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General Introduction

General Introduction

Carbohydrates, proteins, lipids and nucleic acids are the major constituents éfmelgst these building blocks

of life, carbohydrates are unique in their capability to encode biochemicahimfon ina high-density fashion.
Anomeric configuration, regiochemistry and branching are some of thetwstl elements that establish the
unsurpassed chemical variability of carbohydrdtEsce, it is not surprising that nature employs these entities in
numerous biological processes (e.g. immune responds, cell proliferatibthearaberrant glycosylation patterns

may have severe effects on cell functionaify.

Regardless of their importance in biological processes, carbohydrates are the leastdesestood class of
biomolecules in terms of their physiological function beyond that of nutrititiiis in parts is attributed to their
nontemplate driven biosynthesis, which renders established approaches from pcttaire (e.g. genomic
analysis or genetically encoded tagging) inapplic&bléurthermore, the natural appearance of heterogenous
glycoforms, substoichiometry and reversibility are additional obstacles thailicate isolation from natural

sources and elucidation of biological functidrs.

Consequently, chemical synthesis has long been an indispensable ally of glypolmicdeiding specialized tools
to study the glycome of living organisms. Chemligcainodified monosaccharide probes (e.g. for metabolic
labelling approaches) or glycan specific antibodies are just two examples which fadilitastitjations of protein

glycosylations in cell§.7-

Pharmaceuticals such Zanamiviror the Cubatdaemophilus influenzatype b vaccine illustrate the potential of
synthetic glycans (or derivatives thereof) beyond fundamental research applitatiofisHere, chemical
synthesis offers defined glycan structures with little to no bstdiatch variability Moreover, chemicéy
modified mimetics that resemble the function of native entities provide improved metabolic stability or

pharmacological propertiést® 16

The potential of chemical glycobiology in fundamental research and mediciemlisthy, in turn fosters the
development of synthetic approaches towards sophisticated glycan targets. ltepasten@ocontrolled assembly

of 1,2cis glycosidic linkages (-glucose/galactose or-rhamnose/mannose) has always been a significant
challenge for carbohydrate chemistsin contrast to 1 2ransselective glycosylations in which stereoselectivity
can conveniently be established by means of participating ester protecting dr@upsselectivityis generally
obtainedby a more complex interplay of a variety of factors. For example, accapttaophilicity, protecting
group pattern, solvents or electron withdrawing substituents have severe imfiaestereochemical outcome of

these glycosylation reactiohs1%-22

The inherent challenges associated with carbohydrate synthesis was already concisalyzedntoy Professor
Hans Paulsenback in 1982:3Although we have now learned to synthesize oligosaccharides, it should be
emphasized that each oligosaccharide synthesis remains an independent pratidesa, resolution requires
considerable systematic research and a good deal of know-how. There ané/exsal reaction conditions for
oligosaccharide synthesig€® Of course, since then tremendous progress has been made in tendsrsfanding
glycosylation reactions and improving chemical methodoldgiés?’Nevertheless, assembly of oligosaccharides
generally still demands for a combination of various glycosyl dopastand careful optimization of glycosylation

conditions.



General Introduction

The following thesis is divided into two parts, each presergtisgnthetic project dedicated to a specific area of
glycoscience. In the first part, a synthetic approach towards a small lisréuprinated glycotope mimetics of
Streptococcus pneumoni&erotype 8 (ST 8p presented. In a long-term perspective these mimetics could help
to gain a deeper understandiogthe influence of fluorine modifications onto the immunological propedies
pathogen-derived antigens and may foster the development of impigeedanjugate vaccines.

The project presented in the second part aims towards the generation ajlpoegylation-specific antibodies
from synthetic glycopeptide haptens. These novel antibodies directed against yeteciatgap protein

rhamnosylation sites, are specific biochemical tools to unveil novel (function&jmpglycosylations in bacteria.



Part I

Part |:

Synthesis of fluorinate8 pneumoniaeserotype 8
glycotope mimetics for the assembly of synthetic

vaccine candidates







Introduction

of a vaccine containing these capsular polysaccharides again furnished only sigen@sults, mainly due to
the lack of complete bacteriological data and follow-up studié$This however changed in the course of the
1940’s when field studies under controlled conditions provided stroignee on the efficiency of bi- to
guadrivalent polysaccharide vaccines and enabled commercialization of a fimstaleex vaccing?®?
Unfortunately, the advent of penicillin (and other antibiotics) rendered timeeftyr feared pathogen unserious and

led to withdrawal of pneumococcal vaccines from the mafket >

This changed in 1964 withustrianandGoldreporting oracase study of approximately 2000 patients from which
nearly 25 % died from pneumococcal infections despite the deploymemitioficrobial drugs* As a result,
polysaccharide vaccines experienced a renaissance and by 1977 a 14-valent jpoiglsaaattine was introduced

to the market byerck Six years later, this vaccine was replaced by the 23-vRleimovax 23 containing at
least 85 % ofS. pneumoniaserotypes that are responsible for invasive infections in adults and cRAdren.
However, the vaccines” limited efficacy especially amongst high risk patients (elderlyertiftt patients with

underlying illnesses) remained as a major driving force for further develomienccines? 55-5°

Second generation vaccines: glycoconjugate vaccines

In addition to the limited efficacy in the high-risk groups, short éffeness is a common obstacle of purely
polysaccharide-based vaccingsis in large parts is attributed to polysaccharide antigens being T Iyyteho
independent class 2 antigenstiipe 2) possessing no intrinsic B lymphocyte stimulation acti%®uch Ttype2
antigens activate antigen-specific mature B aéfisross-linking of their surface B cell receptors (see Figufé 5).
72 As a result, immune responses against these antigens are short-living, didfechand lack the formation of
immunological memory? In contrast, proteinic or peptaantigens are T lymphocyte dependent antigep}, (T
that induce formation of high affinity IgG antibodig3eyond that, proliferation of resting B cells into memory

cells establishes immunological memaéty’?

In 1931 AveryandGoebelfirst described conjugation of capsular polysaccharides to a carrier proteimatacen
their immunogenicity § & D U U L H Y."{SindeRM5 early finding, further research demonstrated tlzatigens,
such as polysaccharides, can be converted igtimiunogens upon conjugation onto a suitable proteinogenic
carrier. Thus, protein conjugation provides the necessary T cell support whichcialdor IgM to IgG class
switching and formation of an immunological memory targeted against the gdrhth antige® 7 In this
regard, the work ofAveryandGoebellaid the foundation for the development of modern glycoconjugate \esccin
that provide enhanced efficacy in the high-risk grotip€Currently, two pneumococcal glycoconjugate vaccines
are commercially available. The fiRtevnar 13 was approved in 2009 in the European Union containing thirteen
serotypes of pneumococcus conjugated to a non-toxic mutdighdéria toxin(CRMag7) as carrier protein. The
second,Synflori¥, is produced byGlaxoSmithKlineand contains ten serotypes conjugated to different carrier

proteins’®
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Figure 5: Simplified depiction of th€arrier Effect, first described in 1931 b#veryand Goebel(adapted and modified from referefide
Since then, a large body of research provided ecieléhat T type 2 polysaccharide antigens can be convertedTigimmunogensvia
conjugation onto a suitable carrier protein. Thesdirigs laid the foundation for the development ofagsiety of commercially available
conjugate vaccines.

Their ability to prevent infectious diseases in high-risk groups regigleoconjugate vaccines one of the most
successful inventions in the history of biomedical sciéfhBespite their success, modern glyagjugate vaccines
still suffer from several limitations that need to be addressed.

Commercially available glycoconjugate vaccines are generally heterogenous mixtures apmtaiaiiety of
immunological active substances, such as isolated bacterial capsular polysacchevigas, carriers and
additional adjuvants to enhanicevivoimmunogenicity. Manufacturing thereby relies on the isolation of capsular
polysaccharides (CPS) from natural sources and their conjugation to suitaieleprateins®® Thus, formation of
artificial non-protective epitopes, insufficient antigen stability and the presence of totdaonioants are just some
aspects that might hamper efficacy of commercially available glycoconjugate vaéditigin addition, intrinsic
heterogeneity of natural isolates and unspecific conjugation methods counteeaetstablishment of sound

structure-activity relationships and increases the risk of latblaich variability84-8% 91

[.1.2 A promising liaison: Chemical synthesis raetsvaccinology

As described earlier, classic glycoconjugate vaccines are heterogenous mixtures incledsggimimunological
active components derived from natural sources and their distinct moleculaofmaction and structure-activity
relationships often remained ill-defin&lncreasing knowledge about the underlying immunological processes
accountable for effective prevention of diseases, prompted the identificatisgrathesis of immunological active
subunits with a defined task and precise molecular composition. EventualBpfiroach may enable modular
vaccine constructs consisting solely of essential and optimized elements for egfikitttye immunization
amongst all population. Thus far, a large variety of vaccine constructs havedegoped ranging from semi-
synthetic constructs including only a single synthetic module (mostly canagbyebitopes) to fully synthetic
multi-component vaccine constructsRU D JUDSKLFDO V XP P D Umddépn Sulkuhit vatdimROsKaW LR Q™ R
Figure 6) To this end, synthetic carbohydrate epitopes appear to be the most elyestsidied module due to
their crucial role in promoting vaccine specificity. However, synthetic T cell epitopesaad$ and multivalent

nonimmunogenic scaffolds are further modules developed to enhance immigitygef synthetic vaccines.
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.-Galactosyl ceramide (KRN 7000) as d-like epitope

-*DODFWRV\O -Gadldgphak Gakhed.reasonable attention in the last decades due to its diverse biological
adivity and potential in various applications from cancer therapy to asthma prev®atitt .-GalCer, also known

as KRN 7000, is a synthetic glycolipid identified from structure-activity studigsasine sponge extracts (see
Scheme }112-115

HO _OH O
0
H
Hogﬁ SH
HO FR

0\/\‘/\/\/\/\/\/\/\/
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"mz

Scheme 1Structure of CD1d agonistGalactosylceramide.(GalCer, KRN 7000).

There are several characteristics that rend@alCer derivatives particullgrinteresting entities for the design of
synthetic vaccines. Upon presentation.eBalCer within the context of the non-polymorphic MHC-like Cd1d
protein, it is a potent activator of invariant natural killer T cal¢K(T).11® 117 These particular immune cells
respond rapidly by secreting substantial amounts of cytokingsdid T2 type), hence triggering a cascade of
immune cells including dendritic cells, B cells and conventional T E&i83FurthermoreiNKT cells can adopt

a Tu-like function, thereby providing cognate help to B cElist?4 125This in turn facilitates antibody production
class-switching and formation of immunological memory (see Figure 7), witheuteed of additional peptide
epitopes for MHC Il mediated T cell help. The mechanismN&T mediating B cell help it large parts similar

to the interaction MHC Il with B cell8’ However, CD1d targeting possesseveral advantages comedto
MHC molecules. A first advantage is the numbeNKT cells that exceed the number of naive peptide-specific
T cells!?® Secontly, CD1d possess little to no polymorphism (in stark contrast to MHC molecules) thus

providing a more predictable immune response amongst all vaccinated individuaig=°

T-helper-like
function

IgM to IgG
class switch
Cytokines AT

B = o-GalCer

* = Antigen Covalently linked
vaccine construct

Figure 7: Schematic presentation of cognate NKTleal for B cells (adapted from referefide The .-GalCer ligand is presented by the
MHC I-like molecule CD1d on the surface of B cells.rRation of an immunological synapse between the CDylebiipid complex and the
TCR of theiNKT cell stimulates cytokine release, resulting ititeody production and class switching.

CognateiNKT cell mediated B cell help however demands for covalent attachment (or co-aditionisvithin
the same microparticle) of KRN 7000 and the respective antlge first example of a covalently linked,
semisynthetic carbohydrate-lipid vaccimginstStreptococcus pneumoniaerotypet (S. pneumonia8T4) was
reported in 2014 by the group D& Libera'?® De Liberds vaccine showed all hallmarks of effective vaccination
such as polysaccharide-specific IgG and IgM antibody generation, affiaityration and formation of memory
B cells. A lysosomal cleavable linker facilitated internalization and intracellular releas8aCer (see Scheme
2A). ContemporaneoushAnderson et alreported on a peptide conjugate using an inactive regioisomer of

GalCer, which becomes activated upon esterase processing and spon@neduacyl migrationt3® 132 This
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approach was latter developed furtheHsrmars andPainter utilizing a cathepsin sensitive di-peptide linker to
provide sufficient serum stability and subsequent release of the active campithin antigen presenting cells
(APCs see SchemeB).’*3In addition HermansPainterand others, demonstrated the potential of click-chemistry
(copper-mediated or strain-promoted) to facilitate assembly of conjugate vacoBteucts, despite the use of
triazoles has been discussed controverstally33-13°

A B
)O]\ Enzymatic cleavage
\
OH O

*0 N 0 O oS

k(]& HO 0 ——BI_H Peptide antigen

0 HO5 A oH
HO OYC25H51 Migration
(0]
HO NH OH 07 CuaH
HOO H K CocH /&O
\/Y\C14H29 25151
OH
Semi-synthetic: De Libero and co-workers Pro-adjuvant approach/ Capthepsin cleavable linker:
Painter, Hermans and co-workers
c D
HNJ\N/\/\N NMN\)LNH
H H O O HO Os_CosHs:
) 0 o Y
HO NH OH
HOO HOO H H
OYC25H51 0 V\‘/\CMHZQ
HO 2 7 OH
NH OH )
HOy % % N=/"""
V\‘/\CMH29 HN
OH
Minimalistic construct: Seeberger group Anti-nicotine vaccine candidate: Guo group

Scheme 2: Selected examples of glycolipid conjugatenprising .GalCer derivatives as Cd1ld agonis) First example of a semisynthetic
covalent conjugate vaccine iBe Libgo and co-worker$? B) Pro-adjuvant approach &fainter andHermansemploying a Cathepsin B
cleavable linket® C) A minimalistic anti-tumour vaccine from ttféeebergeigroup employing the small and weakly immunogenic Tn-
antigen®* D) Anti-nicotine vaccine candidate from tf&io group®’

A simple but effective minimalistic carbohydratesalCer vaccine construct was introduced3geberger et al
which elicited a robust anti-glycan immune response against the small and weakipagenic tumour-
associated Tn antigen in a liposomal and adjuvant free administration (see SE)éthREcently, th&Seeberger
group further demonstrated that C-6-functionalisation.-@alCer derivatives does not significantly influence
their structural properti€'s® To this end, C-6 functionalisedGalCer derivatives have been utilized in a variety
of vaccine candidates for anti-cancer immunother&ypneumonia&sT4, or immunopharmacotherapy (see

Scheme 2D} 126135137, 13y hese promising results illustrate the potential-GfalCer for future vaccine designs.
Adjuvants

Subunit vaccines generally demand for additional immune potentiators (ad)uevaet®ke protective and long-
lasting immunisatiod?° Classically the term adjuvant referst&components added to vaccine formulations that
enhance the immunogenicity of antigens in viA/é More recently, a more precise definition based on the
respective molecular mode of action was proposed. Thus, adjuvants meedivaled into immune potentiators
and delivery systemd® 141In this regard, immune potentiators directly target innate immune system activation
(e.g. toll-like receptorTLR) ligands or cytokines), while delivery systems augment immune resporse®y
targeting, concentration/colocalization or depot effects (e.g. mineral salts anlips)s

11
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Until recently, only a handful of adjuvants have been approved for hadramistratiort*> 14*Mostly obtained
from empirically observations, classic adjuvants are frequently hamperedebgfigdts or insufficient T cell
response$’ Hence, identification of immune potentiators with well-defined chemical structurémpraved

safety profiles are a worthwhile goal of vaccine developrifetfg

In this regard,TLR ligands gained reasonable attention as molecular adjuvants due to their alaititivade
dendritic cells* 43 Prominent examples are palmitoylated peptide derivatives such agCyH{BK:;) and
PamCys(SKi), which have been employed as buidadjuvants in a variety of synthetic anti-tumour vaccine
constructs (selected examples see Scheme 38 pffd'%6 144-146A recent example thaisesa build-in adjuvant
in a semi-synthetic construct was reporteddmo and co-workes'*” Here a small molecule TLR7a agonist and
the MUC1 antigen where covalently linked to bovine serum albumin (BSA)otdder a threeén-one protein

conjugate vaccine (Scheme 3C).

A B

N
/Y\ /ﬁ)k J\/”\ I~ \"/\/\SS-NHAu O/Y\S/\(kSKKKK-GCKLFAVWK\TYKDTG-CTSAPDTRP/\P

O HN. /5 H 0 0.__0 HN.
O%\q)mj "R HO ‘ Oé\?)mj R B cell epitope
)14 |_J )14

Ty epitope
| Pam,Cys J B cell epitope R-H ‘ = Tn antigen

Adjuvant ’ = Tn antigen (Pam,CysSK,: TLR2/TLR6)
R = C(O)(CH2)14CHs
(Pam4CysSK,: TLR1/TLR2)

Singhal Group | | Boons three-component vaccines
Adjuvant
Cc

“ GGVTSAPDTRPAPHG

fxo ”

B cell epitope

n
‘ = Tn antigen
| TLR7a agonist |

Adjuvant

Semi-synthetic construct: Guo group

Scheme 3Selected examples of (semi-) synthetic vaccines usifyddonists as build-in adjuvans) andB): Synthetic multi-component
anti-tumour vaccine candidates comprisirigRTligands as buildr-adjuvantsC) A recent examplef a semi-synthetic threie-one protein
conjugate with a small-molecular TLR7a agonist.

In addition, the previously described KRN 7000 glycolipid gained consideatibigion as molecular adjuvant in
modern vaccine formulatiort$” *2Here its ability to effectively activatéNKT cells, which serve as bridging
point between innate and adaptive immune system, enabled strong antigBo-spewine responses while
surpassing the need for further external adjuvamitss 135 136, 142, 148ience, KRN 7000 derivatives hold great
potential for the development of structurally simplified but yet effective fully-semisynthetic vaccines

candidates.

Multivalency

Protein-carbohydrate bindingf single carbohydrate ligands is typically characterized by low affinity and
dissociation constants in the mM rari¢&Nature addressdisis limitation by presentation of carbohydrate ligands
in a multimeric fashionfFOXVWHU JO\F&eatling kigldviditly Wwéractions and dissociation constants

upto a nM rangé“® **%In regard to glycoconjugate vaccines, high valency of carbohydrate epit@s found to
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promote B cell receptor binding and clustering, both being of importanamntigen internalization and T cell

signaling?®!

Various synthetic scaffolds for clustered antigen presentation have been ddvilofne last decades. For
instanceMutterandDumypioneered theegioselectively addressable functionalized temp(B#&FT) peptide for
multivalent antigen presentatidt?:*>® This non-immunogenic cyclic decapeptide elegantly enables modular
presentation of immunogenic components and has been utilized in varighstigyvaccine constructs (fer
selected example, see Schemg.®& 156-165Another prominent example in this regard is the dendrinmaultiple
antigen glycopeptidéMAG) scaffold (see Scheme #E56% A milestone, in terms of synthetic efforts, was
arguably contributed byDanishefskywho assembled five (up to six) different tumour-associated antigens
(Globo H, Sialyl-Tn, Tn, L& TF) in a single synthetic constryseeScheme &).17°

NH
! Hj &
gl
P

S Multiple antigen glycopeptide

O
(0] (0] (0]

RAFT scaffold
o) 0
H H H
‘ = Globo-H ‘ = Sialyl-Tn ‘ =Tn AcHN N\:)J\N N\;)J\N N}f
z = H o)

G @ Sy

Danishefsky group

HoN

Scheme 4Examples of peptide-derived chassis for multivalenppgifpresentatiord) Regioselectively addressable functionalized template
(RAFT) pioneered byvutter and Dumy!° This non-immunogenic cyclic peptide allows a rediestive assembly of multivalent vaccine
candidatesB) The multiple antigen glycopeptide (MAG) for muliient antigen presentation in a dendritic fashfd€) Synthetic milestone

by the Danishefskygroup: A fully synthetic antitumor vaccine comprigimultiple different carbohydrate antigens on agleinpeptide
scaffold!™

In addition to these peptide derived scaffolds, carbohydrate derivatives emasrgeaimising chassis to create
multivalency artificially. It was proposed that spatial antigen arrangement can be inflbgribedstereochemistry
of the respective carbohydrate anchoring point, thus allowing for optirajzieabe presentatioti To this end,
glucose- and galactose based chassis have been utilized to create epitope dnstemiaigrlining their potential

for future vaccine design (selected examples see Schejié!S&
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A rather convenient methom create multivalence is liposomal formulation, which was used for instance by
Savageand co-workers to create a multivalent vaccine candidate agiinsteumonia&ST 14177 It's worth
mentioning, that liposomal-formulation is usually employed.f@alCer conjugate vaccines, suggesting a similar
antigen presentation (see Scheme BB}3¢

A
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p = Glycolipide
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Q ry
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Scheme 5A) Examples for glucose and galactose derived scaffiold spatial antigen-arrangement in a multivalent meal? 7+ 175B)
Simplified illustration of multivalency provided bipbsomal formulatiort!”: 136 177

Synthetic polysaccharides in vaccine development

Structural uniqueness and dense expression on the surface of cells (maligm tells or pathogens) render
polysaccharides particularly attractive target structures in vaccine develdBnkemthemore carbohydrate-
specific antibodies are generally held accountable for mediating immune protectiorst agncapsuled
pathogens? Thus, the ability of eliciting carbohydrate-specific antibodies is essentiakfefftctiveness of anti-

bacterial vaccines.

As discussed earlier, isolation and conjugation of ndyuddrived glycan antigens is generally associated with
severe limitations regarding sample heterogeneity, stability and quality c8nimgbrinciple, these limitations
can be elegantly addressed by chemical synthesis to provide considerable amealideiined and thoroughly
characterized glycan epitopes with little to no batebatch variability. In addition, linker molecules installed at
the reducing end of tise epitopes enablea controlled conjugation to a carrier of choice under preservation of
structural integrityt* Hence, synthetic carbohydrate antigens hold the promise of advancinigychete vaccines,

which has been impressively illustrated by the Cuaemophilus influenzaigpe b vacciné?4

Nevertheless, synthetic glycotopes come with their own unique challenges. For instirseecbarides isolated

from natural sources are structlyatlivers and thus have a high probabilitfy harbouring a suitable epitope
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ensuring protective immunization. In contrast, homogeneous and comparatiedigyamhetic glycan epitopes
do not necessarily comprise the respegiotective epitopé! Thus, a more profound knowledge about protective
substructures and their respective immunogenicity is of fundamental imporfarooedingly, identification of

minimal protective epitopes is particularelevant to reduce the synthetic effort (and costs) invdlved.

Carbohydrate epitopes can be generally divided into two distinct classes: conformaitibsedjaential epitopes
Conformational epitopesequire a distinct spatial arrangememinduce protective immune response (&gjical
Group B Streptococcuype Ill CP3.8% 178 179Here, large fragments are necessary to induce efficient immun
response&’ 181 Given the challenges associated with glycan synthesis of increasing length, ediofoain
epitopes are hard to address by synthetic approalthesntrast, sequential epitopes are recognized by their
primary structureand protective immunization can be achieved by relatively small epitope fragtfrelits.
Consequently, substantial efforts have been dedicated to unveil minimal protecte¢ophsof bacterial
pathogens comprising those sequential epitép&5Classically, this task has been approached itehatife 18-

190 However glycan microarrays, surface plasmon resonance (SPR) and saturatifer-tiffesence (STD)-NMR

recently fostere@ more efficient elucidation of minimal protective epitopes and crucial recognition elethents.
187, 191-195
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Figure 8: Immunogenic determinants of synthetic dayboate antigens: epitope size, terminal sugar (aumg. sugars), branching points,
functional groups, number of repeating units (aciogrto Anish et af?).

Thus far, several factors have been identified or hypothesized to icgltle@ immunogenicity/effectiveness of
carbohydrate antigens (see Figure 8). Thus, anomeric configuratiorem glyquence as well as branching points
and substituents maave crucial influence on the immunogenicity of antigen&® 17In addition,it is assumed
that terminal glycans may have a larger influence on immune recognition teamalnstructure$’®-2°! For
instance, rare bacterial sugars located at an exposed side of the antigenerdghtitnon-self and provide
enhanced immunogenicity® Indeed, inclusion of exposed rare sugars into epitogeiseen occasionally reported

to be vital for immune recognitiof??204

In contrast, carbohydrates that mimic a self-character ilic acid) may diminish their immunogenicity/For
instance,Kasper and co-workers observed enhanced IgM to IgG class-switching upon utilizing desialylated
analogues ofGroup B Streptococcutype V CPS in a glycoconjugate vaccifieln this regard, the authors
suggH V W H G anyeieD bliemical engineering of a carbohydrate to create molecule less like host selfanay be
rational approach for improving other glycoconjugaté® Of course, enhanced immunogenicity does not
necessarily provide improved protection (e.g. non-protective epitopes)uamtddtinfluence of modifications onto

immunological properties need to be carefully examiig@dlevertheless, chemical modification of given
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antigenic structures has recently emerged asxaiting field in vaccine development and will be presented in

further detail in the next section.

Chemical modified carbohydrate mimetics

Rapid degradation of natural saccharides by digestive, plasma and cellular glycosidases been a challenge
associated with the use of carbohydrate derived therapé&ulicsiew of using minimal protective glycotopes in
synthetic vaccinesn vivo degradation also constitutes a point of concern, as it may lead to ef logial

recognition elements and may hamper antibody specificity and effectivertessimimune response

Chemically-modified mimetics of known antigenic structurage thus come to the fore as fascinating entities to
improve antigen stability and preserve crucial recognition elements. In thid,rgly@omimetics comprising non-
natural glycosidic linkages such @sglycosideg”’-?*2 S.glycosidesd'*?%as well as core modifications including
carbasugarfd’??>and thiasugaf®® have been reported amongst ottf8ré?’??°to enhancen vivo stabilty (see
Scheme 6). However, the unique structural properti€sglf/cosidic linkagesrender imitation of native antigens
in terms of size and conformation not an easy task. For instance, sidrstifuaxygen by sulphur causes an
increase in bond length and weakens stereoelectronic effects. This in turn daim e$ugher conformational
flexibility around the glycosidic bond and formation of non-natural conéos?® 230 23Consequently, biological
activity of such analogues is hard to predict and may be either diminishresloone cases enhanced due to a more

distinct non-self characté

v&/s\;
Linkage

modifications

m/O\’;

C
modifizﬁions S:o: O?/ mo/c\ff

= o /e
\ﬂf - Fluorination
2

Scheme 6Selected examples of carbohydrate mimetics. Commoresla$glycomimetics include alterations of the corecstire (depicted
in green), linkage modifications (red) or substitntof defined hydroxy groups by fluorine atoms €&)lu

Another point of consideration is the generally poor quality of antibedganse directed against carbohydrate
antigeng% Enhancing the intrinsic immunogenicity of carbohydrate antigens usimgicdiederivatization has
gained reasonable attention for the development of anti-tumour vaé@tese, immune tolerance against self-

antigens marks tumour-associated carbohydrate antigens (TACA) poor imengrfgy232 233

From a conceptional point of view, fluorination of such antigenic structsinearticularly interesting due to the
unigue properties of fluorine. For instance similan der Waa radii (F: 1.472, O: 1.522 make fluorine a
known bioisoster for hydroxy group¥:-2*¢In addition, thedestabilizing effect of fluorine onto the oxocarbemi
ion transition state has been utilized eattigiWithersand co-workers in the development of mechanism-based
glycosidase inhibitor$¥"-24° Besides that, a more recent work lé6ffmann-Réderand co-workers provided
evidence for enhancel vitro stability of a C4’-fluorinated Thomsen-Friedenreich antigen analogue (4'F-TF, see
Scheme 7) againstgalactosidase degradatiéfi.immunization of mice with the respective 4TF-MUC-TTox
conjugate, elicited IgG antibodiesoss-reactive with MUC1 epitopes on MCF7 human tumour cells. Comparable
16
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results were found for a 6 6~TF-MUC-TTox conjugateé®: 24?Interestingly, sera from immunization with 6"F-
6FTF-MUC-TTox conjugate or its non-fluorinatédcF*MUC1-TTox counterpart showed very little differences
in the recognition of glycopeptide-BSA conjugates comprising fluorinated Tgesndinalogous (Scheme 7: 3'F-
TF, 2'F6FTF, 2'F-6'F6FTF, 2'F-6'F-TF, 6F-TF, 2" A+).242-244

HO OH HO _OH HO OH HO OH qzé HO OH o OH
E\ AcHNJ AcHNJ AcHNJ

2°F-TF 3°F-TF 4°F-TF 6F-TF
HO OH z HO _OH 2 :
ACHN AcHN g ACHN AcHN
2°F-6'F-TF 6'F-6F-TF 2°F-6F-TF 2°F-6'F-6F-TF

Scheme 7Fluorinated analogous of the Thomson-Friedenreicigem{TF) reported by thdoffmann-RédeGroup?++-244

Given the absence of covalently bound fluorine from most organisms, itrftabden discussed that fluorination
might increase the non-self-character of a given antigen and can thiilizbd to enhancis immunogenicity?°®
This hypothesis was supported by the findings oftthgroup, observing significantly increasedti-STn IgG
titres as well as an improved IgG to IgM ratio in mice when uaifhgorine-modified STn antigen analogue (see
Scheme 8A2% A further example underlining the potential of fluorination to enhaheemmunogenicity of
small molecular haptens sibeen reported bylandaand co-worker$?® Here a succinyl norcocaine (SNC)
derivative comprising a mono-fluorinated benzoyl substituent was fourtictbhigher anti-cocaine antibody

concentrations (compared to parent SNC), while retaining a potent cocaine affingynesa).
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Scheme 8Examples of fluorinated haptens) Fluorinated STn antigen analogues from Yreeand co-worker$? B) Fluorine containing
small molecule hapten for the development adiatircocaine vaccine byandaand co-workers!® C) Fluorinated Globo H analogues\&ong
and co-worlers 24’

Despite these encouraging results, correlations (if there are any) between antigeatitncand immunogenicity
are far from being fully understood. For instandégngand co-workers observed a clear dependence between

immunogenicity modulation and the position of the fluorine substituent in Glalanetics (see Scheme 8¢€j.
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types are thereby summarized within a certain group and marked by alphabetic ch@.acserotype 9 consists

of 9A, 9L, 9N and 9V; examples see Figure 9B). However, cross-reatiatieen these subtypes varies between
groups?®® The capsule 08P has long been recognized as indispensable for viruladtbeugh further factors
might be needed for full virulen&’ 27% 2"1Here, capsule structure and to a lesser extend its quantity are
determinants foBPvirulence and removal of the capsule has been reported to alinlisimce?%® 270-272Besides
being involved in resisting phagocytosis, the capsule contributesitbntio tolerance by withstanding antibiotic

induced autolysig®® 2”3Interestingly, the latter effect appeared to be serotype-dependent.

It is assumed that most, if not all of the SPserotypes induce serious disease in hufffadowever, significant
differences in their potential of causing infections has been reported, whigbsts that only a limited number of
serotypes accounts for most ca&€<s%°Serotypes (ST 8) is a highly invasive pneumococealotype and IPDs
caused by this serotype occur mainly amongst a&fiit§* 2">Broad resistance against common antibiotics and

invasive outbreaks in high-risk groups has been often reported in tionngith this particular serotyp@5-27°

A first discovery ofST 8 dates back to 1928, whéeil and co-workers reported on a viruleht VWUDLQ R
Pneumococcus which is related but not identical with typical Type Il str&ifi€lassification as distinct serotype

followed one year late®! The chemical structure of the ST 8 CPS was first elucidatéehy and co-workers,

who reporédthat3«6 9,,, SRO\WDFFKDULGH LV HVVHQWLDOO\ D O LA MXUIWK®DLQ
repeating unit -O--D-glucopyranosyluronic acid@i : 4)-O- -D-glucopyranosyl- : -O-.-D-glucopyranosyl-

-O- .-D-galactopyranosyl- : -3.282Recent gene cluster analyses further unpinned their finéit g%

Thus far, the polysaccharide vacciReeumovax23s the only commercially available vaccine including ST8.
Regarding semi-synthetic approach®shumann et atonducted a comprehensive study to uncover the minimal
protective epitope of ST 8 using a combination of automated/conventionah glyo¢hesis and monoclonal
antibody reverse engineeritf.
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' HO : o ! :
. /m/,o B (0] H 1 o
L M7 Mo fo = HO
H : H ' Minimal structure
. HO HO : HO

N on-protgcNe . ’ o _OH ! containing a protective glycotope

; Protective O?’[é /&/
------------------------------------------ HO Héﬁ
Reduced congener HO&‘
HO,

>

Scheme 9: Repetitive unit of ST 8 CPS with protedi@&een) and non-protective (red) glycotopes hgitikd. Chemical structure of minimal
structure containing a protective glycotdpand the reduced congeret®

A first major finding of this study was that the terminal glucuronic acith@frepetitive unit of ST & part of an
immunodominant but non-protective glycotope that does not conferrgastvity against ST8 CPS (see Scheme
10). Furthemoreg trisaccharide %), lacking the terminal glucuronic acid, was unveiled as minimal structure
containing a protective glycotope against ST 8. Unfortunately, inclutlingrisaccharidd in a semisynthetic
CRMsg7 glycoconjugate vaccine failed to induce ST8-directed immune responses in Efoogation of
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trisaccharidel by a terminal glucose moiety furnishé2l 3 U H G X F H G (2) FrRtQad ks @hel bgative charge of
the native ST8 repetitive uni2). A semisynthetic glycoconjugate vaccine including this epit@estjowed
improved, but still poor immunogenicity in mice, while inducing reliable imm@sponse in a rabbit model.
Interestingly, a more recent study published by the same group emgheyedtive repetitive unit comprising the
terminal glucuronic acid, despite its role in a non-protective ep#fdpe.

Although the reasons for these findings remain unc&erumanrspeculated that presentation on a carrier protein
may not be ideally suited for inducing antibodies against internal epitopes&tSFurthermore, weak glycan
immunogenicity seems to be a main challeageouteto synthetic ST 8 vaccine candidat¥sConsequently,
further optimizations of this existing system may include glycotope presentatmpnfiflly synthetic vaccine

constructs) and/or derivatization of the glycan epitofien(l2) to enhance targeted immune responses.
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[.2 Objective part |

[2+2] synthetic strategy, which should facilitate the assembly of both chemically ahallengingl,2-cis
glycosidic linkages at a rather early stage of the syntfhi¥sis.more detailed description of the underlying
synthetic consideration iSURY LG HG L QlL3KkevieksivBrivaddIsyhthetic stratégy

In a continuative collaboration witBebastian Neidigrom the Hoffmann-Rédergroup, a selection of these
synthetic glycotopes should subsequently be used to assemble first sylijbeticcharide conjugate vaccine
candidates against ST B1(- 13). Utilizing a synthetic KRN700Oprecursor, previously described by. Andreas
Baumann we planned the assembly of three vaccine candidédesopper free strain-promoted alkyne-azide
cycloaddition (SPAACY®> 286Here we targeted towards vaccine candidates comprising eithan-fluorinated

tetrasaccharide congerd or the terminal fluorinated analogugand4 (see Schemg2).

'@ Target structures: lipopolysaccharide conjugates

0. NH

Y 2

HNL H »“\O)LR

H o 9 W H

QWTWW \
0 N=p

gﬁ k/\cstu R= ’tﬂ Ht ‘—‘—I

C14H29

Schemel2: Targeed conjugate vaccine candidates.
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|.3 Results and Discussion

easily traced back to disaccharide precursdtsaid22) comprising a 4,683-benzyliden protecting group. This
protecting group was chosen, as it should enable facile formation of @-Be@zyl etheria regioselective
benzylidene openindl8 or 20) or alternatively the introduction of an orthogonal protecting groupubsequent
late-stage fluorination at the C-6" positid®); Besides that, previous studiesGrich and others established an
inherent 1,2eis directing effect of the 4,6-benzyliden acetal protecting group in glycosylation reactions
employing glycosyl donors from the mannose or glucose seriefutther details see chapteB.4 Synthesis of
disaccharide acceptors8 to 20).2% 288 28°Hence, the 4,®-benzylidene acetal protecting growpsassumed to
not only facilitate regioselective protecting group manipulation but in additionogupiselectivity during

assembly of precurs@l and22 from the respective galactosyl accep®®8sand24.

In addition, a series of cellobiose dond2s { 27) can be identified as important building blocks. While the non-
fluorinated cellobiose derivativgs should be readily accessible from inexpensive and commercially available
cellobiose, the respective fluorinated analog@és(d27) are obtainablby a neighbouring group-assisted [1+1]-
trans glycosylation. Here an orthogonal cleavable protecting group (TBS-ethetheomonomeric glucose
accepto8 should enable DAST-mediated fluorination after assembly of the glycosidic linkggé(summary,
retrosynthetic considerations revedéw glucose 28 - 32) and galactose derivatived3and24) as key synthons

to assemble our selection of C-6-fluorinated tetrasaccharideaccordance with this considerations, C-6-
fluorinated trisaccharide derivative8 { 6) should be accessible from the same building blocks, following a

comparable [2+1] glycosylation strategy.
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|.3 Results and Discussion

1.3.2 Synthesis of galactosyl acceptors 23 and 24

¢ o

Synthesis of native galactosyl accept®3

Starting from commercially availab®-galactose, accept@3 was synthesized according to the synthetic route
depictedn Schemel4.

1) NaOMe, MeOH, rt

(0]
HO OH Ac,0, 4-DMAP AcO OAcC  TolsH, BF5OEt, AcO _OAc 2) Ph(OMe),, CSA, 0
0 pyridine, rt 0 CH,Cl,, 0°C — rt 0 DMF, rt = o
HO 93% AcO 80 % AcO STol 81 % over 2 steps HO STol
AcO

HO OH OAC AcO HO
D-galactose 33 34 35
Ph Ph Ph
1) NIS, TMSOTf, NFM lv
NaH, BnBr, I%O CH,Cl,, - 10 °C OO OO
DMF, 0°C — rt 2)37,-10°C > rt Bn
83 % o ° o (0] l{l
o BnO STol 80 % (a), 9% (B) BnO Bn + BnO \9, “Cbz
BnO B BnO 5

nO {
O N
Cbz
5
36 CSA, 38 38-8
MeOH, CH,Clj, rt

Et3SiH, TfOH HO _OBn Et3SiO _0OBn e 1
CH,Cly, - 78°C o H Bn !
—_— > + o} : - NN
84 % Bno% Bn Bno% Bn 37= HO '}‘
BnOq l\ll BnO ,{‘ : Cbz
\9’ “Cbz “Cbz e !
5 5

23 23a

Schemel4: Synthess of galactosyl accept@3 over seven synthetic steps.

Thus, 4-DMAP-catalysed acetylati@h 21 provided the pent@®-acetyl esteB3 in 93 % yield*®? Thioglycoside
34 in turn was obtained from treatment38 with p-thiocresol and boron trifluoride etherdté Saponification
underZempléncondition$®* followed by benzylidene acetal-protection of C-4 an€l fGrnished diol35in 81%

yield 2% Williamson etherification of35 with benzyl bromide provide86 after crystallization from EtOPP°

Stereoselectivel,2-cis glycosylation of highly reactive alcohols (e.g. 5-amino pentyl alcohdVateres) is
particularly challenging due to erosion of selecti&Atyand hence represents the key step in the synthe®s of
Exploitation of the directing characteristics of co-solvents (Etg> or MeCN)is a frequently used protocol to
control the stereoselectivity of glycosylation reactions. In particular, ethefeahtsuch as diethyl ether, THF
or dioxane are known to faclilWH WKH IR WB&sicRidkadges, while nitrile solvents favour the
I RUP DW LIiRKed Blycosides under kinetic conditiolls2°”-2°These empirical observations, are generally
explained by either solvent coordination or conformer and counterion dt&ri® In this regard, the first
hypothesis accounts for a spatial preference of solvent molecules upalinabon onto the intermediate
oxocarbenium ion, leading to effective shielding of nucleophilic attacks fratsitthe. In contrast, the conformer
and counterion distribution hypothegioposes conformational preferences of the oxocarbenium intermediate in
different solvents as well assolvent dependent side-preference of counter ion coordination (see Sthéme

and B)3%°
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+
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Schemel5: Solvent effects in glycosylation reactiosy Commonly used solvent coordination hypotheBisAlternative conformer and
counterion distribution hypothesig 2% 300

With these hypotheses in mind, thiodoB6was reacted in a first experiment with 5-amino penty! ligk&s®: 302
in a mixture of CHCI/Et,O using the NIS/TMSOTf promotor system. Unfortunattig desired.-linked product
38 was isolated only as a minor product, whilglycoside38- was formed predominantly (8 yLHO G
1:9). Since the highly reactive primary alcohol somehow outweighs the direffidag of EtO, a revised strategy
based on exogenous nucleophiles to supporcis,2electiity was applied. Tis conceptwas pioneered by
LemieuxandSchuerchn the early 1970"s and a large variety of nucleophilic modulators hamedearted thus
far303. 304 |n 2011, Mong and co-workers introduced formamide derived nucleophiles (e.g. DMK-
formylmorpholine (NFM) as universal modulators to facilitaig2-cis glycosylations®: 306 Since then, this
concept was successfully applieddifferent glycosyl donors and acceptoesabling effective assembly of
linked O-glycosidesi®? 306-308

Hence, thioglycosid86 was reacted with linker molecu®d®°: 3%%in the presence d-formylmorpholine (NFM)
DQG WKH IWked gathietadezlerivatividB was isolated in 80 % yield together with 9R | W-KniKked side
product38- .
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Schemel6: Schematic representation afconceivable mechanism for the NFM-modulated glycosytateaction used for the assembly of
compouna38.3%

From a mechanistic point of view, it is assumed that the reaction commenceseadittipation of36 using the
NIS/TMSOTf promotor system to furnish an intermediate oxocarbenium triflafeaiod). This ion pairA reacts
ZLWK 1)0 WR IRUP DQ -gaBetdsy linfidihiudi® RPDMRU V S H-gdladtusyl Dr@i@ium
adducts (minor specie€). In the following,C may adopt a more reactive boat-conformatid)y (vhich enables
the formation of W KH G HIWked iHréducB8 via nucleophilic attack of the primary alcoh®r (depicted in
Scheme 6).3°¢ The anomeric connectivity of the obtained prod@6tand38- was assigned frofdn. 12 coupling
constants based on tKarplusrelationship, which directly links the H1-H2 dihedral angle to®fiagn2 coupling
constant (see SchertigA). Accordindy, acoupling constant 6ty 42 =7 +9 Hz corresponds to a dihedral angel
Rl DSSUR[LPDWHO\ -linked ylyddRide$%*3IR tbntrast a coupling constant®dfi 2= 1 +4 Hz
indicates a dihedral angle of 60° and corresponds tegiycosidic linkage. Consequently, the obtained coupling
constant ofJyz,n1 = 3.6 Hz for glycosylation produ88revealsW K H G Hodnnedtvidy at the anomeric centre.

o T 6"C-Hayx

A B
H =< e H @") n
tg ) 180° ¢ O Linker
i \ ' Jci.nt (B-Anomer) ~ 160 Hz
H/ OBn [ Jeim
= H [\
)

B-Anomer

Sdypu=7-9Hz
Bond length: C-Hay > C-Hgq

Coupling constant: J¢ Hax < Jc Heq

EJA/ ’i@ U7X no == oot
a-Anomer v&eﬂo

J/

Sy =1-4Hz “Linker - Jet.41 (0-Anomer) ~ 170 Hz

Schemel7: Correlations between anomeric configuration and obserwedling constants in tHél NMR and*H,**C-coupled HSQC NMR
experiments. These correlations were used in due ctuessign the anomeric connectivity of glycosylatiordpads such a88 and38- .
A) Karplus relationship between the H1-H2 dihedral angle #edcoupling constariy, .. B) Schematic depiction of theerlin Effect in
carbohydrates and typical value-ranges forfisen;coupling constants of different anomers.

This was further supported by thé nr-coupling constants derived frothl-3C coupled HSQC experiments.
Here the anomeric configuration can be assigned from the structural depenéliédge spin-spin coupling

constantsRerlin Effect)3!2 This correlation is generally attributed to GzHonds comprisinglarger bond length
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|.3 Results and Discussion

than C-Hq due toa preferred electron delocalization among anti-periplanar oriented orbitals.tfidwrs :
1 c.haxinteractionof a -glycosidic linkage results in a larger bond length and a smales: coupling constant
while the absence of a suitable spatial orientationdor nl c.1eq L Qlinked glycosides, gives rise to shorter C-

H bonds and largertJc: wicoupling constant (depicted in ScheireB).31

In the late 1960 Berlin andCasudiscovered a differende the'Jcs, vicoupling constants of approximately 10 Hz
between anomeric pairs of glycosides and since then extensive analysigmerpal data underpinned this
effect3® 316Determination of the anomeric configuratieia the *Jc 1 coupling constant is particulgruseful in
cases where the dihedral angle does not provide information about the anamfgigration (e.g sugars from

theL-mannose series) or whetk; y2coupling constants cannot be accessed deigto signal overlapping)

Juzps = 9.2 Hz
Juz 1 =3.6 Hz
A) MMM B)
H-1 97.0
Jo1,1 = 169 Hz o
— C-1 - H
H-2
C) D) Juzu1 = 7-8 Hz
— Jeiut = 159 Hz
H-2

Figure10: Excerption from NMR spectra of linker-modified prats38 and38- to assign anomeric connectivit) *H-*C-coupled HSQC
NMR signal of the anomeric position 88. B) *H-NMR signal of H-2 88) comprising a coupling constant Gf;, 1, = 3.6 Hz in accordance
with theKarplusrelationship for 1,2islinked productsC) *H-*C-coupled HSQC NMR signal of the anomeric positioB&f . D) 'H-NMR
signal of H-2 88 ) comprising a coupling constant &f,n: = 7.8 Hz in accordance with théarplus relationship for 1,2rans linked
glycosides.

In perfect accordance with tiRerlin Effect assignment of th&lc; 11 coupling constant from #H-13C coupled
2D-HSQC NMR experiment furnished valuestad; 11= 169Hz for 38 and*Jcy p1 = 159 Hz for38- (CJuzn1= 7.8
Hz) respectively (see Figufd).

Having W K-Hlycosidic linkage successfully installed at the anomeric centB8,afubsequent regioselective
benzylidene opening reaction finally provided accef#8r In the last decades, numerous combinations of
Lewis/Bronsted acids (e.g. AIGIHCI, TFA) and hydride sources (e.g. NaCNgH, E:SiH38 LiAIH 431% 329

have been studied for this purppgmviding an extensive chemical repertoire for selective installation of primary
and secondary benzyl ethers from cyclic acefaBy following a synthetic protocol fronWwangand co-workers

38 was regioselectively converted into the @@enzyl etheR3 upon treatment with TfOH and triethyl silane in
CH,Cl,.322 However, in addition to the desired compo@3galso significant amounts of a Cé#silyl ether by-
product 23a) were obtained~ortunately thoug3acould be converted smoothly ir?8 by treatment with CSA

in MeOH/CHCI, providing the desired product in a total yield of 84 %. Interestingly, formatidghe C-40-

silyletherby-product23awas only observed upon up-scaling and neutralization with triethylamine.
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|.3 Results and Discussion

Synthesis of fluorinated galactosyl accepta?24

Starting from commercially available-galactose, fluorinated galactosyl accef2drwas prepared over eleven

synthetic steps as depicted in Scher@e

HO _OH H,S0,, CuSO, 2,4,6-collidine, DAST o_F 1) ACOH, 100 °C AcO
O acetone rt O CH20I2 MW, 80 °C O 2) Ac,0, 4-DMAP, pyridine O
HO 0% — w@m% O 98 % over 2 steps AcO
O)<°

HO OH

D-galactose 40 41

1) NIS, TMSOTf, NFM

AcO _F 1) NaOMe, MeOH, rt o F CH,Cl, - 10°C. HO _F
TolSH, BF3OEt, 0 2) DMP, p-TsOH, acetone, rt >( 0 2)37,-10°C —rt o
CH,Cly, rt AcO 3) NaH, BnBr, DMF, 0 °C — rt o) 3) AcOH, 80 °C HO Bn
e —_—_—
55 % AcO STol 75 % over 3 steps BnO STol 42 % over 2 steps BnOO lll
¥+, “cbz
42 43 44
HO F FTTmmmmmmmmmmmmmseonooeoooooees ]
1) DBTO, toluene, 80 °C o ! H
2) TBAB, BnBr, 100 °C ! AN~ B
V37=
—»86 " BnO ?n : 3 HO l}l
BnOo N H Cbz
¥ ez i

24

Schemel8: Synthesis of fluorinated galactosyl accefdnover eleven synthetic steps starting frbrgalactose.

1,2:3,4-DiO-isopropylidene acetaB9 was obtained from acid-mediated acetalization Defjalactose?®
Microwave-assisted DAST fluorination furnished the respective 6-deoxy-6-fladaotgse derivativé0in 83%
yield 285 324, 325Acidic hydrolysis of the isopropylidene acetals and subsequent acetylation gagtrat-acetyl
esterd1in 98 % yield over two steF8> 324Lewis-acid mediated thioglycosylation afforded the thioglycodile

in moderate yield (55 %) and as a mixture of anorff€Bransesterification undéremplénconditiong®* yielded

an intermediate tetrol, which was converted into the fully protected thioglycat3dapon regioselective
acetalization and subsequent etherification undidliamson conditions (75 % yield over three steg®).3?’
Incorporation of linker moleculd73% 392at the anomeric centre was achieved utilizing the previously described
NFM-modulated glycosylation stratel{§ (see synthesis of compou8 in previous chapter and Scherh@).

Thus, thioglycosidd3 was pre-activated with NIS and TMSOTT in the presence of NFM to form the intermediate
galactosyl imidinium species. TLC monitoring indicated smooth conversiaiheofstarting material to the
imidinium intermediate after 1.5 h at10 °C. However subsequent nucleophilic attack ®f proceeded slowly

and even after two days at ambient temperature, significant amounts ofingniaidinium intermediate were
observed by TLC monitoring. Presumably, the reduced reactivibeamidinium adducis a result of the electron
withdrawing character of the fluorine substituent at the C-6 positigtB.oleverthelessthe NFM-modulated
glycosylation protocol yielded the desiredinked product albeit not in its pure form. Consequently, product
containing fractions obtained from column chromatographic purification weredgand subjected to acidic
cleavage of the isopropylidene protecting grétim afford pure dioli4. Assignment of the anomeric connectivity

of 44 furnished a coupling constant @,,n1= 3.5 Hz together with &Jci,n1 = 171Hz coupling constant, both

demonstrating the desired Ig&-configuration at the anomeric centre (see Figu)es 328
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A 9F NMR -~ 7%, B)
) F

Jnaps = 9.2 Hz

L\ Jhz 1 = 3.5 Hz

C) D)

260
Jorp =171 Hz
c1 — @ - @ ses

Figure1l: Depiction of relevant signals showing the corregioehemistry of fluorinated compoudd: A) Schematic representation of C-6-
fluorinated galactose comprising the demandeecik,glycosidic linkageB) Zoom into*H-NMR spectrum showing the signal of the2H-
proton and it$Juz +1/°Jnznzcoupling constant<C) Excerpt from itstH-*3C coupled HSQC spectrum showing idg; c; coupling constant of
171 Hz, typical for the desireld2-cisglycosidic linkageD) Excerpt from'®F-NMR spectrum.

Finally, diol44 was transformed into the C-6-fluorinated galactosyl acc@dtby regioselective etherification of

the C-3 hydroxy group. Protocols for regioselective formationlofl @thers (besides reductive ring opening of
benzylidene aceta®) usually demand for additional reagents (e.gtim?® 33 borort®%, nickel (11)%%? and
iron(111)333 334 to foster selectivityThus diol44 was treated witim-dibutyl tin oxide to form the intermediate
stannylen acetah situ (A, Schemel9).3%° Subsequent addition of TBAB promotes selective Sn-O bond cleavage
of the stannylene acetal rizvip a pentacoordinated tin atoB)( The resulting aniol acts as a nucleophile to
furnish the desired benzyl eth24 (86 % yield). Even thoughn excess of benzyl bromide was utilized in the

reaction, no etherification of the C-4 position was obsef¥ed.

Br F
Bu_ 7 0
Ho F “sn” o .
o B % TBA* HO
HO Bn o
5 Bn BnO4 N BnO
Bn N Bn
), “cbz Eno

(0] No 1
44 \H; Cbz

(6] N,
B 24 H Cbz
Stannylene acetal TBAB Nucleophilic attack 5
formation Sn-O bond cleavage H,0
("Bu),SnO o F Bu_ Br BnBr
Buzsn\/ o /Sn/\O F
H,0 o) Bn Bu o ("Bu),Sn0O

- -

BnOo ,{‘\ —_— TBA* O Bn

\H's Cbz BnO | TBAB
javAS
A c s Cbz

Schemel9: Proposed mechanism for regioselectdalkylation of the C3 position of compound4.3%
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|.3 Results and Discussion

[.3.3 Synthesis of glucoslydonors 29 and 30

DA ¢

Starting from commercially availab-glucose, glucosyl donor29 and 30 were synthesized in five or seven
synthetic steps, respectively, as depicted in Sctzfne

1) NaOMe, MeOH, rt

OH OAc TolSH, BF;OEt, OAc 2)Ph(OMe), pTSOH. b~
o} NaOAc, Ac,0 o) CHClp, 0°C — 1t 0 DMF, rt o 0
HO OAc, A0 AcO oAc 20 C 21, Aco STol - STol
HO 67 % AcO 81 % AcO 92 % over 2 steps HO
HO ‘OH AcO AcO HO
D-glucose 45 46 47

BnO BnO
BnO BnO “OH joeeeecoeeoey BnO 07 “NPh

29 48 : : 30

NaH, BnBr, Ph/vo NBS, H,0, 49, Cs,CO3,
DMF, 0 °C — rt O/ﬁ/ST | acetone, 0 °C — rt Ph/vo o CH,Cly, 0 °C — rt F’h/VO o CF,4
90 % BnO ° 83 % o 87 % O

..............

Scheme20: Synthesis of glucosyl don@9 and30 from D-glucose.

The syntheses commenced with peracetylatidi+glucose in acetic anhydride in the presence of sodium acetate
to afford45 after precipitation from watef® Thioglycoside46 in turn wasobtained from Lewis acid-mediated
thioglycosylation oft5in 81 % yield®*” Transesterification und&@emplérconditiong® followed by acetalization

(47) and etherification gave the fully protected glucose deriva2®ewhich was conveniently purified by
crystallization from EtOH38 339t is worth mentioning that thioglycosi@® was also employed as glugbslonor

in subsequent glycosylation studiegide infrg. Additionally, 29 was further derivatized to furnish-
phenyltrifluoroacetimidate (PTFA) don@0. Accordingly, NBS mediated anomeric deprotectfr{48) and
subsequer-alkylation with 2,2,2-trifluoroN-phenylacetimidoyl chlorided@) and caesium carbonate effectively
provided PTFA donoB0in 87 % yield34!: 342

Since being first introduced almost 20 years agd&bgnd co-workers, PTFA donors found broad application in
glycosylation reactions and many catalysts (e.g. TMSEBROEL*, Yb(OTf):**° and TMSB(GFs)4**9) have
been developed for their activation. In comparison to trichloroacetimidates (li@ikg)lass of glycosyl donors
generally shows a reduced reactivity and may be better suited for \gtems reactions of rather unreactive
acceptors?” 348 |n particular, steric shielding of the nucleophilic imidate nitrogen by theprsbstituent
hampers formation of glycosyl amilarising from acid-mediatedearrangement. This side-reaction is often
encountered in glycosylation reactions employing TCA donors in combinationveitk nucleophile’ Bearing

in mind, that the C-4 position of galactose is the least reactive, PTRR&dban regarded particularly promising

for the assembly of the-D-Glc-(1: 4)- .-D-Gal structural elemerit? 3%°
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1.3.4 Synthesis of disaccharide acceptors 18 20

D

With suitably protected glucoside don@%and30 and galactosyl accepto?8 and24 in place, assembly of the
corresponding disaccharide acceptb8s 20 commenced witla 1,2¢is selective [1+1] glycosylation stem a
first experiment, glycosylation of galactosyl acce@8rwith PTFA glucosyl donoBO was performed in ED
using TMSOTf as a promotor. This afforded prod@dtin high yield (85 %) and with the desired Li2-
configuration (see Schen2d, strategy A).

Ph—X"0 o
o
BnO OPTFA OBn

BnO BHzNMe; BF3OEt,, o
30 CH,Clp, MeCN, - 10 °C HOO
‘ TMSOTF, Et,0, 0°C, l A 84 % Bn BnO
o

85 % O _OBn
Strategy A (o]
HO _OBn Ph/%gﬁ] BnO Bn
0 BnO BnOG , \ N
BrnO BnO h
éﬁ I|3n O _OBn 18 \9; co
BnO,
O Nebe 0
23 5 2 Bno Bn
i
Strategy B B”OO R
NIS, TMSOTY, CH,Cl,, - 30 °C, \9/ Cbz
2% 5 OTBS
ph/voo o 1) EtSH, p-TsOH, 'é'oo o
B0 STol CH,Cly, rt. n BnO
BnO 2) TBSCI, imidazole, O _OBn
29 | DMF, rt. - o)
83 % over 2 steps BnO Bn
BnO y
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Scheme21: Assembly of disaccharide accept@Bandl9. In a first step, galactosyl accep8 was 1,2eis glycosylated using either PTFA
donor30 (strategy A) or alternatively utilizing thiodon2® (strategy B). Both approached furnished disacckanittrmediat@1in very good
yield and selectivity. In the following1 was either transformed into accepi@ (regioselective benzylidene acetal opening)l®(acidic
benzylidene cleavage and regioselective introduaifgimary TBS-ether).

The distinct stereoselectivity of this reaction is most likely explained by the inhg2eris flirecting effect of 4,6-
O-benzylidene acetal protecting groups, which has been the subject of vartes.dn brief, benzylidene acetals
influence stereoselectivity by their disactivating properties giving raise to covalent edtates during the

glycosylation reaction.

In this regard, thé-raser-Reidgroup wasthe first to investigate the disarming properties of @;Benzyliden
acetals, coining the term odrsional disarmamento explain the decreased reactivity todnsfused bicyclic
systems®l 352 Although the exact torsional interactions were not further specified, the lowemetivity was
attributed to a hampered transition from the chair-chair conformatidmeof,60-benzyliden acetal-protected
donor to the chair-sofa state adapted by the respective oxocarbenium iordiagetf® 351 352This concept was
later challenged bBolsand co-workers stating that disarmament cannot be solely explainedibgabeifects,
butis mainly a result of electronic effects from the spatial arrangement of the hiidmixystituents53 3%4Thus,
the hydroxymethyl groups of flexible pyranosides may adopt three stabgenformationstg (trans, gauchg

gt (gauche, transandgg (gauche, gauchesee Schem22 A) from which thetg conformer is generally the least
abundang®>-35"By locking the glycoside (e.g. glucose) in tgeconformer, 4,69-benzylidene acetals give raise
to a dipole moment with the negative terminus directing away from the aicoreatre thereby maximizing the

32



|.3 Results and Discussion

electron withdrawing effect on the oxocarbenium intermediate. However, a combioBboth, torsional and

electronic effects, seem accountable for the disarming character 6fFlk6zylidene acetals in the glseo

series®™*
A 99 gt
OH ’,g—\ )'é‘.
y9 o6y ' c4
éo C4 A~ 05 na 05“‘ Ho%q % @
) &06
H
R H5 S .\ H5 4 “
Reactivity: gg > gt >> tg
B Strong
O-nucleophiles Ph—\"O
/ Oﬁ/o
BnO R

BnO

f,0/Ph,SO
TrO/Ph; Ph/VO (o) B-Anomer
(©]
BnO
BnO, \

OoTf

Ph/vo o a-glycosyl triflate A
BgO STol
BnO Decreasing Ph/VO o
OTf

18 nucleophilicity/
|» glycosyl triflate B Moderate
/S}/-“ Ph / O-nucleophiles

increasing Sy1
“H JEC Ph—\-0O o
O
BnO
Weak BnOO
O-nucleophiles "R

a-Anomer

Scheme22: A) Different hydroxymethyl rotamers and their proposgldtive reactivity. Electron-withdrawing charactdrthetg conformer
as found in 4,89-benzylidene acetals is indicated by the blackvaf 3°°B) Glycosylation mechanism of benzylidene glucose asoseh
by Codéeand co-workers using Fd/PhSO as the promotor systef.

The influence of 4,83-benzylidene acetals on the stereochemical outcome of glycosylation reactions has been
H[WHQVLYHO\ -mMakno&/latib@8® However, in contrast to the distinciselectivity in the mannose
system,D KL JK G H3dlektivtyRuas observed Igyrich in the benzylidene glucose seri€uycose/Mannose
Parado®.?® It is now widely accepted thahis stereoselectivity originates from an equilibrium between the
L Q L WL D O GinkeR glurbs triflate A) and the respective-linked triflate B, see Schem22 B).2%8 From

this dynamic equilibrium the less stab QG KHQFH P R driflatd) (B8 Dstv¥dgiadtly reacts with the
respective nucleophile to selectivelyR U P \Agkedsidic linkage?® 3°8 Recently, Codée and co-workers
highlighted the influence of acceptor nucleophilicity ontds timechanistic pathway and the observed
stereoselectivity (see Sche@2B).%° In brief, reactive nucleophiles (e.g. ethanol, C-6-OH) favour the formation
of -glycosidic linkages\ia nucleophilic displacement of-linked triflate A). In contrast, weak and moderate
nucleophiles, which react with either the more reactilieked triflate B (moderate nucleophiles) or withfes-

like oxocarbenium ioiC (weak nucleophiles) I XU QLVK S U HiBlR® hraiDc@.W O\

Although mechanistic studies on the intermediates occurring during TMSOT( activhidi-A donors are not
available from the literature, it seems conceivable thativked triflate B or the respectivéHs-oxocarbenium
like structureC are also intermediates during TMSOTf-mediated glycosylation of acc2pteith PTFA donor
30. Hence, we concluded that disaccha@ldenay also be obtained from a respective glycosylation reaction using

thioglycoside29, thus omitting the anomeric deprotection @xalkylation step in the syntheses of PTFA donor
33



|.3 Results and Discussion

30 (see Schemg0). Indeed, a second glycosylation experiment using acc2ptnd thiodono29in combination
with the NIS/TMSOTf promotor systefti (see Schem21, strategy B)affordeddisaccharid®1 in even a slightly
improved yield (926).

With a robust and high yielding access towards disaccharide pre2aiingrlace, the latter was used in subsequent
protecting group manipulations to afford either th®-6enzyl etherl8 or compoundl9 equipped with an
orthogonal protecting group for subsequent fluorination. T8usas obtained from a regioselective benzylidene
opening step using borane trimethylamine complex and boron trifluoridey/ickttierate (84 %3¢° The required
regiochemistry ofL8 was assigned from 2D-HMBC NMR spectrum, showing a distinct crosshedaken 6
(/=69.1 ppm) and theH, group of the benzyl ether € 4.38/4.20 ppm) (see Figute B). In addition, anomeric
configuration was reaffirmed at this stage basethe Karplus relationship {Ju1 12 = 3.5 Hz) and/or thé&cy m
coupling constant!{ci 11 = 169 Hz, see Figurk2 C and D respectively).

A -~ HMBC (B) B )Ul_ I N | W W N

Jh1-m2 (C
Hgn ‘\HBn ' V2 Hi-mz (C) CHg, CHg,

Ph)\o o
HO O _H

B (&H/
ol o, C's'

(0]
Bno&'/ﬁ
BnO |l ™-- Jei,H1 (D)
(0)

c Ju1-piz- = 3.5 Hz D A A At ,,/V\l\ﬂ )V\

1
_% @ 169 Hz @
Je1,11

J 169 Hz @
Jerar- 1000
H-1" .

510 505 500 495 490 4.85 4.80 475 4.70 4.65 4.60

835 8% 8 8 8
[ -S4

Figure12: Presentation of NMR signals proofing the anomericigandtion and regiochemistry of disaccharide accetoA) Presentation
of disaccharide structure including NMR sign&$Zoom into2D-HMBC NMR spectrum of compountB showing the C-+ : &gdrcross

peak of 60-benzyl ether obtained fromegioselective benzylidene openir@) Anomeric proton of.-linked glucose andluy wy coupling

FRQVWDQW XQGH U S-glxasidiQ inkagkb) ZedtinvintaHEC-coupled HSQC NMR showing théei i and*Jes-wir coupling

FRQV WD QMGIB(L W K FD-Gal structural element (Measured at 800 MHz NMR).

In addition, orthogonal protected accepi®was provided over two synthetic steps fr@(see Schemgl).
Here, cleavage of the 4®-benzyliden protecting group under acidic conditidhgollowed by regioselective

protection of the C-6"-position asaTBS ethef®! resulted inl9 in 76 % total yield over two steps.

Following the synthetic protocol for acceptt8, the corresponding fluorinated disaccharide accep@owas
assembledia NIS/TMSOTf-mediated glycosylatié?? of compound4 with thioglycoside dono29 (seeScheme
23). Although this proceeded smoothly, the prod&tould not be isolated in pure form. NMR analysis indicated
the presence of approximatel % of an inseparable impurity most likely originating from decomposition
glycoside donoR9. It is worth mentioning that at this point utilizing PTFA doB6rdid not improve the reaction

outcome in terms of purity and yield. Thysoduct22 obtained from glycosylation with thioglycosi@® was
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|.3 Results and Discussion

used hthe subsequent regioselective benzylidene opéflingth borane trimethylamine complex in combination

with boron trifluoride diethyl etherate to afford fluorinated acceffin 62 % yield over two steps

Ph/%O o HO 0
BnO BnO
BnO BH3NMe; BF3OEty, BnO

H
oF 29, NIS, TMSOTf

BnO go CH,Cl,, - 30 °C — 0 °C O F CH,Clp, MeCN, - 10 °C O F
n —_— e
BnO n.d. 62 % over 2 steps

O
Y
24

Scheme&23: Chemical synthesis of fluorinated disaccharide picee0.

In conclusion, by exploiting the inherent Ig&-selectivity of 4,60-benzyliden acetals, a high yielding synthesis
of suitably protected disaccharide acceptor building blo&éBs- 20) was provided. These compounds in turn
served as valuable precursors in the assembly of fluorinated tri- and téteagbecongeners. In further course,
the synthesis of monosaccharidic precursd8s31 and32) for the assembly of fluorinated cellobiose derivatives

is described.

[.3.5 Synthesis of glucose building block&8, 31 and 32
\ 4 \ 4

Starting from previously described 1,2,3,4,6-pedtacetyl glucose45, fluorinated glucosyl donoB1 was
synthesized in eleven synthetic steps as depicted in ScPeniteis worth mentioning that althougshorter
synthetic route towards don8L have been developed in the course of this project (eight synthetic stepbfr
see Master thesis &ebastian Neidi§?, the following synthesis also provid@8 asan orthogonal protected

glucosyl acceptor for the synthesis of fluorinated cellobiose derivé&tvaad27 (vide infra).

1) Allylic alcohol, TfOH

CH,Clp, 0 °C — 1t 1) NaOMe, MeOH
OAc 2) Ac,0, 4-DMAP OAc 2) Ph(OMe),, CSA Ph/%O o
AcO (o) pyridine, rt AcO (o) DMF, rt RO O
ACO/%MOAC 65 % AcO 0) 92 % over 2 steps RO \/\\\
AcO AO N\
. R = H (51)
BzCl, pyridine .
“ 50 CH,Cly, 1t IZ
R = Bz (52)
OH OTBS OH
TBS-CI, imidazole, 1) BzCl, NEtz, CH,Cly rt
TFA, CH,Cly, rt HO (0] o DMF, rt HO o o 2) p-TsOH, MeOH, CHCl, it~ B, o o
—_— -
82 % BzO B20 \/\ 95 % BzO B20 \/\ 83 % over 2 steps BzO B20 \/\
53 28 54
F F F
DAST, 2,4,6-collidine, PdCl,, MeOH, TCA, DBU,
CH,Cl,, 80°C, 100W BzBOO O o THF, 40°C BIZ300 O CH,Cly, 1t BzBOO O
—_—— y4 Z Z
81 % BzO \/\ 76 % BzO "OH 62 % BzO
N O.__CCly
55 56 31 NH

Scheme24: Synthesis of glucose accepf@and fluorinated glucose don8t starting fromD-glucose derivativé5.
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Thus, allyl glycosidé0 was obtained bg TfOH-mediated glycosylation reaction of allylic alcohol according to
a protocol from theDemchenkogroup®® Reacetylation of partially deacetylated side-products with acetic
anhydride in the presence of 4-DMAP as nucleophilic catalyst finally aff@dégb %) as a mixture of anomers
which could be separated by standard column chromatogeépRgr subsequent reaction, the puranomer
(major product) was employed. Saponification undemplénconditiong® led to an intermediate tetrol which
was directly transformed into the corresponding @;6enzylidene acetd&l upon treatment with benzaldehyde
dimethyl acetal and CSA in DMF (92 % over two stef3Esterification of the remaining hydroxy groups with
benzoyl chloride afforded the fully protected glucose derivdiRafter crystallization from EtOFE® Acidolysis

of the acetal protecting group gave dig#®® (82 %) which was regioselectively protectesh C-60-TBS ethet®!

(28) via treatment with TBS-Cl and imidazole (95 % yielB}terificatiorf?? of the C-4 hydroxy group followed
by acidic removal of the & TBS protecting grou}” afforded compound4 (83 % over two steps). Primary
alcohol54was utilized in a subsequent fluorination reaction to introduce the fluatiséitsient at the C-6 position

of 55. Thus far, DAST-mediated fluorination of primary alcobd!has only been described hin et al, who
reacted54 with DAST at ambient temperatu#®. Under these conditions, they observed the formation of
significant amounts of a side-product arising from an unexpected (-6 migration of the anomeric protecting
group (see Schenib), which resulted in an inseparable mixtureéséfand the corresponding migration product
A (Product distribution55: A = 1:1).

Et Et,N
Nucleophilic \ / 7 Nucleophilic SF2 Intramolecular
anyl —F X N attack _ F~ 0‘3 ring closure
PAN
OH L Et SF2 ﬂwm o

/&/ e N et oBz Al
BzO BZO ~—> BzO 0
220 OAIl N BzO OAll oL

Bz Conformation OBz

54 B B’

Pathway A
Pathway B

F- Nucleophilic
attack 4

F
o Pathway B OBZ OAll
B
BZB?O OAIl <\ Pathway C

OBz
Neighouring group O
55 participation
Pathway C
c Ph

OAll OAl F /
BzO O F = BzO 0 Nucleophilic
BzO BzO attack

BzO

A D O-%

Benzoxonium
ion Ph

Scheme25: Proposed mechanism of DAST-mediated C-IC-6 migration of the anomeric protecting grotfp.

Mechanistically, this rather uncommon C:1C-6 migration commences with a nucleophilic attack of the C-6-
hydroxy group to form intermediai: It was proposed that by adoptindG chair conformation, intermediaBé
facilitates an intramolecular nucleophilic attack to furnish oxygen bridged intermé&diateighbouring group
participation of theD-2 benzoyl ester in turn gives rise to the stabilized cyclic benzoxoniul hich finally
provides the -linked C- : C-6 migration producf upon nucleophilic attack of a fluorine ion at the anomeric

carbon.

To avoid this undesired migration reaction and enable an effective synth€s&fiorinated glucose derivative

55, a microwave-assisted fluorination proto€6132°was applied. Indeed, this protocol furnished the desired
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|.3 Results and Discussion

product55in 81 % yield. Regiochemistry &b was assigned bYF-NMR (/== i 230.2 ppm) as well as HSQC-
NMR (Mcesr= 176 Hz, /cs = 81.8 pn) both proving the desired connectivilsee Figurel 3).358. 369

Cc D A H-6 \

Jeg,r =176 Hz

850 845 840 835 830 825 820 815 810 805 800 795 790 785

Figure 13: Schematic depiction of relevant signals proofing torrect regiochemistry of fluorinated compousfl A) C-6-fluorinated
derivative55 including the relevant signals for determinatiorCeé-F linkageB) *®F-NMR signal.C) **C signal of C6 position and it$Jcer
coupling constant of 176 HR) HSQC NMR cross peak of C-6/6isignal supporting the correct regiochemistry of finerincorporation.

The anomeric position of produsb was deprotecteda PdCh-mediated deallylatiof® to give hemiacetdi6 in
76 % yield. Base-mediate@-alkylation®” of 56 with trichloroacetonitrile and DBU finally gave the targeted
glucosyl donoi31.

The corresponding non-fluorinated glucose d@®was synthesized in three synthetic steps from commercially
availableD-glucose as depicted in Sche@te Thus, benzoylation df-glucose with benzoyl chloride in pyridine
provided 57 after crystallization from EtOF? 37 Regioselective anomeric deprotection was achieved by
treatment o567 with dimethylamine in pyridine (81 % 68).37+ 3°Subsequer®-alkylation of hemiacet&i8 with

trichloroacetonitrile in DBU then afforded glucose do82#"*

oH OBz OBz
0 0 2
Ho » BzO - BzO
Ho/kAOH B201, pyriine, t_ Bzoéﬁ _HNMe pyidine, mc&ﬁ‘
Ho 01 % BzO 81% BzO OH
OBz
D-glucose 57 %
OBz
TCADBU o
Z
CH,Cly, 1t Brod—=
59 % ““o_ccl
32 NH

Scheme26: Chemical synthesis of trichloroacetimidate dod®im three synthetic steps starting fr@yglucose.
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1.3.6 Synthesis of cellobiose donor building locks 25 - 27

Synthesis of C-6"F-cellobiose dond6

oo

The synthesis of C-6"F-cellobiose doradrstarted with
linkage underSchmidtconditions3’® 377 Initial attempts

the assembly of theD-Glc-(1: - -D-Glc glycosidic

to provide this structural element were conducted by

Sebastian Neidign the course of his master thesis and made use of glucosyl ack@ptmnprising a 89-benzyl

ether instead of the here employe®&-BS protecting group®? This however resulted in inseparable mixtures of

glycosylation produc60 and decomposition products from doldr(see Schem27 A). Consequently, a revised

synthetic strategy is presented herein, employing an orthdgariehvable TBS protecting group to facilitate

purification (see Scheni’ B).

A Master thesis Sebastian Neidig

TMSOTf,
BzO + CHQCIQ -10°C BzO
BzO BzO BzO
n. d
CCI3
NH %0
31 59 +
Decomposition products
B Revised approach
OTBS TMSOT,
BzO &L e Bzoég/
BzO + BZO 85 A BzO
CCI3
NH R =0TBS (61)

31 28

PACl,,
MeOH/THF, 60°C
—_—

97 %

Bzoé&/
BzO

1) p-TsOH, MeOH/CH,Cl,
2) BzCl, pyridine, 50°C

—> R =Bz (62), 70 % over 2 steps )

Bzoé&/
BzO

TCA, DBU,
__ CHCht

87 %
CCI3

NH

Scheme27: Synthesis of & -fluorinated cellobiose don@®6. A) Initial synthetic route to assemble the demandé@D-Glc-(1: 4)- -D-

Glc linkage conducted bgebastian Neidigf? B) Revised synthésof C-

Thus, glycosylation of accept@8 under Schmidtcond

6 F-cellobiose trichloroacetimidate doraf:

itiong”® 377 using TMSOTf as promotor yielded pure

disaccharidé1 in 85 % yield. 7 K Hanomeric connectivity was confirmed Hy-NMR experiments revealing

coupling constamy, 11 = 8.0Hz in accordance to thi€arplus relationship?09-312

Acidic cleavage of the silyl ether protecting gréfifand subsequent esterificattéh®"2afforded benzoyl esté&?2

in 70 % vyield over two steps. Esté? was selectively deprotected at the anomeric cai@®dCb-mediated

deallylatior¥°to give lactol63. Base-mediate®-alkylatior?”® finally furnished the desired fluorinated cellobiose

donor26in 87 % yield.
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Synthesis of C-6-F-cellobiose dond27

*o

The synthesis of cellobiose doridf started again with the assembly of thél : 4)-O-glycosidic linkage uner
Schmidtconditiors®’® ¥7"to afford64in 95 % yield (see Schen28). The anticipated -glycosidic connectivity of

64 was confirmed by th&ly:- 12 = 8.0Hz coupling constant?®-312

OTBES TMSOTY,
BzO CHCLOC—rt B0
BzO BZO 95 % BzO
cc|3
28 —— R = OTBS (64)
NH 80% ACOH,

(90 %)
L—> R = H (65)

DAST, 2,4 6-collidine PdCl,,
CH,Cly, 80 °C, 100W BzO _MeOH, THF, 60°C__ BzO
= e

93 % OV\ 98 % BzO

MeCN

TCA, DBU,
CH,CI.
— 22 » B0
T % 20

CCI3

Scheme28: Synthesis of C-6-fluorinated cellobiose do@a@r

Acidic removat® of the silyl protecting group6g) followed by the previously described microwave-assisted
DAST fluorination protocd?* 325furnished66 in very good yieldThe regiochemistry of the fluorination reaction
was confirmed bylD- and 2D-NMR experiments showirag'Jece= 174 Hz coupling constant as well a$’F
signal at/= i 233 ppm, both in accordance with previously reported data of Gafirfted glucose derivativé®
Anomeric deallylatio®® (67) and subsequent base-mediatgehlkylatior?” finally resulted in the desired

trichloroacetimidate dond&7 comprising a fluorine substituent at the C-6-position.

Synthesis of native cellobiose dond5

*o

Starting from commercially availabe-cellobiose, disaccharide don®s was obtained in three synthetic steps
including aminolysis of the anomeric ester protecting group (see Sck8mén brief, esterification ofb-
cellobiose with benzoyl chloride afforded the fully protected deriv&84gpon heating to 60 °€8! Regioselective
cleavage of the anomeric benzoyl e¥tef’ afforded hemiacetab9, which was then converted into the

trichloroacetimidate dondt5in 60 % yield by base-mediat&alkylation37°
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Sy S S
HO ‘OH

D-cellobiose 68

BZO/&/ Bzoﬁ/
BzO BzO BzO

TCA, DBU
CH,Cly, 1t

60"/

NMe2 pyridine, rt
67 %

CCI3

Scheme29: Synthesis of cellobiose donds from commercially availabl®-cellobiose.

[.3.7 Synthesis of fluorinated trisaccharides 3, 5 and 6

Trisaccharides/0 - 72 were synthesized from the respective disaccharide acceptors either comprisihg a 6
benzylether18or 20) or an orthogonal ®-TBS group 19). Glycosylations were conducted in dry §Hb under
Schmidtconditiong’® ¥77using TMSOTf as promotor (see Schen3g).

F OBn
TMSOT,
BzO O HO O CH,Cly, 0 °C BzO
BzO + BnO BzO Bn
Bz05_ _cal, BnO 5 _oBn e B20 BnO & _0Bn
o
31 NH 18 BnO Bn 70 BnO 8
BnO |
(0] No BnO
i ebz Ot ~cbz
OBz OTBS
TMSOT,
BzO O + HO O CH,Cl, 0 °C BzO
BzO BnO 93 % BzO Bn
Bz05_ _cal, BnO 5 _oBn ’ B20 BnO & _0Bn
o
32 NH 19 B
no Bn R=0TBS (1) BnO Bn
BnO O\("YN PTSOH gg o BnO 4. N
~Cb MeOH, CH,Cl, ? N
5 R = OH (73) \% Cbz
DAST, 2,4,6-collidine
75 %
CH,Cl,, 80°C, 100 W
; —R=F(74)
OBz OBn TMSOT,
BZBOO o + |_B|OO O CH,Cly, 0 °C BZBOO %
VA n VA
87 % BnO
Bz205_ _coa, B0 F B20 BnO
32 NH 20 ° 72
BnO — I|3n BnO Bn
n T
(0] No BnO
g evz Ot ~cbz

Scheme30: Synthesis of fully protected trisaccharide strucui@ 74 and72

Glycosylation productg0 - 72 were obtained in high yields (77 %0}, 93% (71) and 87 % 12)) and exclusively
as the -anomers due to neighbouring group participation ofQHgz ester protecting group at the C-2 position.

The resulting productg0, 72 (and 74) were carefully characterized by 1BH( 13C, %) NMR and 2D NMR
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experiments (COSY, HSQC, HMBGH-*C-coupled HSQC) to confirm the correct regio- and stereochemical
connectivity of all glycosidic linkages (for selected date Table 1). Trisaccharid@ comprising a fluorine
substituent at the C-6"position of the bridginglucose moiety was providday acidic removal of the TBS
protecting grouff” (73) and subsequent microwave assi&ttd? late-stage fluorination. To the best of our
knowledge, comparable example$ late-stage approaeh for incorporation of fluorine into preassembled

oligosaccharide structures are scarcely reported in the literature and ageelmited to disaccharide motité’:
249

H - S
4 H H™
e} o \
ﬁﬁ/o H,
(R H“.Uc H N e s
o &
4 0 HA-\;QH,H
A
Mg
Jen
Coupling Constant 6" F-Tri (70) 6°F-Tri (74) 6F-Tri (72
3\]H1,H2 [HZ] bS( .-Gal) bs (-Gal) m (-Gal)
3.5Hz (.-Glc) 3.5Hz ( .-Glc) 3.5Hz (.-Glc)
m ( -Glc) 8.0Hz ( -Glc) 8.1Hz ( -Glc)
Ye1mi[HZ] 171Hz ( .-Gal) 172Hz ( .-Gal) 171Hz ( .-Gal)
171Hz ( .-Glc) 171Hz ( .-Glc) 171Hz ( .-Glc)
165Hz ( -Glc) 164Hz ( -Glc) 166Hz ( -Glc)

Table 1: Coupling constants of fluorinated trisaca®s70, 72 and74 proving the demanded anomeric connectivity.

With all fluorinated trisaccharide derivative&) 72, 74) at hand, global deprotection was conducted in a two-step
procedure in accordance to literature-known protocols (see ScBBH¥ 382 Thus, saponification of benzoyl
esters with sodium methanolate in MeOH/THF and subsequent hydrogenolysis gégetest ensemble of
fluorinated trisaccharide® 5 and6 in very good yields (8% - 92 %) after RP-column chromatography.
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1) NaOMe, THF/MeOH, rt
2) Hp Pd(OH),/C,
CH,Clp t-BuOH, HO, rt

F OH
0
HSO/éS/SO 0
HO
0

BnO o ~OBn 89 % over 2 steps HO O _OH
(o]
70 BnO Fim 3 HO
BnO HO
Oy vN. Oy L NH
\(")’5 Cb \% 2
OBz E OH E
o 1) NaOMe, THF/MeOH, rt o
BZBOO o 0 2) Hy, Pd/C, ACOH, THF HSO o o}
z B0 BnO MeOH, H,0, rt _ Ho HO
BnO O _OBn 90 % over 2 steps HO o _OH
O o)
74 BnO B 5 HO
BnO OH
Oy LN Oy NH
™ cbz e
OBz OH
OBn 1) NaOMe, THF/MeOH, rt OH
BzO ° o o) 2) Hy, Pd/C, ACOH, THF HO O o o
Bz0 520 BnO MeOH, H,0, rt HO 5 HO
BnOg5 F 92 % over 2 steps HO G F
72 o 6 o
BnO Bn HO
BnO ! HO
Oy wN. Oy yNH
\("); Cbz \H/s 2

Scheme31l: Global deprotection of fluorinated trisacchari@e$ andé.

In summary, a synthetic approach towards an ensemble of C-6-fluoriniatextharides corresponding to the
smallest glycan structure containing a protective epitope against ST 8 has beadedprbivis approach furnished
sufficient amounts (22t34 mg) of the targeted compoun@s § and6) for future preparation of fully synthetic
vaccine candidates as for instance described in cHap&6ynthesis of fully synthetic vaccine candidates against

ST § and/or subsequent antibody binding analysis using a glycan-specifachpal antibdy.
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1.3.8 Synthesis of tetrasaccharides 4 and 7 to 10

Tetrasaccharide&4, 15, 17 and 75 were assembled und&chmidtconditions$™® 377 using either fluorinated
cellobiose donors2g, 27) or the native cellobiose don@5 in combination with the respective disaccharide
acceptord 8- 20 (see Schemg?2).

o ] 0Bz 0Bn
O o)
HO BzO o)
BnO 26, TMSO;rf, B0 ng%/o 0
BnO & _oBn CH,Cl,, 0°C g BzO 5,0 BnO
o 87 % BnO 5 _oBn
BnO (0]
Bn
18 BnOo l\ll 14 BnO Bn
X >cbz BnoS
5 “Cbz
OBn OBz F
o o 27, TMSOT, o OBn
H CHyCly, 0°C — 1t BzO o)
Bno — > B0 Bo0 o 2
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o BnO O _OBn
BnO (o]
Bn
| BnO
18 Bnoo\(\j’N\Cb 15 Bno Fim
z Oy N
5 *é/); “~Cbz
1) 25, TMSOTf, CH,Cl,
OTBS 220°C - 1t OBz OBz -
2) p-TsOH, MeOH, Ie)
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o BnO 5 _oBn
BnO Bn DAST, 246-colldine |, R=0OH (75) BnO 0
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5 \H’s “Cbz
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BnOg5 F CH,Cly, 0°C — 1t BzO 820 BnO
BnO F
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Scheme32: Synthesis of fluorinated tetrasacchasidid - 17.

All glycosylation reactions were conducted in @#.Cl,» using TMSOTf as promotor. Addition of 1.5 eq. of the
respective donorb - 27) provided the fully protected tetrasacchariddsl5, 17 in high yields and purity after
standard flash chromatography. On the other hand, tetrasaccharide présuvasrobtained in 65 % yield over
two synthetic steps after cleavage of thes’@-silyl ether under acidic conditiod%. Subsequent DAST-

mediated®* 3%5|ate-stage fluorination of tetrasaccharittefurnished the fluorinated derivativié in 75 % yield.

Fluorinated tetrasacchariddg - 17 were carefully characterized by 1D NMRH( 3C, 1F) and 2D NMR
experiments (COSY, HSQC, HMBGH-*C-coupled HSQC) to confirm the correct regio- and stereochemical

connectivity of all glycosidic linkages (for selected data please see Tjable 2
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|.3 Results and Discussion

H =
o)
CH

N
H
W

Sn

e n
H4~?:IH,H
0 ‘H
A

)

»

e

6" 'F-Tetra (14)

6" 'F-Tetra (15)

6 F-Tetra (16)

6F-Tetra (17)

el g _al

3.7 Hz (.-Glc)
8.0 Hz ( -Glc)
7.9 Hz (-Glc)
Jerm[Hz] 169 Hz (-Gal)
170 Hz (-Glc)
165 Hz (-Glc)

161 Hz ( -Glc)

m (.-Gal)
3.7 Hz (.-Glc)
7.8 Hz (-Glc)

7.9 Hz (-Glc)

170 Hz (.-Gal)
169 Hz (.-Glc)
164 Hz (-Glc)

162 Hz ( -Glc)

m (.-Gal)
3.6 Hz (.-Glc)
8.1 Hz (-Glc)

m ( -Glc)

170 Hz (.-Gal)
172 Hz (-Glc)
162 Hz (-Glc)

160 Hz ( -Glc)

m (.-Gal)
3.7 Hz (.-Glc)
m ( -Glc)

7.9 Hz (-Glc)

170 Hz (.-Gal)
168 Hz (.-Glc)
163 Hz (-Glc)

163 Hz ( -Glc)

Table 2: Coupling constants of fluorinated tetrasaddbat4 - 17proving the demanded anomeric connectivity.

Global deprotection was conducted in a two-step procedure based on literature-koimealgH* 382In a first

approach, the benzoyl esters of compouhdere cleaved by treatment with sodium methanolate in MeOH/THF,

followed by hydrogenolysis in a mixture 6H.Cl,, t-BuOH and HO using Pd(OH)C as described bgchumann

et al'®* This protocol furnished the non-fluorinated tetrasacchatidlén good yield of 69 %. However, an

alternative debenzylation protocol employing hydrogenolysis of the fluorisataidgous in a mixture of THF,

MeOH, HO and AcOH using Pd/C as catalyst was found supp&fdsnder these conditions the fluorinated

tetrasaccharides4,( 7 -9) were obtained in high yield (85 % - 94 %) after reversed-phase flash column

chromatography and subsequent lyophilization (see ScB8mne
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Scheme33: Global deprotection of tetrasaccharide analogu@&s 10.

In summary, various novel C-6-fluorinated tetrasaccharidies9) corresponding to a reduced congener of the
ST 8 CPS repetitive unit were providéd addition, the non-fluorinated tetrasacchar@ewas prepared by the
approach presented herein and in addition its previous synthesis repdehtlinyann et af* All target structures
(4,7 - 10) were isolated in &5 - 36 mg scale. This in turn should allow future conjugation reactionseosuiitable
immunogenic carrier (e.@ synthetic KRN7000 derivative as described chdped Synthesis of fully synthetic

vaccine candidates against S)If8r providing a selection of synthetic conjugate vaccine candidates against ST8.
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|.3 Results and Discussion

1.3.9 Synthesis of fully synthetic vaccine candidates againSiT 8

After successfully providing access to a library of synthetic glycotopes 8f && targeted the assembly of first
fully synthetic vaccine candidates. In collaboration w&bbastian Neidigwho kindly provideda suitably
functionalized KRN 7000 derivativ&€§), we anticipated the assembly of two component vaccine candidates using
copper-free strain promoted azide alkyne cycloaddition (SPAACY ®This approach has recently been pursued

in the group Dr. Andreas Baumanrto provide a synthetic vaccine candidate agdiai&hmania Donovart®

Scaffold76 comprises a-GalCer moiety (see Scherfig, depicted in red) to serve ag helper-like epitopél”

126 In addition, a self-immolative Vale-Citrulline dipeptide linker (see Scher34 depicted in blue) was
introducedt* It is assumed that this Cathepsin B cleavable linker provides sufficient plasitiy stebnsureco-
delivery of both components (T helper-like epitope and B cell epitope)iatsame APE3* 286. 383-38Cleavage

of this linker by lysosomal proteases in turn facilitates intracellular release and aptegamtatiord®* A
triethylene glycol spacer attached to Muerminus further provides the necessary azide functionality for SPAAC
mediated conjugation (Scheré depicted in green).

Self-immolative peptide linker

OYNHZ

HN

L
H H H
N N~ O o
o Wy
g °
i 76

HO_O ©

0 Ao~ -
HO H’;‘ OH CogHar Azide functionalised spacer
HO, i3

ONCMHZQ

\ on |

T helper-like epitope (a-GalCer)

Schemes4: T helper-like epitop@6 comprising a self-immolative peptide linké&r.

By opting for this SPAAC based approach, we anticipated a clean additive free lgsskthk final vaccine
construct which then should facilitate purification and provide contaminantefyepigates for subsequent
immunological testing®* It is worth notng that triazole linkages possess the risk of eliciting immune response
targeted against this modificatiét.However, the use of click chemistry in recent glycolipid vaccine candidates
underlines the potential of this approagéh3> 286, 386

For the assembly of our glycolipid conjugates, we chose a first selectigntbésc B cell epitopes synthesized
in the course of this project. Henagnfluorinated tetrasaccharide congengg)(was included to serve as a
reference in latter vaccination studies. Further, two fluorinated B cell epBapedt comprising a terminal C-6-
fluorinated glucose moiety were selected. Including these fluorinated eimtiiesir selection would provide the
first representatives of fluorinated ST8 vaccine candidates. Consequently, syntteltieBtopes3, 4, 10 were
reacted with commercially available bicyclo[6.1.0]nonyr&CK)-NHS ester in DMF in the presence of
triethylamine as a bad&" 25 286These conditions afforded the desi@@N-functionalized derivative37 - 79

after lyophilization and precipitation from 1 (see Schemg5).
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OH OH oH
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Schemes5: Cycloalkyne functionalization of synthetic B ceflitopes3, 4 and10.

The obtained BCN carbamatég - 79 were utilized in the subsequent SPAAC reaction to assemble the fully
synthetic vaccine candidaté4 - 13 (see Schem6). Accordingly, the EEN-equipped B cell epitopes? - 79

were dissolved in DMSO and added to a DMSO solution of the KRN derivigitié 285 28%After agitating these
mixtures for four days at room temperature, the reaction was deemed coamuletiee crude products were

lyophilized and thoroughly washed with water to furnish lipo-polysacchaddgigated 1 - 13.

H
NH, XN NH,
L T i @
o, N

HN O HN HN \
H 3 N=N
\\~f,, }-\}_o 1 0 NT(*\/ N
—NH g
H o]
HN‘\<— 77-79 N{ »j\
° 76 °

DMSO, rt
(76 - 82%*)

H
0o N
2, 8o %

o HN HO, HO HN” HO
Ho{ o % ;—CyH o I
é/a et HoS o/~ T
Ho~>7 HOO OH 0

OH
OH
Fo oH o o oH on o . or; oH
Ho’é o] - Sg_;‘ \_O [¢] é@,o [¢]
R= HO= fo R= HOT=S Ho ﬁoéﬂo R= MO8 Ho o Soéﬁ
OHo oH OHo _oH HO g oH
o
Ho Hog&‘ " Hoéﬁ\
I OHON OH OHY. N
Y OHN\J;’ 5
5 5
1 (76%") 12 (78%) 13 (82%")

Scheme6: Assembly of fully synthetic lipo-polysaccharide gae candidate$l - 13 (* preliminaryyield after washing with watgr

Characterization of these lipo-polysaccharide conjugeted3 by 1D- NMR experiments'd, 3C, *°F) and 2D-
NMR (HSQC, HMBC, COSY) revealed characteristic signals for each vaccine centgery. anomeric signals

belonging to the glycotope, anomeric sigofl.-GalCer group, amide protons of the pejatiihker) providing
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|.3 Results and Discussion

evidence for the desired identity of conjugatds 13. In addition,'®F-NMR analysis of conjugatekl and12
revealed distinct fluorine signals &{DMSO-a) = £232 ppm further supporting the presence of the fluorinated

B cell epitopes in our vaccine candidatdsand12.36°

Unfortunately, all three spectra of the lipo-polysaccharide conjugates showgdnatidignals belonging to an
aromatic small-molecular impurity. To effectively remove this impurity, gtpofugate 11 comprising tle
fluorinated trisaccharide epitope was chosen as a test system for additional puriftegitn a first approach,

we opted forRP-HPLC purification using MeOH/HD/TFA for elution, as described bdnderson et alfor
purification of a related lipopolysaccharide peptide vac&ifignfortunately, this protocol was found inapplicable
due to poor sample solubility and extensive smearing. We therefore dgutecipitation strategy to remove the
aromatic impurity from samplel. Dissolvingllin MeOH (poorly soluble) and subsequently precipitating it from
cold EtO effectively removed the aromatic impurity. This additional precipitation succesgfailided the pure
sample of vaccine candidatd, although the precipitation appeared to be incomplete resulting in significantly
diminished yield. With regards to, the amphiphilic character and poor solutfilihese compounds hampering
available purification procedures, we are currently heading towards improvingptiséseols Future strategies

in this direction, could include for instance the use of less hydbipistationary phases in RP-HPLC purification
(e.g. C-4RP-HPLC column$*) to diminish sample smearing. This may eventually provide a more efficient
purification protocol for vaccine candidate2and13 and thus give access to a variety of pure synthetic vaccines
candidates again§&. pneumonia8T 8.
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|.4 Conclusion and outlook

Severe diseases caused by bacterial pathogens are still a major threat to humamchibatbraerging spread of
multiresistant germs emphasize the need for effective preventing therapies. Inyesgsntsynthetic subunit
vaccines came to the fore, holding the promise of effectively addressing ita¢iding of current glycoconjugate
vaccine formulation$* In addition, synthetic approaches can offer new perspectives in terrapitope

derivatisation to improve immune potency and bioavailability.

Polysaccharides are attractive target structures in vaccine development anddratbespecific antibodies are
generally hold accountable for mediating immune protection against encapsuleihbiactiee last decades, great
efforts have been dedicated towards the identification of minimal protective glycetmisgtsuand the development

of chemical approaches for their synthestmnever, sufficientn vivo stability and intrinsic immunogenicity are
important requirements for application of such synthetic glycotopes inetmoehccine candidatedere
incorporation of fluorinds an attractive concept for stabilising crucial recognition elements and enhareing th

immunogenicity of otherwise poor immunogef 245 246

Synthesis of fluorinated S. pneumoniae serotype 8 glycotope mimetics

S. pneumoniaés a gram-positive bacterium which populates the upper respiratory tract of siumeasive
diseases caused by this pathogen inchrtumoniasepsisandmeningitis The risk of acquiring such invasive
pneumococcal diseases (IPD) is especially high in regions with poor health dssawuthfor infants under the age

of five. S. pneumoniaean be categorized in more than 90 serotypes and it is assumed that rabatl gemotypes
induce serious disease in humdai¥s?5° Serotype 8 is a highly virulent serotype that has been reported in
connection with IPD in adult patients and broad resistance against common antifidtfd¢és absence from
commercially available conjugate vaccines could further facilitate the replacement of othereseogt@T 8. In

a recent study glycotopdsand2 were identified as promising glycan structures for the development of synthetic
vaccine candidates against ST 8 (see Scl8n€* However weak glycotope immunogenicity seems ta key

challengeen routeto synthetic vaccine candidates.

OH OH OH OH oH
HOé& 0 HOé& 0
O o (e}
HO HO O
HO HO
HO Ho HO Ho HO
OH HO

Scheme37: Glycotopes 0. pneumonia8T 8.

Within this project, synthetic approaches towards fluorinated tri- and tetrasacchanielicsnof glycotopeg and

2 were developed. Hypothesizing that the C-6-position of the terminal glucose nhaielst eepresent one of the
most exposed positions in these glycotopes lead to the inclusion of the termiriabfld glycotopes in our
envisioned selectiorB(and4, see Schema8). Given that positioning of the fluorine substituent has previously
been reported to influence the immunological properties of such antigeatios, we further enlarged our

selection of glycotope mimetics to provide an ensemble of C-6-fluoritdtexhd tetrasaccharide analogu@s (
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position, NFM-modulated linker glycosylation and subsequent regioselective ethierifiohthe C-3-position
(see SchemdQ). Here, the impaired reactivity of thioglycosid8 during linker glycosylation appeared as a
bottleneckof this synthetic route.

OH

HO 0 5 steps Ph/%&/ 2steps PAY0 o  CF
e
Ho o > 8o -~ STol > B0 A
n

HO BnO O° “NPh

L A L R A

6F 6F

Schemetl: Synthesis of glucose donor building blo@gand30 from D-glucose in five or seven synthetic steps respectively.

Glucosyl donor building block9 and30, both comprisinga 4,6-O-benzyliden protecting group to support 1,2-
cis selectivity and to facilitate subsequent regioselective protection of BigpGsition were obtained over five
and seven synthetic steps according to literature-known protocols (sraedd). Subsequently, these building
blocks were employed for the assembly of disaccharide acc&pto?@) via 1,2is selective [1+1]-glycosylation

of galactosyl accepto3 and 24 (see Schemé2).

Ph—X-O

’ 1,2-cis 0 0 HO o)

HO R o Glycosylation BnO BnO BnO Bno
BnO 5 29 or 30 O _R! 1 or 2 steps o _R'
n >

BnO ! &O
(0] N
\(\/)/5 \CbZ BnO Eno ?n
n
(0] N O
“Cb: “Cbz

e o AANCE I v I

1R'=0Bn (21) !
®o & RIZF@) R1 = OBn, K2 = OB (18) R R zomn
R'=0Bn(23) R'=F (24) m n(

= 0Bn, R? = OTBS (19)

Schemet2: Assembly of disaccharide acceptor building blot&s 20 (* not isolated in pure form).

Here, glycosylation of accept@3 with thioglycoside dona29 or PTFA donoB0 selectively furnished the desired
.-linked product in high yield. However, in terms of the overall numbeymthgtic steps, thioglycosid29 was
identified as superior choice. Reductive benzylidene opening, or acidialysid and subsequent regioselective
protection of the B -position provided acceptor building blockBand19, respectively. Accordingly, fluorinated
acceptor0 was synthesizedia glycosylation of24 with 29 and subsequent regioselective benzylidene opening.
For the assembly of fluorinated cellobiose donors, monomeric buildind®8 and31 for were synthesized

from previously described glucose derivati&in six and eleven steps, respectively (see Sch8ne

OAc oTBS OH
AcO O 6 steps HO (o) 2 steps BzO (o]
AcO OAc —> Bz0 o —> BzO o
AcO B20 N\ B20 T\
45 ’ 28 54

F 6F ’ E

Microwave-assisted
fluorination BzO (] o 2 steps BZO/&‘
BZOé S’ BzO
\/\ BzO,

BzO

55 31

Schemet3: Synthesis of glucose accepdand fluorinated glucose don8t.
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Towards31, DAST-mediated fluorination of primary alcohbl was of particular interest. Compared to the
existing protool®®® from Lin et al which suffers from extensive side-product formation, the here described
microwave assisted fluorination approach provided a high yielding accessctseaylderivativeb5. The non
fluorinated glucogl donor32 was provided in three synthetic stefssbenzoylation and selective deprotection of
the anomeric centre.

oTBS R
BzO . G\ycosy\atlon BzO o/ﬂ/
220 Bzo BzO 520 BZO O
Z BzO
CCI3
1 ‘ §R1=F(s1) 5
R'= 0Bz (32) NH 28 = OBz (64) |
‘ 6F ‘ e
R"=F (31)
2 steps BZO/%/ 2 steps BZO&/
—» BzO O\/\ —» BzO
CCl,
H R'=F,R?= OBz (26) \ﬂ/
R1 F,R?=0Bz (62) :
i R'= 0Bz, R? = F (66) : H = 0Bz, R? = F (27)

Schemet4: Assembly of fluorinated cellobiose building blo@&and27 over five synthetic steps from glugdslonors31 or 32 and acceptor
28.

Fluorinated cellobiose building blocR$ and27 were assembled from the previously described monosaccharide
building blocks31 or 32 and glucogl acceptor28 in five synthetic steps, starting withti@ns-selective [1+1]
glycosylationreaction 61, 64; see Schemé4). In particular cellobiose derivativés, which comprigsa fluorine
substituent on the C-6-position, was obtainidthe already mentionedansselective [1+1] glycosylatior6d),
followed by C-6 deprotection and subsequent microwave assisted disacdhamiohation. In addition, native
cellobiose donoR5 was synthesized frord-cellobiose in a three-step protocol according to the synthesis of
glucose donoB2.

OH
3 steps HO O (o]
OBn HO (6]
N oH HO
HO 0} OHg5 R2
BnO
BnO (0]

O _R!

HO%
O I HO O NH
Bno&‘ Bn R'=F, R2=0H (3) ™
BnO i R'=0OH,R?=F (6)
O VN
\9' Cbz R
5
3 steps 3 R4 OH
T_—_—> . HO ° 0
=0Bn (18) HO (0] o (0]
R1 HO HO

=F (20) Ho HO

HO O _Rs
g:‘o
HO
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R3=F, R* = OH, R® =OH (4) OWNHZ

3

R®=OH, R*=0OH, R®=F (9)

R%=OH, R*=F, R®=0H (7)

Schemet5: Synthesis of fluorinated glycotopd, 4, 6, 7, 9.
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Fluorinated tri- and tetrasaccharid&s4, 6, 7 and 9 were obtained from [2+1]- and [2+8fans glycosylation
reactions of disaccharide accepttBsor 20 and the respective mon®1( 32) or disaccharide donor§ - 27)
followed by global deprotection (see Schetbg In contrast, derivativesand8 comprising a fluorine substituent
at the bridging .-glucose moiety were obtained over five synthetic steps incluaify1]- and [2+2]trans
glycosylation, a DAST-mediated late-stage fluorination anglobal deprotection step (see SchedA&. In

addition, non-fluorinated tetrasacchariti®was obtained after global deprotection of intermediate

OTBS

HO O 2 steps BzO 2 sleps &/
BnO > BzO Bn
BnO O _OBn BzO

BnO 5 _oBn OHG5 oH
Bno% Bn Late-stage R=0H(73) BnO B
n
BnO H fluorination R=F(74) BnOO ’\'l
“Cbz \ \H “Cbz

Zsteps
BZO HO
520 820 - Bn/éﬁ OH

BnO 5 _oBn OHo OH

et R =OH (75)

Late-stage

fluorinat Bnoéﬁ R=F (8

uorination R=F (16) o ?n (8) NH
(0] R = OH (10) 2

‘H’N‘ct:z
5

Schemet6: Synthesis of compounds 8 and10 in four synthetic steps from disaccharide precutSor

In summary, a selection of seven fluorinated glycotope mimetics related tepttiive unit ofS. pneumoniae
serotype 8 were successfully synthesized in the course of this project. Teg#tmem-fluorinated glycotopd0,

all of these entities are now available in sufficient amountsx3®mg) for further assembly of full synthetic
vaccine candidatesiifle infrg. In addition, these compounds should represent useful tools for evaltiaing
influence of fluorination onto binding of a glycan-specific monoclaaatibody** (e.g. via SPR or glycan
microarray) and thus foster the identification of the most promising fluodgyeotope mimetics for the design

of efficient vaccine candidaté®

Assembly of fully synthetic vaccine candidates

In a continuative collaboration witebastian Neidighree candidates from these synthetic glycotopes were used
to assemble first synthetic vaccine conjugates. Thereby;@alCer derivative comprising a self4nolative
dipeptide linker equipped with an azide functionality were used in the assenfhly ©yinthetic conjugatesgia
SPAAC.

Os_NH,
0

HNI -
ﬁ REPG Sl
J\ACZSHM

1 12 13
\/Y\C H R= R= R=
147129 3 4 10

Schemet7: Fully synthetic vaccine candidate$ - 13.
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Accordingly, three vaccine candidates either comprising the terminal fluorinated glycofidpd®)(or the non-
fluorinated congenerl@, see Schemd7) were obtainedHowever, all conjugates showed a small molecular
contaminant after precipitation from water, which could be successfully renfomadconjugatell by an
additional precipitatin step Since this approaclwvas unfortunately hampered by incomplete precipitation,

improved protocols are currently developed for purification of theaneing conjugate vaccine candidat®sand
13
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1.5 Experimental data

Synthesis of fluorinate8. pneumonia&erotype 8 glycotopes

and assembly of synthetic vaccine candidates
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Methods and reagents:

If not otherwise noted, all reactions were magnetically stirred and conducted huiie@rylassware. Moisture

sensitive eactions were performed in an argon atmosphere using standard Schlengueshfurther, solvents

for moisture sensitive reactions (Diethyl ether, Dichloromethane, Acetonitrile, Tetoéilmah) were dried

according to standard procedures and distilled prior to use or purchaseécros OrganicsDV 3H[WUD GU\’
reagents stored over molecular sieve and under inert gas atmosphiE¥BirGethylformamide (DMF)).
Commercially available reagents were purchased f8igma-Aldrichor TCI-Chemicalsand were used without

further purification. Analytical thin-layer chromatography (TLC) was used famitaring of reactions. TLC was
performed on pre-coated silica gel 60 F254 aluminium platesrck KGaA Darmstadt) and visualized by
exposure to ultraviolet light (UV, 254 nm) and/or staining with either a 1:1 reixtil M H,SQOy in EtOH and

3 % 4-methoxyphenol solution in EtOH (Carbohydrates) or Seebach reagent (Ceogphgmolybdic acid (5.0

g) concentrated sulfuric acid (16 ml), water (200 ml) and CeriungiN¥)hate (2.0 g)). If not otherwise stated,
purification of substances was achieved by standard column chromatogragiica (3570 P SDUWLFOH VL]H

from Acros organics.

NMR spectroscopy:

Proton nuclear magnetic resonantid-lNMR) were recorded in deuterated solvents (GDCD.Cl,, DMSO-ds)

on a Bruker Avance Ill HD 400 MHzpectrometer equipped with a CyroPrBhea Varian VXR 400 S
spectrometer, Bruker AMX600spectrometer or Bruker Avance Ill HD 800 MHgpectrometer equipped with a

Cyro Probé" &KHPLFDO 6KLIWV / VFDOH ZHUH UHSRDWIHELU DY ISPOQ WM VS HUR
with residual protic solvents as internal reference. For indication of multiplicities theiiojj@bbreviations were

used: s (singlet), bs (broad singlet), d (doublet), t (triplet), @rfgt), p (pentet), m (multiplet) as well as
combinations thereof. Carbon nuclear magnetic resonance spéd@NMR) were recorded on the
aforementioned spectrometers with 100 MHz, I686] DQ G 0+] DQG FKHPLFDO VKLIWV [ ZH
ppm referenced to the central carbon signal of the solvents. Buerfassignment of tHél and**C-NMR signals,

2D-NMR experiments (COSY, HSQC, HMBC) were used. If necessary, anomerigwatibn of carbohydrate

building blocks were proved by using proton coupled HSQC experimentdéfinm of proton and carbon atoms

used herein does not necessarily correspond to the IUPAC and are thersdestiribed in the respective section.

If necessary:H and*C spectra were processedviestreNovausing the Auto Phase Correction and Auto Baseline

Correction function.

High-resolution mass spectrometry (HRMS) and Matrix-assisted laser desorptioionization-time of flight
mass spectrometry (MALDI-TOF)

High resolution (HR-ESI) mass spectra were recorded ®heamo Finnigan LTQ FBpectrometer either in
positive or negative ionization mode. MALDI-TOF spectra were recordedBonker Daltonics Autoflex itime
of flight spectrometer equipped with &-NDV H U using Bither GAzo-2-thiothymin (ATT) or Super-
DHB (SDHB) as matrix.

High performance liquid chromatography (HPLC):
Analytical RP-HPLC was conducted alASCOsystem (PU-2080 Plus, LG-2082-S, DG208053 and MD-
2010 Plus) omPhenomenex Lunaolumn (C18,5 P mmx46PP ODWHU UHukaUUKBG WIRGDM QW
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of water (A)/acetonitrile (B) containing 0.1 % TFA with a flow-rate of 1 ml/min wasdugs eluent. Exact
compositions of gradients are given in brackets at the respective section.

Optical rotation:

Optical rotations were measured on a Perkin-Elmer polarimeter 241 at the Sodiinen(589 nm) at the given

temperature in °C. Concentration c is given in g/100 ml in the solvent statedketbr@@HC}).

Synthesis of monosaccharide building blocks

Synthesis of galactosyl acceptor 23

PentaO-acetyl-.-dD-galactopyranoside3g)3®’

Aco»/aa{/i‘jj“oAC AcO ~OAc

Aco4 d ?”OAC Acogé

OAc AO5Ac

To a magnetically stirred solution bfgalactose (20.0 g, 111 mmol, 1.0 eq.) in pyridine (150 ml), aaetigdride
(104 ml, 1.11 mmol, 10 eq.) and 4-DMAP (1.23 g, 1.10 mmol, 0.1 wgs added. The reaction was stirred for
17 h at room temperature. The solution was concentrated under reduced predsioeecaude residue was poured
into ice-cooled water. The mixture was stirred for 6 h at ambient temperaturedfited the precipitate was
washed thoroughly with water and dried overnight. Subsequently, the crudigcprvas dissolved in CElI
(300 ml) and washed sat. ag. NaH{Q@00 ml), 1M HCI (200 ml) and brine (150 ml) and dried with MgSO

Solvents were removed under reduced pressure to &8(#D.4 g, 103 mmol, 93 %) as colourless solid.

Rr = 0.43 fHex/EtOAc = 1:1)

IH-NMR (400 MHz, CDC}  [Jppm] =6.37 (d,JH1,H2= 1.8 Hz, 1H, H-1), 5.50 5.47 (m, 1H, H-4), 5.33 5.31
(m, 2H, H-2, H-3), 4.37 4.29 (m, 1H, H-5), 4.13 4.03 (m, 2H, H-6a, H-6b), 2.15 (s, 3H, OAc), 2.14 @, 3
OACc), 2.03 (s, 3H, OAc), 2.01 (s, 3H, OAc), 1.99 (s, 3H, OAc).

13C-NMR (100 MHz, CDC4  [ppm]=170.5, 170.3, 170.2, 170.0, 169.0 (5 x C=0), 89-9Y(®8.9 (C-5), 67.6
(C-4), 67.5 (C-2/C-3), 66.6 (C-2/C-3), 61.4 (C-6), 220.8 (2C), 20.7 (2C, 5 x OAc).

HRMS (ESFI): Calculated for @&H26NO11" [M+NH4]*: 408.1500; found: 408.1504.

4-Methylphenyl-2,3,4,6-tetr@-acetyl-1-thio- -D-galactopyranosides@)°?

6a/b
5 0O S
AcO Y \@\ AcO OAC
4 2
AcO” 5 “OAc Acogg/sw
OAc AcO

To an ice-cooled solution &3 (20.0 g, 51.2 mmol, 1.0 ecahdp-thiocresol (9.55 g, 76.9 mmol, 1.5 eq.) in dry
CH.CI; (125 ml), BROE® (13.2 ml, 104 mmol, 2.0 eq.) was added slowly. The reaction mixture waswaom

ambient temperature and stirred @t h, before being neutralized by careful addition of solid NaklGbe
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organic layer was washed with sat. ag. NaHQ®®O0 ml) and brine (100 ml) and dried with MgS@rganic
solvents were removed under reduced pressure and the crude productifieh lpucolumn chromatography
(‘Hex/EtOacv/v = 2:1) to afford thioglycosidd4 (18.6 g, 40.9 mmol, 80 %) as a colourless solid.

Rr = 0.46 (Hex/EtOAc = 1:1).

IH-NMR (400 MHz, CDCt  [ppm] =7.431 7.37 (m, 2H, Ar-H), 7.12 (dlcn,cr = 7.9 Hz, 2H, Ar-H), 5.40 (dd,
Jnans = 3.4 Hz,Jnans= 1.2 Hz, 1H, H-4), 5.22 (fH2,H1 = JHz,H3 = 10.0 Hz, 1H, H-2), 5.03 (ddys.Hz2 = 10.0 Hz,

Jusha = 3.4 Hz, 1H, H-3), 4.64 (dH1,H2= 9.9 Hz, 1H, H-1), 4.18 (ddHeaHeb= 11.3 Hz JHeaHs= 6.9 Hz, 1H, H-
6a), 4.10 (ddJHeb,Hea= 11.3 Hz JHeb,Hs = 6.3 Hz, 1H, H-6b), 3.91 (tdlHs,Hea= JHs,Heb = 6.6 Hz,JHsHa = 1.1 Hz,

1H, H-5), 2.34 (s, 3H, AEHs), 2.11 (s, 3H, OAc), 2.09 (s, 3H, OAc), 2.04 (s, 3H, OAMS (s, 3H, OAc).

13C-NMR (100 MHz, CDCt  fppm] = 170.5, 170.3, 170.2, 169.6 (4 x C=0), 13838.2 (2C), 129.8 (2C),
128.8 (6 x C-Ar), 87.1 (C-1), 74.5 (C-5), 72.2 (C&],4 (2C, C-2, C-4), 61.7 (C-6), 21.3 (8Hs), 21.0 (OAC),
20.8 (2C, 2 x OAc), 20.7 (OAC).

HRMS (ESI*): Calculated for @€Hzso0NOeS* [M+NH4]*: 472.1636; found: 472.1638.

4-Methylphenyl-4,60-benzylidene-1-thio-D-galactopyranoside3g)?°°

Ph
5 0. 1,8 o

0 o

Kj\& r “on Ho%/sm
To a magnetically stirred mixture 8% (5.58 g, 12.3 mmol, 1.0 eq.) in methanol (50 ml), catalytic amafras
freshly prepared NaOMe/MeOH solution were added. The reaction was stirred fat Himbient temperature,
before being neutralized by additionAberlité® IR 12Q filtered and concentrated under reduced pressure. The
thus obtained tetrol was dissolved in dry DMF (40 ml) and BADA (2.41 miQ ménol, 1.3 eq.) and
camphorsulfonic acid (610 mg, 2.63 mmol, 0.2 eq.) were addedreHotion was stirred for 20 h at ambient
temperature, before being neutralized by addition ok EMI) and concentrated to dryness. The crude product
was subjected to column chromatograptyek/EtOAcv/v = : WR BA(ERB & 9.96 mmol, 8%

over two steps) as a colorless solid.

Rr = 0.48 (EtOAC).

IH-NMR (400 MHz, CDCt  Jppm] = 7.61-7.54 (m, 2H, Ar-H), 7.43-7.31 (m, 5H, Ar-H)14-7.08 (m, 2H,
Ar-H), 5.50 (s, 1H, CH-Ar), 4.46 (dp1,H2 = 9.1 Hz, 1H, H-1), 4.38 (ddneareb= 12.4 Hz Jveans= 1.6 Hz, 1H,
H-6a), 4.21 (ddJHanz = 3.5 Hz,Jnaws = 1.7 Hz, 1H, H-4), 4.03 (ddueb,Hea= 2.5 Hz, JHeb,Hs = 1.8 Hz, 1H, H-6b),
3.77-3.64 (m, 1H, H-3), 3.63 (tdwz,H1 = JHzHs = 9.1 Hz,Jn2,0n = 1.7 Hz, 1H, H-2), 3.54 (m, 1H, H-5), 2.54
2.47 (m, 2H, 2 x OH), 2.36 (s, 3H, AHs).
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BC-NMR (100 MHz, CDCt  Jppm] = 138.7, 137.8, 134.5, 129.9, 129.5, 128.8,127 x C-Ar), 101.6 (CH-
Ar), 87.2 (C-1), 75.5 (C-4), 73.9 (C-3), 70.2 (C-63.5 (C-6), 68.9 (C-2), 21.4 (AeHs). Due to signal overlap

15 out of 20 carbon atoms were assigned ifi@espectrum.
HRMS (ESI*): Calculated for @H26NOsS* [M+NH4]*: 392.1526; found: 392.1527.

Further analytical data see referefte.

4-Methylphenyl-2,3di-O-benzyl-4,60-benzylidene-1-thio-D-galactopyranoside36)?%®

Ph
O“’”s 0.1S %)O
g\/;%n:o;@\ Bno%r%/STol

To a magnetically stirred solution 856 (3.60 g, 9.61 mmol, 1.0 eq.) in dry DMF (50 ml), sodiuydride (60%
dispersion in mineral oil, 0.96 g, 24.0 mmol, 2.5 eq.) was added atTth&Geaction mixture was stirred for 0.5 h,
before benzyl bromide (2.85 ml, 24.0 mmol, 2.5 eq.) was added depiie reaction was slowly warmed to
ambient temperature and stirred for 17 h. Subsequently the reaction wasidtgmareful addition of O (2 ml)
and concentrated under reduced pressure. The crude product wasrs@iMedl, (150 ml) and washed with,B
(25 ml) and brine (15 ml) and dried with Mg&@rganic solvents were removed under reduced pressure and the

crude product was crystallized from EtOH to aff@&i(4.41 g, 7.95 mmol, 83 %) as a colourless solid.

Rf =0.73 (Hex/EtOAc = 1:1).

IH-NMR (400 MHz, CDC$  [ppm] = 7.651 7.27 (m, 17H, Ar-H), 7.01 (dcp,cn= 7.9 Hz, 2H, Ar-H), 5.49 (s,
1H, CH-Ar), 4.75-4.68 (m, 4H, 4 x G, 4.58 (d,Jn1,H2= 9.5 Hz, 1H, H-1), 4.38 (ddneaHeb= 12.3 Hz JHea H5

= 1.7 Hz, 1H, H-6a), 4.15 (dua,H3 = 3.4 Hz, 1H, H-4), 3.99 (ddnebHea= 12.3 Hz,JnebHs = 1.7 Hz, 1H, H-6b),

3.85 (t,JH2,H1 = JH2H3 = 9.3 Hz, 1H, H-2), 3.63 (ddns,H2 = 9.2 Hz,JHs,Ha = 3.4 Hz, 1H, H-3), 3.41 (s, 1H, H-5),
2.31 (s, 3H, ArcHs).

3C-NMR (100 MHz, CDCt  [ppm] = 138.7, 138.2, 138.0, 137.8, 133.6, 12928,.2, 128.7, 128.5 (2C), 128.3
(2C), 128.0,127.9, 127.8, 126.8 (16 x C-Ar), 10CHI{Ar), 86.7 (C-1), 81.6 (C-3), 75.6 (Gh}, 75.4 (C-2) 73.8
(C-4), 72.0 (CHn), 69.9 (C5), 69.6 (C-6), 21.3 (AsHs). Due to signal overlap 26 out of 34 carbon atoms were

assigned in th&*C spectrum.
HRMS (ESI*): Calculated for @HssNOsS* [M+NH4]*: 572.2465; found: 572.2468.

For further analytical data see referent@s®°
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N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl-2d8-O-benzyl-4,60-benzylidene--D-galactopyranoside3g)

?n %O
6a/b
5.0.1.0q  N.
o) g ebz 0
4 2 BnO Bn
(0) 7 "OBn BnO [
‘ O, N
OBn ¥ cbz

Diethyl ether directed glycosylation

Thioglycoside donoB6 (1.00 g, 1.80 mmol, 1.0 eq.) aB@®° 302(766mg, 2.34 mmol, 1.3 eq.) were combined
and co-evaporated with toluene (2&ml) and dried under high vacuum for 1 h. Subsequently, the starting
materials were dissolved in a mixture o$@tCH,Cl, (v/v = 3:1, 60 ml) and freshly activated 4 A MS was added.
The mixture was stirred for 1 h at ambient temperature and cooled@6C before NIS (511 mg, 2.34 mmol,
1.3eq) and TMSOTf (4141, 2.34 mmol, 1.2q) was added. After TLC monitoring indicated complete
conversion of galactosyl don86, the reaction was neutralized by addition of NEt5 ml) and filtered throuy

pad ofHyflo® The organic layer was washed with sat. ags (2 x 25 ml), sat. ag. NaHC&(25 ml) and brine

(15 ml) and dried with MgS® Organic solvents were removed under reduced pressure and the crudewasidue
subjected to column flash chromatograptye/EtOAcv/v = : W R B8I(LBOUTE, 0.20 mmol, 11 %)
DQG WKH FRUahbheB8& Q1300Q,J..31 mmol, 73 %) as colourless oils.

NFM-modulated glycosylation
In accordance ttngle et al*°®

Donor 36 (2.00 g, 3.60 mmol, 1.0 eq.) was co-evaporated with toluen@5E8 and dried 1 h under high
vacuum, before being dissolved in dry £Hb (50 ml). N-formyl morpholine (5.78 mL, 57.6 mmol, 16 eq.; stored
17 h over freshly activated 4 A MS prior to use) and freshly activated 4 A MSaddesl and the resulting mixture
was stirred for 1 h at room temperatukélodosuccinimide (1.21 g, 5.40 mmol, 1.5 eq.) was added and the
reaction mixture was cooled 20 °C. Subsequently, TMSOTf (976, 5.40 mmol, 1.5 eq.) was added dropwise
over 10 min and the reaction mixture was allowed to warmld °C. Upon complete conversion of the starting
material to the RM-imidinium adduct, amino pentanol-link&87%°% 302(2.12 g, 6.49 mmol, 1.8 eq.; co-evaporated
with toluene and dried under high vacuum prior to use) dissolved i@tdiCl, was added slowly over 0.5 h. The
reaction mixture was stirred atl0°C until TLC monitoring indicated complete conversion of the imidinium
adduct. The reaction was stopped by addition o &Emnl), diluted with CHCI,, filtered through a pad ¢fyflo®

and washed with sat. aq. 8303 (2 x 25ml) and brine (15 ml). The combined organic layers were dried with
MgSQO, and concentrated under reduced pressure. The crude product was subjecdnto flash
chromatography®ex/EtOAcv/v = : WR BBIPRYE 2.89 mmol,80 DQG WKH FRUUHVSRQG

anomer38 (261 mg, 0.34 mmol, 9 %) as colourless oils.

.-Anomer (398):

Ri=0.43(°‘Hex/EtOAcv/v = 3:1)
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Optical Rotation: > =%=+ 60.8 ° (c = 0.33; CHG)

IH-NMR (800 MHz, CDC4, .- D Q R P Hpm] # 7.54 £7.52 (m, 2H, Ar-H), 7.40 (dlcrcn = 7.5 Hz, 2H, Ar-
H), 7.38 £7.23 (m, 20H, Ar-H), 7.17 (dlcrcn = 7.4 Hz, 1H, Ar-H), 5.47 (s, 1H, CH-Ar), 5.18 (@c1= 25.5
Hz, 2H, CHy), 4.88 +4.84 (m, 2H, H-1, Chh), 4.81 (dJoncn = 12.1 Hz, 1H, Cly), 4.73 (d Jercn = 12.2 Hz,
1H, CHen), 4.66 +4.62 (m, 1H, Ch), 4.52 +4.46 (m, 2H, NCHy), 4.21 +4.15 (m, 2H, H-6a, H-4), 4.05 (dd,
Jhzma= 9.2 Hz,Jrz s = 3.6 Hz, 1H, H-2), 4.02:3.95 (m, 2H, H-3, H-6b), 3.643.52 (M, 2H, H-5, Chier), 3.44
+3.35 (M, 1H, Clrnker), 3.30 £3.17 (M, 2H, 2 CHyinker), 1.66 +1.47 (M, 4H, 4 CHuinker), 1.35 +1.21 (m, 2H,
2 % CHuinker).

13C-NMR (200 MHz, CDC#, .- D Q R P H[ppbm] £ 156.9/156.3 (C=0-Cbz), 139.0, 138.9, 138.0 (2%3.0/
136.9 (5 x Cq), 129.0, 128.7, 128.6 (2C), 128.8.22128.1, 128.0 (2C), 127.7, 127.6, 127.5, 12124,3, 126.5
(15 x C-Ar), 101.2 (CH-Ar), 98.3 (C-1), 76.3 (C-35.8 (C-2), 74.9 (C-4), 73.7 (G}, 72.2 (CHr), 69.6 (C-6),
68.3 (CHinker), 67.3 (CHby), 62.7 (C-5), 50.6/50.3 (KHan), 47.3/46.3 (Cldnker), 29.3 (CHlinker),, 28.1/27.7
(CHLinker), 23.6 (CHlinker). Due to signal overlap 37 out of 47 carbon atoms were assignesl'fiCthpectrum.

1H-13C-coupled HSQC(CDCH): Ju1.c1= 169 Hz
HRMS (ESI): Calculated for GHsiOsNNa* [M+Na]*: 780.3507; found: 780.3493.

RP-HPLC (Luna,0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1 ml/mntgr = 14.72, =230 nm

-Anomer (38- ):
Rf=0.18 (“Hex/EtOAcv/v = 3:1)

IH-NMR (600 MHz, CDC4, - D Q R P Hpm] # 7.57 £7.54 (m, 2H, Ar-H), 7.40¢7.12 (m, 23H), 5.49 (s, 1H,
CH-Ar), 5.16 (d,Jencn = 17.7 Hz, 2H, Cidwy), 4.92 +4.73 (m, 4H, 4 CHay), 4.47 (d.Joncw = 16.5 Hz, 2H,
NCHen), 4.37 +4.31 (m, 1H, H-1), 4.28 (dheanen= 12.3 Hz, 1H, H-6a), 4.10 (Gyans = 3.7 Hz, 1H, H-4), 4.00
(dd, Jnep,Hea= 12.3HZ, Jneb,ns = 1.8 Hz, 1H, H-6b), 3.92%3.88 (m, 1H, Clinker), 3.82 (dd Jnz,n3 = 9.7 HZ,Jnz 1
= 7.8 Hz, 1H, H-2), 3.54 (ddyz 2= 9.7HZ, Juana = 3.7 Hz, 1H, H-3), 3.49:3.39 (M, 1H, Clincer), 3.28 (s, 1H,
H-5), 3.25+3.13 (M, 2H, 2 XCHuinker), 1.72 £1.46 (M, 4H, 4 xCHoinker), 1.41 £1.26 (M, 2H, 2 5CHinker).

13C-NMR (150 MHz, CDC}, -D QR P H [ppm]/= 156.8/156.3 (C=O-Cbz), 139.0, 138.6, 138.0 (2C)
137.0/136.9 (5 x Cq), 129.0, 128.6 (2C), 128.5,428C), 128.2, 128.0, 127.9, 127.8 (3C), 127.4,32126.6
(15 x Gy), 103.8 (C-1), 101.4 (CH-Ar), 79.3 (C-3), 78.6 (5-25.3 (Chbn), 74.1 (C-4), 72.1 (CH), 69.8/69.7
(CHuinker), 69.4 (C-6), 67.2 (Chhy), 66.5 (C-5), 50.7/50.3 (NG}, 47.3/46.3 (Clrhnker), 29.5 (CHinker), 28.1/27.7
(CHLinker), 23.5 (CHlinker)-

Due to signal overlap 37 out of 47 carbon atoms were assigned*iiCtpectrum.
IH-13C-coupled HSQC(CDCls): Ju1,c1= 159 Hz

HRMS (ESI): Calculated for GzHssOsN2" [M+NH4]*: 775.3953 found: 75.3962
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RP-HPLC (Luna 0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1 ml/mntgr = 14.60, =230 nm

N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl 2,3,6-@ibenzyl-.-D-galactopyranoside2@)

Bn HO _OBn

6a/b

|
: X N.
Bno” Ot M ebe 0
4 2 BnO Bn
HO” ™5~ “OBn BnO !
O N
OBn % cbz

Compound23was synthesized according to a modified procedtire.

To a magnetically stirred solution 88 (1.75 g, 2.31 mmol, 1.0 eq.) in dry &El> (20 ml), freshly activated 4 A
molecular sieve and triethylsilane (2.58 ml, 16.2 mmol, 7.0 eq.) was aduzdedction mixture was stirred h5
at room temperature, before being cooled##8 °C. Subsequently trifluoromethanesulfonic acid (1.23 ml,
13.9 mmol, 6.0 eq.) was added slowly and the reaction mixture was stirréd fo. After complete conversion
of the starting material was observed by TLC monitoring,sNBi{O ml) was added. The mixture was filtered
through a pad oHyflo® and concentrated under reduced pressure. The crude product was subjeciedn
chromatography*ex/EtOAcv/v = 4:1) to afford23 as well as silyl ethe23aas side-product. For cleavage of the
silyl ether compoun@3awas dissolved in MeOH/CJEl, (v/v = 1:1, 20 ml) and camphorsulfonic acid (500 mg)
was added. The reaction was stirred for 45 min at ambient temperature, neutradiddiiby of NEt and solvents
were removed under reduced pressure. The thus obtained product was dubjefitsh chromatography
(‘Hex/EtOAcv/v = 4:1). Products were combined to afford 1.47 g (1.93 mmol, 84 ¢glattosyl accept®3 as

colourless oil.

Rr = 0.42(‘Hex/EtOAcv/v = 2:1)
Optical rotation: > 5%+ 34.1° (c = 0.66; CHG)

IH-NMR (600 MHz, CDCt  [ppm] = 7.43+7.14 (m, 25H, Ar-H), 5.19 (dlcr.cn = 16.3 Hz, 2H, Cldhy), 4.83
+4.77 (m, 3H, H-1, CH), 4.72 (dJoncn = 11.5 Hz, 1H, Cigh ), 4.65 (dJencn = 12.2 Hz, 1H, Cih), 4.62 +
4.54 (m, 2H, Cldy), 4.50 (d JercH = 17.4 Hz, 2H, Cigh), 4.09 (s, 1H, H-4), 3.93 (bs, 1H, H-5), 3.98.85 (m,
2H, H-2, H-3), 3.74 (ddJusarenr= 10.0HZ, Jugars= 5.5 Hz, 1H, H-6a), 3.67 (ddyeb Hea= 10.0HZ, Jeps = 6.3
Hz, 1H, H-6b), 3.66+3.57 (M, 1H, Cllnker), 3.44 +3.33 (M, 1H, Clinker), 3.30-3.17 (M, 2H, Chhier), 1.69 +
1.48 (M, 4H, Clrnker), 1.40-1.22 (m, 2H, Chhker).

13C-NMR (150 MHz, CDC}  [ppm] = 156.8/156.3 (C=O-Cbz), 138.7, 138.4, 138.28.13137.0/136.9
(5 x Cq), 128.7, 128.6, 128.5 (2C), 128.0 (2C), 127.9 (32¥.8 (3C), 127.4 (2C), 127.3 (25 %5 97.5 (C-1),
77.8 (C-2/C-3), 76.0 (C-2/C-3), 73.7 (€8l 73.4 (CHy), 72.8 (CHy), 69.7 (C-6), 68.6 (C-5), 68.1 (2C, C-4,
CHunked, 67.3 (CHiby), 50.6/50.3 (NClh), 47.3/46.3 (Chined, 29.2 (CHinker), 28.1/27.7 (Clidnker), 23.6
(CHuinker)-

Due to signal overlap 37 out of 47 carbon atoms were assignediiCthpectrum.

IH-13C-coupled HSQC(CDCls): Ju1,c1= 168 Hz
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HRMS (ESFI): Calculated for GHs/N2Og" [M+NH4]*: 777.4109; found: 777.4098.

RP-HPLC (Luna 0.1 % TFA; 0 min 50 % B: 10 min 100 % B, flow: 1ml/min tr = 14.52 min, =230 nm.

Synthesis of fluorinated galactosyl acceptor 24
1,2:3,4Di-O-isopropylidene--D-galactopyranoside3@)3?3

Sdbu 0.0 o OH
HO/\}KP%,JL %g&‘
o 3 o} o
7° N
To a magnetically stirred mixture @f-galactose (5.00 g, 27.8 mmol, 1.0 eq.) and anhydrous £(&QL g,
69.5 mmol, 2.5 eq.) in acetone (150 ml), congS®; (1.0 ml) was added. The reaction was stirred for 18 h at
ambient temperature, filtered and neutralized by addition of (fEnl). Solvents were removed under reduced

pressure and the crude residue was subjected to column chromatogtéeEtOAcv/iv = 2:1) to afford39

(5.71 g, 22.0 mmol, 79 %) as a colourless oil.

Rf = 0.45(°Hex/EtOAcv/v = 1:1)

1H-NMR (400 MHz, CDCt  [ppm] = 5.56 (d,Jurz2 = 5.0 Hz, 1H, H-1), 4.61 (ddhspa= 7.9 HZ,Juz 2 = 2.4
Hz, 1H, H-3), 4.33 (ddJuzn1 = 5.0HZ, Juzns = 2.4 Hz, 1H, H-2), 4.27 (ddnans = 8.0 HZ,Juapns = 1.5 Hz, 1H,
H-4), 3.90 +3.81 (m, 2H, H-5, H-6a), 3.7&3.68 (M, 1H, H-6b), 1.52 (s, 3H, GH1.45 (s, 3H, Ch), 1.33 (s,
6H, 2 xCHa).

13C-NMR (100 MHz, CDCt  fppm] = 109.6 (Cq), 108.8 (Cq), 96.4 (C-1), 71.7 (C-4)97(C-3), 70.7 (C-2),
68.2 (C-5), 62.5 (C-6), 26.2 (GH26.1 (CH), 25.1 (CH), 24.4 (CH).

HRMS (ESI): Calculated for ©@H2106" [M+H]*: 261.1333; found: 261.1335.

1,2:3,4Di-O-isopropylidene-6-deoxy-6-fluoro-D-galactopyranosidet )28 324 325

ﬁa‘br) ) o) F
Yo e
o 3 S o] o
7° <
To a magnetically stirred solution of compoud@ (1.50 g, 5.76 mmol, 1.0 eq.) in dry &€&, (2.5 ml), 2,4,6-
collidine (1.53 ml, 11.5 mmol, 2.0 eq.) and DAST (9106.92 mmol, 1.2 eq.) were added at ambient temperature.
The reaction was heated under microwave irradiation (100W, 80 °C, 1hubseqsently poured into MeOH

(25 ml).* The organic solvents were removed under reduced pre$sarerude residue was dissolved in,CH
(100 ml) and washed with X HCI (25 ml) and brine (25 ml) and dried with Mg&S@olvents were removed
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under reduced pressure and the crude product was subjected to columatabraphy Hex/EtOAcv/v = 5:1)

to afford product0 (2.50 g, 9.53 mmol, 83 %) as slightly yellow oil.

* Reaction was conducted in a replicate and reaction mixtures were combined fousaqum®-up and

purification.

Rr = 0.69(*Hex/EtOAcv/v = 3:1)

IH-NMR (400 MHz, CDC}  [ppm] = 5.55 (d,Jun2 = 5.0 Hz, 1H, H-1), 4.66:4.55 (m, 2H, H-6a, H-3), 4.54
i4.45(m, 1H, H-Gb), 4.34 (ddHl,Hz =50 HZ,JHQ,Hg =25 HZ, 1H, H-2), 4.26 (dd]H4,H3 = 7.9HZ, JH4,H5 =20
Hz, 1H, H-4), 4.12+4.03 (m, 1H, H-5), 1.54 (s, 3H, GH1.44 (s, 3H, Ch), 1.33 (S, 6H, 2:CHs).

13C-NMR (100 MHz, CDC}  [ppm] = 109.8 (Cq), 108.9 (Cq), 96.3 (C-1), 82.2 Jekr= 168.0 Hz, C-6), 70.7
(C-2/C-3/C-4), 70.6 (C-2/C-3/C-4), 70.5 (C-2/C-3/C-4),6d, Jcsr = 22.6 Hz, C-5), 26.2 (Ci 26.0 (CH),
25.0 (CH), 24.5 (CH).

9F-NMR (377 MHz, CDC}  [ppm] = i 231.2 (dddJrnea= 47.7Hz, Jepien = 46.1 Hz Jr 16 = 13.3 Hz).

HRMS (ESI*): Calculated for @H230sNF* [M+NH4]*: 280.1555; found: 280.1556.

1,2,3,4-Tetrad-acetyl-6-deoxy-6-fluoro:/ -D-galactopyranoside4()?8 324

6a/b
5 O
F I~OAC Aco F
; %, o)
AcO” g~ "OAc AcogﬁL
OAc AcO ©OAc

A solution of compound0 (2.50 g 9.53 mmol, 1.0 eq.) in 80 % aqg. AcOH (100 ml) was stioret8 h at 100 °C.
Subsequently, solvents were removed under reduced pressure and theesidite was co-evaporated with
toluene (2 x 50 ml). The crude product was dissolved in pyridine (5@mal)acetic acid anhydride (9.01 ml,
95.3 mmol, 10 eq.) and 4-DMAP 1& mg, 0.95 mmol, 0.1 eq.) were added at ambient temperature. After the
reaction was deemed complete by TLC monitoring, solvents were removedreddced pressure and the residue
was co-evaporated with toluene (B&ml). The crude product was subjected to column chromatography
(‘Hex/EtOAcv/v = 1:1) to afford41 (3.27 g, 9.33 mmol, 98 % over two steps) as colourless oil.

Rf = 0.79(°*Hex/EtOAcv/v = 1:1)
.-Anomer:

H-NMR (400 MHz, CDC#, selected signals [fppm] = 6.39 (s, 1H, H-1), 5.55 (bs, 1H, H-4), 5.3%.31 (m,
1H, H-2), 4.69+4.27 (m, 3H, H-6a, H-6b, H-5).

BC-NMR (100 MHz, CDC4, selected signals [ppm] = 89.8 (C-1), 67.6(dlcsar= 5.4 Hz, C-4).
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-Anomer:

IH-NMR (400 MHz, CDC}  Jopm] = 5.72 (d,Ju1rz = 8.3 Hz, 1H, H-1) 5.48 (ddhians = 3.4 HZ,Jnapns = 1.2
Hz, 1H, H-4), 5.3845.31 (m, 1H, H-2), 5.09 (dds 2= 10.4 Hz Jus s = 3.4 Hz, 1H, H-3), 4.64.27 (m, 2H,
H-6a, H-6b), 4.15+4.05 (m, 1H, H-5), 2.2#1.80 (m, 12H, 4 OAC).

13C-NMR (100 MHz, CDC4, -anomer [ppm] = 92.2 (C-1), 80.8 (dlcsr = 171.9 Hz, C-6), 72.3 (dics s =
23.8 Hz, C-5), 70.9 (C-3), 66.9 (@4r= 5.1 Hz, C-4), 21.0 (OAc), 20.9 (OAc), 20.8(OAc), 20.7 (QAC)

Note: Due to signal overlapping, C-2 could not unambiguously be assigmedhe'3C spectrum.
F-NMR (377 MHz, CDCY  [ppm] = { 232.1 - 231.8 (m).

HRMS (ESI): Calculated for ©H1oFOsNa* [M+Na]*: 373.0906; found: 373.0904.

4-Methylphenyl-2,3,4-tri©-acetyl-6-deoxy-6-fluoro-1-thio/ -D-galactopyranosidet@)?*s: 28

Fﬁnbs OJwSTol aco F
Aco«}l‘jjz/oAC AcogoﬂL
OAc AcO STol

A magnetically stirred solution of 6-fluorinated galactosyl derivati’€3.20 g, 9.14 mmol, 1.0 eq.) in dry &Ei>
(120 ml) was addeg-thiocresol (1.70 g, 13.7 mmol, 1.5 eq.). The reaction was cool®°@ before boron
trifluoride diethyl etherate (2.32 ml, 18.3 mmol, 2.0 eq.) was added sldWwé/reaction was allowed to warm to
ambient temperature and was stirred for 17 h. Subsequently another pogithianfresol (560 mg, 4.51 mmol,
0.5 eq.) and BFOEL (0.55 ml, 4.51 mmol, 0.5 eq.) were added. The reaction was stirrddrfioer 8 h and
neutralized by addition of solid NaHGOThe reaction was diluted with GEl, (150 ml) and the organic layer
was washed with sat. ag. NaHE®0 ml) and brine (50 ml) and dried with Mg&Ohe crude product was
subjected to column chromatograpliéx/EtOAcv/v = 4:1) to afford the thioglycosidé? (2.10 g, 5.07 mmol,
55 %) as a colorless foam.

R =0.58 (.-anomer), 0.53 (anomer)°*Hex/EtOAc v/v = 2:1).

IH-NMR (400 MHz, CDC4, -Anomer): / [ppm] = 7.43 +7.38 (m, 2H, Ar-H), 7.17+7.09 (m, 2H, Ar-H), 5.45
(dd, Jnaps = 3.3Hz, Japs= 1.1 Hz, 1H, H-4), 5.23 (thzns = Jwzms = 10.0 Hz, 1H, H-2), 5.05 (ddlus iz =
10.0 Hz,dna s = 3.3 Hz, 1H, H-3), 4.67 (dluwnz = 9.9 Hz, 1H, H-1), 4.60:4.30 (m, 2H, H-6a, H-6b), 4.08
3.92 (m, 1H, H-5), 2.34 (s, 3H, ABH3), 2.11 (s, 3H, OAc), 2.10 (s, 3H, OAc), 1.97 (s, 3H, OAC).

BC-NMR (100 MHz, CDC#, -Anomer): /[ppm] = 170.3 (C=0), 170.2 (C=0), 169.6 (C=0), 13&f), 133.2
(2C), 129.9 (2C, 4 x C-Ar), 128.8 (Cq), 87.3 (C40,9 (d,Jcs.r= 172.3 Hz, C-6), 75.3 (dgsr = 23.1 Hz, C-5),
72.1(C-3), 67.4 (C-2), 67.3 (dear = 5.8 Hz, C-4), 21.3 (ABHs), 21.0 (OAC), 20.7 (2C, 2 x OAC).

1F-NMR (377 MHz, CDCY): /[ppm]= i 230.8 (td JrHea= JrHeb = 46.5HZ, Jr s = 12.0 Hz).

HRMS (ESI*): Calculated for G@H2/NFS" [M+NH4]*: 432.1487; found: 432.1482.
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4-Methylphenyl-20-benzyl-3:40-isopropylidene-6-deoxy-6-fluoro-1-thia- -D-galactopyranoside4@)
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Compound43 was synthesized according to previously reported proceéfirgs.

To a magnetically stirred solution 8@ (3.10 g, 7.48 mmol, 1.8q) in MeOH (150 ml) catalytic amounts of a
freshly prepared sodium methoxide solution (in MeOH) was added. The reatkture was stirred for 1 h at
ambient temperature, before being neutralized by additiémbierlité® IR12Q Subsequently the resin was filtered

off and organic solvents were removed under reduced pressure tbtafarrude triol.

This triol was subsequently dissolved in acetone (125 ml) and 2,2-dixgygihapane (9.0 ml, 73.4 mmol, %§)

and catalytic amounts @ TsOH were added. The reaction was stirred at ambient temperature until complete
conversion of the starting material was observed by TLC monitoring. Thigorea@s neutralized by addition of

NEt; (1.5 ml) and concentrated under reduced pressure. The crude residussebgd in CHCI, (100 ml)
washed with 1 HCI (50 ml), sat. ag. NaHG350 ml) and Brine and was dried with Mg§O

The crude intermediate was dissolved in dry DMF (50 ml) and cooled to 0%¢ lsfdium hydride (60 % in
mineral oil, 750 mg, 18.7 mmol, 2.5 eq.) was added in portionsr&8dwion mixture was warmed to ambient
temperature and stirred for 10 min at that temperature. Subsequently, benagel{fio60 ml, 13.5 mmol, 1.8 eq.)
was added and the reaction was stirred for another 1h, before sat. 4%]. 99hition (15 ml) was added. The
agueous mixture was concentrated under reduced pressure and the crudevasidissolved in CkCl, and
washed with water (20 ml) and brine (25 ml) and dried with MgS®e crude product was subjected to column

chromatography“ex/EtOAcv/v = 9:1) to affordd3 (2.35 g, 5.62 mmol, 75 % over three steps) as a yellow oil.

Rf=0.38 (.-anomer), 0.31 (anomer)“Hex/EtOAc v/v = 1:1).
-Anomer:

H-NMR (400 MHz, CDC}): / [ppm]=7.47 £7.41 (m, 4H, Ar-H), 7.39£7.33 (m, 2H, Ar-H), 7.32+7.28 (m,
1H, Ar-H), 7.11 (dJch,ch = 7.9 Hz, 2H, Ar-H), 4.81 (dlcch= 11.3 Hz, 1H, Clg,), 4.75 +4.65 (m, 2H, CHg,,
H-6a), 4.63+4.53 (m, 2H, H-1, H-6b), 4.30 @y3+2= Jnz Ha= 6.0 Hz, 1H, H-3), 4.20 (ddsnz = 5.8,Inans= 2.1
Hz, 1H, H-4), 4.01 (ddddxsr= 13.7 HzJns,Heam= 6.9 HZ,Jus Heaw= 4.6 HZ,JusHa = 2.1 Hz, 1H, H-5), 3.53
(dd, nzH1 = 9.2 Hz, Jnomz = 6.2 Hz, 1H, H-2), 2.33 (s, 3H, ABH3), 1.41 (s, 3H, Ch), 1.35 (s, 3H, CH.

13C-NMR (100 MHz, CDC4): / [ppm] = 137.9 (2C, 2 x Cq), 132.8 (2C), 129.8 (Cq), 122€)( 128.5 (2C),
128.4 (2C), 127.9 (9 x C-Ar), 110.6 (Cq), 86.7 (C83.3 (dJos.r= 170.1 Hz, C-6), 79.4 (C-3), 78.1 (C-2), 74.7
(d, Jes £= 22.0 Hz, C-5), 73.6 (Ch), 73.1 (dJcar= 6.5 Hz, C-4), 27.7 (CH), 26.4 (CH), 21.3 (ArCH).

19F-NMR (377 MHz, CDCY): / [ppm] = i 228.4 (dddJ nea= 47.7Hz I piep= 46.0Hz, Je 5= 13.5 Hz).
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.-Anomer:

IH-NMR (400 MHz, CDC#, selected signals)t [ppm] = 5.58 (d,Ju1n2 = 5.2 Hz, 1H, H-1), 4.40 (Ou3 2 = JH3 Ha
= 6.2 Hz, 1H, H-3), 3.95 (ddn2,n3 = 6.3 HZ,Jh211 = 5.2 Hz, 1H, H-2).

BC-NMR (100 MHz, CDC#, selected signals [opm] = 86.5 (C-1), 75.6 (C-2), 74.3 (C-3).
9F-NMR (377 MHz, CDC}  [ppm] = i 230.0 (td Jr Hea= Jr.Hep = 47.0 Hz Jr 15 = 13.8 Hz).
HRMS (ESI*): Calculated for @Hz10sNFS' [M+NH4]*: 436.1953; found: 436.1954

RP-HPLC (Luna,0.1 % TFA; 0 min 50 % B: 10 min 100 % B, flow: 1ml/min)z = 12.72 min, =230 nm

N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl@-benzyl-6-deoxy-6-fluoro-D-galactopyranosidetd)
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Compound44 was synthesized in accordance to literature known protétéots:

Donor43 (800 mg, 1.91 mmol, 1.0 eq.) was-evaporated with dry toluene (20 ml) and dried under high vacuum
for 1.5 h. Subsequently, starting material was dissolved in dpZZKR0 ml) and freshly activated 4 molecular
sieve and NFM (3.10 ml, 30.6 mmol, 16 eq.) were added. The heterogainduse was stirred for 1.5 h at
ambient temperature before being cooleditd0°C. After stirring 0.5 h at that temperature, NIS (646 mg,
2.87 mmol, 1.5 eq.) and TMSOTf (518 2.87 mmol, 1.5q) were added. The reaction was stirredd0 °C for

1 h before another portion of NIS (220 mg, 0.89 mmol, 0.5atd) TMSOTf (150 |, 0.83 mmol, 0.4 eq.) was
added. After pre-activation of thiodoné8was deemed complete, linkgr®°:3°2(1.13 g, 3.44 mmol, 1.8 eq_.; co-
evaporated with toluene and dried under high vacuum prior to uselveigsn dry CHCI, (5 ml) was added. The
reaction was stepwise warmed to 0 °C and subsequently to ambient temperattireeantbis3d before being
stopped by addition of NE(3 ml). The reaction mixture was diluted with &, and filtered through a short pad

of Hyflo®. The organic layer was washed with sat. ag@s (25 ml), 1M HCI (25 ml) and brine (25 ml) and
dried with MgSQ. Organic solvents were removed under reduced pressure and the crudewasigukjected to
flash column chromatograph§Hex/EtOAcv/v = 5:1). Product containing fractions were pooled and used in the
subsequent reaction. The thus obtained glycosylation product was dissdd@e#hiAcOH (50 ml) and stirred for

2 h at 80°C. After complete conversion of the starting material, the reaction wastcateckunder reduced
pressure and co-evaporated with toluene (2 x 50 ml). The crude residue wasdtbjeaiemn chromatography
(‘Hex/EtOAcviv = : WR DIIRU® (870 hy, GGBIL Bd@ol, 42 % over two steps) as a colourless

oil.

Rf=0.13(‘Hex/EtOAc v/v = 3:1).

Optical rotation: > &% +59.2° (c = 0.5; CHG)
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IH-NMR (400 MHz, CDCt  Jppm] = 7.38 +7.12 (m, 15H, Ar-H), 5.17 (dlcr.cn = 11.5 Hz, 2H, Chdhy), 4.83

(s, 1H, H-1), 4.65 (Jnsaren= 6.0 Hz, 1H, H-6a), 4.62 (s, 2H, @B}, 4.53 (d,Juepea= 6.4 Hz, 1H, H-6b), 4.49
(s, Jcncr = 8.5 Hz, 2H, NCHy), 4.01 (bs, 3H, H-3, H-4, H-5), 3.71 (dbos = 9.2 Hz,Jhzmn = 3.5 Hz, 1H, H-

2), 3.68 £3.5 (M, 1H, 1H, Cldnker), 3.38 £3.10 (M, 3H, 3 CHinker), 1.65 +1.42 (M, 4H, 4 CHyinker), 1.39 *

1.25 (M, 2H, 2 5CHuinker)-

13C-NMR (100 MHz, CDCt  [ppm] = 156.9/156.3 (C=0-Cbz), 138.0 (2C), 137.0/136.8 (¥, €28.8, 128.7,
128.3, 128.2, 128.1, 128.0, 127.4, 127.3 (8 x C-96)6 (C-1), 83.0 (dJcsr = 168.3 Hz, C-6), 76.7 (C-2), 72.8
(CHgn), 68.8 £68.3 (4C, C3, C4, C5, Ghiker), 67.3 (CHby), 50.6/50.3 (NCH,), 47.2/46.3 (Clnker), 29.3
(CHLinker), 28.0/27.6 (Cldnker), 23.6 (CHinker). Due to signal overlapping only 26 out of 33 carbon atoms were

assigned.

19F-NMR (377 MHz, CDC{  [ppm] = i 229.7 - 229.0 (m).

IH-13C-coupled HSQC CDCls): Ju1,c1= 171 Hz

HRMS (ESI): Calculated for @HasFN2O7* [M+NH4]*: 599.3127; found: 599.3126.

RP-HPLC (Luna,0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1ml/min}z = 10.32 min, =230 nm

N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl-2¢8-O-benzyl-6-deoxy-6-fluoro-D-galactopyranoside2d)
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Compound24 was synthesized according to a procedure describ&abgi et al33°

A magnetically stirred solution of compoudd (400 mg, 0.69 mmol, 1.6q) in dry toluene (25 ml), dibutyltin
oxide (177 mg, 0.71 mmol, 1€l}) was added and the reaction was stirred for 5 h at 85 °C. Subsequentlyl, Benzy
bromide (178 I, 1.50 mmol, 2.2 eq.) and TBAB (222 mg, 0.69 mmol, €q) were added and the reaction was
heated for another 6 h at 100 °C. After the reaction was deemed complete bpdli§is, solvents were removed
under reduced pressure and the crude residue was dissolvegdh (80 ml). The organic layer was washed with
water (25 ml), sat. ag. NaHG®olution (25 ml) and brine and dried with Mg&SGolvents were removed under
reduced pressure and the crude residue was subjected to flash column draphgittHex/EtOAcv/v = 1:

5:1) to afford24 (397 mg, 0.59 mmol, 86 %) as a colourless oil.

R =0.66(‘Hex/EtOAcv/v = 1:1)
Optical rotation: > 58 +41.7° (c = 1.0; CHGQ)

IH-NMR (600 MHz, CDC}  [ppm] = 7.40 £7.14 (m, 20H, Ar-H), 5.18 (dicti.c = 19.5 Hz, 2H, Cidsy), 4.83
+4.76 (M, 3H, H-1, 2 €Hgy), 4.69 (dJon.cn = 11.5 Hz, 1H, Chk), 4.65 +4.60 (m, 2H, H-6a, Ck}), 4.55 +4.46
(m, 3H, H-6b, NCl‘dn), 4.06 +3.95 (m, 2H, H-4, H-5), 3.9%3.85 (m, 1H, H-3), 3.81 (ddeng =97 HZ,JszHl
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= 3.6 Hz, 1H, H-2), 3.623.56 (M, 1H, Cldnker), 3.43 £3.33 (M, 1H, Clnker), 3.29 $3.16 (M, 2H, 2 CHoinker),
1.67 £1.49 (M, 4H, 4 CHiinker), 1.35 £1.24 (M, 2H, 2 CHuinker).

13C-NMR (150 MHz, CDCY) /[ppm] = 156.9/156.3 (C=0O-Cbz), 138.5, 138.2, 138.1/138.0, 11336.9
(4 x Cq), 128.7, 128.5, 128.1, 128.0, 128.0, 127.8 (BAr), 97.4 (C-1), 82.9 (dics s = 168.3 Hz, C-6), 77.4 (C-
3), 75.9 (C-2), 73.4 (Chf), 73.1 (CHyn), 68.4 £68.3 (2C, Clinker, C5,), 67.6 (d,Jcar = 6.6 Hz, C-4), 67.3
(CHebs), 50.6/50.3 (NClgh), 47.3/46.3 (Clnker), 29.2 (CHinker), 28.1/27.6 (Clinker), 23.6 (CHinker). Due to

signal overlapping only 26 out of 40 carbon atoms were assigned.

19F-NMR (377 MHz, CDCJ): /[ppm] = i 228.9 (dtdJr nea= 61.3 HZJr pia= 46.9 Hz Jr s = 14.8 Hz).
1H-13C-coupled HSQC €DCLy): Ju1.c1= 171 Hz

HRMS (ESI): Calculated for GeHsoFN2O7* [M+NH4]*: 689.3587; found: 689.3593.

RP-HPLC (Luna 0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1ml/min}z = 13.25 min, =230 nm

Synthesis of glucosyl donor building blocks 29 and 30
1,2,3,4,6-pent@-acetyl- -D-glucopyranoside4’)33®

A magnetically stirred mixture of sodium acetate (12.5 g, 152 mmol, 1.Inegcetic anhydride (150 ml) was
heated to 100 °C. Subsequentiyglucose (25.0 g, 138 mmol, 1.0 eq.) was added in portions. Afteplete
addition, the reaction was stirred for 2 h at 100 °C. Subsequently, thes@hasgoured over ice and stirred until
a colorless precipitate was formed. The precipitate was filtered off and washed thoneitlyhater (5 1) and

dried for 24 h under high vacuum. Compouyt{36.0 g, 92.3 mmol, 67 %) was obtained as a colourless solid.

R =0.49 (Hex/EtOAc = 1:1).

IH-NMR (400 MHz, CDCt  Jppm] = 5.71 (dJHiHz = 8.3 Hz, 1H, H-1), 5.25 (t,JpsHz= JuzHa = 9.4 Hz, 1H,
H-3), 5.17 £5.08 (m, 2H, H-2, H-4), 4.29 (ddsisaneb= 12.5 Hz Jneavs= 4.5 Hz, 1H, H-6a), 4.11 (ddyieb,Hea =
12.5 Hz,JHebHs = 2.2 Hz, 1H, H-6b), 3.84 (dddks,Ha= 10.0 Hz JnsHea= 4.5 Hz,JHs,Heb = 2.2 Hz, 1H, H-5), 2.11
(3H, OAc), 2.09 (3H, OAc), 2.03 (s, 6H, 2 x OAc), 2.01 &, BAC).

13C-NMR (100 MHz, CDCt  [ppm] = 170.8, 170.2, 169.5, 169.4, 169.1 (5 x C=@)84C-1), 72.9 (2C, C-5,
C-3), 70.4 (C2/C4), 67.9 (C2/C4), 61.6 (C-6), 21.0 (DRO.9 (OAC), 20.7 (OAC).

Due to signal overlap 14 out of 16 carbon atoms were assigned'iiCthpectrum.

HRMS (ESI*): Calculated for @H26011N* [M+NH4]*: 408.1500; found: 408.1503.
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For further analytical data see referefe.

4-Methylphenyl 2,3,4,6-tetr@-acetyl-1-thio- -D-glucopyranoside4)3*’
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To a magnetically stirred solution of compoudfl (10.0 g, 25.6 mmol, 1.0 eq.) in dry @&, (150 ml), p-
thiocresol (4.77 g, 38.4 mmol, 1.5 eq.) was added. The reaction wksl ¢o 0 °C before BFOE®L (3.48 ml,
28.2 mmol, 1.5 eq.) was added dropwise. After complete addition, the soka®allowed to warm to ambient
temperature and was stirred for 48 h. Subsequently, water was added carefully & the reaction was
neutralized by addition of solid NaHGO his mixture was diluted with Gi€l, (150 ml) and washed with sat. ag.
NaHCG; (2 x 75 ml) and brine (25 ml) and dried with Mg&Q'he organic solvents were removed under reduced
pressure and the crude product was subjected to column chromatogidpRAE{OAC v/v= 3:1) to afford

thioglycoside45 (9.45 g, 20.8 mmol, 81 %) as a colourless solid.

R =0.24 (Hex/EtOAc,v/v = 1:1).

IH-NMR (400 MHz, CDC}  [bpm] = 7.39 (d,Jch.ch = 8.2 Hz, 2H, Ar-H), 7.12 (dlch.cn = 7.9 Hz, 2H, Ar-H),
5.20 (t,dnsH2= JHzHa = 9.4 Hz, 1H, H-3), 5.02 (Gna,03 = JHaHs = 9.7 Hz, 1H, H-4), 4.93 (Jr2,+1= 9.9 HZ,JH2,H3
= 9.2 Hz, 1H, H-2), 4.63 (dlH1,H2 = 10.0 Hz, 1H, H-1), 4.25-4.12 (m, 2H, H-6a, H-6b), 33765 (m, 1H, H-5),
2.35 (s, 3H, Ar€Hs), 2.09 (3H, OAc), 2.08 (3H, OAc), 2.01 (3H, OAc), 1.98 (8\c).

BC-NMR (100 MHz, CDC}  [Jppm]=170.7, 170.3, 169.5, 169.4 (4 x C=0), 139.9, 13420,8, 127.7 (4 x
C-Ar), 86.0 (C-1), 75.9 (C-5), 74.2 (C-3), 70.1 (L@8.4 (C-4), 62.3 (C-6), 21.3 (ATHs), 20.9 (2C, 2 x OAc),
20.8 (OAc), 20.7 (OAc). Due to signal overlap 19 out of 21 cadioms were assigned in tHE€ spectrum.

HRMS (ESI*): Calculated for €&H3zoNOgS' [M+NH4]*: 472.1636, found: 472.1637.

For further analytical data see referefte®®?

4-Methylphenyl 4,60-benzylidene-1-thio-D-glucopyranoside47)2%+ 338
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To a magnetically stirred mixture of compou#@ (9.10 g, 20.0 mmol, 1.0 eq.) in MeOH (250 ml), catalytic
amounts of a freshly prepared sodium methoxide solution (in MeOH) wasl.a@ile reaction was stirred at
ambient temperature for 20 h and subsequently neutralized by addifiorbeflit¢® IR 120 The resin was filtered
off and the filtrate was concentrated under reduced pressure to afford deetemol intermediate. The thus
obtained tetrol was dissolved in dry DMF (40 ml) and BADA (3.60 ml, 28I, 1.3 eq.) and CSA (0.93 g,
4.00 mmol, 0.2 eq.) were added. The reaction was stirred for 24 hiranemperature, before being neutralized

by addition of NEf (2 ml). The organic solvents were removed under reduced pressuretutigeproduct was
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subjected to column chromatograpBgéx/EXOAc viv = : D11 R4Z B.2Dg] 18.4 mmol, 92 % over

two steps) as a colorless solid.

Rr = 0.40 (Hex/EtOAC = 1:1).

IH-NMR (400 MHz, CDC}  [ppm] = 7.54 7.32 (m, 7H, Ar-H), 7.15 (dlcncn = 7.9 Hz, 2H, Ar-H), 5.51 (s,
1H, CH-Ar), 4.56 (dJwimz = 9.7 Hz, 1H, H-1), 4.36 (ddhsarsp= 10.5 Hz,Jugars = 4.3 Hz, 1H, H-6a), 3.8&

3.72(m, 2H, H-3, H-6b), 3.5@3.46 (M, 2H, H-4, H-5), 3.42 (tdyz1 = Jnzrs= 9.7 Hz,Juzon = 2.3 Hz, 1H, H-

2), 2.96 (bs, 1H, OH), 2.80 (d, 1Bbu w2 = 2.3 Hz, OH), 2.36 (s, 3H, ABH,).

13C-NMR (100 MHz, CDC4  [ppm] = 139.0, 137.0, 133.8, 130.0, 129.4, 129.8,82127.4, 126.4 (9 x C-Ar),
102.0 (CH-Ar), 88.8 (C-1), 80.4 (C-4/5), 74.7 (C-B2,6 (C-2), 70.7 (C-4/5), 68.7 (C-6), 21.3 (BHx).

Due to signal overlap 17 out of 20 carbon atoms were assigned*fiCtpectrum.

HRMS (ESI*): Calculated for @H260sNS" [M+NH4]*: 392.1526; found: 392.1529.

4-Methylphenyl 2,3i-O-benzyl-4,60-benzylidene-1-thio-D-glucopyranoside9)33°

A magnetically stirred solution of7 (6.80 g, 18.2 mmol, 1.0 eq.) in DMF (150 ml) was cooled to @é&fore
sodium hydride (60 % dispersion in mineral oil, 1.82 g, 45.5 mmb&leQ.) was added slowly. The reaction
mixture was stirred for 30 min at 0 °C before benzyl bromide (5.40 ndl,MBol, 2.5 eq.) was added slowly. The
reaction was allowed to warm to ambient temperature and stirred for further 17 rcokfiglete conversion of
the starting material was observed by TLC monitoring, the reaction was stoppeftliion of HO (5 ml).
Subsequently all organic solvents were removed under reduced presstiie andle product was dissolved in
CHCI> (200 ml). The organic layer was washed witd©H2 x250 ml) and brine (250 ml) and dried with Mg&O
Organic volatiles were removed under reduced pressure and the crude residue was cryspaflizetdH,
yielding 29 (9.10 g, 16.4 mmol, 90 %) as a colorless solid.

Rr = 0.68 (Hex/EtOAc = 3:1).

IH-NMR (400 MHz, CDC}  Jppm] = 7.52+7.26 (m, 17H, Ar-H), 7.16-7.09 (m, 2H, Ar-H), 5.59 (&}, TH-
Ar), 4.95 (d,Joncn = 11.1 Hz, 1H, Clh), 4.89 (d,Jcr.cH = 10.3 Hz, 1H, Cih), 4.83 (d,Jencn = 10.3 Hz, 1H,
CHsn), 4.79 (dJcrcn= 11.1 Hz, 1H, Cigh), 4.71 (dJnirz = 9.8 Hz, 1H, H-1), 4.39 (ddwsareo= 10.5 HZ Juga s
= 5.0 Hz, 1H, H-6a), 3.88:3.76 (M, 2H, H-3, H-6b), 3.70 (@nans = Juaps = 9.4 Hz, 1H, H-4), 3.53:3.42 (m,
2H, H-2, H-5), 2.35 (s, 3H, AGHs).

13C-NMR (100 MHz, CDC4  [ppm] = 138.5, 138.3, 138.2, 137.4, 133.2, 129293, 129.1, 128.5 (2C), 128.4,
128.3 (2C), 128.0, 127.9, 126.1 (16 x C-Ar), 101.B{Ar), 88.7 (C-1), 83.2 (C-3), 81.6 (C-4), 80.6 (§;-26.0
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(CHgn), 75.5 (CHn), 70.4 (C-5), 68.9 (C-6), 21.3 (ATHs). Due to signal overlap 26 out of 34 carbon atoms were

assigned in th&C spectrum.

HRMS (ESI): Calculated for gHagNOsS' [M+NH4]*: 572.2468; found: 572.2470.

2,3Di-0-benzyl-4,60-benzylidene-/ -D-glucopyranoside4g)3*°

To a magnetically stirred solution 28 (600 mg, 1.08 mmol, 1.0 eq.) in acetone (18 ml), water (Zand)NBS

(732 mg, 4.11 mmol, 3.8 eq.) were added. The reaction was stirred &nartdmperature until complete
conversion of the starting material was observed. The solution was concentratedt (uattmoing) until turbidity
arose and subsequently sat. ace3¥@s (50 ml) was added. The agueous mixture was extracted with EtOAc (3 x
100ml) and the combined organic layers were washed with sat. aq. Ng#&®@I) and brine (10 ml) and dried
with MgSQ.. Solvents were removed under reduces pressure and the white solid residiubjgcted to column
chromatography “Hex/EtOAc v/v = 3:1), affording48 (400 mg, 0.89 mmol, 83 %) as an anomeric mixture
(/ =1:1.1).

Rf = 0.30 Hex/EtOAc = 3:1).
.-Anomer:

IH-NMR (400 MHz, CDC} VHOHF W H @pw]=I8EB @, MHCH-Ar), 5.19 (d Juspz = 3.7 Hz, 1H, H-1),
4.02 (t,\]H3,H2= \]H3,H4= 9.2 HZ, 1H, H-3), 3.693.60 (m, 1H, H-4), 3.60 (dde,ng 8.4 HZ,JH2,H1= 3.1 HZ, 1H,
H-2).

13C-NMR (100 MHz, CDC§ V H O H F W H (ppni].J 1D DI(TH-AY), 92.3 (C-1), 82.1 (C-4), 79@&+D), 78.5
(C-3).

-Anomer:

IH-NMR (400 MHz, CDC} V H O H F W H Gppvhl. 3 QEY@sy THOH-Ar), 3.42 (t,Jhzn1 = Jnzps = 7.3 Hz,
1H, H-2).

BC-NMR (100 MHz, CDC} V HO HF W H @pw]< DDO(EH-Ar), 97.9 (C-1), 83.1 (C-2).
HRMS (ESI*): Calculated for @H3,NOs* [M+NH4]*: 466.2224, found: 466.2223.

Further analytical data see referefte.
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2,3-Di-O-benzyl-4,60-benzyliden-/ -D-glucopyranosyN-(phenyl) trifluoroacetimidate3Q)

N
g \© PR-Y0\ g
O&Wo CFsy
BnO T

BnO
NPh

Compound30was synthesized according to a modified proceéfire.

To a magnetically stirred solution @8 (0.50 g, 1.11 mmol, 1.0 eq.) in dry @B, (25 ml), 2,2,2-trifluoroN-
phenylacetimidoy! chloride4@) (1.15 g, 5.55 mmol, 5.0 eq.) and caesium carbonate (1.093yn8nol, 3.0 eq.)
were added. The reaction mixture was stirred until complete conversion of the steatérgl was indicated by
TLC monitoring. The heterogenous mixture was filtered through a sligropHyflo® and solvents were removed
under reduced pressure. The crude product was subjected to column chraptgtHex/EtOAc v/iv= 1:0
+1% NEt : °Hex/EtOAcviv=6:1 + 1 % NEJ) affording 30 (599 mg, 0.97 mmol, 87 %) as a mixture of

anomers.

Rr=0.74, 0.83Hex/EtOAC = 3:1 + 1 % NE}.

!H-NMR (400 MHz, CDC} FKD UD FW H U LpW]i=F.55+3.@60r®, ZH, HAr . ), 7.44 +7.26 (m, 15H,
H-Ar 4+ ), 7.16 £7.09 (m, 1H, HAr . ), 6.86 +6.74 (m, 2H, HAr . ), 5.63 £5.57 (m, 1HCH-Ar . ), 5.00 +4.74
(M, 4H, 4 xCHa,), 4.36 (dd Jnsarer= 10.4 HzJneans= 4.9 Hz, 1H, Hea ), 4.12 (tdnsrz = Jnspa = 9.3 Hz, 1H,
H-3), 4.03 (bs, 1H, H-5, 3.87 +3.68 (M, 4H, Heb.+ , H-2+ , H-4 . , H-3).

13C-NMR (100 MHz, CDC4, cK DU D FW H U L V \ljnf] =6101.6 [CEAS ), 101.4 (CHAr ), 78.3 (C-3),
75.7 (CHin ), 75.5 (Chbn ), 75.2 (CHn ), 74.0(CHn ), 68.8 (C-6), 68.6 (C-6), 65.2 (C-5).

HRMS (ESI*): Calculated for gH3aNOgFs [M+H] *: 620.2254; found:620.2264.

For further analytical data see refereffte.

Synthesis of fluorinated glucose donor 31
Allyl 2,3,4,6-tetra©-acetyl-./ -D-glucopyranoside50)

8
5 0,0
N OAc

2 7 9isitrans
7 OAc AcO o0
AcO \/\\

OAc AcO

Compounds0 was synthesized according to slightly modified protog%lst

To a magnetically stirred solution 45 (6.50 g, 16.7 mmol, 1.0 eq.) in dry &, (125 ml), freshly activated 3
molecular sieve and allylic alcohol (2.28 ml, 33.4 mmol, 2.0 eq.) were atldedeaction mixture was stirred for
0.5 h at ambient temperature, before being chilled to 0 °C. Subsequently, T.#3H(, 16.7 mmol, 1.0 eq.) was
added dropwise. The reaction was stirred for 2 h at 0 °C, neutralized by adéiiNét; (10 ml), filtered through
a pad ofHyflo® and concentrated to dryness. The brown residue was dissolved in pytidihel) and acetic

anhydride 10 ml) and catalytic amounts of 4-DMAP were added. The brown solution was stir2zd & ambient
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temperature. Solvents were removed under reduced pressure and the crugewasidiissolved in Ci€l,
(200 ml). The organic layer was washed with sat. ag. NaH€®ml) and brine (30 ml) and dried over MgSO
The crude product was subjected to column chromatograiigx/EtOAc v/v = 3:1) affordings0 (4.24 g,

10.9 mmol, 65 %) as a mixture of anomers.

Rf=0.62 (.-Anomer); 0.57 (-Anomer) (Hex/EtOAc v/v = 1:1).
-Anomer:

'H-NMR (400 MHz, CDC#): /[ppm]=5.92 +5.79 (m, 1H, H-8), 5.27 (d@strans, Hs= 17.2HZ, Jnotrans, Hocis=

JHotrans,H7e= JHatrans,H7b= 1.7 Hz, 1H, H-8ang, 5.24 £5.17 (m, 2H, H-3, H-8), 5.09 (t,Jna,H3 = Jna,ns = 9.6 Hz, 1H,
H-4), 5.02 (ddJhz,nz = 9.6 HZ,Jhoi1 = 8.0 Hz, 1H, H-2), 4.55 (dy1,12 = 7.9 Hz, 1H, H-1), 4.3%4.30 (m, 1H,
H-7a), 4.26 (ddJueareb= 12.3 HZ Jueans= 4.8 Hz, 1H, H-6a), 4.1%4.06 (m, 2H, H-6b, H-7b), 3.68 (ddiks 14

= 9.9Hz, Juspea= 4.7HZ, Juswen = 2.5 Hz, 1H, H-5), 2.09 (s, 3H, OAc), 2.04 (s, 3H, OAd22s, 3H, -OAc),
2.00 (s, 3H, OAC).

13C-NMR (100 MHz, CDC#): / [ppm] = 170.8, 170.4, 169.5 (2C, 4 x C=0), 133.58)C117.8 (C-9), 99.7 (C-
1), 73.0 (C-3), 72.0 (C-5), 71.5 (C-2), 70.2 (C68,6 (C-4), 62.1 (C-6), 20.9, 20.8 (2C), 20.7 (DAC).

.-Anomer:

IH-NMR (400 MHz, CDC#, selected signals)! [ppm] = 5.45 (dd,Juz 2 = 10.3 HZ,Juzna = 9.3 Hz, 1H, H-3),
5.04 (d,\]Hl,sz 3.8 HZ, 1H, H-l), 4.83 (ddHZ,H3: 10.3HZ, Jszle 3.7 HZ, 1H, H-Z).

BC-NMR (100 MHz, CDC#,selected signals [ppm] = 95.0 (C-1), 70.9 (C-2), 70.3 (C-3).
HRMS (ESI"): Calculated for @&H2s010N* [M+NH4] *: 406.1708; 406.1710.

For further analytical data see referefie.

Allyl 4,6-O-benzyliden--D-glucopyranoside51)

6alb 8
o 5.0 O\/\

“k ? Z/ 7 9 cisitrans Ph/vo o
PR 0 T OH 25 o

OH HO N\
Compounds1 was synthesized according to previously reported protétors®

To a magnetically stirred solution 60 ( -anomer)(1.90 g, 3.09 mmol, 1.0 eq.) in MeOH, a sodium methoxide
solution (5M in MeOH, 100 I, 0.5 mmol, 0.1 eq.) was added at ambient temperature. The reaction was stirred
until complete conversion of starting material was observed. Subsequently the rgastiwutralized by addition

of Amberlité® IR 12Q After filtration, organic solvents were removed under reduced pressweerdde product

was obtained as a colorless solid which was used in the subsequent steps without further purificatio

The crude tetrol was dissolved in dry DMF (25 ml) and benzaldehyde dimetigl @c16 ml, 7.58nmol, 1.5 eq.)

was added in one portion. The reaction solution was adjusted to pH ¥ &d8dition of camphorsulfonic acid and
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stirred at 50 °C and 39 mbar for 3 h. After TLC monitoring indicatedpbete conversion of the starting material,
the reaction was neutralized by addition of NE#O ml) and concentrated to dryness under reduced pressure. The
crude product was subjected to column chromatografgx(EtOAc viv = : DIIRBIGLII @,

4.51 mmol, 92 % over two steps) as a colorless solid.

R = 0.39(°‘Hex/EtOAC viv = 1:2)

IH-NMR (400 MHz, CDCH  opm] = 7.55 +7.45 (m, 2H, H-Ar), 7.41+7.31 (m, 3H, H-Ar), 5.94 (dddd,
Jnig Hawrans= 17.0HZ, Jng Hocis = 10.3 HZ Jng H7o= 6.4 Hz, JngH7a= 5.3 Hz, 1H, H-8), 5.52 (s, 1H, Gkzyiden, 5.34
(dd, JHotrans, He= 17.2H2Z, Jnotrans,Hacis= JHotrans,H7a= JHotrans,H7b= 1.6 HZ, 1H, H-84n9, 5.24 (dqJngcis,Hs = 10.4 Hz,
Jhocis, Hotrans= JHacis,H7a= JHacis,H7b= 1.3 Hz, 1H, H-8), 4.44 (d,dn1,n2 = 7.7 Hz, 1H, H-1), 4.42¢4.30 (m, 2H, H-
6a, H-7a), 4.14 (ddzs7a= 12.5 Hz Jumbre= 6.4 Hz, Juzbrocis= Jurb, ovans 1.3 Hz, 1H, H-7b), 3.84:3.73 (m,
2H, H-3, H-6b), 3.59+3.48 (m, 2H, H-2, H-4), 3.4%3.40 (m,1H, H-5).

13C-NMR (100 MHz, CDC}  Jppm] = 137.1 (C-Ar), 133.6 (C-8), 129.4 (C-Ar), 128.5 (2GAD, 126.4 (2C,
C-Ar), 118.5 (C-9), 102.2 (C-1), 102.0 (CH-Ar), 84®-4), 74.6 (C-2), 73.2 (C-3), 70.8 (C-7), 68.84566.5
(C-5).

HRMS (ESI): Calculated for @&H210s" [M+H]*: 309.1333; found: 309.1334.

For further analytical data see referef€e.

Allyl 2,3-di-O-benzoyl-4,60-benzyliden- -D-glucopyranoside52)3¢6

6alb 8
o 5.0 O\/\

k 4. Z 7 9 cisftrans Ph/vo&/
PR YO N 0Bz 2 o

OBz Bz0 N\

To a magnetically stirred solution &L (4.71 g, 15.3 mmol, 1.0 eq.) dry &> (250 ml), pyridine (20 ml) and
benzoyl chloride (4.65 ml, 39.7 mmol, 2.6 mmol) were added. The gaagtis stirred at ambient temperature
until TLC monitoring indicated complete conversion of the starting materialr@adction was stopped by addition
of H20, and diluted with CECl, (50 ml). The organic layer was washed with sat. aq. NaH€®ml) and brine
(30 ml) and dried over MgSQOThe crude product was subjected to flash column chromatogrééy/EtOAC
v/v = 5:1) and further purified by crystallization from EtOH. This falhed52 (6.10 g, 11.8 mmol, 77 %) as a

colorless solid.

R = 0.83(°‘Hex/EtOAC v/v = 2:1).

IH-NMR (400 MHz, CDC4  Jopm] = 7.97 (m, 4H, H-Ar), 7.54+7.46 (m, 2H, H-Ar), 7.45:7.29 (m, 9H, H-
Ar), 5.85 +5.71 (m, 2H, H-8, H-3), 5.55 (s, 1H, CH-Ar) 5.51 (ddasz = 9.5 Hz, a1 = 7.8 Hz, 1H, H-2), 5.25
(da, Justrans, He8= 17.2HZ, Jnetrans Hocis= JHstrans,H7a= JHotrans,H7b= 1.6 Hz, 1H, H-8ang, 5.14 (dq.JHocis He = 10.4 Hz,
Jnocis,Hotrans= JHocis,H7a = JHacis,H7b = 1.4 Hz, 1H, H-8), 4.86 (d,Jn1i,n2 = 7.9 Hz, 1H, H-1), 4.44 (dduea,Hen =

75



I.5 Experimental data

10.5 HZ,JueaHs= 4.9 Hz, 1H, H-6a), 4.37 (ddly7an7o= 13.2HZ, Jn7ans= 4.9 HZ,Jn7a, Hocis= JH7a Hotrans 1.6 Hz,
1H, H-78), 4.14 (ddths sra= 13.2H2, Jurmss = 6.2HZ, dirsoce= Jororovancs 1.4 Hz, 1H, H-7h), 3.0%:3.86
(M, 2H, H-4, H-6b), 3.70 (m, 1H, H-5).

BC-NMR (100 MHz, CDCt  [ppm] = 165.8, 165.4 (2 x C=0), 136.9 (C-Ar), 133%#g), 133.3, 133.2, 130.0
(4C), 129.6, 129.5, 129.2, 128.5, 128.4, 128.3,3 2863 x C-Ar), 118.0 (C-9), 101.6 (CH-Ar), 100.6 {§5-79.0
(C-4), 72.6 (C-2), 72.3 (C-3), 70.5 (C-7), 68.8 (C45.8 (C-5). Due to signal overlap 26 out of 30 carbon atoms

were assigned in tHéC spectrum.

HRMS (ESI*): Calculated for ggH20sK* [M+K] *: 555.1416; found: 555.1420

Allyl 2,3-di-O-benzoyl- -D-glucopyranoside53)36¢

OH

HO O
Bzoéwo

BzO \/\

To a magnetically stirred solution 6 (1.70 g, 3.29 mmol, 1.0 eq.) in @El> (40 ml), HO (220 O DQG 7)%
(1.70 ml) were added. The reaction was stirred at ambient temperature until TL©frmgrndicated complete
conversion of the starting material. Organic solvents were removed undeedeulessure and the crude residue
was co-evaporated with toluene (2 x 20 ml). The crude product was subjected o asitomatography
(‘Hex/EtOAc viv = 1:1), affording3 (1.15 g, 2.68 mmol, 82 %) as a colorless foam.

Rr = 0.17 (*Hex/EtOAC viv = 1:1)

IH-NMR (400 MHz, CDC}  Jopm] = 7.99 +7.92 (m, 4H, Ar-H), 7.55¢7.48 (m, 2H, Ar-H), 7.42+7.32 (m,
4H, Ar-H), 5.78 (ddddJus Hotrans= 16.8 Hz Jugnocis = 10.7HZ, Jugnzo = 6.1HZ, Jugnza= 5.0 Hz, 1H, H-8), 5.48
5.38 (m, 2H, H-2, H-3), 5.23 (dQwotrans Hs= 17.2HZ, Jnetrans Hocis = JHotrans,H7a= JHotrans,H7b=1.6 Hz, 1H, H-8ang,

5.13 (dgJnocis He = 10.4 HZ Jnocis Hotrans= JHocis H7a= JHacis,H7b= 1.4 Hz, 1H, H-Qs), 4.78 (d Jn1n2= 7.5 Hz, 1H, H-
1), 4.34 (ddtJ7anm = 13.3HZ, Jizare= 5.0 HZ, Jw7anocs= Jrarovars 1.6 Hz, 1H, H-7a), 4.14 (ddiz 7=

13.2 Hz,du7b,H8= 6.1 HZ, Jn7p Hocis= JH7b,Horans= 1.5 Hz, 1H, H-7b), 4.05:3.86 (m, 3H, H-4, H-6a, H-6b), 3.62
3.52 (m, 1H, H-5), 3.36 (dlor i = 4.5 Hz, 1H, OH), 2.27 (Borsa= Jorer = 6.6 Hz, 1H, OH).

BC-NMR (100 MHz, CDCt  [ppm]=167.7, 165.4 (2 x C=0), 133.7 (C-Ar), 133.6 (C-Ar)3¥3(C-8), 130.1,
129.9, 129.5, 128.9, 128.6, 128.5 (6 x C-Ar), 1XTM), 100.0 (C-1), 77.3 (C-2/C-3), 75.9 (C-5), 7(C52/C-
3), 70.4 (C-7), 70.1 (C-4), 62.4 (C-6). Due to signatrtap 19 out of 23 carbon atoms were assigned it’the

spectrum

HRMS (ESI): Calculated for @H2sNOg* [M+NH4]*: 446.1810; found: 446.1811.
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Allyl 2,3-di-O-benzoyl-60-tert-butyldimethylsilyl- -D-glucopyranoside28)

6a/b

8
TBSO” OO oTBS
4 Py 7 9 cisitrans ﬁ/
HO
HO 7 OBz B2O O,

OBz Bz0 N\
Building block28 was synthesized in accordance with a slightly modified proceééure.

To a magnetically stirred solution 68 (800 mg, 1.87 mmol, 1.0 eq.) in dry DMF (40 ml), imidazolg6(éng,
9.34 mmol, 5.0 eq.) anekrt-butyldimethylsilyl chloride (704 mg, 4.67 mmol, 2.5 eq.) was added. réaction
was stirred for 45 min at ambient temperature. Upon completion, MeOH (RWa® added and the reaction was
evaporated to dryness. The crude product was dissolved 81£¢100 ml) and washed withM HCI (50 ml),
10% ag. LiCl (50 ml) and brine (25 ml) and dried over MgSihe crude product was subjected to flash column
chromatography*ex/EtOAc v/iv = 7:1) affordin@8 (961 mg, 1.77 mmol, 95 %) as a colorless oil.

Rf=0.19 (Hex/EtOAc v/v = 7:1)
Optical rotation: > %=+ 16.8 ° (c = 0.5, CHG)

'H-NMR (400 MHz, CDCt  [ppm] =7.97 (m, 4H, H-Ar), 7.56£7.44 (m, 2H, H-Ar), 7.37 (m, 4H, H-Ar), 5.78
(dddd, JusHorans=16.9 HZ Jg,rocis =10.7HZ, Jugizp = 6.2 Hz, g r7a= 4.8 Hz, 1H, H-8), 5.50 (ddvz 2= 9.8 Hz,
Jhana= 9.0 Hz, 1H, H-3), 5.41 (ddlo s = 9.9 Hz,Juzpn = 7.8 Hz, 1H, H-2), 5.22 (ddleranse= 17.2Hz,
Joans rocis= 1.7 Hz, 1H, H-Qand, 5.14 £5.10 (M, 1H, H-84), 4.74 (d Ju1z= 7.8 Hz, 1H, H-1), 4.33 (ddiy7an7o=
13.3 Hz,Jn7ap8= 4.9HZ, Jizapocis= Jzamorans= 1.6 Hz, 1H, H-7a), 4.12 (ddlyzp17a= 13.3Hz, Juzpre= 6.2 Hz,
Jnbrocis= Jrbrowans =1.4 Hz, 1H, H-7b), 4.04+3.91 (m, 3H, H-4, H-6a, H-6b), 3.58 (s = 9.3 Hz,
s rsa= s en = 5.3 Hz, 1H, H-5), 3.52 (dlonpa = 2.5 Hz, 1H, OH), 0.92 (s, 9H, Bu), 0.13 (s, 3H, SEHs),
0.12 (s, 3H, SEH,).

13C.NMR (100 MHz, CDCt  [ppm] = 167.1 (C=0), 165.5 (C=0), 133.6 (C-8), 133.5, 13838.1 (2C), 129.9
(2C), 129.6 (@), 129.3 (G), 128.5 (2C, 10 x C-Ar), 117.7 (C-9), 99.7 (C-1§,4 (C-3), 74.8 (C-5), 72.2 (C-4),
71.6 (C-2), 69.9 (C-7), 64.6 (C-6), 26.0 (3CE, 18.4 (G, Si-Bu), 15.30 (2C, 2xCHj3). Due to signal overlap
27 out of 29 carbon atoms were assigned in¥8espectrum.

HRMS (ESTIY): Calculated for @Hs20sNSi* [M+NH4]*: 560.2674; found: 560.2683.

RP-HPLC (Luna,0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1ml/min tr = 13.85 min, =230 nm.
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Allyl 2,3,4-tri-O-benzoyl- -D-glucopyranoside54)

OH

BzO O
Bzoéwo

BzO \/\

Compounds4 was synthesized according to modified synthetic protgée&’ 373

To a magnetically stirred solution @B (920 mg, 1.70 mmol, 1.0 eq.) in dry &€&, (50 ml), NEt (1.18 ml,
8.50 mmol, 5.0 eq.) and benzoyl chloride (588.10 mmol, 3.0 eq.) was added. The reaction was stirred for 17
at ambient temperature before DMAPA (1.06 ml, 8.50 mmol, 5.0 eq.) was aduededulting mixture was
diluted with CHCIl, (100 ml) and washed withN HCI (2 x50 ml) and Brine (25 ml) and dried with MgSO

The crude benzoyl ester was dissolved in a mixture of0GHMeOH (v/v = 1:1, 40 ml) ang-TsOHH-0O (755 mg,
3.97 mmol, 2.3 eq.) was added. The reaction was stirred at ambient temperature@nmibiitoring indicated
complete conversion of the starting material. The reaction was subsequentizexiiby addition of NEt(4 ml)

and the organic solvents were removed under reduced pressure. Theradude \was subjected to flash column
chromatography*ex/EtOAc viv = 4:1) affording4 (752 mg, 1.41mmol, 83 % over two steps) as a colorless oil.

R = 0.12(°Hex/EtOAC ViV = 4:1).

IH-NMR (400 MHz, CDC}  fopm] = 7.95 (m, 4H, H-Ar), 7.87+7.81 (m, 2H, H-Ar), 7.56+7.48 (m, 2H, H-
Ar), 7.45 £7.34 (M, 5H, H-Ar), 7.31£7.24 (m, 2H, H-Ar), 5.94 (a2 = Jusa= 9.7 Hz, 1H, H-3), 5.81 (dddd,
Jhs,Hotrans= 16.8HZ, Jnsg,Hacis= 10.8Hz, Jug,H7p = 6.1HZ, Jug,H7a = 4.9 Hz, 1H, H-8), 5.5%5.47 (m, 2H, H-2, H-
4), 5.26 (dqJrotrans,Hs= 17.2HZ, JHotrans,Hacis= JHotrans H7a= JHatrans H7b= 1.6 HZ, 1H, H-@and, 5.15 (dq,Imgcis,He =
10.5 Hz Jnocis,Hatrans= JHacis,H7a= JHacis,H7b= 1.4 Hz, 1H, H-9s), 4.89 (d JH1,H2= 8.0 Hz, 1H, H-1), 4.39 (dddyi7aH7b
= 13.3 Hz,Ju7ans = 5.0HZ, Jn7a, Hotrans = Jn7a Hocis= 1.6 Hz, 1H, H-7a), 4.19 (ddd7p,H7a = 13.3 HZ,n7p,Hs =
6.1Hz, Ju7b, Hotrans= JH7b, Hocis = 1.4 Hz, 1H, H-7b), 3.87 (dddysaHen= 12.2HZ, Jnea,on= 8.5 HZ,Jneans= 1.8 Hz,
1H, H-6a), 3.82+3.72 (M, 2H, H-5, H-6b), 2.57 (ddonea= 8.7Hz, Jormen = 5.2 Hz, 1H, OH).

BC-NMR (100 MHz, CDCt  [ppm]=166.2, 166.0, 165.2 (3 x C=0), 133.8 (C-Ar), 13EeB), 133.4, 133.3,
130.1, 129.9 (2C), 129.5, 129.0, 128.7 (2C), 12828.4 (11 x C-Ar), 117.9 (C-9), 100.1 (C-1), 748K), 72.9
(C-3), 72.0 (C-2/C-4), 70.4 (C-7), 69.7(C-2/C-4), 61(56). Due to signal overlap 24 out of 30 carbon atoms
were assigned in théC spectrum.

HRMS (ESI"): Calculated for gH3z3sOsN* [M+NH4] *: 550.2072; found: 550.2074.

For further analytical data, see referefit®e.
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Allyl 2,3,4-tri-O-benzoyl-6-deoxy-6-fluoro-D-glucopyranosidess)

Compoundb5 was synthesized in accordance vdipreviously reported fluorination protocst: 32

In a flame-dried microwave vessé&4 (600, mg 1.13 mmol, 1.0 eq.) were solved in dry,Clkl (4 ml) before
2,4,6-collidine (452 O mmol, 3.0 eqg.) and DAST (2250 mmol, 1.5 eq.) were added. The reaction was
stirred for 2 min at ambient temperature and then heated in a microwave 6v&D, (B0OO W, 60 min). After
complete conversion of the starting material was observed, the reaction wad sppgdition of MeOH (500 O
and diluted withCH.Cl..* The organic layer was washed with sat. ag. Nakl@& 45 ml) and brine (30 ml) and
dried over MgS@ Organic solvents were removed under reduced pressure and the odutd pras subjected

to column chromatograph§Hex/EtOAc v/v = 5:1) affordig 55 (1.46 g, 2.73 mmol, 81 %) as colorless foam.

* Reaction was conducted in a replicate and reaction mixtures were combined fousagum&-up and

purification.

Rf=0.33(‘Hex/EtOAc v/v = 5:1).

IH-NMR (400 MHz, CDC}  Jopm] = 7.98 +7.91 (m, 4H, Ar-H), 7.85:7.80 (m, 2H, Ar-H), 7.56+7.48 (m,
2H, Ar-H), 7.46 +7.35 (m, 5H, Ar-H), 7.32£7.24 (m, 2H, Ar-H), 5.90 (a2 = Juana= 9.6 Hz, 1H, H-3), 5.81
(dddd, Ju,orans= 17.0 Hz Jusrscis =10.4 HZ Jygwi7o = 6.4HZ, Jug,iza = 4.8 Hz, 1H, H-8), 5.56:5.46 (m, 2H, H-
2, H-4), 5.27 (d0JHotrans Hs= 17.2HZ, JHotrans,Hocis= JHotrans H7a= 1.6 Hz, 1H, H-Band, 5.16 (d0| Jnocis,Hs = 10.5Hz,
Jhocis,Hotrans= 1.4 Hz, 1H, H-9s), 4.90 (d,Jn1m2 = 7.8 Hz, 1H, H-1), 4.68t4.53 (m, 2H, H-6a, H-6b), 4.41 (ddt,
Jnzan7o = 13.2HZ, Jn7ans = 4.8Hz, Juzanotrans= Jnranocis= 1.6 Hz, 1H, H-7a), 4.19 (dd,i7on7a = 13.2HZz, JuzbHs

= 6.3H2, Jumrorans= Jrbrocis= 1.4 Hz, 1H, H-7b), 4.04 (ddddys = 19.8 Hz Jus ua = 10.0HZ, Jus can= 4.8 Hz,
s eab= 3.2 Hz, 1H, H-5).

3C-NMR (100 MHz, CDC}t  [ppm]=165.9, 165.4, 165.2 (3 x C=0), 133.7 (C-Ar), 1338,(3 xC-Ar, C-8),
130.0, 129.9 (2C), 129.4, 128.9, 128.8, 128.6, 522C, 9 x C-Ar), 118.1 (C-9), 99.8 (C-1), 81.8 (d,
Jeer= 176 Hz, C-6), 73.4 (dlcs,r= 19.6 Hz, C-5), 73.0 (C-3), 71.9 (C-2), 70.2 (C6P.,0 (d,Jcar= 6.9 Hz, C-
4). Due to signal overlap 24 out of 30 carbon atoms were assignedit thgectrum.

9F-NMR (377 MHz, CDC$  [ppm] = i 230.2 (td Je Hea= Jrveb = 47.0HZ, Je us = 19.7 Hz).
HRMS (ESI"): Calculated for ggHz10sNF* [M+NH4] *: 552.2028; found: 552.2031.

For further analytical data, see refereffde.
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2,3,4Tri-O-benzoyl-6-deoxy-6-fluoro- -D-glucopyranosideS6)

Deallylation was conducted according to a modified procetifire.

To a magnetically stirred solution @5 (1.20 g, 2.25 mmol, 1.0 eq.) in MeOH/THF (v/v =4:1, 50,ml)
palladium(ll) chloride (199 mg, 1.12 mmol, 0.6 eq.) were addad.réaction mixture was stirred at 40 °C until
complete conversion of the starting material was observed. The reaction was dilufBdmvithd filtered through
Hyflo®. Organic solvents were removed under reduced pressure and theesidde was dissolved in GEl, (50
ml), washed with water (15 ml) and brine (15 ml) and dried over MgS@anic solvents were removed under
reduced pressure and the crude product was subjected to f column chrongtq@tap/EtOAC viv = 3:1)
affording56 (850 mg, 1.72 mmol, 76 . s ab amorphous solid.

Rf=0.19 (Hex/EtOAc v/v = 4:1).
.-Anomer:

1H-NMR (400 MHz, CDC4  [ppm] = 7.98 (tdJer.cn = 8.2Hz, Jonen = 1.3 Hz, 4H, Ar-H), 7.91+7.85 (m, 2H,
Ar-H), 7.57 +7.47 (m, 2H, Ar-H), 7.47+7.36 (m, 5H, Ar-H), 7.29 (ddic.cn = 8.4Hz, Jer.cn = 7.2 Hz, 2H, Ar-
H), 6.25 (tInz,H2=Jnzna= 9.9 Hz, 1H, H-3), 5.79 (UH1,H2= In1,001= 3.7 Hz, 1H, H-1), 5.59 (BH4,H3= JHaHs = 9.9
Hz, 1H, H-4), 5.31 (dddizs = 10.2HZ, iz = 3.6H2, dizon = 1.1 Hz, 1H, H-2), 4.6%4.49 (m, 3H, H-5, H-
6a, H-6b), 3.39 (ddJon,+1 = 3.9Hz, JorHz = 1.3 Hz, 1H, OH).

13C-NMR (100 MHz, CDC$  [ppm] = 166.0, 165.9, 165.8 x C=0), 133.7, 133.6, 133.3, 130.1, 130.0, 129.8,
129.2, 129.0, 128.9, 128.6, 128.5 (11 x C-Ar), q@él), 81.7 (dJcsr= 175 Hz, C-6), 72.2 (C-2), 70.1 (C-3),
68.8 (d,Jcs,F = 18.8 Hz, C-5), 68.60 (dcar= 6.9 Hz, C-4). Due to signal overlap 20 out of 27 carbon atoms were
assigned in th&C spectrum.

F-NMR (377 MHz, CDC$  [Jppm] = i 232.0 (td JrHea= JrHen = 47.2HZ, Jr s = 23.2 Hz).
RP-HPLC (Luna,0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1ml/min tr = 10.24 min () =230 nm
-Anomer:

!H-NMR (400 MHz, CDC}, VH O H F W H G[pyra)]=G BO(NJhs b = Jusra= 9.7 Hz, 1H, H-3), 5.37+5.33
(m, 1H, H-Z), 5.06 (tJHl,Hz: JHl,OH: 8.3 HZ, 1H, H-l).

BC-NMR (100 MHz, CDC4, VH O H F W H G[ppm] >FQ®2(@-1), 74.3 (C-2), 72.3 (C-3).
BF-NMR (377 MHz, CDC$  [Jppm] = 1 231.3 (td JrHea= JrHen= 46.9Hz, Jr 15 = 20.9 Hz).
RP-HPLC (Luna 0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1ml/mintr = 9.55 min (), =230 nm

HRMS (ESI*): Calculated for @H>70OsNF* [M+NH,4] *: 512.1715; found: 512.1716.
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2,3,4Tri-O-benzoyl-6-deoxy-6-fluoro-D-glucopyranosyl trichloroacetimidat81)

HN.__CCly F

63 Y BzO o}
E 5.0.1.0 Bzo/%?‘
z OYNH

OBz CCly
Compound31 was synthesized in accordance with a literature known protcol.

To an ice-cooled solution of lactéb (500 mg, 1.01 mmol, 1.0 eq.) in dGH.Cl> (20 ml), trichloroacetonitril
(2.00 ml, 10.1 mmol, 10 eq.) and DBU (16®  mmol, 1.1 eq.) were added. The reaction was allowed to warm
to ambient temperature and was stirred for 18 h. Subsequently, the reaction eegrated under reduced
pressure and the crude residue was subjected to column chromatogkigEtOAC viv =5:1 + 1 % NE)

affording 31 (400 mg, 0.63 mmol, 62 %) as a colorless oil.

Ri=0.41°Hex/EtOAc Vv = 4:1 + 1% NEJ).
Optical rotation: > 9=+ 46.1 ° (c = 0.5; CHG)

IH-NMR (600 MHz, CDC}  [ppm] = 8.68 (s, 1H, C=NH), 7.97 (ddden.cn = 11.9Hz, Jor.cn = 8.3Hz, Jem.cH
= 1.4 Hz, 4H, Ar-H), 7.90+7.85 (m, 2H, Ar-H), 7.57+7.27 (m, 9H, Ar-H), 6.87 (dJuy+2 = 3.6 Hz, 1H, H-1),
6.29 (t,Jnz 2 = Juzna = 10.0 Hz, 1H, H-3), 5.75 (Bha.z = Jams = 10.0 Hz, 1H, H-4), 5.60 (ddyzns = 10.2 Hz,
Jhzp = 3.6 Hz, 1H, H-2), 4.7Q£4.54 (m, 2H, H-6a, H-6b), 4.49 (dddkls = 23.5H2, s a = 10.5 HZ Jus eain=
4.1Hz, Jussan= 2.3 Hz, 1H, H-5).

3C-NMR (150 MHz, CDC$  [ppm] = 165.8, 165.5, 165.2 (3 x C=0), 160.6 (C=NH), 133.8.13133.4,
130.0 (2C), 129.8, 129.0, 128.7 (2C), 128.6, 138G, 12 x C-Ar), 93.3 (C-1), 90.8 (C£l 81.0 (d,Jcee=
177Hz, C-6), 71.6 (dJcsr= 19.3 Hz, C-5), 70.7 (C-2), 70.2 (C-3), 67.9 Jeh == 6.6 Hz, C-4). Due to signal
overlap 23 out of 29 carbon atoms were assigned itf¢hspectrum.

9F-NMR (377 MHz, CDC}  Jppm] = i 232.6 (td Jr.rea = Jr 60 = 47.0Hz, Jr.pis = 23.5 Hz).

HRMS (ESI): Calculated for @H2FO;* [M-OC(NH)CCE]*: 477.1345; found: 477.1343.

Synthesis of non-fluorinated glucose donor 32
1,2,3,4,6-Pent®-benzoyl-.-D-glucopyranosidey7)

6

a/b
5 \ OBz
820 0...0Bz
4 2 BzO O
BzO" i "“OBz BzO
BzO
OBz

OBz
Compounds7 was synthesized according to a modified proceéfiiré’3

To a magnetically stirred solution bfglucose (2.50 g, 12.6 mmol, 1.0 eq.) in pyridine (100 bahzoyl chloride
(8.70 ml, 75.5 mmol, 6.0 eq.) was added at 0 °C. The reaction was allowedrtdovambient temperature and

was stirred for 17 h. After the reaction was deemed complete, it was coolé tan@d stopped by addition of
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DMAPA (1.59 ml,12.6 mmol, 1.0 eq.). Subsequently, solvents were manorder reduced pressure and the
crude residue was dissolved in &Hb (150 ml) and washed withM HCI (100 ml) and brine (75 ml) and dried
with MgSQu. Organic solvents were removed under reduced pressure and the odud® pas crystallized from
EtOH to afford57 (8.34 g, 11.9 mmol, 94 %) as a colorless solid.

Rf = 0.40(°‘Hex/EtOAc v/v = 3:1)

IH-NMR (400 MHz, CDC}  fopm] = 8.24 +8.08 (m, 2H, Ar-H), 8.06£7.99 (m, 2H, Ar-H), 7.97+7.92 (m,
2H, Ar-H), 7.91 +7.83 (m, 4H, Ar-H), 7.71+7.63 (m, 1H, Ar-H), 7.60+7.28 (m, 14H, Ar-H), 6.86 (dl1.rz =
3.7 Hz, 1H, H-1), 6.32 (a2 = Jusia = 10.0 Hz, 1H, H-3), 5.87 (Guans = Jnans = 9.8 Hz, 1H, H-4), 5.69 (dd,
Jhzna = 10.3 Hz,Juz i = 3.7 Hz, 1H, H-2), 4.66+4.59 (m, 2H, H-6a, H-5), 4.524.46 (m, 1H, H-6b).

BC-NMR (100 MHz, CDCt  [ppm]=166.2, 166.1, 165.5, 165.3, 164.6 (5 x C=0), 13438,7, 133.6, 133.5,
133.3,130.2, 130.0, 129.9 (2C), 129.7, 129.1,0,228.8, 128.7, 128.6 (2C), 128.5 (17 x C-Ar), 9€2), 70.6
(3C, C-2, C-3, C-5), 69.0 (C-4), 62.6 (C-6). Due tanaigoverlapping only 28 out of 41 carbon signals were

assigned.
HRMS (ESI): Calculated for GiH36011N* [M+NH4]*: 718.2283; found: 718.2283.

For further analytical data see referefte.

2,3,4,6-Tetra@-benzoyl-./ -D-glucopyranoside58)

6a/b

5 0.1, OH
BzO \ 0Bz
4 2
BzO" Y7 ‘OBz BéoO O
Z
BzO OH

OBz
Compounds8 was synthesized according to modified procedéfed’®

To a magnetically stirred solution &7 (1.60 g, 2.28 mmol, 1.0 eq.) in pyridine (30 ml), a solutafn
dimethylamine (21 in THF) was added. The reaction was stirred until complete conversion of the steateral

was observed by TLC monitoring. Subsequently, the reaction was diluted wi@l,GH0 ml) and washed with
1M HCI (50 ml) and brine (30 ml) and dried with MgS@ubsequently, the reaction was concentrated under
reduced pressure and the crude product was subjected to column chrorhgt¢gtaxEtOAC v/v =

affording58(1.10 g, 1.84 mmol, 81 %) as a colorless foam.

Rf = 0.50(°‘Hex/EtOAc v/v = 2:1)
.-Anomer:

IH-NMR (600 MHz, CDC}  Jbpm] =8.06 +8.04 (m, 2H, Ar-H), 8.01+7.98 (m, 3H, Ar-H), 7.94 (dtlcy,cn =
8.4 HZ,JCH,CH =1.7 Hz, 2H, Ar—H), 7.88 (dd],CH,CH =8.3 HZ,JCH,CH = 1.4 Hz, 2H, AI’-H), 7.44+7.33 (m, 9H, Ar-
H), 7.32 £7.27 (m, 2H, Ar-H), 6.27 (thaz = Jnspa= 9.9 Hz, 1H, H-3), 5.7%5.72 (m, 2H, H-1, H-4), 5.32 (dd,
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JH21H3 = 10.3HZ, JszHl =3.6 HZ, 1H, H-Z), 4.73:4.63 (m, 2H, H-5, H-6a), 4.44 (dmieb,HGa: 12.1HZ, JHeb,HSZ
4.2 Hz, 1H, H-6b).

3C-NMR (150 MHz, CDCt  [ppm] = 166.5, 166.0 (2C), 165.4 (4 x C=0), 133.83.5, 133.3 (2C), 130.1,
130.0, 129.9, 129.8, 129.3, 129.1 (2C), 128.6 (28,5, 128.4 (15 x C-Ar), 90.6 (C-1), 72.4 (C-2),3F(C-3),
69.6 (C-4), 67.9 (C-5), 63.0 (C-6). Due to signal overlapgigut of 34 carbon atoms were assigned inti8e

spectrum.
-Anomer:

lH-NMR (600 MHZ, CDCi;,seIected signals [/ppm] =5.08 (t,JHl,sz JHl,OH =7.8 HZ, 1H, H-l), 5.37 (dde,H3
= 9.9Hz, Jizn1 = 8.0 Hz, 1H, H-2), 5.97 (ah2 = Jnaa = 9.7 Hz, 1H, H-3).

BC-NMR (150 MHz, CDC#,selected signals [Jppm] = 96.3 (C-1), 74.5 (C-2), 72.5 (G-3
HRMS (ESI*): Calculated for @H32010N* [M+NH4]*: 614.2021; found: 614.2024.

For further analytical data, see referefte.

2,3,4,6-Tetrad-benzoyl-.-D-glucopyranosyl trichloroacetimidat82)3"*

HN._CCl3 OBz
6a/b 5 0
B20" N 0.0 Bé?(&ﬁ
4 2 BzO,
Bz0" N ‘OBz OTCCIG
OBz NH

To a solution of hemiacetaB (2.18 g, 3.66 mmol, 1.0 eq.) in dry @B, (75 ml), trichloroacetonitrile (1.84 ml,
18.3 mmol, 5.0 eq.) was added. The solution was cooled to 0 °C, befard2IB |, 1.83 mmol, 0.5 eq.) was
added in one portion. The reaction was slowly warmed to ambient temperature addatit7 h. Another portion
of trichloroacetonitrile (0.50 ml, 4.97 mmol, 1.4 eq.) and DBU (@xl,00.66 mmol, 0.2 eq.) were added at 0 °C.
The reaction was stirred for another 5 h at ambient temperature and concemtdaiededuced pressure. The
resulting black solution was directly subjected to column chromatogrégby/EtOAc viv = 1:0 + 1 % NEt:
‘Hex/EtOAc viv = 4:1 + 1 % N}, affording32(1.60 g, 2.16 mmol, 59 %) as a white foam.

Rf=0.61(°‘Hex/EtOAc v/v = 3:1 + 1 % NE}

IH-NMR (400 MHz, CDC}  [ppm] = 8.64 (s, 1H, C=NH), 8.028.01 (m, 2H, Ar-H), 7.98:7.93 (m, 4H, Ar-
H), 7.89 +7.85 (m, 2H, Ar-H), 7.60+7.27 (m, 12H, Ar-H), 6.84 (dliirz = 3.7 Hz, 1H, H-1), 6.28 (s =
Jnana = 10.0 Hz, 1H, H-3), 5.82 (Brais = Jnaps = 9.8 Hz, 1H, H-4), 5.63 (ddz s = 10.2Hz, gy = 3.7 Hz,
1H, H-2), 4.71+4.56 (m, 2H, H-5, H-6a), 4.544.44 (m, 1H, H-6b).

BC-NMR (100 MHz, CDCt  [ppm] = 166.2, 165.8, 165.6, 165.3 (4 x C=0), 160.7 (C=NHB.13133.5,
133.3, 130.1, 129.9 (2C), 128.6, 128.5 (2C, 9 x {-98.2 (C-1), 90.8 (CG) 70.8 (2C, C-2, C-5), 70.3 (C-3),
68.7 (C-4), 62.6 (C-6). Due to signal overlapping only 210686 carbon atoms were assigned in‘fi@espectrum.

HRMS (ESI): Calculated for @H2.FO;* [M i OC(CCE)=NH]*: 477.1344; found: 477.1343
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Synthesis of disaccharides

Synthesis of disaccharide acceptors 18, 19 and 20
N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl (4i8-O-benzyl-4,60-benzyliden--D-glucopyranosyl)-l: 4)-
2,3,6-tri-O-benzyl-.-D-galactopyranoside2()

OBn Bn Ph—X-0O

o 0
5. 0. O\(\/T “Cbz BnO
BnOo OBn
07N “On o
OBn BnO Bn
OBn BnO ‘
O%\/K_’N‘Cbz

OBn

Method A: PTFA Donor Glycosylation

N-phenyltrifluoroacetimidate don®0 (459 mg, 0.74 mmol, 1.4 eq.) and acce®¢400 mg, 0.53 mmol, 1.0 eq.)
were combined, co-evaporated with toluene @xl) and dried under high vacuum for 1 h. Starting materials
were dissolved in dry BD (25 ml) and stirred for 1 h with freshly activated 4 A molecular sieveseSutently
the reaction mixture was cooled to 0 °C and TMSOTf (910®@.05 mmol, 0.1 eq.) was added. The reaction
mixture was stirred for 1 h at 0 °C until TLC monitoring indicated completeession of the galactosyl acceptor.
The reaction was stopped by addition of N@tml), diluted with CHCI, and filtered through a pad 6fyflo®.

The organic layer was washed wittMIHCI (10 ml), sat. ag. NaHGJ20 ml) and brine (15 ml) and dried over
MgSQu. The crude product was subjected to flash column chromatogrégéy/EtOAC v/iv = 7:1) affordin@1
(0.54 g, 0.45 mmol, 85 %) as a colorless oil.

Method B: Thioglycoside glycosylation
Glycosylation was conducted in accordance with literature known protocols, with midiifications3>°

Donor29 (321 mg, 0.58 mmol, 1.4 eq.) and galactosyl acce&28¢810 mg, 0.41 mmol, 1.0 eq.) were combined,
co-evaporated with toluene (10 ml) and dried under high vacuumHoBiarting materials were dissolved in dry
CH:Cl, (4 ml) and stirred for 1 h with freshly activated 4 A molecular sieve. Subseyjleatteaction mixture
was cooled toi 30°C and NIS (191 mg, 0.85 mmol, 1.6 eq.) and TMSOTf (213@2.3 mol, 0.03eq) was
added. The reaction was stirred for 1 H 80 °C before another portion of TMSOTf (2.30) 12.3 mol, 0.03eq)

was added. The reaction was stirred for another 2it8at°C before another portion of NIS (50 mg, 0.23 mmol,
0.6eqg) and TMSOTf (2.301, 12.3 mol, 0.03eq) was added. After the reaction was deemed complete by TLC
monitoring, it was neutralized by addition of NEL0O [), diluted with CHCI> and filtered through a pad of
Hyflo®. The organic layer was washed with sat. ag@; (15 ml), 1M HCI (10 ml), saturated aqueous NaHCO
solution (10 ml) and brine (10 ml) and dried over MgSThe crude product was subjected to flash column
chromatography“Hex/EtOAc v/v = 7:1) affordin@1 (450 mg, 0.38 mmol, 93 %) as a colorless oil.

=0.47 (Hex/EtOAc v/v = 3:1)

Optical rotation: >=%=+22.7° (c = 1.1; CHG)
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IH-NMR (400 MHz, CDCt  fppm] = 7.54 £7.13 (m, 40H, Ar-H), 5.51 (s, 1H, CH-Ar), 5.17 (8n.cn = 9.6
Hz, 2H, Chiwy), 4.98 £4.92 (m, 2H, H-1", Ch#), 4.90 £4.84 (m, 2H, 2 CHgy), 4.80 £4.72 (m, 5H, H-1,
4 x CHgn), 4.70 (d.Jen.cn = 11.9 Hz, 1H, Chk), 4.48 (dJencn = 10.6 Hz, 2H, NCH), 4.31 +4.19 (m, 3H, H-
5,2 xCHgp), 4.08 (bs, 1H, H-4), 4.03 @z iz = Juz' e = 9.3 Hz, 1H, H-3"), 3.96:3.83 (m, 4H, H-2, H-3, H-5,
H-6a), 3.73 (ddJksa'Hep = 10.1HZ, Jnea s = 4.9 Hz, 1H, H-6a’), 3.633.33 (m, 6H, H-6b", H-2", H-4", H-6b,
2 X CHiinker), 3.29 £3.14 (M, 2H, 2 *CHuinker), 1.66 £1.43 (M, 4H, 4 CHuinker), 1.35 +1.17 (M, 2H, 2 5CHinker).

13C-NMR (100 MHz, CDCt  [ppm] = 156.8/156.3 (C=0-Cbz), 139.0, 138.8, 138.6, 138.8,4,3.38.1, 137.9,
137.0/136.9 (8 x ), 128.9, 128.7, 128.5 (3C), 128.4 (2C), 128.3,22828.1, 128.0, 127.8, 127.7 (3C), 127.6,
127.5, 126.2 (18 x C-Ar), 101.2 (CH-Ar), 100.6 (C;D7J.9 (C-1), 83.0 (C-4"), 79.7 (C-2°), 79.3 (C;3$.0 (C-
2/C-3/C-5), 77.4 (C-4), 75.3 (Gk), 74.7 (C-2/C-3/C-5), 74.5 (GH), 73.4 (Ch,), 73.0 (CHbn), 73.0 (Chby),
69.5 (C-2/C-3/C-5), 69.1 (C-67), 68.2 (2C, C-6, %K), 67.3 (Chy), 63.1 (C-57), 50.6/50.3 (NG, 47.3/46.3
(CHuinker), 29.2 (CHlinker), 28.1/27.7 (Cldnker), 23.6 (CHlinker). Due to signal overlap 52 out of 74 carbon atoms
were assigned in tHéC spectrum.

IH-13C-coupled HSQC(CDCh): Jc1,q1= 166 Hz Jc1'w1 = 170 Hz.
HRMS (ESI): Calculated for @Hgz013N2" [M+NH4]*:1207.5890; found: 1207.5919.

RP-HPLC (Luna, 0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1ml/min tgr = 20.40 min, =230 nm.

N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl (2,3,6-@ibenzyl-.-D-glucopyranosyl)-l : 4)-2,3,6-tri-O-
benzyl-.-D-galactopyranosidelg)

HO O
BnO
BnO 0O _OBn
(o]
BnO Bn
BnO, !
Ot Neo

The reaction was conducted following a modified procedui@aniieli et al*®°

A magnetically stirred solution of disaccharie(470 mg, 0.40 mmol, 1.6q) in a mixture of dry MeCN/CkCl,

(viv = 3:1, 40 ml) was cooled t&10°C. Sequentially borane trimethylamine complex (216 mg, 2.96 mmaol,

7.4 eq.) and BFOE® (375 1, 2.96 mmol, 7.4 eqwere added. The reaction was stirred:a0 °C for 1.5 h before

another portion of borane trimethylamine complex (60 mg, 0.82 mn@o&R) and BFOEL (104 1, 0.82 mmol,

2.0eq) was added. After the reaction was deemed complete by TLC monitoring, Me®i) (&0d NE% (5 ml)

was added and it was stirred for further 20 min at ambient temperature. Subsecobralyts were removed

under reduced pressure and the crude product was subjected to columataraphy Hex/EtOAc viv = 7:1
DI R W8g3d7®@mg, 0.32 mmol, 80 %) as a colorless oil.

Ri=0.35(‘Hex/EtOAc v/v = 3:1).

Optical rotation: > =9=+ 46.7 ° (c = 1.0; CHG)
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IH-NMR (600 MHz, CDC}  [ppm] = 7.42 +7.13 (m, 40H, Ar-H ), 5.18 (dicicn = 14.2 Hz, 2H, Cldhy), 5.01
(d, Iy iz = 3.4 Hz, 1H, H-17), 4.93 (den,cn = 11.3 Hz, 1H, Clg), 4.86 +4.75 (m, 5H, H-1, 4 €Hgy), 4.71 +
4.66 (M, 3H, 3 >CHgy), 4.48 (dJc.cn = 15.5 Hz, 2H, NClg), 4.36 (dJc.cn = 12.2 Hz, 1H, Cighy), 4.30 +4.22
(M, 2H, Chn), 4.20 (d Jorcn = 12.2 Hz, 1H, Clh), 4.17 (dt,dus e = 9.9 Hz,Jus' vear = ns' sy’ = 3.5 Hz, 1H,
H-57), 4.11 (dJhapams = 2.7 Hz, 1H, H-4), 3.96:3.81 (m, 5H, H-2, H-3, H-5, H-3", H-6a), 3.75 (dd¢ 15 =
9.8Hz, Juarz = 8.9 Hz, 1H, H-4"), 3.62:3.48 (m, 3H, H-2", H-6b, Clier), 3.45 +3.35 (M, 1H, Clinker), 3.32
(dd, Jnea ver= 10.3 Hz, Juea 5= 3.0 Hz Hz, 1H, H-6a’), 3.28+ 3.15 (m, 2H, 2 CHime), 3.12 (dd,
ety pea = 10.3HZ, Jueyy s = 4.0 Hz, 1H, H-6b"), 1.68:1.46 (M, 4H, 4 CHinker ), 1.36 +1.19 (m, 2H,
2 % CHuinker).

13C-NMR (150 MHz, CDCt  [ppm] = 156.8/156.3 (C=0-Cbz), 139.1, 139.0, 138.6, 138.8,3,338.2, 138.0,
137.0/136.9 (8 x Cq), 128.7, 128.6, 128.5 (2C),42828.3, 128.1, 128.0, 127.9, 127.8 (2C), 1220)(127.6,
127.5 (2C), 127.3 (17 x C-Ar), 99.8 (C-17), 97.6 5-81.8 (C-2/C-3/C-3'/C-5), 80.1 (C-2"), 78.0 (C-2/(T-3
3'/C-5), 76.6 (C-4), 75.4 (2C, Gk C-2/C-3/C-3'/C-5), 73.9 (Ch), 73.4 (2C, 2 xCHgr) , 73.1 (Chby), 72.9
(CHen), 71.8 (C-4), 70.3 (C-5'), 69.5(C-2/C-3/C-3"/C-58.B (C-6"), 68.1 (2C, C-6, Gltker), 67.3 (CHinn),
50.6/50.3 (NCH,), 47.3/46.3 (Crnker), 29.3 (CHinker), 28.1/27.7 (Clinker), 23.6 (CHinker). Due to signal overlap

51 out of 74 carbon atoms were assigned in¥8espectrum.
IH-13C-coupled HSQC(CDCh): Jc1,q1= 169 Hz Jc1'w1r = 169 Hz.
HRMS (ESI*): Calculated for @HgsO13N2* [M+NH4]*: 1209.6046; found: 1209.6078.

RP-HPLC (Luna 0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1ml/min tr = 18.50 min, =230 nm.

N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl (2J8-O-benzyl-6O-tert-butyl-dimethylsilyl- .-D-gluco-
pyranosyl){l: 4)-2,3,6-tri-O-benzyl-.-D-galactopyranosidelg)

OTBS

OBn Bn o
‘ i HO
6a/b N5 O 1"\O\H’N\Cbz BnO
2 5 BnO5 _oBn
. 0\074 Y5 “OBn o
TBSO :
. > OBn BnO Bn
HO"*™N5" “OBn BnO,

|
(©] N
OBn *’Ts Cbz

Compoundl9 was synthesized in accordance with previously described synthetic prdt6c8is.

To a magnetically stirred solution of disaccha2dg350 mg, 0.29 mmol, 1.0 eq.) in @€l (16 ml), ethanethiol
(212 1, 2.94 mmol, 10 eq.) ang-TsOH (30.0 mg, 0.15 mmol, 0.5 eq.) were added. The reactiontiwas $or
1 h at ambient temperature, before being neutralized by addition ef(N&tml). Solvents were removed under
reduced pressure affording the crude diol, which was subjected to flash chn@playofHex/EtOAc viv = 4:1

3 UR G X vy fraketiQna/\ieelce pooled and organic solvents were removed undeedeoh@ssure.

The thus obtained diol was dissolved in dry DMF (10 ml) and imidazo®rtif) 1.50 mmol, 5.0 eq.) and TBS-
Cl (110 mg, 0.73 mmol, 2.5 eq.) were added sequentially. Théaeaeas stirred at ambient temperature until
TLC monitoring indicated complete conversion of the starting material. The reaa®stopped by addition of

MeOH (2 ml) and was stirred fdiO min at ambient temperature. Subsequently, organic solvents were removed
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under reduced pressure and the crude residue was co-evaporated with tolugBen(2 The crude product was
dissolved in CECI (20 ml) and washed withXi HCI (15 ml) and brine (15 ml) and dried with Mg&Solvents
were removed under reduced pressure and the crude silyl ether was subjembédmnio chromatography

(‘Hex/EtOAc v/v = 5:1) affordind 9 (296 mg, 0.24 mmol, 83 % over two steps) as a colorless oil.

Rf=10.33 (Hex/EtOAc v/v = 4:1)
Optical rotation: > 8=+ 45.0° (c = 1.0; CHC4)

IH-NMR (600 MHz, CDC}  [ppm] = 7.44 +7.11 (m, 35, Ar-H), 5.17 (dicn.cn = 13.4 Hz, 2H, Cldy), 4.98 (d,
Jvwz = 3.3 Hz, 1H, H-1"), 4.93:4.90 (m, 1H, Cl3), 4.88 +4.83 (m, 2H, 2 €Hgy), 4.82 +4.76 (m, 3H, H-1,
2 xCHgr), 4.71 +4.63 (M, 3H, 3 €Hgn), 4.47 (dJen.cn = 15.0 Hz, 2H, NCHy), 4.29 £4.20 (m, 2H, 2 €Hgy),
4.14 +4.07 (m, 2H, H-5", H-4), 3.95 (ddyzns = 10.3Hz, Jizp1 = 3.6 Hz, 1H, H-2), 3.933.83 (m, 4H, H-3, H-
3",H-5,H-6a), 3.72 (tha 1 = Jnapis = 9.3 Hz, 1H, H-4), 3.613.52 (m, 2H, H-6a, Chher), 3.51 £3.49 (m,
1H, H-6b) 3.47 (ddJhz 1z = 9.9HZ, Juz 1= 3.4 Hz, 1H, H-2"), 3.44:3.35 (M, 1H, Clnker), 3.33 (ddJhiep oa =
10.7Hz, Juev s = 4.7 Hz, 1H, H-6b"), 3.283.13 (M, 2H, 2 CHiinker), 2.77 (S, 1H, OH), 1.65%1.41 (m, 4H,
4 x CHuinker), 1.35 +1.18 (M, 2H, 2 >CHinker), 0.82 (s, 9H, SiBU), i 0.05 (s, 3H, SEH3), i 0.07 (s, 3H, SEH,).

13C-NMR (150 MHz, CDCt  [ppm] = 156.8/156.3 (C=0-Cbz), 139.2, 139.0, 138.8, 138.5,413838.1,
137.0/136.9 (7 x Cq), 128.7, 128.6, 128.5 (3C),.42828.3, 128.0 (2C), 127.9, 127.8, 127.7 (2CY,822C),
127.3 (16 x C-Ar), 99.7 (C-17), 97.7 (C-1), 81.735-3'/C-5), 80.2 (C-2'), 78.2 (C-3/C-3'/C-5), 76.64575.6
(C-2), 75.5 (Chn), 73.9 (Chs), 73.5 (CHn), 73.1 (Chbn), 72.7 (Chbr), 72.5 (C-4), 70.9 (C-57), 69.6 (C-3/C-
3'/C-5), 68.4 (C-6), 68.2 (Ghker), 67.3 (CHiby), 63.7 (C-67), 50.6/50.3 (NGh), 47.3/46.3 (Clrnker), 29.3
(CHuinker), 28.1/27.7(Chinker), 26.1 (3C, SiBU), 23.6 (Chtinker), 18.5 (Cq, SIBU), i 5.3 (SiCHs), i 5.4 (SiCH).

Due to signal overlap 54 out of 73 carbon atoms were assigned*iiCthpectrum.
lH-lSC-COUp|ed HSQC(CDC|3) JCl,Hl: 173 HZ,JCl’H;L’: 172 Hz.
HRMS (ESFI): Calculated for @Hg301aN.Si* [M+NH4]*: 1233.6441; found: 1233.6473.

RP-HPLC (Luna 0.1 % TFA; 0 min 50 % B: 10 min 100 % B, flow: 1ml/min tr = 25.48 min, =230 nm.
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N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl  (2,3,6@ibenzyl-.-D-glucopyranosyl) (L : 4)-2,3di-O-
benzyl-6-deoxy-6-fluoro—-D-galactopyranoside2()

OBn

F Bn o
6a/b N5 01,0 N\ I—éOO
T bz n
2 5
3

BnO
alb 5 o_F
501,074 ‘OBn o
2 OBn BnO Bn

K Dy BnO !
HO““ ™% “OBn Oy yN.
OBn \Pfs Cbz

6
BnO

Glycosylation:
Glycosylation was conducted in accordance with a previously described synthetiupedte

Thioglycoside29 (458 mg, 0.83 mmol, 1.5 eq.) and acce®(370 mg, 0.55 mmol, 1.0 eq.) were combined, co-
evaporated with toluene (50 ml) and dried under high vacuum for 1 tin§taraterials were dissolved in dry
CH,Cl, (6 ml) and stirred for 1 h with freshly activated 4 A MS. Subsequently the reaciibure was cooled to

i 30°C and NIS (198 mg, 0.88 mmol, 1.6 eq.) and TMSOTf (9/1960.0 mol, 0.1eq) was added. The reaction
was stirred for 2 h at 30 °C before another portion of TMSOTf (9.90 60.0 mol, 0.1eq) was added. The
reaction was slowly warmed t6 10 °C and further to 0 °C and stirred for another 2 h. After the reaction was
deemed complete by TLC monitoring, it was neutralized by addition of ({IEml), diluted with CHCI, and
filtered through a padfdyflo®. The organic layer was washed with sat. aggS@s (15 ml), 1M HCI (10 ml),

and brine (10 ml) and dried over MgsQOhe crude product was subjected to flash column chromatography
(‘Hex/EtOAc viv = 7:1) affordin@2 (480mg’) as a colorless oil.

* NMR revealed an inseparable impurity most likely arising from donor dposition (~ 10 % as determined

from integral of benzylidene proton)

Rf=0.48(‘Hex/EtOAc v/v = 3:1).

IH-NMR (400 MHz, CDC}  [ppm]= 7.54 +7.13 (m, 35H, Ar-H), 5.51 (s, 1H, CH-Ar), 5.18 (&y.cn = 10.6
Hz, 2H, CHey), 4.96 (dJonc = 11.1 Hz, 1H, Clh), 4.91 +4.68 (m, 10H, H-1, H-1", H-6a, 7GHen), 4.50 (d,
Jeron = 8.6 Hz, 2H, NCHgh), 4.36 (dt,Juen.r = 46.4 Hz Jno rea= 7.4 Hz, 2H, H-6b), 4.20 (tdhs na = 9.9 Hz,
s Hea = 4.9 Hz, 1H, H-57), 4.0%3.85 (M, 5H, H-2, H-3, H-4, H-5, H-3"), 3.74 (dlea’ et = 10.1HZ, Jhisar s’ =
4.9 Hz, 1H, H-6a), 3.64:3.50 (M, 3H, H-2", H-4", Chhker), 3.50 +3.37 (M, 2H, H-6b", Chhker), 3.31 +3.12 (m,
2H, 2 XCHyinker), 1.68 +1.46 (M, 4H, 4 CHiinker), 1.37 £1.22 (M, 2H, 2 CHuinke).

13C-NMR (100 MHz, CDC}  [ppm] = 156.8/156.3 (C=0-Cbz), 139.0, 138.6, 138.4, 138.0,8.85 x @),
137.0/136.9 (Cghy), 128.9, 128.7, 128.6, 128.5 (3C), 128.4, 12828.1, 128.0 (2C), 127.9, 127.8, 127.7, 126.2
(15 x C-Ar), 101.2 (CH-Ar), 100.9 (C-1"), 98.0 (C-BR.8 (C-4°), 81.0 (dJcsr = 162.4 Hz, C-6), 79.6 (C-2°),
79.1 (C-3), 77.6 (C-2/C-3), 77.2 (C-4), 75.3 (&H 74.7 (CHy), 74.5 (C-2/C-3), 73.5 (C#), 73.0 (Chy), 69.0
(C-67), 68.91 68.3 (2C, C-5, Chhker), 67.3 (CHuby), 63.3 (C-57), (50.6/50.3 (NG), 47.3/46.3 (Chdnker), 29.2
(CHLinker), 28.1/27.6 (Cldnker), 23.5 (CHinker). Due to signal overlap 46 out of 67 carbon atoms were assigned in

the °C spectrum.
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19F-NMR (377 MHz, CDC}  [ppm] = i 235.1 - i235.6 (m).
lH-l‘?'C-COU[I)ki‘d HSQC(CDCla)Z JCl,le 170 HZ,JCl'Hl' =171 Hz.
HRMS (ESI): Calculated for gH7sFNOy2" [M+H]*: 1102.5112; found: 1102.5139.

RP-HPLC (Luna 0.1 % TFA; 0 min 50 % B. 10 min 100 % B, flow: 1ml/min tzr = 18.13 min, =230 nm.

Regioselective benzylidene opening:
Regioselective benzylidene opening was conducted according to a modified préaadubanieli et alt°

A magnetically stirred solution of the thus obtained glycosylation pro221¢80 mg) in dry MeCN/CkCl;
(viv =3:1, 40 ml) was cooled ta10 °C before BHNMe; (238 mg, 3.26 mmol, 7.dq) and BEOE®L (413 |,
3.26 mmol, 7.4q) were added. The reaction was stirred for 1.5 k1&°C, before another portion of BiNMes
(32 mg, 0.44 mmol, 1.8g) and BEOE® (62 [, 0.44 mmol, 1.Geg) was added. After TLC monitoring indicated
complete conversion of the starting material, the reaction was stopped by addiiaretfanolic NEtsolution
(33 % vol.) and warmed to ambient temperature (over 0.5 h). Subseqoegpilyic solvents were removed under
reduced pressure and the crude residue was directly subjected to columnatwaphgtfHex/EtOAc viv = 7:1)
affording 20 (375 mg, 0.34 mmol, 62 % over two steps) as a colorless oil.

Rf=0.39 (Hex/EtOAc v/v = 3:1)
Optical rotation: >=%=+51.8°(c =1.1; CHG)

IH-NMR (600 MHz, CDCt  [ppm] = 7.44 +7.13 (m, 35H, Ar-H), 5.18 (dict.cn = 17.1 Hz, 2H, Cldyy), 4.96
(d, Jenon = 11.4 Hz, 1H, Cigy), 4.91 (d,Jur 4z = 3.4 Hz, 1H, H-1), 4.86:4.64 (m, 9H, H-1, H-6a, ¥ CHa,),

4.50 (d,Jonch = 16.0 Hz, 2H, NCH), 4.47 +4.34 (m, 2H, H-6b, CH}), 4.21 (dJerch = 12.2 Hz, 1H, Cih),

4.10 (dt,dus 1a = 9.6 HZ, Jus o’ = Jns' view = 3.6 Hz, 1H, H-5"), 4.08:4.04 (m, 1H, H-4), 4.00:3.93 (m, 1H,
H-5), 3.92 £3.84 (m, 2H, H-2, H-3), 3.79 Bz iz = Juz e = 9.1 Hz, 1H, H-3"), 3.75 (tdlna 1 = Jna s =

9.2Hz, Jus o1 = 2.5 Hz, 1H, H-4"), 3.633.55 (M, 1H, Cker), 3.53 (ddJkiz iz = 9.4 Hz,Juz 1 =3.4 Hz, 1H,
H-27), 3.46 £3.37 (M, 1H, Clinker), 3.36 (dd Jnsar et = 10.3 HZ,Jugar 5 = 3.0 Hz, 1H, H-6a’), 3.283.17 (m,
2H, 2 XCHuinker), 3.14 (dd Jep Hea = 10.3 Hz st s = 4.0 Hz, 1H, H-6b), 2.46 (dorna = 2.6 Hz, 1H, OH),
1.66 +1.47 (M, 4H, 4 CHuinker), 1.39 £1.20 (M, 2H, 2 *CHuinker).

13C-NMR (150 MHz, CDCt  [ppm] = 156.9/156.3 (C=0O-Cbz), 139.1, 138.8, 138.5, 138.2,Q1G&C), 137.0/
136.9 (7 x Cq), 128.7, 128.6 (2C), 128.5, 128.4)(A28.3, 128.2, 128.0 (3C), 127.9 (2C), 127.8,.142C),
127.6 (2C), 127.5, 127.4, 127.3 (21 x C-Ar), 10€11(), 97.8 (C-1), 81.6C-3"), 80.5 (C-6, dJcer = 166 Hz),
80.1 (C-2°), 77.5 (C-2/C-3), 76.7 (&ur = 2.9 Hz, C-4), 75.4 (2C, C-2/C-3, Gh}, 74.1 (CHn), 73.5 (2C, 2 x
CHgn), 72.9 (CHy), 71.7 (C-4"), 70.5 (C-57), 69.2 (C-6), 68.9J6k £ = 25 Hz, C-5), 68.3 (Chhker), 67.3 (Chino),
50.6/50.3 (NCH,), 47.3/46.2 (Chnker), 29.2 (CHinker), 28.1/27.6 (Clnker), 23.5 (CHinker). Due to signal overlap

53 out of 67 carbon atoms were assigned in8espectrum.
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19F-NMR (377 MHz, CDC}  [ppm] = i 230.0 - 231.4 (m).
lH-l‘?'C-COU[I)ki‘d HSQC(CDCla)Z JCl,le 174 HZ,JCl'Hl' =170 Hz.
HRMS (ESI): Calculated for &H74012NFNa‘'[M+Na]*: 1126.5087; found: 1126.5118.

RP-HPLC (Luna,0.1 % TFA; 0 min 50 % B: 10 min 100 % B, flow: 1ml/min tr = 16.73, =230 nm.

Synthesis of cellobiose donor building blocks 25, 26 and 27
Allyl (2,3,4-tri-O-benzoyl-6-deoxy-6-fluoro-D-glucopyranosyl)l : 4)-2,3-di-O-benzoyl-60O-tert-
butyldimethylsilyl- -D-glucopyranoside§l)

OTBS

8
62/b N 5O 1sO
X

7 9cis

5 sitrans
2
6alb F

501,05 “0Bz OTBS
F BzO O o
2 OBz o)
S s BzO B20 le}
BzO"“™5 “OBz BzO BzO
OBz =

Glucosyl donoB1 (450 mg, 0.70 mmol, 1.6 eq.) and accep®(239 mmol, 0.44 mmol, 1.0 eq.) were combined,
co-evaporated with toluene (12 ml) and dried under high vacuum foSuildsequently, starting materials were
dissolved in dry CkLCl; (12 ml) and stirred over freshly activate® 4nolecular sieve. The reaction mixture was
cooled to 0 °C and TMSOTTf (7.20, 0.04 mmol, 0.1 eq.) was added. The reaction was stirred for 1 h at 0 °C,
before another portion of TMSOTf (7.20 0.04 mmol, 0.1 eq.) was added. The reaction was slowly warmed to
ambient temperature and stirred for another 3.5 h at that temperature, beforeebéialized by addition of NEt

The reaction mixture was diluted with @El; and filtered through a pad bfyflo®. The filtrate was washed with

1M HCI (15 ml) and brine (10 ml) and dried with Mg&Ohe crude product was subjected to flash column
chromatography“ex/EtOAc v/v = 6:1) affording1 (330 mg, 0.32 mmol, 74 %) as an amorphous and colorless
solid.

Rf=0.43(‘Hex/EtOAc v/v = 3:1)
Optical rotation: >=9= i 49.1 ° (c = 0.5; CHG)

!H-NMR (400 MHz, CDCt  Jppm] = 8.10 +8.06 (m, 2H, Ar-H), 7.98:7.93 (m, 4H, Ar-H), 7.89¢7.84 (m,
2H, Ar-H), 7.79 £7.73 (m, 2H, Ar-H), 7.577.45 (m, 4H, Ar-H), 7.43t7.31 (m, 9H, Ar-H), 7.25 (tlch.cn = 7.7
Hz, 2H, Ar-H), 5.80+5.65 (m, 3H, H-8, H-3, H-3"), 5.44 (ddz 13 = 9.8 Hz,Jnz i1 =8.0 Hz, 1H, H-2"), 5.37
(dd, Jnzmz = 9.8Hz, Jnz s = 7.9 Hz, 1H, H-2), 5.22 (tha iz = Jnans = 9.7 Hz, 1H, H-4"), 5.20:5.13 (m, 1H,
H-9uand, 5.10 #5.04 (m, 2H, H-1", H-), 4.65 (dJu1 2= 7.9 Hz, 1H, H-1), 4.3%3.72 (m, 8H, H-7a, H-7b, H-
6a’, H-6b", H-6a, H-6b, H-4, H-5"), 3.37 (dds, Ha= 9.6 Hz Js, Hean= 2.9HZ, Jus, nean= 1.6 Hz, 1H, H-5), 1.02
(s, 9H, SitBu), 0.16 (s, 6H, 2 Si-CH).

13C-NMR (100 MHz, CDCt  [ppm] = 165.8, 165.7, 165.4, 165.2, 164.6 (5 x C=0), 1330, (C-Ar, C-8),
133.5, 133.4, 133.2, 133.1 (2C), 130.0, 129.9 (429.9, 129.8, 129.6, 129.1, 128.7, 128.6 (2C),5,2828.4,
128.3 19 x C-Ar) , 117.4C-9), 100.5 (C-1"), 99.6 (C-1), 81.0 (@ = 175.7 Hz, C-6"), 75.3 (C-5), 75.2 (C-4),
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73.2 (2C, C-5'd, Jos £ = 20.7 Hz), C-3°), 73.1 (C-3), 72.1 (C-2), 72.0 (¢;B9.5(C-7), 68.8 (d,Jes £ = 6.9 Hz,
C-4'), 61.0 (C-6), 26.1 (3C, Bu), 18.5 (G, Si‘Bu), i 4.8 (SiCHs), i 5.1 (SiCHs). Due to signal overlap 45

out of 56 carbon atoms were assigned int#espectrum.
1F-NMR (377 MHz, CDC4  [ppm] = i 228.6 (td Jrn6a= Jr.reb = 46.4Hz, Jr s = 19.0 Hz).
HRMS (ESI): Calculated for GHesz01sFNSI* [M+NH4]*: 1036.3946; found: 1036.3968.

RP-HPLC (Luna,0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1ml/min tr = 16.61 min, =230 nm.

Allyl (2,3,4-tri-O-benzoyl 6-deoxy-6-fluoro-D-glucopyranosyl)-l : 4)-2,3,6-tri-O-benzoyl- -D-
glucopyranosideg?)

Compounds2 was synthesized in accordance to literature known protéets 378

To a magnetically stirred solution of disaccharéle (480 mg, 0.47 mmol, 1.0 eq.) in MeOH/&E, (30 ml,
viv = 1:1),p-TsOH (90.0 mg, 0.47 mmol, 1.0 eq.) were added. The reaction was atirs@d°C until complete
conversion of the starting material was observed by TLC monitoring. The reaassubsequently neutralized
by addition of NE4 (200 [) and concentrated to dryness under reduced pressure. The crude residissatizex]

in CH.Clz (30 ml), washed with M HCI (15 ml), sat. ag. NaHGQ(15 ml) and brine (15 ml) and dried with
MgSQu. The crude residue was subjected to flash column chromatogréafdw/EtOAC v/v = 2:1) and fractions
containing the primary alcohol were combined and used in the subsequent r@dittus obtained alcohol was
dissolved in dry pyridine (15 ml) and Benzoyl chloride (1281.06 mmol, 3.0 eq.) was added dropwise. The
reaction was stirred at 50 °C until TCL monitoring indicated complete conversibe afcohol. Subsequently,
DMAPA (140 [, 1.12 mmol, 2.4 eq.) was added and the reaction was stirr@@ foin at ambient temperature.
Organic solvents were removed under reduced pressure and the crude residissomged in CHCI> (50 ml)
and washed with 1 M HCI (25 ml) and brine (25 ml) and dried over Mg8@ crude product was subjected to
flash column chromatograph§Hex/EtOAc v/v = 3:1) affording2 (330 mg, 0.33 mmol, 70 % over two steps) as

a colorless foam.

Rf=0.40 (Hex/EtOAc v/v = 2:1)
Optical rotation: > 9=+ 28.3 ° (c = 0.66; CHG)

IH-NMR (400 MHz, CDC}  [ppm] = 8.10 £7.99 (m, 4H, Ar-H), 7.93 (dddcr.cn= 8.0Hz, Je.cn = 6.4 Hz,

Jercn = 1.4 Hz, 4H, Ar-H), 7.86£7.78 (m, 2H, H-Ar), 7.77+7.70 (m, 2H, H-Ar), 7.67+7.57 (m, 1H, H-Ar),

7.56 +7.44 (m, 5H, H-Ar), 7.44:7.20 (m, 12H, H-Ar), 5.80+5.65 (m, 3H, H-8, H-3, H-3), 5.485.39 (m, 2H,

H-2, H-2"), 5.20 (tJia 3 = Jna s = 9.6 Hz, 1H, H-4"), 5.195.10 (M, 1H, H-8ang, 5.06 (dgJhscis ie= 10.4 Hz,

JnocisHotrans= Jnocisz= 1.4 Hz, 1H, H-9y), 4.90 (d,Jny iz = 7.9 Hz, 1H, H-1"), 4.73 (duspz2 = 7.8 Hz, 1H, H-
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1), 4.60 (dd,]Hea, H6b— 12.1HZ, JH6a, H5= 1.9 HZ, 1H, H-6a), 4.44 (ddHeb, H6a— 12.1 HZ,JHeb, H5= 4.6 Hz lH, H-
6b), 4.33+4.19 (M, 2H, H-4, H-7a), 4.183.61 (M, 5H, H-5, H-5", H6a", H-6b", H-7h).

3C-NMR (100 MHz, CDCt  [ppm]=166.0, 165.7, 165.6, 165.4, 165.2, 164.8 (6 x C1B3,7 (2C, C-Ar, C-
8), 133.5, 133.4 (2C), 133.3 (2C), 130.1, 130.®.924C), 129.8, 129.5, 128.8, 128.7 (3C), 128®)(A28.5
(2C), 128.4 23 x C-Ar), 117.8(C-9), 100.9 (C-1), 99.7 (C-1), 80.9 (&se = 175.8 Hz, C-6"), 76.5 (C-4), 73.5
(d, Jes' = 203 Hz, C-57), 73.1 (2C, C-3/C-3", C-5), 72.9 (C-3/C-F2.0 (2C, C-2, C-27), 70.4C-7), 68.7 (d,
Jea = 7.0 Hz, C-4"), 62.6 (C-6). Due to signal overlap 44 out ot&bon atoms were assigned in €

spectrum.
F-NMR (377 MHz, CDC3  [Jppm] = i 228.7 (td Jr.nea’ = JrHep = 46.6HZ, Jr s = 19.2 Hz).
HRMS (ESI*): Calculated for €Hs7016FN* [M+NH4]*: 1026.3343; found: 1026.3354.

RP-HPLC (Luna 0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1ml/min tr = 13.95 min, =230 nm.

2,3,4Tri-O-benzoyl  6-deoxy-6-fluoro-D-glucopyranosyll : 4)-2,3,6-tri-O-benzoyl-. -D-glucopyranoside
(63)

Compounds3 was synthesized in accordance to literature known proté€ols.

To a magnetically stirred solution of fluorinated disacchai@dg330 mg, 0.33 mmol, 1.0 eq.) in MeOH/THF
(25 ml, viv = 4:1), palladium(ll) chloride (59.0 mg, 0.33 nino0 eq.) was added. The reaction was stirred for
3 h at 60 °C, before organic solvents were removed under reduced @rasmicrude residue was dissolved in
CHxCI; (50 ml) and washed with # (25 ml) and brine (20 ml) and dried with Mg&®@he crude product was
subjected to flash column chromatograptiyek/EtOAc viv = 5:2) affording3 (305 mg, 320 PR O

3:1) as anomeric mixture.

Rf=0.11 (Hex/EtOAc v/v = 3:1 + 1 % NE}.
.-Anomer:

IH-NMR (800 MHz, CDC4  [Jppm] = 8.11 +8.08 (m, 2H, Ar-H), 8.03t8.00 (m, 2H, Ar-H), 7.99£7.97 (m,
2H, Ar-H), 7.94+7.90 (m, 2H, Ar-H), 7.84:7.80 (m, 2H, Ar-H), 7.76£7.71 (m, 2H, Ar-H), 7.54t7.21 (m, 18H,
Ar-H), 6.11 (dd ke = 10.2Hz, Jusrz = 9.1 Hz, 1H, H-3), 5.74 (Bhig e = Jnz iz = 9.7 Hz, 2H, H-3°), 5.60 (d,
Jnirz = 3.7 Hz, 1H, H-1), 5.47 (ddnz pz = 9.7 HZ,dwz v = 7.9 Hz, 1H, H-2"), 5.26:5.18 (m, 2H, H-2, H-4"),
4.96 (d, 2 =7.8 Hz, 1H, H-1), 459 (ddJuearev= 12.1HZ, Jneaps= 1.9 Hz, 1H, H-6a), 4.44 (dd,
Jvebrea= 12.1 HZ Jueos = 3.8 Hz, 1H, H-6b), 4.35:4.31 (m, 1H, H-5), 4.24 (Ghaps = Juaps = 9.6 Hz, 1H, H-
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4), 4.12 +4.04 (m, 1H, H-6a"), 3.87 (dddyeo'r = 47.2 HzJnev rea = 10.3HZ, Jnev- s = 5.8 Hz, 1H, H-6b"), 3.74
+3.68 (M, 1H, H-5"), 3.30 (s, 1H, OH).

3C-NMR (200 MHz, CDC}  [ppm] = 166.1, 166.0, 165.8, 165.5, 165.2, 164.8 (6 x C4G3,7, 133.5 (3C),
133.4, 133.2, 130.1, 130.0, 129.9 (2C), 129.8 (229.1, 128.7 (2C), 128.6 (3C), 128.4 (2C, 20 x ¢-A00.8
(C-17), 90.4 (C-1), 81.0 (dles'r= 175.5 Hz, C-6"), 76.3 (C-4) , 73.5 (@5 = 20.2 Hz, C-5'), 72.9 (C-3"), 72.3
(C-2), 72.0 (C-27), 70.1 (C-3), 68.7 (&4 = 7.0 Hz, C-4"), 68.6 (C-5), 62.4 (C-6). Due to signal oye8a out

of 54 carbon atoms were assigned in*fi@&spectrum.

1F-NMR (377 MHz, CDC4  [ppm] = i 228.6 (td Jrnea= Jr rieb= 46.7Hz, Jr 5= 18.9 Hz).

HRMS (ESI): Calculated for €Has016NF [M+NH,]*: 986.3030; found: 986.3039.

RP-HPLC (Luna 0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1 ml/mintg = 12.91 min, =230 nm.
-Anomer:

IH-NMR (800 MHz, anomeric signals, CDCIl  [ppm] = 4.93+4.89 (m, 2H, H-1, H-1").

BC-NMR (200 MHz, anomeric signals, CDCI [ppm] = 100.8 (C-17), 95.9 (C-1).

F-NMR (377 MHz, CDC$  [ppm] = i 228.3 -+228.5 (m).

RP-HPLC (Luna,0.1 % TFA; 0 min 50 % B: 10 min 100 % B, flow: 1 ml/mntg = 12.66 min, =230 nm.

2,3,4-Tri-O-benzoyl 6-deoxy-6-fluoro-D-glucopyranosyll : 4)-2,3,6-tri-O-benzoyl-.-D-glucopyranosyl

trichloroacetimidateZ6)

o, MN&-CCls

6a/b NGO
s 01,0 OB &S/ /éﬁ
5 1 3 z BZO
F 2 OBz Bz0 BZ0
BzO" Y5 "“OBz
OBz CC|3

Compound26 was synthesized according to a slightly modified synthetic protétol.

To a magnetically stirred solution 68 (220 mg, 0.23 mmol, 1.0 eq.) in dry & (24 ml), trichloroacetonitrile
(231 O mmol, 10.0 eq.) was added. The reaction was cooled to 0 °C, before DBJ 35 mmol,
1.0 eq.) was added in one portion. The reaction as stirred for 10 mig &tedore being slowly warmed to ambient
temperature. The reaction was stirred for 17 h at that temperature and concentiatectduced pressure. The
crude residue was dissolved @b (500 O DQG V X HiskH MU civdRatographyHex/EtOAc
viv =3:1 + 1 % NEj affording26 (220 mg, 0.20 mmol, 87 %) as a slightly yellow oil.

=0.27 (Hex/EtOAc viv = 3:1 + 1 % NE})

Optical rotation: > £3=+48.7 ° (c = 1.2; CHG)
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IH-NMR (400 MHz, CBCl2  [ppm] = 8.61 (s, 1H, N=H), 8.12:8.07 (m, 2H, Ar-H), 8.02+7.97 (m, 2H, Ar-
H), 7.95 +7.88 (m, 4H, Ar-H), 7.85¢7.80 (m, 2H, Ar-H), 7.75t7.70 (m, 2H, Ar-H), 7.67+7.60 (m, 1H, Ar-H),
7.60 £7.32 (M, 13H, Ar-H), 7.32:7.23 (m, 4H, Ar-H), 6.66 (142 = 3.8 Hz, 1H, H-1), 6.09 (ddys 12 =10.2Hz,
Jvana = 9.0 Hz, 1H, H-3), 5.76 Bz iz’ = Iz ra = 9.6 Hz, 1H, H-3"), 5.49 (2 ns = 10.2HzZ, Juon = 3.8 Hz,
1H, H-2), 5.43 (ddJz 13 = 9.8 HZ, Jiz iz = 7.9 Hz, 1H, H-2"), 5.28 (G4 13 = Jna s = 9.8 Hz, 1H, H-4"), 5.03
(d, Jn iz = 7.9 Hz, 1H, H-1"), 4.63 (ddvisarso= 12.3Hz, Jigars= 1.9 Hz, 1H, H-6a), 4.44 (ddyeprea= 12.3 Hz,
Jebns = 4.0 Hz, 1H, H-6b), 4.37 (dduans = 10.2 HzJnaps = 9.0 Hz, 1H, H-4), 4.334.27 (m, 1H, H-5), 4.09
(ddd, Juea £ = 46.8Hz, Jnsar mer = 10.5HZ, e s = 2.3 Hz, 1H, H-6a"), 3.91 (dddhsor = 47.1 HZ I pea =
10.5 Hz,Juew 15 = 5.1 Hz, 1H, H-6b"), 3.75 (ddddys ¢ = 20.7Hz, Jus ma = 9.9HZ, Jus' ety = 5.1 HZ,Jhis' pear =
2.2 Hz, 1H, H-5).

13C-NMR (200 MHz, CDCl2  [ppm] = 166.1, 166.0, 165.9, 165.8, 165.5, 165.4 (6 x C4@).1 (C=NH),
134.1 (2C), 134.0, 133.9, 130.4, 130.3, 130.2 (26,1, 129.3, 129.2 (2C), 129.1, 129.0 (2C), 12880x Gy),
101.4 (C-1'), 93.5 (C-1), 91.2 (C181.3 (d Jos r= 175.7 Hz, C-6), 76.4 (C-4), 73.8 (s = 19.9 Hz, C-5)
73.4 (C-3), 72.5 (C-2"), 71.9 (C-5), 71.2 (C-2),§(C-3), 68.7Jcs = 6.9 Hz, C4"), 62.3 (C-6). Due to signal

overlap 36 out of 56 carbon atoms were assigned itf€¢hspectrum.
F-NMR (377 MHz, CBCl2  [ppm] = i 230.4 (td Jr Hea= JrHep'= 46.9 Hz,Jr 15 = 20.9 HZ).

HRMS (ESI*): Calculated for GsHagClsFN2016" [M+NH4]*: 1129.2127; found: 1129.2144.

Allyl (2,3,4,6-tetraO-benzoyl- -D-glucopyranosyl)l : 4)-2,3-di-O-benzoyl-60O-tert-butyldimethylsilyl- -D-
glucopyranosidegd)

Donor 32 (1.39 g, 1.88 mmol, 1.7 eq.) and the acce®(600 mg, 1.10 mmol, 1.0 eq.) were combined, co-
evaporated with toluene (2 x 10 ml) and dried under high vacuunhfoBtarting materials were dissolved in dry
CH:Cl, (15 ml) and stirred for 1 h with freshly activated 4 A molecular sieve. SubsiguTMSOTf (18.0 O
0.11 mmol, 0.1 eq.) was added at 0°C and the reaction was allowed to slowljyovamm temperature. After
complete conversion of the trichloroacetimidate was indicated by TLC monitormgediation was stopped by
addition of NE$ (1 ml), diluted with CHCI, and filtered through a pad byflo®. The organic layer was washed
with 1 M HCI (20 ml), sat. ag. NaHG@20 ml) and brine (15 ml) and dried with Mg&Q@he crude product was
subjected to column chromatograpfHéx/EtOAc v/v = 6:1) affording4 (1.18 g, 1.05 mmol, 95 %) as a

colorless oil.

Rf = 0.39(°‘Hex/EtOAc v/v = 3:1 + 1 % NE}

Optical rotation: > 8= i 45.2 ° (c = 0.5, CHG)
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IH-NMR (600 MHz, CDCt  fppm] = 8.01 +7.97(m, 4H, Ar-H), 7.98£7.94 (m, 2H, Ar-H), 7.94+7.90 (m,
2H, Ar-H), 7.84 +7.81 (m, 2H, Ar-H), 7.77#7.75 (m, 2H, Ar-H), 7.61+7.56 (m, 1H, Ar-H), 7.56:7.51 (m, 1H,
Ar-H), 7.51 £7.44 (m, 4H, Ar-H), 7.43t7.37 (m, 3H, Ar-H), 7.377.33 (m, 3H, Ar-H), 7.32+7.28 (m, 2H, Ar-
H), 7.27 £7.23 (m, 2H, Ar-H), 7.21+7.18 (m, 2H, Ar-H), 5.78+5.67 (m, 3H, H-3, H-3",H-8), 5.47 (ddlz' u3 =
9.7 Hz,dhz 41 = 8.0 Hz, 1H, H-2"), 5.35 (ddyz,43 = 9.8HZ, Jizma= 7.9 Hz, 1H, H-2), 5.30 (Bha 1z = Jra' pi5' =
9.7 Hz, 1H, H-4"), 5.16 (dQMstrans,Hs= 17.3 HZ Jnotrans,Hocis= JHarrans,i7= 1.7 Hz, 1H, H-Qang, 5.11 (d,Jn1 2 =
8.0 Hz, 1H, H-1"), 5.07 (dqacis,Hs = 10.5 Hz,IngcisHotrans= Jnacis,H7= 1.4 Hz, 1H, H-95), 4.64 (d,Ju1.12= 8.0
Hz, 1H, H-1), 4.27+4.22 (m, 2H, H-4, H-7a), 4.20 (ddyea, Hev = 11.9HZz, Juea’, s = 2.8 Hz, 1H, H-6a"), 4.04
(ddt, In7o,H7a= 13.4HZ, JnzpHs = 6.1HZ, Jnzb,Hocis= JH7bHorans= 1.4 Hz, 1H, H-7b), 3.90 (dddys, va = 9.8Hz,
Jns', Heb'= 6.8Hz, Jus', Hea =2.8 Hz, 1H, H-5"), 3.84 (ddsanen= 11.9HZ, Jusars= 2.8 Hz, 1H, H-6a), 3.75 (dd,
JhebHea= 11.9HZ, Juepris= 1.5 Hz, 1H, H-6b), 3.61 (st Hea = 12.0HZ, Jnep 15 = 6.8 Hz, 1H, H-6b"), 3.36
(ddd, Jus s = 9.6 Hz,Js pea = 2.8Hz, Jusreo= 1.5 Hz, 1H, H-5), 0.94 (s, 9H, Bu), 0.13 (s, 3H, SEH3), 0.09
(s, 3H, SiCHs). [ppm]

13C-NMR (150 MHz, CDC}  [ppm] = 165.9 (2C), 165.8, 165.4, 165.3, 164.7 (6 x C=03.83C-Ar), 133.5
(2C, C-8, C-Ar), 133.4, 133.3, 133.2 133.1, 1300)(229.9 (3C), 129.8 (2C), 129.7 (2C), 129.2, 22828.8,
128.7,128.6, 128.5, 128.4 (2C), 128.3 (22 x C-At)].4 (C-9), 100.6 (C-1"), 99.7 (C-1), 75.4 (CH),1 (C-4),
73.4 (C3/C-37), 73.1 (C3/C-3"), 72.6 (C-5"), 72.2 (B=2, C-27), 69.7 (C-4), 69.6 (C-7), 63.1 (C-&0,9 (C-6),
26.0 (3C, SiBu), 18.4 (G, SiBu), i 4.9 (SiCHs), i 5.1 (SiCHs). Due to signal overlap 51 out of 63 carbon
atoms were assigned in tH€ spectrum

HRMS (ESFI): Calculated for ezHssO17NSi* [M+NH4]*: 1138.4251; found: 1138.4263.

RP-HPLC (Luna,0.1 % TFA; 0 min 50 % B: 10 min 100 % B, flow: 1 ml/mntr = 17.91 min, =230 nm

Allyl (2,3,4,6-tetra©-benzoyl- -D-glucopyranosyl)l : 4)-2,3-di-O-benzoyl- -D-glucopyranosidedb)

OBz OH
¥4 (o}
BzO
s Bz0 BzO
OBz =

Compounds5 was synthesized according a literature known prott€ol.

Cellobiose derivativé4(1.00 g, 0.89 mmol, 1.0 eq.) was dissolved in acetonitrile (60 mi3@8 agueous acetic
acid (60 ml) and stirred f&0 h at 60 °C. After complete conversion of the starting material was obserdédby
monitoring, solvents were removed under reduced pressure. Theepnadlict was co-evaporated with toluene
(2x 50 ml) and subjected to flash column chromatograpghgxX/EtOAcC v/v = : D 1| R&s@D&)g,
0.80 mmol, 90 %) as a colorless ail.

Rf=0.12(‘Hex/EtOAc v/v = 2:1)
Optical rotation: > =%= i 8.1 ° (c = 1.1, CHG)
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H-NMR (600 MHz, CDC4  [ppm] = 7.96 (dddJcn,cr = 10.8 Hz Jorcr = 8.3 Hz,Joncr = 1.4 Hz, 4H, Ar-H),
7.91 (dt,Jencr = 8.4,dcncn = 1.3 Hz, 4H, Ar-H), 7.76 (dddicw.cn = 16.5,dch.cn = 8.3 Hz Joncn = 1.4 Hz, 4H,
Ar-H), 7.57 £7.51 (m, 2H, Ar-H), 7.51+7.46 (m, 1H, Ar-H), 7.467.31 (m, 9H, Ar-H), 7.30:7.26 (m, 2H, Ar-
H), 7.26 £7.20 (m, 2H, Ar-H), 7.20+7.10 (m, 2H, Ar-H), 5.81 (s p2 = Jnz s = 9.7 Hz, 1H, H-3"), 5.76¢
5.68 (M, 2H, H-3, H-8), 5.50 (ddkz 1z = 9.9Hz, Jizhi1 = 8.0 Hz, 1H, H-2"), 5.43t5.36 (m, 2H, H-2, H-4),
5.18 (dq, Jnstansre = 17.3 HZ, Jnowansocis = Jnowansr= 1.7 Hz, 1H, H-8and, 5.09 (dq,Jnocis e = 10.4Hz,

Jrocis Hotrans= Jnecis 7= 1.4 Hz, 1H, H-Q9), 5.02 (d.Jur vz =8.0 Hz, 1H, H-1), 4.70 (dlypz = 8.0 Hz, 1H, H-1),
4.30 +4.22 (M, 2H, H-4, H-7a), 4.024.01 (M, 2H, H-6a", H-7b), 3.98 (ddks', na = 9.9HZ, Jus', ev = 5.3 Hz,
Jvs wea = 3.2 Hz, 1H, H-5"), 3.83 (ddhew rea = 11.9HZ, Jueyy, is = 5.3 Hz, 1H, H-6b"), 3.8@:3.77 (m, 2H, H-
6a, H-6b), 3.45 (dtlsna = 9.8HZ, Jus ea= Jus e = 2.4 Hz, 1H, H-5).

13C-NMR (150 MHz, CDCt  [ppm] = 165.9, 165.8, 165.6, 165.3, 165.1, 164.8 (=0), 133.5 (2C, 2 x C-
Ar), 133.4 (C-8), 133.3, 133.2 (2C), 129.9 (4C), 82929.7 (2C), 129.6, 129.5, 129.1, 128.9, 12R8,7, 128.5
(3C), 128.4, 128.3 (21 x C-Ar), 117.8 (C-9), 101C1(), 100.0 (Ct), 75.4 (C-4), 75.2 (C-5), 73.1 (C-3"), 72.9
(C-3),72.3 (C-5),72.1 (2C, C-2,C-2), 70.4 (CH9,6 (C-47), 62.9 (C-6), 60.4 (C-6). Due to signal ovedidp

out of 57 carbon atoms were assigned in*t@espectrum.
HRMS (ESI): Calculated for Hs4017N* [M+NH4]*: 1024.3386; found: 1024.3405.

RP-HPLC (Luna,0.1 % TFA; 0 min 50 % B 10 min 100 % B, flow: 1ml/min tr = 13.40 min, =230 nm

Allyl (2,3,4,6-tetraO©-benzoyl- -D-glucopyranosyl)l : 4)-2,3-di-O-benzoyl-6-deoxy-6-fluoro-D-gluco-
pyranoside §6)

Fluorination was conducted in accordance to a previously described synthetiupedte32®

To a magnetically stirred solution 6% (620 mg, 617 mol, 1.0 eq.) in dry CECl» (6 ml), 2,4,6-collidine (2061,

1.55 mmol, 2.5%q) and DAST (204 1, 1.54 mmol, 2.5 eq.) were added slowly. The reaction solution was heated
in a microwave oven (100 W, 80 °C) for 1 h. After complete conversitime starting material was observed by
TLC monitoring, the reaction was poured into MeOH (25 ml) and stirred.folh @t ambient temperature. The
resulting mixture was concentrated to dryness under reduced pressure. The wesiddissolved in CiLl»

(20 ml) and washed with sat. ag. NaHGTh ml),1 M HCI (15 ml) and brine (10 ml) and dried with Mg&®he

crude product was subjected to flash column chromatograptex/EtOAc v/v = 3:1) affordings6 (580 mg,

575 P RO %) as a colorless foam.

Rf = 0.31(‘Hex/EtOAc viv = 3:1)
Optical rotation: > =£9= i 45.3 ° (c = 0.5; CHG)
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