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1. Abstract 

 
The aim of the project was to synthesize α1,2-linked and α1,6-linked dimannosides linked 

through either an oxygen-atom or a sulphur-atom, and subsequently test the binding properties 

of the dimannosides to lectins with known specificity towards mannose-containing glycans. The 

dimannosides were prepared by a glycosylation reaction using selectively protected 

monosaccharides containing a thiol or alcohol nucleophilic glycosyl acceptor and a series of 

different glycosyl donors. 

The synthetic routes to the different building blocks were designed to efficiently make use of 

common intermediate compounds to streamline the synthesis. The glycosyl acceptors used for 

the synthesis of α1,2-linked as well as α1,6-linked dimannosides were synthesized in few steps 

and diversified only in the last steps of the synthesis. The glycosyl donors used in the study were 

synthesized from commercially available starting material in a straightforward and convenient 

synthesis in 7 to 8 steps. 
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3. Introduction 

 
The expressions “carbohydrate”, “saccharide”, and “sugar” are often used interchangeably. 

“Saccharide” comes from the word for “sugar” in several early languages, e.g. saccharum in Latin 

and sakcharon in Greek.[1] Carbohydrates are one of the  major classes of biomolecules, along with 

proteins and nucleic acids. They are the most abundant form of compounds in the biological 

world, making up more than 50% of the dry weight of earth’s biomass. Carbohydrates are 

aldehyde- or keto-compounds with multiple hydroxyl-groups. They are important constituents of 

all living organisms and have a variety of different functions for life, e.g. serve as energy storage, 

fuels and as metabolic intermediates. Furthermore, they are part of the structural framework of 

DNA and RNA, and they are important structural elements in cell walls of bacteria and plants.[2] 

Carbohydrates are also linked to many proteins and lipids, where they play key roles in mediating 

interactions among cells. The chemical basis of blood group specificity for example is based on 

the carbohydrates placed on the surface on the erythrocyte.[3] The most abundant carbohydrate in 

nature is D-glucose. Plants produce glucose through photosynthesis and store it as starch and 

cellulose. When animals consume the plants, the carbohydrates are oxidized producing carbon 

dioxide and water which releases energy.[1] 

 

Carbohydrates are built from monosaccharides which typically contain three to nine carbon 

atoms and vary in size and stereochemical configuration at one or more carbon centers. These 

modules may be linked together to form a large variety of different structures. Oligosaccharides 

(oligos is Greek for “few”) are composed of 2-15 monosaccharides and polysaccharides are 

composed of more than 15 monosaccharides.[1] Early chemists noted that carbohydrates have a 

molecular formula that makes them appear to be hydrates of the carbon, Cn(H2O)n hence the 

name carbohydrates. However the result of later studies showed that carbohydrates were not 

hydrates since they did not contain whole water molecules, but the term “carbohydrate” lives on. 

Two monosaccharides can be joined together by dehydration, either enzymatically or through 

synthesis to form a disaccharide molecule.[2],[3] Carbohydrates which contain a keto group are 

called ketoses, whereas such which contain an aldehyde group are called aldoses. Aldoses and 

ketoses with the same number of carbon atoms are isomers of constitution. Depending on the 

number of carbon atoms, the monosaccharides are called tetroses C4, pentoses C5, hexoses C6 

and heptoses C7.
[2],[3] 

 

Monosaccharides can exist in three different forms: a linear structure (which can be illustrated in 

a fischer projection) and two different hemiacetal ring structures (Figure 1). If the aldehyde group 
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on position C1 reacts with the hydroxyl group on C5 the resulting hemiacetal consists of a six-

membered ring (pyranose), whereas if the hydroxyl group on C4 reacts the ring will contain five 

atoms (furanose). In the ring closed forms, C1 is called the anomeric center and the carbohydrates 

can exist in two different forms, called anomers, depending on if the hydroxyl group on C1 is 

axial or equatorial. The α-anomer is defined as the anomer in which the hydroxyl group on the 

anomeric position is on the opposite side of the ring as C6, and vice versa for the β-anomer.[4] In 

aqueous solution the two anomers interconvert spontaneously, a process called mutarotation, and 

at equilibrium there is an α/β-ratio of 36:64 and only very small amounts of the open linear form. 

The anomeric effect describes the tendency of heteroatomic substituents to prefer the axial 

orientation instead of the less hindered equatorial orientation. This effect is based on an 

electrostatic repulsion between the electron pairs of the ring oxygen and the oxygen of the 

anomeric hydroxyl group if this is in the equatorial position (generally β-anomer). In general the 

stability of the two anomers depends on two opposing effect: diminishing steric hindrance in the 

equatorial position and electrostatic repulsion between the electron pairs of the ring oxygen and 

the oxygen of the hydroxyl group.[4] 

 

 
 
Figure 1:  Three forms of D-Glucose.[5] 

 

Mannose only differs from glucose in the orientation of the groups bonded to C2 which is 

inversed. Similarly galactose only differs in the orientation of the groups attached to C4
[5] 

mannose and galactose are hence called epimers of glucose.[2] Both mannose and galactose form 

part of glycolipids and glycoproteins in several tissues of the body.[2] Furthermore galactose and 

glucose are found in dairy products in the form of the disaccharide lactose (β-D-galactopyranosyl-

(1,4)-D-glucose).[1] 

 
 
Figure 2: Comparison between the epimers D-mannose, D-glucose and D-galactose.[5] 
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3.1 Carbohydrates in Cell Recognition 

 
In 1952, Aron Moscona detected that separated cells of chick embryos which where incubated in 

an enzyme solution, did not remain apart; they coalesce into a new aggregate.[6] In his experiment 

he treated tissue fragments of early chick embryos with hyaluronidase and trypsin in brine 

solution to obtain separated cells. After a few days of incubation the cells developed a structure 

very much like the original.[7] Furthermore Moscona saw that when retinal cells and liver cells 

were allowed to coalesce in this way, the retinal cells always migrated to the inner part of the 

cellular mass and liver cells to the outer parts.[7] Three years later Johannes Holtfreter and his 

student Philipp L. Townes performed a similar experiment with cells from amphibian embryos. 

They mixed dissociated cells from different tissues of the amphibian embryo.[8] During the in 

vitro incubation they re-sorted themselves into tissue layers like those from which they had 

come.[6] Those experiments showed the ability of cells to recognize one other and to differ 

between own and foreign cells.  

Today, it is known that carbohydrates play an important role in cellular communication and cell 

differentiation. It is based on highly specific interactions between proteins and complex 

oligosaccharides (Figure 3). On the cell surface, they occur as components of glycoproteins, 

glycolipids or proteoglycans anchored in the cell membrane.[6] More than 50% of all proteins in 

higher organisms are modified with various glycans.[9] Lectins play an important role in the 

biological recognition processes. They are non-enzymatic proteins that bind oligosaccharides with 

high specific, often in di- or polyvalent complexes.[10]  
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Figure 3: Surface Carbohydrates on the cell surface as a point of attachment for viruses, bacteria 

and other cells.[6] 

Carbohydrates are hence very important in many intercellular activities since they act as receptors 

for proteins, viruses, bacteria and hormones. The cell growth and the differentiation between 

bodies and foreign cells are based on interactions between the different carbohydrates.[6],[11]  

 

3.2 Methods to study Carbohydrate-Protein Interactions 

 
Several methods have been established to study the interactions of carbohydrates with other 

molecules. Very powerful tools to elucidate the molecular basis are carbohydrate microarrays. 

This technology has been applied in rapid analysis of the binding properties of a variety of lectins, 

antibodies or viruses.[12] As an analytic method to determine glycan-protein interactions, 

carbohydrate microarrays, which are composed of diverse glycans densely and orderly attached to 

a solid surface, were first described 2002 by several research groups.[12] The primary advantage of 

this technology is that a large number of glycan-protein interactions can be analyzed 

simultaneously with only small amounts of carbohydrate samples.[13] The sources of glycans for 

the preparation of microarrays can either be isolated natural sources or chemical synthesis 

products.[12] Different surface materials have been utilized for glycan arrays, e.g. microscopic glass 

slides functionalized with a reactive group (for example N-hydroxysuccinimide, Figure 4), which 

is very easy to manipulate and very cheap, or gold and nitrocellulose membrane.[14] The 

immobilization of the glycans to the surface can be of either covalent or non-covalent nature e.g. 
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hydrogen bonding, electrostatic interactions, van der Waals forces and hydrophobic effects, 

although covalent bonding is highly favoured due to the more stable nature of the bond. Once 

the carbohydrate arrays have been formed, incubation with a protein, antibody or cell is 

performed to determine which oligosaccharide binds to the target. Optical detection with 

fluorescently tagged targets is currently the most convenient way of detection.[12],[14] 

 

 

Figure 4: Carbohydrate microarrays[14] 

Another often used method for determination of carbohydrate-protein interactions is quartz-

crystal microbalances (QCM). An impress of voltage between two electrodes on each side of a 

quartz crystal results in a shear deformation of the crystal because of the piezoelectric properties 

and crystalline orientation of the quartz.[15] The crystal will further resonance if an alternating 

voltage is applied and the frequency can be measured with an oscilloscope. The frequency is 

directly proportional to the mass of the crystal, and can be measured in real time when molecules 

are adsorbed or attached to the surface.[15] By treating carbohydrate-functionalized QCM-chips 

with protein solution, the resulting binding can be measured as the change in frequency.[10],[15] 

 

3.3 Carbohydrate Chemistry 

 

The increased awareness of carbohydrates in the biological and pharmaceutical sciences in the 

past forty years has led to an amazing renaissance and increase of research in this field of 

chemistry. The complications surrounding carbohydrates still makes it fall behind the frontier of 

proteins and nucleic acids. A major obstacle is the fact that it is difficult to get large enough 

quantities of structurally well-defined carbohydrates and glycoconjugates, which often only exist 

in nature in low-concentrations.[16] One approach to solve this problem is by chemical synthesis.  

In recent years methods for oligosaccharide synthesis has undergone a rapid development. The 

improved analytic methods also helped making it possible to control all the steps in the synthesis.  

One difficulty in the preparation of complex oligosaccharides is the great number of possibilities 

to form oligosaccharides because of the large numbers of the same functional groups (hydroxyl 
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groups). The regioselectivity is generally enhanced by the use of different protection strategies. A 

protecting group is introduced into a molecule to temporarily mask a functional group and block 

its reactivity under the experimental conditions needed to make modifications elsewhere. One of 

the most commonly used protecting groups in carbohydrate chemistry is the benzyl group. 

Benzyl groups are introduced via Williamson-Ether syntheses using benzyl bromide and a strong 

non-nucleophilic base e.g. sodium hydride.[17] The electron donating effect has a positive 

influence on the reactivity of the molecule and can also easily be removed under catalytic 

hydrogenation (e.g. H2/Pd). Protecting groups which forms rings for protecting two OH-groups 

are for example benzylidene-groups or isopropylidenegroups, both can be easily removed using 

1N HCl and H2O in MeOH.[17] Acetals are generally acid labile but very stable under basic 

conditions. Another often used protecting group is the acetyl group. It can be introduced in a 

molecule using I2 or pyridine and Ac2O and can be easily removed using NaOMe in methanol. 

Further, an often used protecting group is silyl-based ethers like TMS groups. They are primarily 

introduced using the corresponding chloride e.g. TMSCl under basic conditions. For 

deprotection, usually weak acids are used or solutions with small nucleophiles e.g. fluoride. The 

orthoester is another useful protecting group which can be used to block two OH groups in cis 

position. Although all hydroxyl groups are of comparable reactivity they can be differentiated by 

exploiting both their subtle differences in reactivity and their relative orientation. The hydroxyl 

group on the anomeric position is the most acid one and therefore most easy to selectively 

protect. The general difference in reactivity between an axial and an equatorial hydroxyl group 

can often be exploited to attain a regioselective protection.[18] The reaction conditions required to 

remove one type of protecting group should ideally leave others intact. Two types of protecting 

groups which fit to these descriptions are called orthogonal protecting groups (Figure 5).[19] 
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Figure 5: different protecting groups for alcohols 
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An important aspect of the choice of protecting groups in carbohydrate chemistry is that they can 

increase or decrease the reactivity of the molecule and also participate actively in reactions. One 

specific type of reactions which largely is affected by the choice of functional groups is 

glycosylation, the process in which a glycosidic bond is formed between two carbohydrates. In 

the synthesis of oligosaccharides, the stereoselective introduction of the glycosidic linkage is even 

more important. Glycosidic bond formation is generally achieved by reacting a fully protected 

glycosyl-donor which offers a sole leaving group at its anomeric centre, with a suitably protected 

acceptor that offers one free nucleophile. The donor is most commonly activated by a promoter 

(e.g. lewis acid) either activating or completely removing the leaving group forming a highly 

reactive intermediate (Scheme 1). The nucleophile of the glycosyl acceptor then attacks the 

glycosyl donor forming the glycosidic linkage, resulting in one or more products depending on 

the choice of protecting groups and the selectivity of the reaction.[20] 
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HO
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O

OPG
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O
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O
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Scheme 1: general mechanism of the glycosylation reaction 

An often used strategy in this field is to choose the protecting groups in order to tune the 

reactivity of the glycosyl donor and direct the subsequent nucleophilic attack thereby controlling 

the stereoselectivity. The concept of “Super armed”, “Armed” and “Disarmed” glycosyl donors 

was introduced by Fraiser-Raid et al. in Organic Letters (Figure 6).[21] They showed that ester 

protecting groups decrease the reactivity of the anomeric center with their electron withdrawing 

properties, whereas ether protecting groups increase the reactivity, due to their electron donating 

properties. Furthermore, a suitable ester protecting group in position C2 can further activate the 

glycosyl donor by neighbouring group participation (Figure 6).[20] 
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Figure 6: Illustration of “super armed”, “armed” and “disarmed” glycosyl donors and the way by 

which the substituents affects the reactivity of the donor.[21] 

Traditionally the most widely used glycosylation methods utilized anomeric halide derivatives of 

carbohydrates as glycosyl donors. Due to the effect that these compounds often suffer from 

instability and require relatively harsh conditions for their preparation, alternative methods were 

desired.[20] However, the anomeric fluorides, trichloroacetimidates and thioglycosides have been 

applied most widely (Figure 7). These compounds can be prepared under mild conditions and are 

sufficiently stable to withstand purification and can be stored for a considerable period of time. 

These donors undergo glycosylation reaction under mild conditions in high yield with a good 

stereocontrol.[21]  

 

Figure 7:  Illustration of commonly used glycosyl donors e.g. anomeric fluorides, 

trichloroacetimidates and thioglycosides. 

The anomeric linkages can further be classified according to the relative and absolute 

configuration at C1 and C2: the 1,2-cis- and 1,2-trans-2-D-glycero series and the 1,2-cis- and 1,2-

trans-2-L-glycero series.[20] The nature of the protecting group at C2 of the glycosyl donor may 

determine the selectivity of the glycosylation. A protecting group at C2 which can perform 

neighbouring group participation during glycosylation offers 1,2-trans glycosidic linkages 

(Scheme 2). If there is a non-assisting group present at C2, the reaction conditions (solvent, 

temperature, choice of promoter) and the constitution of the donor and acceptor will determine 

the anomeric selectivity.[20],[22] Neighboring group participation has been widely used for stereo 

control in the formation of the glycosidic linkage.  



 

13 
 

 

Scheme 2:  Neighbouring group assisted glycosylation using a 2-O-Acylgroup.[20],[22] 

The neighbouring group assisted glycosylation procedures are compatible with many different 

anomeric leaving groups. In some glycosylations, the nucleophile will attack the C2 position of 

the dioxolane ring, resulting in the formation of an undesired orthoester.[21],[22] The 1,2-cis-

glycosylation is much more difficult to achieve than the 1,2-trans-glycosylation. An SN2 reaction 

on the anomeric center from for example a β-glycosylbromide would offer the α-glycosides. 

However β-glycosyl halogenids are highly destabilized due to the anomeric effect. One way to 

avoid this problem was found by Lemieux et al.[23] They showed that it is possible to transfer in 

situ in a reaction with tetraalkylammoniumbromide α-pyranosylbromide to β-pyranosylbromide 

which is afterwards directly attacked from the glycosyl acceptor in an SN2 reaction to get the 

desired 1,2-cis-glycoside. Tertraalkylammonium bromide established the rapid equilibrium 

between the two anomers which is shifted strongly towards the α-bromide since this compound 

is stabilised by the anomeric effect (scheme 3).[24]  The reaction is kinetic controlled and explained 

by the Curtin-Hammett Principe. It works due to the effect that the β-pyranosylbromides have 

because of their lability a lower energy barrier and react therefore faster than the α-form. This 

method is called in-situ-anomerization.[20][24] However, it is very important that the glycosylation is 

performed in a solvent with low polarity. In polar solvents the reaction will proceed via an 

oxycarbonium ion and the anomeric selectivity will be reduced. [24]  
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Scheme 3: In situ formation of α-bromo glycosyl donor using tetraalkylammoium bromide. 
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4. Aim of the project 

 
As aforementioned, it is known that cellular communication and differentiation in organisms are 

based on interactions between proteins and oligosaccharides. To investigate these different 

communication processes, one approach is to replace the oxygen in naturally occurring 

oligosaccharides with other heteroatoms like sulphur, which may give analogous with altered 

binding properties or increased stability toward enzyme degradation.[6][11] 

This project aims to synthesize four different α1-2 and α1-6 O-linked and S-linked disaccharides 

and to investigate the differences between the naturally occurring O-linked disaccharides and 

their sulphur analogues in biomolecular interactions with specific proteins (Figure 8). 

 

 

 

Figure 8: The four target disaccharides. 
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5. Results and Discussion 

5.1 General synthetic routes 

 

The synthetic route of the glycosyl acceptor for the synthesis of α1-6 linked disaccharides started 

from the commercially available compound 10. A simple straight-forward synthetic route leads to 

compound 14 on which point the determination between the O- and the S-linker taking place 

(Scheme 4). The aim of the steps between compound 10 and 14 is to regioselectively protect the 

hydroxyl groups on position C2, C3 and C4. This is achieved by using benzylidene rings for 

protection which can be opened selectively.  The less stable 2-3 benzylidene ring from compound 

11 can be opened selectively to obtain compound 12, as a mixture of isomers. The big benefit of 

this opening is that the regioselectivity of the opening (i.e. 12a or 12b) is needless since the next 

step is a benzylation to obtain compound 13. A second regioselective ring opening of the 4-6-

benzylidene gives compound 14. The glycosylation reaction towards the α1,6-O-linked 

disaccharide (27) is carried out, using glycosyl donor 7. The corresponding thioglycosyl acceptor 

(17) can be prepared from intermediate 14 through a simple protection and nucleophilic 

displacement, thereby simplifying the synthesis. The glycosylation reaction giving the α1,6-S-

linked disaccharide can be carried out using glycosyl donor 9. 

 

Scheme 4: Synthetic route of the α1-6-O/S-linked disaccharides. 



 

16 
 

The synthetic route for the acceptor of the α1,2 linked disaccharides starts from commercially 

available glucose 18 (Scheme 5). A simple straight-forward synthetic route, involving a multistep 

one-pot reaction, leads to compound 20 from where both glycosyl acceptors can be derived. Full 

protection of compound 18 using TMSCl leads to compound 19, in a large scale purification-free 

reaction. Subsequently, a one-pot multi-step reaction the allows for selective deprotection of the 

hydroxyl group at position C2 while the rest of the TMSO protected hydroxyl groups are 

transformed into benzylidene ring and benzyl group, compound 20. Next, the transformation 

from glucose-form into mannose-form can be achieved through nitrite-inversion giving glycosyl 

acceptor 22 and the thioglycosyl acceptor 24.  Due to the similarities between the glycosyl 

acceptors in the both series, the same glycosyl donors can be utilized for the glycosylation giving 

α1,2 linked disaccharides 25 and 26. 

 

Scheme 5: Synthetic route of the α1,2-O/S-linked Disaccharide 

 

 



 

17 
 

5.2 Synthesis of the Glycosyl Donors 

 
As described in the introduction, the glycosyl donor needs to be fully protected to avoid side 

reactions. Further, the protecting groups have to be chosen well to achieve a reactive glycosyl 

donor. The synthesis of both glycosyl donors started from commercially available D-mannose 

and was carried out in 6 steps for donor 7 and in 7 steps for donor 9 (Scheme 6). Both donors 

were synthesized from the same intermediate, compound 6, which shortened the time needed for 

synthesis. 

 

Scheme 6: Synthetic route of key intermediate 6 for the synthesis of glycosyl donors. 

Selectively benzylated intermediate 6 was synthesized according to Beignet et al.[25] The synthesis 

began with iodine-catalyzed peracetylation of D-mannose providing pentaacetate 2 in quant. yield 

with an α/β-ratio of 1:5. Bromination of compound 2 using HBr in AcOH provided the α-

anomer selectively in 98% yield. This was achieved due to the anomeric effect and neighboring 

group participation of the acetyl protecting group in position C2. The aim of the next step was to 

differentiate the protecting group at the hydroxyl group in C2 position from that at C3, C4 and C6. 

This was achieved by temporarily replacing the acetyl group in C2-position with an orthoester 

using 2,6-lutidine as base in a mixture of chloroform and methanol (providing compound 4). The 

orthoester was produced in a mixture of endo and exo product and purified by successive 

recrystallizations from diethyl-ether giving pure white needles with a yield of 65%. The acetyl 

groups in position C3, C4 and C6 could then be selectively deprotected using K2CO3 in methanol 

providing compound 5 without the need for further purification. Afterwards, triol 5 was 

protected with benzyl groups using sodium hydride and benzyl bromide in DMF. The benzylated 

orthoester was obtained after flash chromatography as a yellow syrup with a yield of 75%. The 

overall synthesis of compound 6 was performed in large scale and with only one purification by 

flash chromatography needed.  

Compound 6 was then diversified by opening the orthoesther by two different routes (Scheme 7). 

To create the SEt-donor 7, the ring was opened by EtSH through catalysis by the lewis acid 
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HgBr2 in MeCN. During the reaction one molecule of methoxide is released which can, 

subsequently, compete with EtSH as a nucleophile. Initially, the yield of the reaction was very 

low due to formation of the 1-methoxy side product as well as the hydrolysis product. 

Optimization using dry MeCN and allowing the Orthoester to dry for 1h30min with molecular 

sieves instead of the previously 30 min, increased the yield up to 68%. The second donor 

(compound 9) was obtained by a two-step deprotection/protection strategy. Initially, the 

orthoester in compound 6 was opened in acid hydrolysis using water and acetic acid, followed by 

protection using acetic anhydride and DMAP giving compound 9 in 77%. Ponpipom et al. 

achieve a yield of 98% for the α/β mixture.[26] 

 

Scheme 7: Synthesis of the glycosyl donors 7 and 9. 

 

5.3 Synthesis of the 6-OH/SH Glycosyl Acceptor 

 

The starting material of both the 6-OH and 6-SH glycosyl acceptor was commercially available 1-

O-Methyl-α-D-mannopyranose and the synthesis of the 6-OH acceptor was carried out in a 

straightforward 4 steps route (Scheme 8). The synthesis of the 6-SH acceptor was based on 

compound 14 with an additional 3 reaction steps. 
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Scheme 8: Synthesis of 6-OH/SH glycosyl acceptors 14 and 17. 

Primarily, compound 10 was fully protected with benzylidene groups using benzaldehyde 

dimethyl acetal in the presence of a catalytic amount of iodine as described by Penchadhayee et 
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al.[27] The use of iodine is an attractive alternative to the commonly used hazardous, moisture 

sensitive acid catalysts for the preparation of benzylidene derivatives and product was obtained as 

white needles with a yield of 92%. Treatment of compound 11 with DIBAL-H in hexane lead to 

the selective reductive opening of the 2,3-O-benzylidene acetal rather than the more stable 4,6-

O-benzylidene acetal, giving compound 12a and 12b as described by Tanaka et al.[28] In the first 

attempts of the reduction, DIBAL-H in THF was used but the reaction did not proceed at all, 

indicating that the reaction is highly sensitive to solvent and possibly complexation of DIBAL-H. 

The main product of the opening was the 3-benzylated compound 12a, however both isomers 

could be used for the next reaction giving a yield of 93%. Compound 12a and 12b were thus used 

in one-pot in the benzylation reaction, giving dibenzylated compound 13 in quant. yield. 

Compound 13 consequently required selective opening of the benzylidine on position 6. This was 

achieved successfully using Cu(OTf)-catalyzed regioselective ring opening as described by Shie et 

al.[29] Opening of the 4,6-O-benzylidine lead to the corresponding 6-OH acceptor 14 with a yield 

of 80%. 

Based on compound 14, the first step in the transformation to the 6-SH acceptor was protection 

of the alcohol group with TsCl in pyridine. Initially, Tf2O was used but the resulting triflate was 

too unstable and subsequently decomposed. The protection with TsCl was surprisingly quite 

difficult and several reaction conditions were screened, e.g. using pyridine or potassium 

hydroxide as base with or without DCM as solvent. Dissolving compound 14 in pyridine prior to 

addition of TsCl showed most potential, however even after 20 h of reaction, there still was 

starting material left. One hypothesis was that water caused the problem due to the hygroscopic 

character of pyridine. If there is water in the reaction mixture, this could hydrolyze the TsCl 

forming TsOH which cannot be used in the protection step. The solution was to dry the reaction 

mixture with molecular sieves prior to adding TsCl giving compound 15 in a quant yield. 

Subsequently, the tosylate was replaced by thioacetate in a SN2-reaction using KSAc in DMF at 

60°C, yielding thioacetate 16 in 92% yield. 

The last step in the preparation of 6-SH acceptor 17 was the deprotection of the thioacetate. This 

was performed with NaOMe in methanol. In the first attempts, two spots could be perceived on 

TLC, one higher and one lower than the starting material. Purification and subsequent NMR-

analysis showed that the higher spot was the desired product 17 while the lower spot was the 

corresponding disulfide. After several attempts at deprotection, it was discovered that the 

reaction time is a crucial factor in the formation of the thiol or the disulfide. The longer the 

reaction was allowed to run, the more disulfide was formed. For this reason, the reaction time 
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was limited to 10 min, followed by directly evaporating the methanol and flash chromatography. 

After purification 6-SH acceptor 17 was obtained in 76%. 

 

5.4 Synthesis of the 2-OH/SH Glycosyl Acceptor 

 

The starting material of both the 2-OH and 2-SH glycosyl acceptor was commercially 1-O-

Methyl-α-D-glucopyranose and the synthesis of the 2-OH acceptor was carried out in a 

straightforward 4 steps route (Scheme 9). The synthesis of the 2-SH acceptor was based on a 

common intermediate (compound 21) with an additional 2 reaction steps. Compound 20 was 

synthesized according to a modified procedure by Wang et al.[30] 

 

Scheme 9:  Synthetic route of the 2-OH/SH glycosyl acceptor. 

The synthesis started with full protection of compound 18 using DIPEA and TMSCl giving 

compound 19 in quant. yield without flash chromatography. By diluting the reaction mixture in 

hexane, the chloride salt of DIPEA precipitates and can easily be separated from product 19. The 

aim of the next step was to differentiate the hydroxyl group in C2 position from that at C3, C4 and 

C6. In a one-pot multi-step reaction, the hydroxyl group in C2 position was selectively 

deprotected while the rest of the TMSO-protected hydroxyl groups were transformed into more 

stable protecting groups. In the first step, benzaldehyde and catalyst TMSOTf were used to 

selectively form a 4,6-O-benzylidene acetal at -86 °C. After the completion of starting material, as 

observed by TLC, triethylsilane and more benzaldehyde were added, selectively benzylating the 

hydroxyl group in C3 position. The corresponding 2-alcohol was obtained after purification by 

flash chromatography with a yield of 83%. Interestingly, in the publication by Wang et al[30] the 
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final reaction mixture was treated with TBAF in order to deprotect the TMSO-group in C2 

position, however that was deemed unnecessary in our case as we directly observed the 

deprotected compound 20. Next, the intention was to invert the stereochemistry of C2 position, 

thereby transforming the carbohydrate from glucose-form into mannose-form. This was 

accomplished by triflation and subsequent nucleophilic addition of either TBANO2 (to yield 

compound 22) or TBASAc (to yield compound 23). Protection of the hydroxyl group in C2 

position using Tf2O in pyridine was accomplished easily and yielded compound 21 in 96% yield 

without needed a column. Subsequently, triflate 21 was treated TBANO2 in dry toluene according 

to Pei et al giving compound 22 in 70% yield.[31] Triflate 21  was also treated with TBASAc, by 

the same protocol, giving the SAc-protected mannose-form which could easily be deprotected 

using standard procedure with sodium methoxide in methanol giving product 23 in 77% yield. 

 

5.5 Synthesis of α1,6-linked Dimannosides 

 

The initial plan for the glycosylation giving α1,6-linked disaccharides was to use glycosyl 

acceptors 14 and 17 together with glycosyl donor 7 catalyzed by NIS and TfOH according to 

Zhang et al (Scheme 10).[32]. In the reaction, the thioether attacks the electrophilic iodine in NIS 

oxidizing the sulphur and transforms into a good leaving group. The acetyl group in position C2 

helps to stabilize the activated intermediate and directs the nucleophilic attack by the glycosyl 

acceptor towards the bottom face of the carbohydrate giving primarily the α1,6-linked 

disaccharide. The strong acid (TfOH) is needed in to protonate the 2,5-dioxopyrolidine (NIS) in 

order for the iodine transfer to occur. Since both the glycosyl acceptors can be considered fairly 

good nucleophiles, it was reasoned that the glycosylation reaction might be performed with the 

same donor. However, sulphur’s affinity for iodine might present a problem in the case of 

glycosyl acceptor 17 since it contains a thiol. 
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Scheme 10: Glycosylation reaction aiming for the α1,6-linked dimannosides using NIS and 

TfOH. 

The reaction between glycosyl acceptor 14 and donor 7 was performed successfully at -15 °C 

giving the α1,6-O-linked disaccharide in 80% yield. The reaction is very sensitive to moisture and 

air but when successful very fast, if there is no product after 30 min then no product will be 

formed. As expected, the corresponding reaction with glycosyl acceptor 17 was not so successful 

and instead of the disaccharide, an O-methylated side product 35 was formed (Scheme 10). 

Experiments were carried out trying to pre-activate donor 7 with NIS and TfOH before adding 

the acceptor. Unfortunately, the results were the same. Another strategy was then tested using 

acceptor 17 and orthoester 6 catalyzed with HgBr2. Since the same reaction worked in the 

synthesis of glycosyl donor 7 with ethanethiol, it was anticipated that another thiol might yiled 

the corresponding product. After 23 h reaction, no disaccharide product could be observed. 

From TLC analysis, only starting material together with disulfide of compound 17 and the 

hydrolyzed product could be observed. The next advisement was to use glycosyl donor 9 

together with a strong Lewis Acid (BF3) according to the procedure by Abronina et al (Scheme 

11).[33] 
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Scheme 11:  Glycosylation reaction aiming for the α1,6-S-linked dimannoside catalyzed by BF3. 

This time, the correct product was formed although purification was quite troublesome. Glycosyl 

donor 9 is formed as an α/β-mixture with close retention, which made purification difficult. 

Hence there was initially a small amount of the β-anomer of 9 present. Unfortunately, the β-

anomer of 9 has almost exactly the same retention as the desired disaccharide product. Trials 

were therefore performed with commercially available α-pentaacetate but under these conditions, 

the glycosyl donor was not activated enough, and side product 37 was formed instead (scheme 

12).  

 

Scheme 12: Glycosylation reaction using using BF3 and the commercially available α-

pentaacetate. 

Since this approach failed, focus was then shifted towards the production of anomerically pure 

glycosyl donor 9. The glycosylation was then carried out again giving pure α1,6-S-linked 

dimannoside in 78% yield. 

 

5.6 Synthesis of the α1,2-linked Dimannosides 

 

For the synthesis of the α1,2-linked disaccharides, the strategy was the same as for the α1,6-linked 

disaccharides but instead using glycosyl acceptors 22 and 24. The reaction between glycosyl 

acceptor 22 and glycosyl donor 7 yielded the α1,2-O-linked disaccharide on small scale (scheme 

13). However, due to lack of time, the reaction was not repeated in large scale, hence the lack of 

reliable yield. 
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Scheme 13:  Glycosylation reaction aiming for the α1,2-linked dimannosides using NIS and  

Based on the problems found during the preparing of the α1,6-S-linked dimannoside, the α1,2-S-

glycosylation was initially performed with donor 9 and acceptor 24 using BF3 as promoter 

(scheme 14). Unfortunately, only O-methylated side product 38 was found. 

 

Scheme 14: Glycosylation reaction aiming for the α1-2-S-linked dimannoside. 

One hypothesis to this outcome is the possible multi-reactivity of BF3 allowing for several 

reactions reaching side products. TLC analysis of the reaction suggested that lowering the 

temperature might produce other products. The reaction was therefore performed at 0 °C and     

-15 °C to test reaction selectivity. After 30 min acceptor 24 was completely gone and much of the 

donor 9 was left. Interestingly, aromatic spots were found on TLC and after comparison it was 

found that it was benzaldehyde. This pattern was observed at both 0 °C and -15 °C. It was 

reasoned that BF3 reacts faster with the 4-6-O-benzylidine of acceptor 24 than with the acetyl of 

donor 9. As before, trials were performed trying to to pre-activate donor 9 with BF3 prior to 

addition of acceptor 24, although results were the same. 

Attempts were then made using NIS/TfOH although the outlook was quite low due to the 

negative results in the α1,6-S-linked dimannoside case. As expected, no disaccharide was formed 

but, interestingly, a new species was formed. NMR-analysis showed that the new monosaccharide 

formed contained both the characteristic methyl-group in position C1 but also the SEt-group 

(Scheme 15). 
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Scheme 15:  Glycosylation reaction aiming for the α1,2-S-linked dimannoside using NIS/TfOH. 
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6. Conclusion 
 

A series of acceptors and donors needed for the four different dimmanosides have been 

successfully synthesized and characterized. The glycosylation reactions were successful for the     

α1,6-S-linked, α1,6-O-linked and α1,2-O-linked dimmanosides utilizing two different glycosylation 

protocols. Several other glycosylation protocols were tested for the glycosylation reaction aiming 

for the α1,2-S-linked dimannoside, but unfortunately without success. Several important aspects 

of the glycosylation reactions could be derived e.g. in case of the two O-linked dimannosides, 

glycosylation could be performed using the standard procedure with NIS/TfOH and donor 7. In 

the case of S-linked dimmanosides, problems appear due to cross-reactivity between the 

thioether in the donor and the thiol in the acceptor. A successful alternative glycosylation 

procedure was found for the synthesis of the α1,6-S-linked dimannoside, utilizing strong Lewis 

Acid BF3 as promoter together with acetyl-donor 9.  Unfortunately, this procedure did not work 

for the synthesis of α1,2-S-linked dimannoside using glycosyl acceptor 24 due to the presence of 

relatively labile benzylidine protecting group. 
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8. Experimental Part 

 

General Experimental Procedure 

The 1H NMR spectra were recorded at 500 MHZ on a Bruker UltraShield plus 500 MHz/54 mm 

instrument. The shifts are reported in ppm and the residual solvent peak was used as internal 

standard (CDCl3  7,26). The TLC analyses were performed on Merck silica gel 60 F254 plates. 

Carbohydrates were visualized with a mixture of H2SO4 and MeOH.  Flash chromatography was 

performed on Merck silica gel. If not otherwise specified all the commercially available 

compounds were user without further purification. 

 

 

 

Penta-O-acetyl-α-D-mannopyranose and penta-O-acetyl-β-D-mannopyranose (2) 

 

Iodine (0.04 eq) was added to a stirred solution of Ac2O (25.1 eq) at 0°C. When the iodine was 

totally dissolved, D-mannose (1) (1 eq) was added. After 3 h no more D-mannose could be 

recognized. DCM, water and Na2S2O5 (3 eq) were added to the solution. The organic phase was 

washed 2 times with NaHCO3, brine solution and dries over MgSO4. After removing the solvent 

in vacuum the formed yellow syrup with quant. yield was used in the next step without further 

purification. 

 

 1H-NMR (500 MHz, CDCl3):  2.01 (s, 3H, α/β), 2.06 (s, 3H, α/β), 2.1 (s, 3H, α/β),  2.17 (s, 

3H, α/β),  2.18 (s, 3H,  α/β), 3.78-3.83 (m, 1H, β), 4.02-4.09 (m, 1H, α), 4.10 (dd, J=2.3 Hz and 

12.4 Hz,  1H, α), 4.14 (dd, J=2.2 Hz and 12.5 Hz, 1H,  β), 4.28 (dd,  J=4.9 Hz and 12.4 Hz, 1H, 

α), 4.31 (dd,  J=5.1 Hz and 12.5 Hz, 1H, β), 5.13 (dd, J=3.3 hz and 10 Hz, 1H, β), 

5.3-5.27 (m, 1H, α), 5.35(dd, J=2.5 hz and 3.6 Hz, 2H,  α), 5.49 (dd, J= 1 Hz and 3.1 Hz, 1H, β), 

5.86 (d, J=1,02 hz 1H, β), 6.09 (d,  J=1,7 Hz, 1H, α) 
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Tetra-O-acetyl-α-D-mannopyranosyl bromide (3) 

The title compound was prepared from the pentaacetat (2). For this a solution of HBr-ACOH 

(12.1 eq) was added slowly to a stirred solution of (2) (1 eq) in DCM at 0°C. The mixture was 

stirred for 15 h and the end of the reaction was checked by TLC. The reaction mix was putted 

into ice-water and the organic phase was washed several times with NaHCO3 and dried over 

MgSO4.After removing the solvent a yellow syrup was left with a yield of 91%. 

 

1H-NMR (500 MHz, CDCl3): 2.01 (s, 3H), 2.07 (s, 3H), 2.11 (s, 3H), 2.18 (s, 3H), 4.14 (dd, 

J=2,2 Hz and 12.6 Hz, 1H), 4.22 (m, 1H), 4.33(dd, J=5.0 Hz and J=12.04, 1H), 5.37 (t, J=10.0 

Hz, 1H), 5.45 (dd, J=1.6 Hz and J=3.4 Hz, 1H), 5.72 (dd, J=3.4 Hz and J=10.3 Hz, 1H), 6.29 (d,  

J=0.8 Hz, 1H)  

 

 

 

 

3,4,6-Tri-O-acetyl-1,2-O-(1-methoxyethylidene)-α-D-mannopyranose (4) 

Methanol and Chloroform dissolved (3) (1 eq) and afterwards 2,6-lutidine (2.05 eq) was added to 

the solution and then stirred at rt for 18 h. DCM was added and the organic phase was washed 

with NaHCO3, brine and dried over MgSO4. Concentrated under reduced pressure gave the 

crude as a yellow solid. Recrystallization from ether gave the title compound as white needles 

with a yield of 65 %. 

 

 1H-NMR (500 MHz, CDCl3): 1.52 (s, 3H, endo),  1.75 (s, 3H, exo), 2.03 (s, 3H, endo), 2.06 (s, 

3H, endo/exo), 2.08 (s, 3H, exo), 2.13 (s, 3H, exo/endo), 3.28 (s, 3H, exo), 3.5 (s, 3H, endo), 

3.66-3.70 (m, 1H, exo), 3.70-3.72 (m, 1H, endo), 4.12 (dd, J= 2.6 Hz and 12.1 Hz, 1H, endo), 

4.15 (dd, J=2.6 Hz and 12.1 Hz, 1H, exo), 4.24 (dd, J=4.9 Hz and 12.2 Hz, 1H, exo), 4.27 (dd, 
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J=3.0 and 12.9 Hz, 1H, endo), 4.38 (dd, J=2.6 Hz and 4.1 Hz, 1H, endo),  4.62 (dd, J=2.6 Hz and 

4.1 Hz, 1H, exo), 5.15 (dd, J=4.0 and 9.9 Hz, 1H, exo), 5.2 (dd, J=4.2 Hz and 10.1 Hz, 1H, 

endo), 5.27 (d, J=2.5 Hz, 1H),  5.30 (t, J= 9,7 Hz, 1H, exo), 5.4 (t, J=9.9 Hz, 1H, endo), 5.49 (d, 

J=2.5 Hz, 1H, exo),  

 

 

1,2-O-(1-Methoxyethylidene)-α-D-mannopyranose (5) 

K2CO3 (0.03 eq) was added to a stirred solution of (4) (1 eq) in Methanol. After 2 h the reaction 

was finished and removing the solvent gave compound (6) with a quant. Yield. It was used in the 

next step without any purification.  

1H-NMR (500 MHz, CDCl3): 1.68 (s, 3H), 3.31 (s, 3H), 3.74-3.9 (m, 5H), 4.52 (dd, 1H), 5.5 (d, 

J=2.7 Hz, 1H)  

 

 

3,4,6-Tri-O-benzyl-1,2-O-(1-methoxyethylidene)-α-D-mannopyranose (6) 

After cooling down (5) (1 eq) in DMF to 0°C, NaH (60% dispersion in mineral oil, 6 eq) was 

added. The reaction mix was stirred at 0°C for 45 min. Afterwards BnBr (6 eq) was added 

dropwise. After 15 min the solution was allowed to heat to rt. It was stirred another 2 h at rt after 

which it was diluted with Et2O and water. The water phase was extracted two times with Et2O. 

The combined organic phases were washed several times with water and brine, dried over MgSO4 

and concentrated under reduced pressure to give the crude product. The title compound was 

isolated from the crude as yellow syrup with a yield of 58 % after flash chromatography. 

 1H-NMR (500 MHz, CDCl3): 1.74 (s, 3H), 3.28 (s, 3H), 3.42 (ddd, J=2.2 Hz, 4.5 Hz and 9.4 

Hz, 1H), 3.69-3.77 (m, 4H), 3.92 (t, J=9.4 Hz, 1H), 4.39 (dd, J=2.6 Hz and 3.9 Hz, 1H), 4.53-4.63 

(m, 3H), 4. 78 (d, J=2.7 Hz, 1H), 4.89 (d, J=10.8 Hz, 1H), 5.35 (d, J=2.5 Hz, 1H), 7.23-7.42 (m, 

15H) 
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2-O-acetyl-3,4,6-Tri-O-benzyl-1-ethanethiol-α-D-mannopyranose (7) 

Dry MeCN dissolved compound (6) (1 eq) and molecular sieves were added and let stirred in 

nitrogen atmosphere for 1 h 30 min. Then EtSH (3.3 eq) and HgBr2 were added with a syringe 

ant the reaction mix was heated to 60°C. After 20 h diluted with DCM and washed two times 

with 5 % NaOH, saturated NaHCO3 and brine solution. The reaction mix was dried over MgSO4 

Concentration under reduced pressure followed by flash chromatography Hex/EtOAc 4:1 afford 

(7) as a colorless syrup with a yield of 68 %. 

 1H-NMR (500 MHz, CDCl3): 1.27 (t,  J=7.4 Hz, 3H),  2.19 (s, 3H), 2.57-2.72 (m, 2H), 3.68 

(dd, J=1.9 and 10.8 Hz, 1H), 3.84 (dd, J=4.3 and 10.8 Hz, 1H), 3.89-3.95 (m, 2H), 4.16 (dd, J= 3 

Hz and 8.9 Hz, 1H), 4.46-4.53 (m, 3H), 4.68 (dd, J=2.4 Hz and 11.6 Hz, 2H), 4.85 (d, J=10.8 Hz, 

1H), 5.32 (d, J=1.3 Hz, 1H), 5.43 (dd, J=1.7 Hz and 2.7 Hz, 1H), 7.14-7.37 (m, 15H) 

 

 

2,3-Di-O-acetyl-3,4,6-Tri-O-benzyl -α-D-mannopyranose (9) 

Compound (6) was dissolved in H2O (200eq) and HOAc (100eq.) and heated in oil bath to 

100°C. After 4 h TLC shows no more starting material and so the rxn mix was dried under 

reduced pressure to give the 1/2 OH product as a light yellow syrup. The residue was dissolved 

in Pyridine and  (6eq) and DMAP (0.1eq) were added and let stirred at rt. After 1 h rxn mix 

was poured on ice water and diluted with DCM. Aqueos phase was extracted with DCM and 

combined organic layers were washed with 1M HCl, sat. NaHCO3, and water. Drying over  

MgSO4 and removing the organic solvent in vacuum gave the crude product. Purified by flash 

chromatography with Hex/EtOAc 7:1 afford (9) as a light yellow syrup with a yield of 77 %. 

 1H-NMR (500 MHz, CDCl3): 2.07 (s, 3H), 2.17 (s, 3H), 3.70 (dd, J=1.5 Hz and 10.8 Hz, 1H), 

3.81 (dd, J=3.8 and 10.9 Hz, 1H), 3.83-3.88 (m, 1H), 3.96-3.98 (m, 2H), 4.50-4.57 (m, 3H), 4.68 

(d, J=12.1 Hz, 1H), 4.73 (d, J=11.2 Hz, 1H), 4.86 (d, J=10.6 Hz, 1H), 5.37 (dd, J=2.1 Hz and 2.4 

Hz, 1H), 6.12 (d, J=1.9 Hz, 1H), 7.15-7.37 (m, 15 H) 
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4,6:2,3-bis-Benzylideneacetal-O-methyl- -D-mannopyranoside (11) 

Commercial available  - methylmannose was placed with DRY MeCN in a round bottom flask 

and mix was stirred whilst adding benzaldehyd dimethylacetate (2.2 eq). Afterwards I2 (0.3 eq) 

was added and then stirred at r.t for 3 hours. The Organic phase was washed with water and 

Na2S2O5. Afterwards the whole mixture was purified by flash chromatography with 

DCM/MeOH 12:1. After removing the solvent a yellow syrup was left with a yield of 92 %. 

 1H-NMR (500 MHz, CDCl3): 3.41 (s, 3H), 3.81-3.93 (m, 3H), 4.14 (d, J=5.42 Hz, 1H), 4.35-

4.38 (m, 1H), 4.63 (dd, J=5.4 Hz and 7.9 Hz, 1H), 5.02 (s, 1H), 5.64 (s, 1H), 6.29 (s, 3H), 7.34-

7.40 (m, 4H), 7.44-7.48 (m, 2H), 7.51-7.55 (m, 2H)  

 

 

4,6-Benzylideneacetal-2-benzyl-1-O-methyl-α-D-mannopyranoside (12a) 

4,6-Benzylideneacetal-3-benzyl-1-O-methyl-α-D-mannopyranoside (12b) 

Compound (11) and DRY DCM was placed in a round bottom flask and putted on ice bath. To 

this solution AlCl3 (0.05 eq) was added and mix was putted under Nitrogen. Afterwards DIBAL-

H (hexane) (2.7 eq) was added and then stirred at 0°C for 2h. The reaction mix was quenched 

with MeOH, diluted with 1M HCl and the water phase was extracted two times with DCM. 

Washing the combined organic phases with brine, drying over MgSO4 and concentrated under 

reduced pressure gave the crude product. The compounds (10a) and (10b) were isolated as a 

yellow syrup with a yield of 93%. 

 1H-NMR (500 MHz, CDCl3 (12a): 2.64 (d, J=1 Hz, 1H), 3.38 (s, 3H), 3.79-3.93 (m, 3H), 4.05-

4.06 (m, 1H), 4.09 (d, J=9.3 Hz, 1H), 4.28 (dd, J=4.3 Hz and 9.7 Hz, 1H), 4.72 (d, J=11.9 Hz, 

1H), 4.77 (s, 1H), 4.85 (d, J=11.9 Hz, 1H), 5.62 (s, 1H), 7.28-7.40 (m, 8H), 7.48-7.51 (m, 2H) 
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1H-NMR (500 MHz, CDCl3 (12b): (spectrum bad) 

  

 

 

4,6-Benzylideneacetal-2,3-benzyl-1-O-methyl- -D-mannopyranoside (13) 

A solution of mixture (12a) and (12b) in DRY DMF was putted on ice bath. Then NaH 60% in 

oil (4 eq) was added and mix was stirred 1h at 0°C before adding BnBr (1.1 eq). Afterwards mix 

was stirred at 0°C to room temperature for 2 h. To quench the reaction mix it was putted on ice 

water and diluted with Et2O. The water phase was extracted two times with Et2O. The combined 

organic phases were washed with H2O and brine and dried over MgSO4. The purification was 

carried out using flash chromatography, 6:1 Hex/EtOAc. 

 1H-NMR (500 MHz, CDCl3): 3.36 (s, 3H), 3.78 (dt, J=1, J=9.9 and J=10.1 Hz, 1H), 3.84 (dd, 

J=1.5 and J=3 Hz, 1H), 3.90 (t, J=10.3 Hz, 1H), 3.95 (dd, J=3.2 and J=10 Hz, 1H), 4.24 (d, 1H, 

J=9.5Hz), 4.27 (t, 1H, J=5.1Hz), 4.54 (d, 1H, J=32.9Hz), 4.66 (d, 1H, J=12.3Hz), 4.70 (d, 1H, 

J=1.1Hz), 4.75 (d, 1H, J=12.3Hz), 4.83 (dd, 1H, J=6.5Hz, J=12.3Hz), 5.65 (s, 1H), 7.27-7.40 (m, 

13 H), 7.51-7.52 (m, 2H) 

  

 

 

2,3,4-benzyl-1-O-methyl- -D-mannopyranoside (14) 

Compound (13) was putted under nitrogen before BH3∙THF 1M was added. For dissolving 

shaking is needed. 10 min later Cu(OTf)2 dissolve in 1 ml THF was added slowly and afterwards 

let stirred at r.t for 2 h. For quenching mix was kept on ice while adding MeOH dropwise. After 

removing the solvent under reduced pressure, mix was purified by flash chromatography using 

Hex/EtOAc 3:1 to get the title compound with a yield of 80 % as a colorless syrup. 
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 1H-NMR (500 MHz, CDCl3):  2.00 (t, 1H), 3.30 (s, 3H), 3.61-3.63 (m, 1H), 3.74-3.80 (m, 2H), 

3.85 (ddd, 1H, J=3.0Hz, J=5.3Hz and J=11.5Hz), 3.90 (dd, 1H, J=2.9Hz, J=9.4Hz), 3.96 (t, 1H, 

J=9.5Hz), 4.64-4.7 (m, 5H), 4.78 (d, 1H, J=12.3Hz), 4.94 (d, 1H, J=10.9Hz) , 7.26-7.37 (m, 15H)  

 

 

 

2,3,4-benzyl-6-tosyl-1-O-methyl- -D-mannopyranoside (15) 

Compound (14) was dissolved in pyridine with molecular sieves, putted on ice bath and let dried 

under nitrogen for 1 h. Then TsCl (3.5 eq) was added and the reaction was proceed 4 hours 

more. Afterwards reaction mixture was diluted with EtOAc, washed with 1 M HCl, saturated 

NaHCO3 solution, H2O and dried over MgSO4. After removing the solvent under reduced 

pressure and flash chromatography the product was get as a yellow syrup with a quant. yield. 

1H-NMR (500 MHz, CDCl3):  2.39 (s, 3H), 3.23 (s, 3H), 3.70-3.74 (m, 2H),  3.78 (t, 1H, 

J=9.3Hz),  3.83 (dd, 1H, J=2.9Hz, J=9.0Hz),  4.20 (dd, 1H, J=5.6Hz, J=10.4Hz),  4.26 (dd, 1H, 

J=1.9Hz, J=10.4Hz), 4.63 (d, 1H, J=1.5Hz), 4.56 (d, J=.1 Hz, 2H), 4.63 (d, J=1.5 Hz, 1H), 4.67 

(dd, 1H, J=12.5Hz, J=23.5Hz) , 4.86 (d, 1H, J=10.8Hz) , 7.26 (t, 1H, J=35.8Hz), 7.17 (dd, 1H, 

J=1.8Hz, J=7.3Hz), 7.23-7.34 (m, 17H), 7.76 (d, 1H, J=8.3Hz) 

 

 

 

2,3,4-benzyl-6-thioacetyl-1-O-methyl- -D-mannopyranoside (16) 

Compound (15) was dissolved in DRY DMF and putted under nitrogen. KSAc (3eq) was added 

and the solution was heated to 60°C and let stirred for 3 h 30 min. After consumption of the 

starting material the reaction mix was diluted with H2O and Et2O and the water phase was 

extracted two times with Et2O. The combined organic phases were washed with H2O, brine and 

dried over MgSO4. Concentrated under reduced pressure to remove the solvent and flash 

chromatography gave compound (14) with a yield of 92 % as a yellow syrup. 
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 1H-NMR (500 MHz, CDCl3): 2.34 (s, 3H), 3.08 (dd, J=8.1 Hz and 13.5 Hz, 1H), 3.29 (s, 3H), 

3.58 (dd, J=2.7 Hz and 13.5 Hz, 1H), 3.68 (dt, J=2.7 Hz, 8.7 Hz and 8.9 Hz, 1H), 3.74-3.79 (m, 

2H),  3.85 (dd, J=3.5 Hz and 8.9 Hz, 1H), 4.60 (s, 2H), 4.70 (td, J=11.5 Hz, 11.5 Hz and 22 Hz, 

4H), 4.94 (d, J=11.1 Hz, 1H), 7.26-7.40 (m, 15H) 

 

 

2,3,4-benzyl-6-thio-1-O-methyl- -D-mannopyranoside (17) 

Compound (16) and MeOH was placed in a round bottom flask under nitrogen. To this NaOMe 

(3eq) was added and let stirred for 5 minutes. After consumption nearly all the starting material 

MeOH was evaporated and rxn mix was flashed immediately to get the thiol product with a yield 

of 76 % as a colorless syrup. 

 1H-NMR (500 MHz, CDCl3) (thiol): 1.74 (dd, J=7.0 Hz and J=9.6 Hz, 1H), 2.71-2.77 (m, 

1H), 2.89-2.95 (m, 1H), 3.35 (s, 3H), 3.64 (dt, J=2.3 Hz, J=8.7 Hz and J=8.7 Hz, 1H), 3.80 (dd, 

J=1.9 Hz and 2.7 Hz, 1H), 3.84 (t, J=9.3 Hz, 1H), 3.89 (dd, J=9.3 Hz and 9.3 Hz, 1H), 4.62 (s, 

2H), 4.64 (d, J=11.2 Hz, 1H), 4.75 (dd, J=12.4 Hz and 29.5 Hz, 2H), 4.72 (d, J=1.3 Hz, 1H), 4.97 

(d, J=11.0, 1H), 7.26-7.39 (m, 15H) 

1H-NMR (500 MHz, CDCl3) (disulfide): 2.85 (dd, J=9.2 Hz and 13.4 Hz, 1H), 3.17 (dd, J=2.1 

Hz and 13.4 Hz, 1H), 3.30 (s, 3H), 3.73 (t, J=9.4 Hz, 1H), 3.77 (dd, J=2 Hz and J=2.8 Hz, 1H), 

3.82 (dt, J=2,1 Hz, J=9,5 Hz and J=9.3 Hz, 1H), 3.86 (dd, J=3.1 Hz and J=9.1 Hz, 1H), 4.57 (d, 

J=11.3 Hz, 1H), 4.59 (s, 2H), 4.68 (d, J=1.4 Hz, 1H), 4. 71 (dd, J=12.2 Hz and 12.0 Hz, 2H), 4.92 

(d, J=11.2 Hz, 1H), 7.19-7.38 (m, 15H) 
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Per-O-trimethylsilylated-1-O-methyl-α-D-glucopyranoside (19) 

Commercial available 1-O-Metyl-α-D-Glucopyranose and DIPEA was placed with DRY DCM in 

a round bottom flask and putted under nitrogen at 0°C. Reaction mix was stirred from 0°C to rt 

for 25 h. After full conversion of the starting material the reaction mix was evaporated and 

diluted with hexane.  A precipitate appears and shaking is needed. Afterwards separation was 

carried out using celite for filtration. The product was obtained with a quant. yield. 

 1H-NMR (500 MHz, CDCl3): 0.10-0.19 (m, 37H), 3.31 (s, 3H), 3.40-3.53 (m, 3H), 3.64-3.78 

(m, 3H), 4.61 (d, J=3.6 Hz, 1H) 

 

 

4,6-Benzylideneacetal-3-benzyl-1-O-methyl- -D-glucopyranoside (20) 

Compound (19) was dissolved in dry DCM with ArCHO (1eq) and pre-dried at -78°C for one 

hour. After adding TMSOTf (0.15eq) dropwise the mix was stirred for further two hours befor 

adding  (1.1eq) and more ArCHO (1.2eq). After 3 h no more starting material could be 

recognized and so the rxn mix was diluted with DCM and the organic layer was washed with sat. 

NaHCO3 and water. Drying over  MgSO4 and removing the organic solvent in vacuum gave the 

crude product. Purified by flash chromatography with Hex/EtOAC 9:1 gave (20) as a white solid 

with a yield of 83 %. 

1H-NMR (500 MHz, CDCl3): 2.30 (d, J=7.4 Hz, 1H), 3.38 (s, 3H), 3.58 (t, J=9.3 Hz, 1H), 3.63-

3.79 (m, 4H), 4.23 (dd, J=4.6 Hz and 10 Hz, 1H), 4.70-4.75 (m, 2H), 4.89 (d, J=11.6 Hz, 1H), 

5.50 (s, 1H),7.18-7.34 (m, 8H), 7.40-7.44 (m, 2H) 
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4,6-Benzylideneacetal-3-benzyl-2-Triflat-1-O-methyl- -D-glucopyranoside (21) 

This compound was synthesized by a previous student in the group. 

 

 

4,6-Benzylideneacetal-3-benzyl-1-O-methyl- -D-mannopyranoside (22) 

This compound was synthesized by a previous student in the group. 

 

 

4,6-Benzylideneacetal-3-benzyl-2-Acetylthiol-1-O-methyl- -D-mannopyranoside (23) 

This compound was synthesized by a previous student in the group. 

 

 

4,6-Benzylideneacetal-3-benzyl-2-thiol-1-O-methyl- -D-mannopyranoside (24) 

Compound (23) and MeOH was placed in a round bottom flask under nitrogen. To this NaOMe 

(3eq) was added and let stirred for 5 minutes. After consumption nearly all the starting material 

MeOH was evaporated and rxn mix was flashed immediately to get the thiol product with a yield 

of 76 % as yellow syrup. 
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1H-NMR (500 MHz, CDCl3): 1.98 (d, J=6.3 Hz, 1H), 3.35 (s, 3H), 3.63 (t, J=7.2 Hz, 1H), 3.86 

(d, J=7.4 Hz, 2H), 4.09-4.13 (m, 1H), 4.19-4.27 (m, 2H), 4.70 (d, J=12.4, 1H), 4.77 (d, J=11.8 Hz, 

2H), 5.63 (s, 1H), 7.22-7.51 (m, 10 H) 

 

Protected α1-2-O-linked dimannoside (25) 

Compounds (22) and (7) were dissolved in dry DCM and let drying under nitrogen with 

molecular sieves at -15°C for 1h. Then nitrogen atmosphere was broken and NIS (4eq) was 

added. Then nitrogen atmosphere again and the flask was shielded from the light with aluminum 

foil. Then TfOH (0.2eq) in 1 ml dry DCM was added dropwise. After 30 min at -15°C the 

starting material was completely consumed and the rxn mix was diluted with DCM and water. 

Then Na2S2O5 (3 eq) was added. The organic layer was washed with NaHCO3 and dried over 

MgSO4. Removing the solvent under reduced pressure and flash with Hex/EtOAc 5:1 gave the 

product as a colorless syrup. 

 1H-NMR (500 MHz, CDCl3): 2.14 (s, 3H), 3.23 (s, 3H), 3.70-3.95 (m, 8H), 4.0-4.06 (m, 3H), 

4.23 (dd, J=4.6 Hz and J=10 Hz, 1H), 4.45-4.58 (m, 4H), 4.66 (dd, J=3 Hz and 12.1 Hz, 2H), 

4.74 (d, J=1.2 Hz, 1H), 4.77 (d, J=10.9 Hz, 1H), 4.85 (dd, J=11.4 Hz and 15.9 Hz,, 2H), 5.12 (d, 

J=1.5 hz, 1H), 5.59 (dd, J= 1.9 Hz and J=3.2 Hz, 1H), 5.63 (s, 1H), 7.15-7.18 (m, 2H), 7.23-7.40 

(m, 21 H), 7.49-7.52 (m, 2H) 

O
BnO

BnO

OBn

OMe

O

O
BnO

BnO

OAcBnO

 

Protected α1-6-O-linked dimannoside (27) 

Compound 7 and 14 were dissolved in dry DCM and let drying under nitrogen with molecular 

sieves at -15°C for 1h. Then nitrogen atmosphere was broken and NIS (4eq) was added. Then 

nitrogen atmosphere again and the flask was shielded from the light with aluminum foil. Then 

TfOH (0.2eq) in 1 ml dry DCM was added dropwise. After 30 min at -15°C the starting material 

was completely consumed and the rxn mix was diluted with DCM and water. Then Na2S2O5 (3 
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eq) was added. The organic layer was washed with NaHCO3 and dried over MgSO4. Removing 

the solvent under educed pressure and flash with Hex/EtOAc 5:1 gave the product as a colorless 

syrup with a yield of 80 %. 

 1H-NMR (500 MHz, CDCl3): 2.14 (s, 3H), 3.25 (s, 3H), 3.59 (dd, J=1.6 Hz and J=10.8 Hz, 

1H), 3.66-3.73 (m, 3H), 3.77-3.81 (m, 2H), 3.85-3.97 (m, 4H), 396 (dd, J=3.1 Hz and 9.4 Hz, 1H), 

4.41-4.50 (m, 4H), 4.59 (d, J=1.5 Hz, 2H), 4.65 (dd, J=4.7 Hz and 11.8 Hz, 2H), 4.71 (d, J=1.5 

Hz, 1H), 4.72 (s, 2H), 4.85 (d, J=10.9 Hz, 1H), 4.91 (d, J=11.2 Hz, 1H), 4.96 (d, J=1.5 Hz, 1H), 

5.47 (dd, J=2 Hz and 2.9 Hz, 1H), 7.11-7.39 (m, 30H) 
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Protected α1-6-S-linked dimannoside (28) 

Compound 17 and 9 were dissolved with molecular sieves in dry DCM, putted under nitrogen 

atmosphere and let drying for 1 h. Then  (5eq) in 1 ml dry DCM was added dropwise and let 

stirred for 24 h. After full consumption of the starting material the rxn mix was diluted with 

DCM and the organic layer was washed with NaHCO3, brine and dried over MgSO4. Removing 

the solvent under reduced pressure and flash with Hex/EtOAc 6:1 gave the product as a 

colorless syrup with a yield of 78 %. 

1H-NMR (500 MHz, CDCl3): 2.14 (s, 3H), 2.84 (dd, J=7.6 Hz and 13.6 Hz, 1H), 3.08 (d, 

J=13.5, 1H), 3.31 (s, 3H), 3.61 (d, J=10.8 Hz, 1H), 3.71-3.99 (m, 8H), 4.14 (d, J=8.4 Hz, 1H), 

4.41 (d, J=11.9 Hz, 1H), 4.48 (t, J=10.8. 2H), 4.56-4.72 (m, 7H), 4.88 (dd, J=10.7 and J=39.5 Hz, 

2H), 5.40 (s, 1H), 5.51 (s, 1H), 7.13-7.38 (m, 30H) 


