 mM CMP-NeuAd activity

vs. enzyme dose in the presence of 1 mM CMP-NeuicdamM\-acetylb-lactosamine. One well
containing all components except for the enzyme wgesl as a blank control. The reactions were
initiated by adding the substrates and phosphatadee enzyme and terminated by the addition of
30uL of Malachite reagent A and 10D of water to each well. The color was developedthwy
addition of 3@L of Malachite reagent B to each well followed bgngje mixing and incubation at
room temperature for 20 min. Following color deystent, the plate was read at 620 nm with the
multiwell plate reader. A phosphate standard cwas also performed to determine the conversion
factor between the absorbance and the inorganispblade contents.

For KM andVmax determination, the results were plotted agaukstrate concentrations and fitted
to the Michaelis—Menten equation using the Kaleidg® 4 program (www.synergy.com).

In order to test our inhibitors, the incubation tare (final volume of 50L) contained 0.1 mU ad-
2,3-Sialyltransferase frofasteurella Multocidavarious amounts of inhibitors (0-500 mM), 1 mM
CMP-NeuAc and 4 mMN-acetylD-lactosamine, buffer (25 mM Tris, 150 mM NaCl, 5 niigCl,

and 5 mM MnCj, pH 7.5). After incubation at 37°C for 20 min, treactions are stopped by the
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addition of 30puL of Malachite reagent A and 100L of water to each well. The color was
developed by the addition of 3 of Malachite reagent B to each well followed gnge mixing
and incubation at room temperature for 20 min &@dST activity is determined by multiwell plate
reader at 620 nm. The inhibition values are obthlmelinear regression (using Microsoft Excel) of
different concentrations of inhibitors from 0 to®MM (five concentrations of each inhibitor are
used) with a fixed concentration of substrates.

Typical concentration—response plots are obtaimed fthe average values of triplicate assay
results.
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5.4.2 Inhibition activity assay on GM3 synthase

Cell culture

The Human Embryonic Kidney, HEK293A, were grown3afC in the presence of 5% ¢0n
DMEM medium supplemented with 10% (v/iv) FBS, 2mM utglmine and 1mM
Penicillin/Streptomycin.

The cryopreservation of these cells is commonlygoered in liquid nitrogen and involves the use

of freezing medium, containing a mixture of 90% F&%#l 10% DMSO.

Protein quantification: Bradford method

A standard calibration curve with BSA (bovine seratbumin), at known concentrations, was
prepared to determine the protein concentratich@tamples.

1 ml of blue dye Coomassie diluted in water 1:4 \wdded to each sample; then, absorbance was

detected with a JASCO spectrophotometer, at 595 nm.

Inhibiton assay on GM3 synthase

Cells cultured in 100-mm dishes were harvestedguaiplastic scraper and washed two times with
phosphate-buffered saline. Cells were resuspendd&0 mM sodium cacodylate-HCI buffer, pH
6.6 (20 mg of cell protein/ml) with protease inhdos (2 mM 4-(2-aminoethyl)benzenesulfonyl
fluoride, 0.0016 mM aprotinin, 0.044 mM leupep®08 mM bestatin, 0.03 mM pepstatin A, 0.028
mM E-64) and homogenized with a Dounce homogeniz@rstrokes, tight). In each reaction tube,
10 pl of Triton CF-54 1.5% (v/v) in chloroform/metol (2:1) were mixed with [3-
®H(sphingosine)]LacCer, corresponding to 45 nCinfra stock solution in chloroform/methanol
(2:1) and dried under NNTo this mixture, 8 ul of 750 mM sodium cacodyiat€l buffer, pH 6.6, 4

pl of 125 mM MgC}4, 4 pl of 125 mM 2-mercaptoethanol, 10 pl of 5 mMIE-NeuAc, and 10 ul

of cell homogenate (containing 200 ug of proteigyrevadded in a total reaction volume of 50 pl.
Briefly, the GMS3 activity assay was performed usiag positive control the cell homogenate
incubated with the radioactive LacCer and in absepicGM3 synthase inhibitors; the negative
control was performed using heat-inactivated cethbgenates (100 °C for 3 min) in the presence
of 3-*H(sphingosine)] LacCer; the GM3 inhibitors weretéesusing a final concentration of 1mM
or 1QuM incubated with the cell homogenate and the radioa LacCer. All the incubations were
performed at 37 °C for 3 h with continuous shakihige reactions were stopped by adding 1.5 ml

of chloroform/methanol (2:1). The reaction mixt{8dpm) was analyzed by HPTLC using the
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solvent system chloroform/methanol/water (55:20/8).vRadioactive lipids were detected by
analysis with the Beta-Imager 2000 (Biospace, Pa&tance) and quantified by densitometric
analysis using M3 Vision software (Biospace, Padftance).

Data are meansSD of three different experiments, statistical eliéinces were determined by 1-

way Anova.
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5.4.3 Sphingolipid pattern evaluation by metabolic labeling with [3-*H]
sphingosine ([3*H] SPH) in HEK cells treated with inhibitors.

Metabolic assay

The sphingolipid pattern of HEK293 cells, treatethwGM3 synthase inhibitors, was determined
by metabolic labeling with [3H] sphingosine ([3H] SPH). [3°H] SPH is a natural precursor of
sphingolipids. When cells are placed in culture mmed supplemented with radiolabeled
sphingosine, [3H] SPH is absorbed and used into the biosynthetilvpays of sphingolipids. The
metabolic products are radioactive, and after eiita and separation by HPTLC, it is possible to
evaluate the cellular sphingolipid content in tewhboth quality and quantity.

Cells were incubated with 10M GM3 synthase inhibitors 2 hours before the additbf [33H]
SPH. During the entire assay cells were maintainetie presence of inhibitors. (0.4 uCi) 33}
SPH was administered to the cells after being tisgloin culture medium at a final concentration
of 3x10®%M. Subsequently, the lipids were extracted and rséed by HPTLC and the
chromatographic profile was obtained by Beta-Imaggripment (Biospace).

Data are meansSD of three different experiments, statistical eliéinces were determined by 1-
way Anova.

1. [3-3H] SPHINGOSINE PREPARATION
[3-*H] SPH was dissolved in sterile conditions in DMENedium with 10% FBS, 2 mM
Glutamine.
The solution was sonicated for 2 min and vortexadlf min. This procedure was repeated 3
times.The degree of solubilization (> 70%) was fiedli by counting the radioactivity bfy-

counter (Perkin Elmer).

2. PULSE:
The day before, 2,5x2@ells were plated.
The culture medium was replaced with 5ml of medagntaining [32H] SPH.
The cells were then incubated for 2 hours at 3@, 5% CQ.
In this phase the cells absorbed théHi3-SPH present in the medium.
After two hours, the medium was taken from plates stored for the quantification of FB{]
SPH absorbed by cells, by counting the radioagtivith ap-counter (Perkin Elmer).

3. CHASE
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The cells were grown in 8ml of growth medium with§8>°H] SPH, for 48 hours, at 37 ° C
with 5% CQ.

4. CELL HARVESTING
At the end of the chase, medium was collected fptates and kept for counting IByCounter
(Perkin Elmer). The cells were washed three timigls RBS and harvested.
After being harvested by centrifugation (300xg, bth, 4 °C), the cells were freeze and
lyophilized

5. EXTRACTION OF TOTAL LIPIDS FROM CELL PELLET
The lyophilized cells were resuspended in 25ul ater, sonicated in ultrasonic bath and

vortexed. In order to obtain a good solubilizatittwg lipid extractions were made.

FIRST EXTRACTION

10 volumes of methanol were added to the aquedusiao of cells. The resulting mixture was

sonicated in ultrasonic bath for 2 min and vortefadlL min.

Then, 20 volumes of chloroform were added. Sorocain ultrasonic bath for 2 minutes and
agitation were repeated.

The samples were shaken on an Eppendorf shak&Ofarin and centrifuged at 10,000xg, for 10
min at room temperature.

The supernatant containing the lipids was transéeto a new eppendorf.

SECOND EXTRACTION

10 volumes of a mixture of chloroform / methandere added to pellet.

The samples were sonicated in ultrasonic bathexed and shaken for 10 min; then, they were
centrifuged at 10,000xg, for 10 min, at room terapae. The lipid supernatant was collected and
combined with that collected after the first extrac.

The protein pellets, after the evaporation of salyevas digested overnight at room temperature in
50ul of 1N NaOH and then, subsequently, increasedrtd With water.

Proteins were then measured by the method of Lowry.

The lipid radioactivity was evaluated to determiine percentage yield of the lipid extraction.
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PARTITION OF LIPIDS
This procedure allows to divide the extracted lipid an aqueous phase (FA), containing

gangliosides, and an organic phase (FO), contameogdral glycolipids.

The partition was divided into two phases:

FIRST PARTITION

In order to separate the aqueous from the orgdrasgy a volume of water equal to 20% of the total

solution was added to lipid extracts. Samples weréexed and mixed on Eppendorf mixer for 15
min and centrifuged at 3,500xg for 5 min. The agisephase was collected and transferred to a

new eppendorf.

SECOND PARTITION
A mixture of methanol / water 1: 1, equal to 40%twé initial volume, was added to the organic

phase. The separation of the aqueous phase froorgheic phase was obtained by vortexing and
agitation on an Eppendorf shaker for 15 min andlly, centrifugation at 3,500xg for 5 min.

The aqueous phase was collected and added tolitzmed in the first separation.

The two separated phases were dried under nitrogeth suspended in a mixture of
chloroform/methanol 2:1. The aqueous phase wasspesded in 10Qu of solvent, while the
organic phase was resuspended in @00

Radioactivity assays of the two phases were peddrio determine the percentage yield of the
partition. The total lipids, neutral glycolipids dugangliosides were then separated by HPTLC and
the content of the component detected was expressdgm / mg total protein.

In order to separate total lipids and gangliosideas used a solvent consisting of
chloroform/methanol/0.2% Caf(60:40:9) and to separate neutral lipids in thgaaic phase, a

solvent consisting chloroform/methanol/water (1006J.

108



6. REFERENCES

109



6. REFERENCES

1. Hatanaka, Synthesis of carbon-linked CMP-NANA analoug and its inhibitory effect on GM3 and GD3
synthase. heterocycles 1996, 43 (3), 531.

2. Dyatlovitskaya, E. V.; Kandyba, A. G., Role of biologically active sphingolipids in tumor growth.
Biochemistry (Mosc) 2006, 71 (1), 10-7.

3. Prinetti, A.; Basso, L.; Appierto, V.; Villani, M. G.; Valsecchi, M.; Loberto, N.; Prioni, S.; Chigorno, V.;
Cavadini, E.; Formelli, F.; Sonnino, S., Altered sphingolipid metabolism in N-(4-hydroxyphenyl)-retinamide-
resistant A2780 human ovarian carcinoma cells. J Biol Chem 2003, 278 (8), 5574-83.

4, Audry, M.; Jeanneau, C.; Imberty, A.; Harduin-Lepers, A.; Delannoy, P.; Breton, C., Current trends in
the structure-activity relationships of sialyltransferases. Glycobiology 2011, 21 (6), 716-26.

5. X. Wang, L. X. Z.,, X.S. Ye, Recent development in the design of sialyltransferase inhibithors.
Medicinal research reviews 2003, 23.

6. Li, Y.; Chen, X., Sialic acid metabolism and sialyltransferases: natural functions and applications.
Appl Microbiol Biotechnol 2012, 94 (4), 887-905.

7. Harduin-Lepers, A.; Mollicone, R.; Delannoy, P.; Oriol, R., The animal sialyltransferases and
sialyltransferase-related genes: a phylogenetic approach. Glycobiology 2005, 15 (8), 805-17.

8. Schauer, R., Chemistry and biology of the acylneuraminic acids. Angew Chem Int Ed Engl 1973, 12
(2), 127-38.

9. Prokazova, N.; Samovilova, N.; Gracheva, E.; Golovanova, N., Ganglioside GM3 and its biological
functions. Biochemistry-Moscow 2009, 74 (3), 235-249.

10. Inokuchi, J., Physiopathological function of hematoside (GM3 ganglioside). Proceedings of the Japan
Academy Series B-Physical and Biological Sciences 2011, 87 (4), 179-198.

11. Tagami, S.; Inokuchi Ji, J.; Kabayama, K.; Yoshimura, H.; Kitamura, F.; Uemura, S.; Ogawa, C.; Ishii,
A.; Saito, M.; Ohtsuka, Y.; Sakaue, S.; Igarashi, Y., Ganglioside GM3 participates in the pathological
conditions of insulin resistance. J Biol Chem 2002, 277 (5), 3085-92.

12. Wang, X.; Zhang, L.; Ye, X., Recent development in the design of sialyltransferase inhibitors.
Medicinal Research Reviews 2003, 23 (1), 32-47.

13. Donadio, S.; Dubois, C.; Fichant, G.; Roybon, L.; Guillemot, J. C.; Breton, C.; Ronin, C., Recognition of
cell surface acceptors by two human alpha-2,6-sialyltransferases produced in CHO cells. Biochimie 2003, 85
(3-4), 311-21.

14. Tu, L.; Banfield, D. K., Localization of Golgi-resident glycosyltransferases. Cell Mol Life Sci 2010, 67
(1), 29-41.

15. Shen, G. J.; Datta, A. K.; Izumi, M.; Koeller, K. M.; Wong, C. H., Expression of alpha2,8/2,9-
polysialyltransferase from Escherichia coli K92. Characterization of the enzyme and its reaction products. J
Biol Chem 1999, 274 (49), 35139-46; Willis, L. M.; Gilbert, M.; Karwaski, M. F.; Blanchard, M. C.; Wakarchuk,
W. W., Characterization of the alpha-2,8-polysialyltransferase from Neisseria meningitidis with synthetic
acceptors, and the development of a self-priming polysialyltransferase fusion enzyme. Glycobiology 2008,
18(2), 177-86.

16. Fox, K. L.; Cox, A. D.; Gilbert, M.; Wakarchuk, W. W.; Li, J.; Makepeace, K.; Richards, J. C.; Moxon, E.
R.; Hood, D. W.,, Identification of a bifunctional lipopolysaccharide sialyltransferase in Haemophilus
influenzae: incorporation of disialic acid. J Biol Chem 2006, 281 (52), 40024-32.

17. Gilbert, M.; Brisson, J. R.; Karwaski, M. F.; Michniewicz, J.; Cunningham, A. M.; Wu, Y.; Young, N. M.;
Wakarchuk, W. W., Biosynthesis of ganglioside mimics in Campylobacter jejuni OH4384. Identification of
the glycosyltransferase genes, enzymatic synthesis of model compounds, and characterization of nanomole
amounts by 600-mhz (1)h and (13)c NMR analysis. J Biol Chem 2000, 275 (6), 3896-906.

18. Kaniuk, N. A.; Monteiro, M. A.; Parker, C. T.; Whitfield, C., Molecular diversity of the genetic loci
responsible for lipopolysaccharide core oligosaccharide assembly within the genus Salmonella. Mol
Microbiol 2002, 46 (5), 1305-18.

19.  breton M., H.B. A., . J.A.C.5 1998, 1357.

20. Jung, K.; Schworer, R.; Schmidt, R., Sialyltransferase inhibitors. Trends in Glycoscience and
Glycotechnology 2003, 15 (85), 275-289.

110



21. Muller, B.; Schaub, C.; Schmidt, R., Efficient sialyltransferase inhibitors based on transition-state
analogues of the sialyl donor. Angewandte Chemie-International Edition 1998, 37 (20), 2893-2897.

22. Ajit Warki, M. E. E., Essentials of glycobiology Il editions. 2009.

23. Schauer, R., Anghew Chem Int Ed Engl 1973, 12.

24. Dall'Olio, F.; Chiricolo, M., Sialyltransferases in cancer. Glycoconj J 2001, 18 (11-12), 841-50.

25. Klohs, W. D.; Bernacki, R. J.; Korytnyk, W., Effects of nucleotides and nucleotide:analogs on human
serum sialyltransferase. Cancer Res 1979, 39 (4), 1231-8.
26. Cohen, S.; Halcomb, R., Synthesis and characterization of an anomeric sulfur analogue of CMP-sialic

acid. Journal of Organic Chemistry 2000, 65 (19), 6145-6152.

27. Muller, B.; Martin, T.; Schaub, C.; Schmidt, R., Synthesis of phosphonate analogues of CMP-Neu5Ac
determination of alpha(2-6)-sialyltransferase inhibition. Tetrahedron Letters 1998, 39 (7), 509-512; Tanaka,
T.; Ozawa, M.; Miura, T.; Inazu, T.; Tsuji, S.; Kajimoto, T., Synthesis of novel mimetics of CMP-sialic acid as
the inhibitors of sialyltransferases. Synlett 2002, (9), 1487-1490.

28. Bruner, M.; Horenstein, B. A., Use of an altered sugar-nucleotide to unmask the transition state for
alpha(2-->6) sialyltransferase. Biochemistry 2000, 39 (9), 2261-8.

29. S. Cristoph, S. B., M. Schmidt, New sialyltransferase inhibithors based on CMP-quinic acid
development of new sialic acid. Glycocnjugate journal 1998, 15 (4), 345.

30. Schaub, C.; Miiller, B.; Schmidt, R. R., New sialyltransferase inhibitors based on CMP-quinic acid:
development of a new sialyltransferase assay. Glycoconj J 1998, 15 (4), 345-54.

31. Schaub, C.; Muller, B.; Schmidt, R., Sialyltransferase inhibitors based on CMP-quinic acid. European
Journal of Organic Chemistry 2000, (9), 1745-1758.

32. Burkart, M.; Vincent, S.; Wong, C., An efficient synthesis of CMP-3-fluoroneuraminic acid. Chemical
Communications 1999, (16), 1525-1526.

33. Kajihara, Y.; Hashimoto, H.; Kodama, H.; Wakabayashi, T.; Sato, K., Synthesis of methyl 6'-deoxy-
lactosaminides and 6'-thio-lactosaminides and their inhibitory activity toward CMP-NEUNAC-D-
GALACTOSIDE-(2-]6)-ALPHA-D-SIALYLTRANSFERASE. Journal of Carbohydrate Chemistry 1993, 12 (7), 991-
995; Kajihara, Y.; Kodama, H.; Wakabayashi, T.; Sato, K.; Hashimoto, H., Characterization of inhibitory
activities and binding mode of synthetic 6'-modified methyl N-acetyl-beta-lactosaminide toward rat-liver
CMP-deuterium-NEU5ACdeuterium-galactoside-(2-]6)-alpha-deuterium-sialyltransferase. Carbohydrate
Research 1993, 247, 179-193.

34, B., M. dissertation. 1999.

35. Mammen, M.; Choi, S.; Whitesides, G., Polyvalent interactions in biological systems: Implications
for design and use of multivalent ligands and inhibitors. Angewandte Chemie-International Edition 1998, 37
(20), 2755-2794.

36. Amann, F.; Schaub, C.; Muller, B.; Schmidt, R., New potent sialyltransferase inhibitors - Synthesis of
donor and of transition-state analogues of sialyl donor CMP-Neu5Ac. Chemistry-a European Journal 1998, 4
(6), 1106-1115.

37. Schworer, R.; Schmidt, R., Efficient sialyltransferase inhibitors based on glycosides of N-
acetylglucosamine. Journal of the American Chemical Society 2002, 124 (8), 1632-1637.
38. Sun, H.; Yang, J.; Amaral, K.; Horenstein, B., Synthesis of a new transition-state analog of the sialyl

donor. Inhibition of sialyltransferases. Tetrahedron Letters 2001, 42 (13), 2451-2453.

39. Hinou, H.; Sun, X.; Ito, Y., Bisubstrate-type inhibitor of sialyltransferases. Tetrahedron Letters 2002,
43 (50), 9147-9150.

40. Harder, P.; Jamieson, J., Identification of rat alpha(1) macroglobulin as an inhibitor of rat Gal beta 1-
4GlcNAc alpha 2-6 sialyltransferase. Glycobiology 1997, 7 (6), 791-801.

41. Mabhal, L.; Charter, N.; Angata, K.; Fukuda, M.; Koshland, D.; Bertozzi, C., A small-molecule
modulator of poly-alpha 2,8-sialic acid expression on cultured neurons and tumor cells. Science 2001, 294
(5541), 380-382.

42. Kemmner, W.; Hohaus, K.; Schlag, P. M., Inhibition of Gal betal, 4GIcNAc alpha2,6 sialyltransferase
expression by antisense-oligodeoxynucleotides. FEBS Lett 1997, 409 (3), 347-50.

43, Wu, C.; Hus, C.; Chen, S.; Tsai, Y., Soyasaponin |, a potent and specific sialyltransferase inhibitor.
Biochemical and Biophysical Research Communications 2001, 284 (2), 466-469.

111



44, Kono, M.; Takashima, S.; Liu, H.; Inoue, M.; Kojima, N.; Lee, Y. C.; Hamamoto, T.; Tsuji, S., Molecular
cloning and functional expression of a fifth-type alpha 2,3-sialyltransferase (mST3Gal V: GM3 synthase).
Biochem Biophys Res Commun 1998, 253 (1), 170-5; Ishii, A.; Ohta, M.; Watanabe, Y.; Matsuda, K;
Ishiyama, K.; Sakoe, K.; Nakamura, M.; Inokuchi, J.; Sanai, Y.; Saito, M., Expression cloning and functional
characterization of human cDNA for ganglioside GM3 synthase. J Biol Chem 1998, 273 (48), 31652-5;
Kapitonov, D.; Bieberich, E.; Yu, R. K., Combinatorial PCR approach to homology-based cloning: cloning and
expression of mouse and human GM3-synthase. Glycoconj J 1999, 16 (7), 337-50; Fukumoto, S.; Miyazaki,
H.; Goto, G.; Urano, T.; Furukawa, K., Expression cloning of mouse cDNA of CMP-NeuAc:Lactosylceramide
alpha2,3-sialyltransferase, an enzyme that initiates the synthesis of gangliosides. J Biol Chem 1999, 274
(14), 9271-6; Stern, C. A.; Braverman, T. R.; Tiemeyer, M., Molecular identification, tissue distribution and
subcellular localization of mST3GalV/GM3 synthase. Glycobiology 2000, 10 (4), 365-74.

45, Berselli, P.; Zava, S.; Sottocornola, E.; Milani, S.; Berra, B.; Colombo, I., Human GM3 synthase: a new
mRNA variant encodes an NH2-terminal extended form of the protein. Biochim Biophys Acta 2006, 1759
(7), 348-58.

46. Kim, K. W.; Kim, S. W.; Min, K. S.; Kim, C. H.; Lee, Y. C., Genomic structure of human GM3 synthase
gene (hST3Gal V) and identification of mRNA isoforms in the 5'-untranslated region. Gene 2001, 273 (2),
163-71.

47. Kim, S. W.; Lee, S. H.; Kim, K. S.; Kim, C. H.; Choo, Y. K.; Lee, Y. C., Isolation and characterization of
the promoter region of the human GM3 synthase gene. Biochim Biophys Acta 2002, 1578 (1-3), 84-9; Choi,
H. J.; Chung, T. W.; Kang, N. Y.; Kim, K. S.; Lee, Y. C.; Kim, C. H., Transcriptional regulation of the human
GM3 synthase (hST3Gal V) gene during monocytic differentiation of HL-60 cells. FEBS Lett 2003, 555 (2),
204-8.

48, Xia, T.; Zeng, G.; Gao, L.; Yu, R. K., Sp1 and AP2 enhance promoter activity of the mouse GM3-
synthase gene. Gene 2005, 351, 109-18.

49, Maccioni, H. J.; Daniotti, J. L.; Martina, J. A., Organization of ganglioside synthesis in the Golgi
apparatus. Biochim Biophys Acta 1999, 1437 (2), 101-18; Yu, R. K.; Bieberich, E.; Xia, T.; Zeng, G., Regulation
of ganglioside biosynthesis in the nervous system. J Lipid Res 2004, 45 (5), 783-93.

50. Wang, X. Q., Paller, A. S., J. Invest. dermatol. 2006.

51. Ueno, S.; Saito, S.; Wada, T.; Yamaguchi, K.; Satoh, M.; Arai, Y.; Miyagi, T., Plasma membrane-
associated sialidase is up-regulated in renal cell carcinoma and promotes interleukin-6-induced apoptosis
suppression and cell motility. J Biol Chem 2006, 281 (12), 7756-64; Valaperta, R.; Chigorno, V.; Basso, L.;
Prinetti, A.; Bresciani, R.; Preti, A.; Miyagi, T.; Sonnino, S., Plasma membrane production of ceramide from
ganglioside GM3 in human fibroblasts. FASEB J 2006, 20 (8), 1227-9.

52. Rydén, M.; Arner, P., Tumour necrosis factor-alpha in human adipose tissue -- from signalling
mechanisms to clinical implications. J Intern Med 2007, 262 (4), 431-8; Nagata, S., Fas-mediated apoptosis.
Adv Exp Med Biol 1996, 406, 119-24; Nachbur, U.; Kassahn, D.; Yousefi, S.; Legler, D. F.; Brunner, T.,
Posttranscriptional regulation of Fas (CD95) ligand killing activity by lipid rafts. Blood 2006, 107 (7), 2790-6.
53. Kojima, N.; Shiota, M.; Sadahira, Y.; Handa, K.; Hakomori, S., Cell adhesion in a dynamic flow system
as compared to static system. Glycosphingolipid-glycosphingolipid interaction in the dynamic system
predominates over lectin- or integrin-based mechanisms in adhesion of B16 melanoma cells to non-
activated endothelial cells. J Biol Chem 1992, 267 (24), 17264-70.

54, Zheng, M.; Fang, H.; Tsuruoka, T.; Tsuji, T.; Sasaki, T.; Hakomori, S., Regulatory role of GM3
ganglioside in alpha 5 beta 1 integrin receptor for fibronectin-mediated adhesion of FUA169 cells. J Bio/
Chem 1993, 268 (3), 2217-22.

55. Nojiri, H.; Takaku, F.; Terui, Y.; Miura, Y.; Saito, M., Ganglioside GM3: an acidic membrane
component that increases during macrophage-like cell differentiation can induce monocytic differentiation
of human myeloid and monocytoid leukemic cell lines HL-60 and U937. Proc Natl Acad Sci U S A 1986, 83
(3), 782-6; Momoi, T.; Shinmoto, M.; Kasuya, J.; Senoo, H.; Suzuki, Y., Activation of CMP-N-acetylneuraminic
acid:lactosylceramide sialyltransferase during the differentiation of HL-60 cells induced by 12-O-
tetradecanoylphorbol-13-acetate. J Biol Chem 1986, 261 (34), 16270-3; Xia, X. J.; Gu, X. B.; Sartorelli, A. C,;
Yu, R. K.; Santorelli, A. C., Effects of inducers of differentiation on protein kinase C and CMP-N-
acetylneuraminic acid:lactosylceramide sialyltransferase activities of HL-60 leukemia cells. J Lipid Res 1989,

112



30 (2), 181-8; Nakamura, M.; Kirito, K.; Yamanoi, J.; Wainai, T.; Nojiri, H.; Saito, M., Ganglioside GM3 can
induce megakaryocytoid differentiation of human leukemia cell line K562 cells. Cancer Res 1991, 51 (7),
1940-5.

56. Nakamura, M.; Ogino, H.; Nojiri, H.; Kitagawa, S.; Saito, M., Characteristic incorporation of
ganglioside GM3, which induces monocytic differentiation in human myelogenous leukemia HL-60 cells.
Biochem Biophys Res Commun 1989, 161 (2), 782-9.

57. Inokuchi, J.; Radin, N. S., Preparation of the active isomer of 1-phenyl-2-decanoylamino-3-
morpholino-1-propanol, inhibitor of murine glucocerebroside synthetase. J Lipid Res 1987, 28 (5), 565-71.
58. Zhao, H.; Przybylska, M.; Wu, I. H.; Zhang, J.; Siegel, C.; Komarnitsky, S.; Yew, N. S.; Cheng, S. H.,
Inhibiting glycosphingolipid synthesis improves glycemic control and insulin sensitivity in animal models of
type 2 diabetes. Diabetes 2007, 56 (5), 1210-8; van eijh, M., A ertz .M., Plos one 2009, 4723.

59. Rota, P.; Allevi, P.; Colombo, R.; Costa, M.; Anastasia, M., General and Chemoselective N-
Transacylation of Secondary Amides by Means of Perfluorinated Anhydrides. Angewandte Chemie-
International Edition 2010, 49 (10), 1850-1853.

60. J.C.S. Perkin 1 1982.

61. De Meo, C.; Priyadarshani, U., C-5 modifications in N-acetyl-neuraminic acid: scope and limitations.
Carbohydr Res 2008, 343 (10-11), 1540-52.

62. Paulsen H., Tietz H. Angew. chem. int. edit. 1982, 927.

63. K.Okamoto, T. Goto. Tetrahedron 1987, 5909.

64. Boons, G.; Demchenko, A., Recent advances in O-sialylation. Chemical Reviews 2000, 100 (12),
4539-+,

65. Colombo, R.; Anastasia, M.; Rota, P.; Allevi, P., The first synthesis of N-acetylneuraminic acid 1,7-
lactone. Chemical Communications 2008, (43), 5517-5519.

66. Rillahan, C.; Antonopoulos, A.; Lefort, C.; Sonon, R.; Azadi, P.; Ley, K.; Dell, A.; Haslam, S.; Paulson,
J., Global metabolic inhibitors of sialyl- and fucosyltransferases remodel the glycome. Nature Chemical
Biology 2012, 8 (7), 661-668.

67. Wu, Z. L.; Ethen, C. M.; Prather, B.; Machacek, M.; Jiang, W., Universal phosphatase-coupled
glycosyltransferase assay. Glycobiology 2011, 21 (6), 727-33.

68. Sasaki, A.; Hata, K.; Suzuki, S.; Sawada, M.; Wada, T.; Yamaguchi, K.; Obinata, M.; Tateno, H.; Suzuki,
H.; Miyagi, T., Overexpression of plasma membrane-associated sialidase attenuates insulin signaling in
transgenic mice. J Biol Chem 2003, 278 (30), 27896-902.

69. Orlova, A.; Shpirt, A.; Kulikova, N.; Kononov, L., N,N-Diacetylsialyl chloride-a novel readily accessible
sialyl donor in reactions with neutral and charged nucleophiles in the absence of a promoter. Carbohydrate
Research 2010, 345 (6), 721-730.

70. Okamoto, K.; Kondo, T.; Goto, T., Synthetic studies on gangliosides .2. functionalization of 2-deoxy-
2,3-dehydro-N-Acetylneuraminic acid methyl-ester. Bulletin of the Chemical Society of Japan 1987, 60 (2),
631-636.

71. Rota, P.; Allevi, P.; Mattina, R.; Anastasia, M., Reaction of N-acetylneuraminic acid derivatives with
perfluorinated anhydrides: a short access to N-perfluoracylated glycals with antiviral properties. Organic &
Biomolecular Chemistry 2010, 8 (16), 3771-3776.

113



