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Abstract 

This master thesis project focuses on establishing a synthetic method with the prospect of 

developing new antibacterial agents. Due to the increment of resistant strains of bacteria 

throughout the world, this area of research is well motivated. 

The nine-carbon sugar - sialic acid - is a highly prevalent communication molecule on human 

cell surfaces. It signals that the cells are endogenous and not harmful. This signalling 

mechanism is mimicked by exogenous cells - bacteria -, masking them as human cells and 

thus resisting the host’s innate immune response. As a result the bacterial strain can grow 

uncontrolled leading to an infection in the human body. Therefore, it seems that a disruption 

of their protective mechanism, with means of sialic acid, poses an excellent antibacterial 

target. 

This work has focused on finding a pathway to be able to modify position C-4 of sialic acid. 

A couple of different approaches have been tried out leading to one successful way to conduct 

the desired modification. It was concluded that a complete protective strategy was required 

where all hydroxyl groups were protected except for OH-4. Eventually, a sialic acid derivative 

with a substituent at C-4, consisting of a triazole ring and a para-substituted fluorophenol, 

was identified by MS.  
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Abbreviations 

ABC  ATP-binding Cassette 

Ac  Acetyl 

ATP  Adenosine triphosphate 

BzCl  Benzoylchloride 

CSA  Camphorsulfonic acid 

DIPEA  Diisopropylethylamine 

Et  Ethyl 

FP  Fluorescence polarisation 

KDN  2-keto-3-deoxy-D-glycero-D-galacto-nononic acid 

Me  Methyl 

MS  Molecular sieves 

NBS  N-Bromosuccinimide 

Neu5Ac  N-Acetylneuraminic acid 

Neu5Gc  N-glycolylneuraminic acid 

NMR  Nuclear magnetic resonance 

Ph  Phenyl 

PLE  Porcine liver esterase 

PMB  para-methoxybenzyl 

Ppm  Parts per million 

r.t.  Room temperature 

SSS  Sodium solute symporter 

TBAF  Tetra-n-butylammonium fluoride 

TBDMSCl  tert-Butyldimethylsilyl chloride 

TBDPSCl  tert-Butyldiphenylsilyl chloride 

TFA  Trifluoroacetic acid 

THF  Tetrahydrofuran 

TLC  Thin layer chromatography 

TRAP  Tripartite ATP-independent periplasmic 
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Scope 

The prospective goal for a project like this is to find a lead structure in order to be able to 

develop new antibiotics. It is also desirable to map the metabolic pathway in order to explore 

new potential ways of targeting the bacteria. As the protein structure just recently has been 

elucidated, the knowledge and amount of research done on this particular field are limited. 

Therefore the prerequisites do not allow for creating compound libraries but rather require 

method development. That in turn, can pave the way for generating libraries in the future. 

The method development aims at establishing a synthetic pathway for modifications at 

position C-4 only. This particular modification is supported by at least two reasons. There are 

naturally occurring sialic acids where the variations are situated at the hydroxyl groups and 

the crystal structure of the target protein in complex with sialic acid shows that the hydroxyl 

group at C-4 points outwards to a cavity where more interactions can be formed. The 

hypothesis of this work is hence that if these potential interactions in the cavity are utilised, a 

higher affinity can be obtained than with the natural ligand. This is in turn believed to unmask 

foreign bacteria in the human body, i.e. having antibacterial effects. 

This project has possibilities for further work such as synthesising a small variety of different 

analogues and synthesising a molecular probe to be used in a fluorescence polarisation assay. 

These subprojects are of course dependent on to what extent the method development 

succeeds.  
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Introduction 

Characteristics of sialic acid 

Sialic acid is a generic term for a variety of molecules with the common feature of a nine-

carbon skeleton. The most prevalent form is the N-Acetylneuraminic acid, Neu5Ac, and is the 

one most often referred to in literature. However, there are other highly abundant derivatives 

such as N-glycolylneuraminic acid - Neu5Gc - and 2-keto-3-deoxy-D-glycero-D-galacto-

nononic acid - KDN (Figure 1).  

 

Figure 1. Three of the most prevalent structures of the sialic acid family. F.L. Neu5Ac, Neu5Gc, KDN. 

All these three derivatives are able to be taken up via the same pathways in bacteria
1
 which 

indicate that a variety of different sialic acids are accepted as ligands. This indicates that 

synthetic derivatives also pose a chance to affect and interact with this particular system.  

As Neu5Ac is the most abundant form, it is also the scaffold for this work. It contains five 

hydroxyl groups, at position C-2, C-4, C-7, C-8 and C-9. This implies that complex protective 

group chemistry has to be applied in order to be able to perform selective modifications. Its 

carboxylic acid functionality at position C-2 makes the molecule very polar and difficult to 

handle. To circumvent this problem the Neu5Ac methyl ester is used instead. 

Target and Ligand Properties 

Bacteria have two ways of acquiring sialic acid. Either synthesise it de novo or obtain it from 

the environment. The external sialic acid exists attached to surfaces of other host cells or in 

free form.
1
 In the case of surface-attached sialic acid, the bacteria need to secrete the enzyme 

sialidase which cleaves the sugar off the surface making it available for the bacteria to take 

up.
1
 The different abilities to acquire sialic acid within bacteria imply that there are different 

levels of dependence on free sialic acid. Hence, the efficiency of a synthetic sialic acid drug 

would vary, affecting the bacteria with the highest dependency on free sialic acid the most. 

This is one way of distinguishing-, and reaching selectivity between different strains of 

bacteria.  

There are different transport proteins through which the sialic acid can be transported into the 

cell. The tripartite ATP-independent periplasmic (TRAP) transporter, the ATP-binding 

cassette (ABC) transporter and the sodium solute symporter (SSS) transporter are the up until 

today known proteins that can transport sialic acid over cell membranes.
2
 Recently a crystal 

structure of a bacterial SSS in complex with Neu5Ac has been elucidated which has set the 

framework for this project. Based on features from the active site with docking of Neu5Ac, 

modifications at position C-4 are highly motivated as both its axial and equatorial position 

point outwards in the cavity between active site and the surrounding. An attachment of a 



Page 8 of 46 

 

chain-like structure has the ability to interact with the walls of the cavity resulting in tighter 

binding and a lowered KD (Figure 2). 

 

Figure 2. Crystal structure of the Sodium Solute Symporter transport protein with sialic acid as ligand. 

In fact, the crystal structure of the protein – ligand complex reveals that the cavity leading to 

the active site contains phenylalanine. If the chain-like structure would contain an aromatic 

feature, π-stacking can take place and according to the docking model it truly seems to be the 

most beneficial modification. To be precise; a benzyl ether seems optimal with respect to the 

distance between the sugar backbone and the aromatic ring. It is also beneficial in comparison 

to a benzoyl group as it lacks the carbonyl oxygen which according to the model would 

interfere with the already existing water molecule interaction pattern. In addition, to make an 

even tighter binding ligand, it is hypothesised that the aromatic ring should contain a polar 

feature in meta or para position. This can either be a polar substituent for example a hydroxyl 

group or a hetero atom integrated in the ring for example a pyridine. This feature could then 

contribute to hydrogen bonding to water as it, at this distance, approaches the interface 

between cavity and surrounding.  
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Synthetic Strategies 

To achieve a selective modification at position C-4, the hydroxyl groups with a higher 

reactivity need to be protected. As stated in the dissertation by Ercegovic
3
, the nucleophilicity 

of the hydroxyl groups is as follows: 9-OH > 4-OH > 8-OH > 7-OH (. The first planned 

reaction at position C-4 is an esterification which implies that this order of nucleophilicity is 

applicable. This hints that it is theoretically possible to modify the C-4 position with only the 

C-9 hydroxyl group protected. The only unknown factor is the nucleophilicity of OH-2 as it, 

in the scrutiny by Ercegovic
3
, was irrelevant. If the synthetic plan would show to be 

successful, it would be of great advantage to use it as it is relatively short. Therefore, despite 

the risks the other hydroxyl groups pose, it is worth a try. However, if the synthetic strategy 

shows to be unsuccessful, the remaining OH-groups have to be protected until desired result is 

achieved.  

 

Figure 3. Sialic acid with numbered hydroxyl groups. The numbers of the hydroxyl groups correspond to the 

numbers of the carbon atoms in the backbone.  

Result and Discussion  
The aim is to develop a synthetic method to be able to conduct modifications at position C-4. 

Several different synthetic pathways have been tried out with different protection approaches.  

Each of them will be discussed separately. 

Pathway 1 – Protection of Only C-9 Hydroxyl Group 

To reduce the amount of reaction steps compared to already established approaches, a 

synthetic pathway where solely the OH-9 was protected (Scheme 1). The first step to O-9 

silylate 1 with TBDMSCl was successful which is supported by NMR-data. Peaks appear at 

0.085 ppm and 0.917 ppm. The reaction seemed to be selective as it was left over night 

without obtaining a multi-silylated product, despite the fact that an excess of TBDMSCl was 

added. The second reaction to obtain 3 was carried out under inert atmosphere and cooled to – 

30 °C to control the selectivity and reduce over-esterification. However, despite the 

meticulously controlled conditions, no desired product could be confirmed by NMR as 

spectrum completely lacks peaks in the aromatic region. The reaction has previously been 

performed successfully by Ercegovic
3
 but at that time the hydroxyl group at position C-2 was 

protected. It is hypothesised that one reason for the unsuccessful reaction is interference from 

the hydroxyl group at position C-2. Therefore, an approach where also that hydroxyl group is 

protected is interesting to try. This is done in pathway 2. 
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Scheme 1. Synthesis of C-4 modified sialic acid analogues via sole protection of 9-OH.
α 

 

α
 Reagents and conditions: i) TBDMSCl, pyridine:Et3N (v/v 1:1), CH2Cl2, r.t., 27 %; ii) BzCl, Et3N, CH2Cl2, – 30 

°C. 

Pathway 2 – Protection of C-9 and C-2 Hydroxyl Group 

As a result of the unsuccessful pathway 1, a more robust synthetic pathway was tried out. An 

overview can be seen in Scheme 2. Pathway 2 is characterised by the main protection steps – 

a TBDMS group at C-9 and a thiophenyl group at C-2. The protection at position C-2 is 

thought to avoid the problems in pathway 1 where no esterification at all could be observed.  

Scheme 2. Synthesis of C-4 modified sialic acid analogues via protection of OH-9 and OH-2.
α
 

 

α 
Reagents and conditions: i) Ac2O, pyridine, r.t., quantitative yield; ii) PhSH, BF3∙OEt2, CH2Cl2, r.t., 80 %; iii) 

NaOMe, MeOH, r.t., 88 %; iv) TBDMSCl, pyridine:Et3N (v/v 1:1), CH2Cl2, r.t., 65 %; v) BzCl, pyridine, CH2Cl2, 

0 °C, 36 %; vi) TBAF, THF, r.t., 72 %; vii) NBS, acetone/H2O (10:1), quant. yield, r.t.;LiI, pyridine, 85 °C, 

reflux. 

The reactions to obtain 6, 7, and 8 are well documented
4
 and were performed successfully 

confirmed by NMR-data coinciding with previously reported one. To obtain 9, previously 

used reaction conditions
5
 were applied with one deviation, exchanging TBDPSCl to 

TBDMSCl. Also this reaction was successful and confirmed by expected peaks in the NMR-
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spectrum. As a mono- and not multi substitution occurs, it is also in this case the most 

nucleophilic OH-group at position C-9 that is being silylated. Having substituted the OH-2, 

assumed to cause problems in pathway 1, and protected OH-9 it should be feasible to esterify 

position C-4. This esterification reaction to obtain 10 was performed with benzoyl chloride 

and pyridine in CH2Cl2 at 0 °C with a yield of 36 %. Due to a downfield shift for H-4 and a 

corresponding increase of peaks in the aromatic area, the reaction was considered to be 

successful. As the desired modification was done, the remaining reactions were deprotections. 

Among those were deprotection of the TBDMS-group, the thiophenyl group and conversion 

of the methyl ester to the corresponding acid. As the free acid is very difficult to handle, the 

conversion of the methyl ester was the very last reaction step. To remove the TBDMS-group 

to obtain 11 TBAF in THF was used. As the silicon-fluorine bond is very strong, it is 

accordingly the driving force for the reaction. The TBAF reagent generates a fluoride ion that 

coordinates to the silicon atom. Parts of the complex leave, leaving an alkoxide behind which 

is converted to the alcohol during the workup. The thiophenyl group was removed by using 

NBS which generates a bromonium ion that acts as a Lewis acid making the thiophenyl to a 

better leaving group as the water will attack position C-2. This reaction results in compound 4 

with a hydroxyl group at position C-2. The deprotection steps are well documented and were 

confirmed by NMR-data. Due to the presence of a benzyl ester as well as the methyl ester to 

be cleaved, a method selective for cleaving the methyl ester was needed. Previous work
6
 

confirms that a methyl ester can be cleaved using NaI or LiI at room temperature to elevated 

temperature. The iodide ion is thought to react with the σ*-orbital of the methyl group leaving 

the sodium salt behind. This reaction was tried with different conditions; NaI in THF:H2O 9:1 

at r.t. and at 35 °C, LiI in dry THF at 35 °C and LiI in pyridine at 85 °C. Despite de different 

conditions, 5 could not be confirmed. Therefore, yet another synthetic approach had to be 

tried out. The problem of selective ester cleavage was then thought to be circumvented by 

modifying position C-4 into en ether. 

Pathway 3 – Protection of All Hydroxyl Groups Except for OH-4 

As the methyl ester could not be selectively cleaved by NaI or LiI but had to be cleaved by a 

strong base such as NaOH, another modification had to be done at position C-4. A more 

stable modification is to etherify position C-4 using a deprotonating agent and an alkyl halide. 

This strategy would also circumvent the problem with ester cleavage, though the 

deprotonation itself induces new factors to be considered. The order of nucleophilicity is very 

often changed upon deprotonation which means that not only the hydroxyl groups at position 

C-2 and C-9 need to be protected but those at position C-7 and C-8 as well. To illustrate how 

and in which order the many protection steps were about to be conducted, Scheme 3 was 

created.  
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Scheme 3. Synthesis of C-4 modified sialic acid analogues via protection of all OH-groups except for OH-4. 

 

α 
Reagents and conditions: i) Anisaldehyde dimethyl acetal, CSA, MeOH, r.t., 86 %; ii) BH3∙NMe3, AlCl3, MS 4Å, 

THF, 0 °C to r.t., 9 %; iii) Acetone dimethyl acetal, CSA, MeCN, r.t.; iv) CHCCH2Br, NaH, MeCN, r.t., 27 %; v) 

TFA, CH2Cl2, –20 °C, 49 %; vi) 1-Azido-4-fluorobenzene, CuI, DIPEA, MeCN, 45 °C reflux, quantitative yield; 

vii) NBS, Acetone/H2O (9:1), r.t., 27 %; viii) NaOH, MeOH, r.t.. 

As compound 8 is protected at position C-2 the rest of the protection steps are carried out at 

position C-7, C-8 and C-9. The first step is to react 8 with anisaldehyde dimethylacetal to 

form the C-8, C-9 acetal (12) which is a successful reaction confirmed by both NMR and MS. 

If dry MeCN is used as a solvent the reaction takes shorter time. The subsequent step is a 

reduction of the acetal to the free hydroxyl at position C-8. The reducing reagents used in the 

reaction are selective for giving the PMB group at position C-9 (13). The Lewis acid used in 

the reaction complexes to the most basic of the oxygens in the acetal which determines the 

regioselectivity
7
. To protect the hydroxyls at position C-7 and C-8 isopropylidene acetal was 

used. The reaction and purification of 14 was very problematic. If the solvent was not dry the 

PMB fell off during the reaction. The workup and purification caused loss of both PMB group 

and isopropylidene group despite testing different column chromatography eluent systems. At 

first heptane:EtOAc was used even though the suggested system was acetone:toluene. It was 

then hypothesised that the equilibrium was shifted to the reactants as acetone was not present. 

When the eluent system was changed to acetone:toluene, still random loss of PMB and 

isopropylidene group occurred. As a result of the problematic, the reaction was finally run in 

dry MeCN and it was decided to move on to alkylation without any purification. The 

alkylation reaction with propargyl bromide was conducted using NaH as the base and the 

resulting compound 15 was confirmed by NMR. As the desired modification was performed 



Page 13 of 46 

 

successfully, the only reactions left were deprotections and a click reaction with the alkyne. 

The deprotection of C-7, C-8 and C-9 was conducted in dry CH2Cl2 using TFA at – 20 °C. 

Also this reaction was confirmed by NMR where loss of multiplets in the aromatic area as 

well as two singlets upfield indicated the correct product. The next two natural steps might 

seem like deprotection at position C-2 and ester cleavage leaving the click chemistry as the 

very last step, allowing diversification of the final compound. However, due to the risk of 

brominating the alkyne using NBS, click chemistry was applied before removing the 

thiophenyl group. The click reaction was left for 5 days without it being necessarily the 

required reaction time and it gave quantitative yield. The product (17) was confirmed by mass 

spectrometry and an altered TLC value. Further, the removal of the thiophenyl group from 

position two to obtain compound 18 worked successfully, again confirmed by TLC and mass 

spectrometry. To finalise the synthetic route, the methyl ester was to be cleaved. As it was 

problematic to cleave it with NaI and LiI in Pathway 2, NaOH was used. The reaction was let 

run for two weeks as it was very difficult to follow it by TLC and neither of the expected 

masses ([M+H]
+
= 485, [M+Na]

+
= 507) were detected in any of the MS runs. After a more 

thorough scrutiny, the same mass was seen in all spectra throughout the whole reaction run, 

namely 529. This corresponds to the sodium adduct of the sodium salt of 19 which is a strong 

indication that the acid was formed. Though, it should be said that more analyses, both NMR 

and HRMS, have to be done in order to truly confirm the final molecule (19). Compound 19 

was never isolated as it was the very last step in the synthesis and only about 1 mg was left, 

hence no yield was calculated. 
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Conclusions 

From the first tried approach it can be concluded that despite an excess of TBDMSCl, it 

seems that no over silylation is occurring. This indicates that the hydroxyl group at position 

C-9 is very much more nucleophilic than the other hydroxyl groups. Though, when the 

esterification step is performed, no proper product can be purified. This hints that the other 

hydroxyl groups are disturbing the process and it is believed, yet not proved, to be the 

hydroxyl at position C-2. 

   From the second pathway it can be concluded that between the hydroxyl groups at position 

4, 7, 8 and 9, the one at C-4 is the second most nucleophilic after the one at C-9. Though, 

nothing can be said about the hydroxyl group at C-2. It can further be concluded that 

esterification at position C-4 successfully can be conducted as long as C-9 and C-2 are 

protected. Nevertheless, the methyl ester at position C-1 cannot be cleaved by means of NaI 

of LiI, even at elevated temperatures. 

   To be able to perform a complete synthesis obtaining a solely C-4 modified sialic acid 

derivative, all hydroxyl groups except for C-4 have to be protected in order for a selective 

etherification to take place. This allows for use of NaOH when the methyl ester is about to be 

cleaved as it will not affect the ether bond. What is to be noted is that the fully protected 

intermediate without any modification at position C-4 (14) is instable and should be further 

alkylated with without any purification.  

Outlook 

As the synthetic method for modifying position C-4 is established, further work has to be 

focused on creating analogues resulting in a small library. To be able to measure the affinity 

for the analogues to be created, it is also desirable to synthesise a probe which can be used in 

an assay based on fluorescence polarisation (FP). With help of Anders Sundin, a prototype for 

a fluorescently labelled probe was created (Figure 4). The probe has an optimal distance 

between the sugar backbone and the fluorescent moiety with respect to features needed in FP. 

 

Figure 4. Fluorescently labelled probe suggested to be synthesised in the future. 

An alternative way of modifying position C-4 could be to take the same route as in pathway 2 

but instead of esterifying position C-4, one can tosylate it and let it react with a nucleophile. 

This would result in an axial modification instead of an equatorial. Still, the modification can 

be an ether or thioether which will not cause problems when the methyl ester has to be 

cleaved.  
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To overcome the increasing bacterial drug resistance 

Since the discovery of penicillin in the 1940’s, mankind have been spared deaths caused 

by bacterial infections. Up until today we rely on the curing benefits of antibiotics. This 

is a security we will lose within a short period of time, as in the recent years, more and 

more resistant bacteria have been detected. The development of resistant bacterial 

strains is on one hand a result of evolutionary adaption but foremost a result of overuse 

of antibiotics
1
. Before us stands an unpleasant picture of a healthcare with no weapons 

in the fight against bacterial diseases. To change this picture, we need to change the way 

we use antibiotics and we need to find novel antibiotics. The work of this thesis focuses 

on the latter. 

To start the development of new antibacterial 

agents, the first thing to be done is to find out 

how the bacteria work, what it looks like, how 

it acquires nutrients etc. The Friemann group at 

University of Gothenburg provided important 

information about the structure of one bacterial 

membrane protein (Figure 2). The membrane 

protein is of the specific type sodium solute 

symporter – SSS. It is believed to transport 

sialic acid (Figure 1) into the bacteria 

whereafter the bacteria present sialic acid on 

their cell surface, masking them to look like 

mammalian cells. 

 

Figure 1. The most common type of sialic acid, 

Neu5Ac. 

If a modified version of sialic could get into 

the bacteria, it would also be presented on the 

cell surface. In the case with a modified sialic 

acid molecule, the masking would be 

unsuccessful as it would no longer be 

recognised as a mammalian version of sialic 

acid and the innate immune response would 

defeat the bacteria. 

 

1World Health Organization (WHO), (2016) 

Antimicrobial resistance. 

http://www.who.int/mediacentre/factsheets/fs194/en/ 

(2017-04-16) 

A scrutiny of the transport protein (Figure 2) 

revealed hints about how to design the 

modified version of sialic acid as it had to fit in 

the binding pocket of the transport protein. 

 

  

Figure 2. SSS protein as complete protein and 

zoomed in into the binding pocket. 

It was concluded that modifications at position 

4 (Figure 1) could be good binders of the 

protein. To be able to modify sialic acid at 

position 4, a way to create these modifications 

chemically needed to be found. As sialic acid 

itself contains many reactive features, it was 

not enough to selectively protect the features 

more reactive than position 4, but instead, all 

of them needed to be protected. The desired 

modified structure was eventually confirmed. 

Though, more and thorough confirmation is 

needed. 

Further work has to be focused on isolating the 

desired product and observe the effects it has 

on bacteria. 
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Methods 
Methyl [9-O-t-butyl(dimethyl)silyl-5-acetamido-3,5-dideoxy-D-glycero-β-D-galacto-non-

2-ulopyranosid]onate (2) 

To a solution of 1 (100.0 mg, 0.31 mmol) in THF (1.6 ml) at 0 °C, imidazole (1.2 eq, 25.0 

mg, 0.37 mmol), DMAP (0.1 eq, 3.8 mg, 0.031 mmol), and TBDMSCl (1.15 eq, 54.0 mg, 

0.36 mmol) were added subsequently and was taken to r.t.. After 5 h, the reaction was 

quenched with NH4Cl and extracted in water and EtOAc 3x and purified by column 

chromatography (CH2Cl2 – CH2Cl2:MeOH=14:1) to give 2 (36.3 mg, 27 %) as white crystals. 
1
H NMR δ (400 MHz, CD3OD, ppm): 4.04 (dt, 1H, J = 10.68 Hz, J = 4.85 Hz, H-4), 3.98 (dd, 

1H, J = 10.52 Hz, J = 1.44 Hz, H-6), 3.85 (m, 1H, H-9), 3.82 – 3.75 (m, 5H, H-5, COOMe, H-

9), 3.68 (m, 1H, H-8), 3.55 (dd, 1H, J = 9.27 Hz, J = 1.35 Hz, H-7), 2.22 (dd, 1H, J = 12.88 

Hz, J = 4.95 Hz, H-3ax), 2.00 (s, 3H, NHAc), 1.89 (dd, 1H, J = 12.88 Hz, J = 11.34 Hz, H-3eq), 

0.92 (s, 9H, tert-Bu-di-Me-Si), 0.08 (s, 6H, tert-Bu-di-Me-Si). 
13

C NMR δ (100 MHz, CDCl3, 

ppm): No data available. 

Methyl (4-O-benzoyl-5-acetamido-3,5-dideoxy-D-glycero-β-D-galacto-non-2-ulopyrano 

sid)onate (4) 

Compound 11 (8.7 mg, 0.017 mmol) was dissolved in acetone:H2O 9:1 (1 ml) whereafter 

NBS (4.0 eq, 11.9 mg, 0.067 mmol) was added and the reaction container was immediately 

cooled to 0 °C. After 2.5 h the reaction was quenched with 3 drops Na2S2O3 until the mixture 

no longer had a yellow colour. The crude was purified by column chromatography (CH2Cl2 – 

CH2Cl2:MeOH = 23:1) to give 4 (12.5 mg) in quantitative yields as a solid. 
1
H NMR δ (400 

MHz, CD3OD, ppm): 8.05–7.34 (m, 5H, Ph), 7.60–7.51 (m, 3H, Ph), 7.47–7.38 (m, 5H, Ph), 

6.68 (d, 1H, J = 7.35 Hz, NHAc), 5.61 (q, 1H, J = 8.40 Hz, H-4), 4.72 (dd, 1H, J = 11.79 Hz, J 

= 2.24 Hz, H-9), 4.50 (dd, 1H, J = 11.81 Hz, J = 6.13 Hz, H-9), 4.31–4.21 (m, 2H, H-5, H-6), 

4.17 (dt, 1H, J = 7.83 Hz, J = 2.24 Hz, H-8), 3.77 (s, 3H, COOMe), 3.68 (d, 1H, J = 9.25 Hz, 

H-7), 2.38 (d, 2H, J = 8.13 Hz, H-3ax, H-3eq), 1.96 (s, 3H, NHAc); 
13

C NMR δ (100 MHz, 

CD3OD, ppm): 178.0, 177.9, 173.3, 169.9, 167.4, 167.3, 133.8, 133.2, 130.2, 129.9, 129.8, 

129.3, 128.7, 128.5, 95.3, 71.5, 69.8, 69.0, 68.7, 67.5, 53.4, 51.6, 36.4, 29.8, 29.7, 23.0, 22.9.  

Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-D-galacto-2-nonulopyr 

anosid)onate (6) 

Compound 1 (5 g, 16 mmol) was dissolved in pyridine (30 ml). Ac2O (20 eq, 30 ml, 318 

mmol) was subsequently added and the reaction mixture was left continuously stirred for 4 h 

until finalisation was confirmed by TLC. The reaction mixture was azeotroped with toluene 

without any further purification and used in the following reactions. Compound 6 was 

obtained as a bright yellow solid in quantitative yield. NMR-data coincide with previously 

reported one
4
. 

Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-2-thiophenyl-D-glycero-β-D-gala 

cto-2-nonulopyranosid)onate (7) 

Crude of compound 6 (1 g, 1.87 mmol) was dissolved in dry CH2Cl2 (15 ml) under inert 

atmosphere. PhSH (3.3 eq, 640 µl, 6.19 mmol) was added followed by BF3•OEt2 (7.7 eq, 1.78 
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ml, 14.4 mmol). After 4 h the reaction mixture was washed 3x with NaHCO3 and dried with a 

phase separator. The organic phase was concentrated and purified by column chromatography 

(Heptane:EtOA=7:1–EtOAc). Compound 7 (877 mg, 80 %) was obtained as white-yellow 

crystals. 
1
H NMR δ (400 MHz, CDCl3, ppm): 7.27-7.46 (m, 5H, Ph), 5.46 (t, 1H, J = 2.33 Hz, 

H-7), 5.37 (dt, 1H, J = 11.0 Hz, J = 4.71 Hz, H-4), 4.94 (td, 1H, J = 8.61 Hz, J = 2.01 Hz, H-

8), 4.62 (dd, 1H, J = 10.6, J = 2.46, H-6), 4.48 (dd, 1H, J = 12.3, J = 2.15, H-92), 4.13 (q, 1H, 

J = 10.4  H-5), 3.99 (dd, 1H, J = 12.3 Hz, J = 8.68 Hz, H-91), 3.57 (s, 3H, COOMe), 2.67 (dd, 

1H, J = 14.1 Hz, J = 4.82 Hz, H-3ax), 2.13 (d, 1H, J = 12.0 Hz, H-3eq), 2.09 (s, 3H, OAc), 2.06 

(s, 3H, OAc), 2.03 (s, 3H, OAc), 1.95 (s, 3H, OAc), 1.89 (s, 3H, NHAc); 
13

C NMR δ (100 

MHz, CDCl3, ppm): 171.4, 171.1, 170.5, 170.45, 170.39, 168.4, 136.3, 129.9, 129.2, 129.0, 

82.9, 73.4, 73.3, 69.2, 69.0, 62.9, 52.8, 49.6, 37.7, 23.3, 21.3, 21.1, 21.0, 20.9. 

Methyl (5-acetamido-3,5-dideoxy-2-thiophenyl-D-glycero-β-D-galacto-2-nonulopyranosid 

)onate (8) 

To a solution of 7 (887 mg, 1.5 mmol) in MeOH (60 ml), MeONa (3 ml, 1 M) was added 

dropwise. Completion of the reaction was confirmed by TLC whereafter the reaction mixture 

was neutralised using Amberlite. The filtered reaction solution was concentrated and purified 

by column chromatography (CH2Cl2:MeOH=15:1–4:1) to give 8 (550 mg, 88 %) as a solid. 
1
H NMR δ (400 MHz, CDCl3, ppm): 7.59 (m, 2H, Ph), 7.36 (m, 3H, Ph), 4.51 (dd, 1H, J = 

10.5 Hz, J = 0.91 Hz, NHAc, 4.10 (dt, 1H, J = 10.8 Hz, J = 4.68 Hz, H-4), 3.90 (t, 1H, J = 

3.19, H-5), 3.85-3.76 (m, 2H, H-9, H-8), 3.70-3.63 (m, 1H, H-9), 3.56 (d, 1H, J = 9.02 Hz, H-

7), 3.49 (s, 3H, COOMe), 2.67 (dd, 1H, J = 13.70 Hz, J = 4.60 Hz, H-3ax), 2.04 (s, 3H, NHAc), 

1.96 (dd, 1H, J = 13.66 Hz, J = 11.63 Hz, H-3eq). 
13

C NMR δ (100 MHz, CDCl3, ppm): 137.3, 

130.5, 130.0, 73.5, 71.3, 70.7, 68.1, 65.2, 54.1, 52.9, 42.3, 22.8.  

Methyl [9-O-t-butyl(dimethyl)silyl-5-acetamido-3,5-dideoxy-2-thiophenyl-D-glycero-β-D-

galacto-non-2-ulopyranosid]onate (9) 

Compound 8 (380 mg, 0.92 mmol) and TBDMSCl (5.0 eq, 689 mg, 4.57 mmol) were 

dissolved in dry CH2Cl2 (6.0 ml) under inert atmosphere. Pyridine (2.8 ml) and triethylamine 

(2.8 ml) were added subsequently. After 1 h the reaction mixture was diluted with CH2Cl2, 

washed 3x with water and dried with a phase separator. The organic phase was concentrated 

and purified by column chromatography (CH2Cl2 – CH2Cl2:MeOH = 15:1) to give 9 (313.5 

mg, 65 %) as a solid. 
1
H NMR δ (400 MHz, CDCl3, ppm): 7.57–7.53 (m, 2H, Ph), 7.33–7.23 

(m, 3H, Ph), 4.40 (d, 1H, J = 10.34 Hz, NHAc), 4.11 (dt, 1H, J = 10.67 Hz, J = 3.60 Hz, H-4), 

3.94–3.71 (m, 7H), 3.57 (s, 1H), 3.52 (d, 1H, J = 8.83 Hz), 3.41 (s, 3H, COOMe), 2.88 (dd, 

1H, J = 13.0 Hz, J = 4.57 Hz, H-3ax-α), 2.74 (dd, 1H, J = 13.5 Hz, J = 4.51 Hz, H-3ax-β), 2.02 (s, 

3H, NHAc), 2.01–1.95 (m, 2H, H-3eq), 0.90 (s, 15H, tert-Bu-di-Me-Si), 0.082–0.060 (m, 9H, 

tert-Bu-di-Me-Si). 
13

C NMR δ (100 MHz, CDCl3, ppm): 173.4, 169.0, 136.8, 136.7, 135.9, 

130.1, 129.4, 128.9, 128.8, 90.3, 72.3, 69.7, 69.4, 64.4, 53.5, 53.4, 41.4, 26.1, 26.0, 25.8, 23.3, 

18.3, -3.5, -5.2, -5.3. drα:β = 1:2. 

Methyl [4-O-benzoyl-9-O-t-butyl(dimethyl)silyl-5-acetamido-3,5-dideoxy-2-thiophenyl-D 

-glycero-β-D-galacto-non-2-ulopyranosid]onate (10) 
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To a solution of 9 (38 mg, 0.071 mmol) in dry CH2Cl2 (800 µl) and pyridine (200 µl), benzoyl 

chloride (2.5 eq, 21 µl) was added at 0 °C. After 4 h the reaction was quenched with methanol 

(1 ml). After concentration and dilution with EtOAc, the solution was washed with water, 1 M 

HCl, NaHCO3 and brine. Purification was done by column chromatography 

(Heptane:EtOAc=3:1 – 1:1) to give 10 (16.5 mg, 36 %) as a solid. 
1
H NMR δ (400 MHz, 

CDCl3, ppm): 8.09–8.00 (m, 4H, Ph), 7.60 (tt, 1H, J = 7.38 Hz, J = 1.25 Hz, Ph), 7.53 (tt, 1H, 

J = 7.38 Hz, J = 1.25 Hz, Ph),7.48–7.39 (m, 4H, Ph), 7.36–7.33 (m, 2H, Ph), 7.31–7.22 (m, 

4H, Ph), 6.23 (d, 1H, J = 8.00 Hz, NHAc), 5.71 (dt, 1H, J = 11.50 Hz, J = 4.75 Hz, H-4), 

5.27–5.22 (m, 1H, H-8), 4.44 (dd, 1H, J = 10.32 Hz, J = 1.34 Hz, H-6), 4.25–4.17 (m, 1H, H-

5), 4.17–4.13 (m, 2H, H-7, H-9), 4.07 (dd, 1H, J = 11.44 Hz, J = 4.92 Hz, H-9), 3.47 (s, 3H, 

COOMe), 2.81 (dd, 1H, J = 13.75 Hz, J = 4.75 Hz, H-3ax), 3.58 (dd, 1H, J = 13.75 Hz, J = 

12.00 Hz, H-3eq), 1.96 (s, 3H, NHAc), 1.26 (s, 8H (no J-couplings, comtamination)), 0.82 (s, 

9H, tert-Bu-di-Me-Si), -0.015 (s, 3H, tert-Bu-di-Me-Si), -0.069 (s, 3H, tert-Bu-di-Me-Si); 
13

C 

NMR δ (100 MHz, CDCl3, ppm): 172.8, 168.4, 167.6, 166.3, 135.6, 134.0, 133.0, 130.7, 

130.0, 129.4, 129.7, 129.6, 129.2, 129.0, 128.8, 128.4, 89.9, 75.4, 74.5, 69.3, 67.8, 61.0, 52.7, 

52.6, 38.3, 30.0, 26.0, 23.3, 18.3, -5.3, -5.4.  

Methyl (4-O-benzoyl-5-acetamido-3,5-dideoxy-2-thiophenyl-D-glycero-β-D-galacto-non-2 

-ulopyranosid)onate (11) 

To a solution of 10 (16.5 mg, 0.026 mmol) in dry THF (1 ml), TBAF (27 µl, 0.27 mmol) was 

added dropwise under inert atmosphere. After 1 h the reaction was stopped by concentrating 

the crude. The reaction mixture was purified by column chromatography (CH2Cl2 – 

CH2Cl2:MeOH = 23:1) to give 11 (9.7 mg, 72 %) as a solid. 
1
H NMR δ (400 MHz, CDCl3, 

ppm): 8.11–7.99 (m, 5H, Ph), 7.64–7.56 (m, 5H, Ph), 7.49–7.43 (m, 5H, Ph), 7.34–7.28 (m, 

4H, Ph), 6.30 (d, 1H, J = 8.08 Hz, NHAc), 5.75 (dt, 1H, J = 11.10 Hz, J = 4.87 Hz, H-4), 4.74 

(dd, 1H, J = 11.83 Hz, J = 2.44 Hz, H-9), 4.50 (dd, 1H, J = 11.83 Hz, J = 6.38 Hz, H-9), 4.47 

(dd, 1H, J = 10.43 Hz, J = 1.35 Hz, H-6), 4.22 (q, 1H, J = 9.50 Hz, H-5), 4.15 (dt, 1H, J = 7.12 

Hz, J = 2.53 Hz, H-8), 3.68 (dd, 1H, J = 8.33 Hz, J = 1.27 Hz, H-7), 3.55 (s, 3H, COOMe), 

2.85 (dd, 1H, J = 13.77 Hz, J = 4.75 Hz, H-3ax), 2.38 (dd, 1H, J = 13.77 Hz, J = 11.71 Hz, H-

3eq), 1.93 (s, 3H, NHAc); 
13

C NMR δ (100 MHz, CDCl3, ppm): 172.9, 168.5, 167.6, 167.5, 

135.8, 134.0, 133.3, 130.0, 129.9, 129.7, 129.1, 128.9, 128.6, 89.3, 73.3, 69.5, 69.4, 67.7, 

52.8, 52.3, 38.2, 23.2.  

Methyl [5-acetamido-endo-8,9-O-(p-methoxy)-benzylidene-3,5.dideoxy-2-thiophenyl-D-

glycero-β-D-galacto-non-2-ulopyranisode]onate (12) 

Compound 8 (1.47 g, 3.54 mmol) was dissolved in CH3CN (110 ml) whereafter CSA (0.1 eq, 

82.0 mg, 0.35 mmol) and anisaldehyde dimethyl acetal (8.00 eq, 4.9 ml, 28.8 mmol) were 

added. After 3.5 h the reaction was quenched with Et3N, concentrated and dissolved in 

CH2Cl2. The organic phase was washed with NaHCO3 (60 ml) and water (3x35 ml) and dried 

with Na2SO4 followed by column chromatography (CH2Cl2 – CH2Cl2:MeOH 50:1 – 10:1) 

where the sugar was applied in pure CH2Cl2. Compound 12 (1.64 g, 86 %) was obtained as a 

diastereomeric mixture (dr unknown). 
1
H NMR δ (400 MHz, CD3OD, ppm): 7.60–7.30 (m, 

8H, Ph), 6.96–6.83 (m, 2H, Ph), 4.38 (d, 1H, J = 10.29 Hz, NHAc), 4.24 (q, 1H, J = 6.58 Hz), 

4.17–4.08 (m, 2H, H-4), 4.03–3.86 (m, 3H, H-5), 3.81–3.78 (m, 3H, p-OMe), 3.71–3.64 (m, 
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1H), 3.55 (s, 3H, COOMe), 2.69 (dd, 1H, J = 13.49 Hz, J = 4.55 Hz, H-3ax), 2.07–2.03 (m, 

3H, NHAc), 1.97 (t, 1H, J = 11.98 Hz, H-3eq); 
13

C NMR δ (100 MHz, CD3OD, ppm): 

137.5,137.4, 129.9, 129.8, 129.3, 129.1, 128.80, 114.6, 114.1, 105.4, 104.8, 91.3, 76.5, 76.4, 

74.4, 74.02, 71.6, 71.4, 71.0, 69.2, 69.1, 67.9, 67.8, 55.6, 54.0, 53.9, 42.2, 22.8. 

Methyl [5-acetamido-9-O-(p-methoxy)-benzyl-3,5-dideoxy-2-thiophenyl-D-glycero-β-D-

galacto-non-2-ulopyranisode]onate (13) 

To a solution of 12 (711 mg, 1.33 mmol) in THF (90 ml) with molecular sieves 4Å (3.9 g), a 

solution of BH3∙NMe3 (6.0 eq, 584 mg, 8.00 mmol) in THF (5.0 ml) was added followed by 

dropwise addition of a solution of AlCl3 (6.0 eq, 1.07 g, 8.00 mmol) in THF (10 ml) at 0 °C 

under inert atmosphere. After 20 h the reaction mixture was filtrated over celite, flushed 3x 

with MeCN and the combined organic phases were concentrated. The crude was dissolved in 

EtOAc, washed with NaHCO3 (70 ml) and water (3x40 ml), dried using a phase separator and 

purified by column chromatography (EtOAc – EtOAc:MeOH 40:1) which gave 13 (62.0 mg, 

9 %) as a solid. 
1
H NMR δ (400 MHz, CD3OD, ppm): 7.60–7.56 (m, 2H, Ph), 7-38–7.29 (m, 

5H, Ph), 6.92–6.80 (m, 2H, Ph), 4.50 (m, 3H, NHAc, CH2), 4.10 (dt, 1H, J = 10.79 Hz, J = 

4.72 Hz, H-4), 3.93–3.86 (m, 2H, H-5), 3.79 (s, 3H, p-OMe), 3.76 (dd, 1H, J = 10.12 Hz, J = 

2.70 Hz), 3.64–3.57 (m, 2H), 3.49 (s, 3H, COOMe), 2.69 (dd, 1H, J = 13.49 Hz, J = 4.55 Hz, 

H-3ax), 2.02 (s, 3H, NHAc), 1.96 (dd, 1H, J = 13.49 Hz, J = 11.63 Hz, H-3eq); 
13

C NMR δ (100 

MHz, CD3OD, ppm): 137.4, 130.6, 130.5, 129.9, 114.7, 74.1, 73.5, 73.1, 70.7, 70.3, 68.1, 

55.7, 54.1, 52.9, 42.3, 22.8. 

Methyl [5-acetamido-9-O-(p-methoxy)-benzyl-3,5-dideoxy-7,8-O-isopropylidene-2-thio 

phenyl-D-glycero-β-D-galacto-non-2-ulopyranisode]onate (14) 

To a solution of 13 (62.0 mg, 0.12 mmol) in MeCN (1.0 ml), CSA (0.1 eq, 3.75 mg, 0.012 

mmol) and 2,2-dimethoxypropane (3.0 eq, 36 mg, 0.35) were added at 0 °C under inert 

atmosphere whereafter the reaction mixture was taken to r.t.. After 5 h, the reaction was 

quenched with Et3N and solvent evaporated. The crude was used in the subsequent reaction 

without further purification.  

Methyl [5-acetamido-9-O-(p-methoxy)-benzyl-3,5-dideoxy-7,8-O-isopropylidene-4-O-pro 

pargyl-2-thiophenyl-D-glycero-β-D-galacto-non-2-ulopyranisode]onate (15) 

To a solution of NaH (6.0 eq, 6.5 mg, 0.27 mmol) in MeCN (0.5 ml) at 0 °C, another solution 

of 14 (26 mg, 0.045 mmol) in MeCN (0.6 ml) was added. The mixture was taken to r.t. and let 

stir for 20 min. The reaction mixture was recooled to 0 °C whereafter propargylbromide (3.0 

eq, 16 µl, 0.14 mmol) was added. The mixture was again taken to r.t. and was quenched after 

3 h with sat. NH4Cl. The crude was purified by column chromatography (EtOAc:Heptane 1:3 

– EtOAc) to give 15 (7.5 mg, 27 %) as a solid.     
   + 88° (c 0.68, CDCl3). 

1
H NMR δ (400 

MHz, CD3OD, ppm): 7.68 (m, 2H, Ph), 7.43 (m, 1H, Ph), 7.36 (m, 2H, 2H), 7.19 (m, 2h, Ph), 

6.87 (m, 2H, Ph), 4.43 (m, 1H), 4.34 (d, 1H, J = 11.39 Hz, H-9), 4.25 (d,  1H, J = 11.39 Hz, 

H-9), 4.20 (d, 2H, J = 2.45 Hz, CH2), 4.11 (m, 1H), 3.91 (t, 1H, 10.06 Hz, H-5), 3.78 (s, 3H, 

p-OMe), 3.77–3.72 (m, 1H), 3.69–3.54 (m, 7H, H-4, COOMe), 3.01 (dd, 1H, J = 12.42 Hz, J 

= 4.35 Hz, H-3ax), 2.87 (t, 1H, C≡CH), 1.90 (s, 3H, NHAc), 1.73 (s, 3H, CH3), 1.68 (t, 1H, 

11.98 Hz, H-3eq), 1.37 (s, 3H, CH3). 
13

C NMR δ (100 MHz, CD3OD, ppm): 138.2, 131.0, 
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130.7, 129.8, 114.7, 77.56, 76.0, 76.0, 75.8, 73.7, 69.3, 57.5, 55.7, 52.7, 52.0, 38.8, 27.0, 26.0, 

23.0.  

Methyl (5-acetamido-3,5-dideoxy-4-O-propargyl-2-thiophenyl-D-glycero-β-D-galacto-non 

-2-ulopyranisode)onate (16) 

To a solution of 15 (14 mg, 0.023 mmol) in CH2Cl2 (1.0 ml) at – 20 °C was trifluoroacetic 

acid (43 µl) added. The reaction was stirred for 1 h and was quenched with NaHCO3. The 

mixture was dried using a phase separator and the organic phase was concentrated. 

Compound 16 (5.1 mg, 49 %) was obtained as a solid. 
1
H NMR δ (400 MHz, CDCl3, ppm): 

7.52 (m, 2H, Ph), 7.43 (m, 1H, Ph), 7.35 (m, 2H, Ph), 4.33 (dd, 1H, J = 16.42 Hz, J = 4.31 Hz, 

CH2), 4.17 (dd, 1H, J = 16.42 Hz, J = 4.31 Hz, CH2), 3.96–3.81 (m, 3H), 3.72–3.66 (m, 4H, 

COOMe), 3.57 (dt, J = 10.87 Hz, J = 4.39 Hz, H-4), 3.51 (m, 1H), 3.48 (s, 4H), 3.27 (d, 1H, J 

= 10.41 Hz), 3.00 (dd, 1H, J = 12.95 Hz, J = 4.39 Hz, H-3ax), 2.54 (t, 1H, J = 2.21 Hz, C≡CH), 

2.04 (s, 3H, NHAc), 1.93 (dd, 1H, J = 12.72 Hz, J = 11.33 Hz, H-3eq). 
13

C NMR δ (100 MHz, 

CDCl3, ppm): 137.0, 130.6, 129.0, 128.4, 86.5, 80.1, 77.3, 75.5, 74.4, 71.1, 69.7, 64.6, 56.4, 

53.3, 51.0, 50.8, 36.9, 23.3. 

Methyl {5-acetamido-3,5-dideoxy-4-O-[(1-(4-fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl] 

-2-thiophenyl-D-glycero-β-D-galacto-non-2-ulopyranisode}onate (17) 

To a solution of 16 (5.1 mg, 0.011 mmol) and CuI (~ 4 mg) in dry MeCN (500 µl), 4-

fluorophenyl azide (1.5 eq, 34 µl, 0.017 mmol) and DIPEA (1.5 eq, 3.0 µl, 0.017 mmol) were 

added under inert atmosphere. After 27 h, the reaction solution was applied directly on the 

silica column to be purified by column chromatography (CH2Cl2:MeOH 40:1 – 20:1) and it 

gave 17 in quantitative yield.
 

1
H NMR δ (400 MHz, CD3OD, ppm): 8.48 (s, 1H, H-triazol ring), 7.90 (m, 2H, Ph), 7.56 (m, 

2H, Ph), 7.45–7.32 (m, 5H, Ph), 4.84 (d, 1H, J = 12.39 Hz, CH2), 4.72 (d, 1H, J = 12.39 Hz, 

CH2), 3.94 (t, 1H, J = 10.27 Hz, H-5), 3.81–3.75 (m, 2H, H-9, H-8), 3.68–3.57 (m, 5H, H-4, 

COOMe, H-9), 3.46 (m, 2H, H-7, H-6), 3.03 (dd, 1H, J = 12.81 Hz, J = 4.64 Hz, H-3ax), 1.93 

(s, 3H, NHAc), 1.85 (dd, 1H, J = 12.81 Hz, J = 11.37 Hz, H-3eq). 
13

C NMR δ (100 MHz, 

CD3OD, ppm): 136.5, 129.9, 128.6, 122.5, 122.4, 122.2, 116.5, 116.3, 86.5, 75.9, 75.3, 71.5, 

68.7, 63.1, 62.0, 52.0, 50.6, 37.5, 21.3.  

Methyl (5-acetamido-3,5-dideoxy-4-O-[(1-(4-fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl]-

-D-glycero-β-D-galacto-non-2-ulopyranisode)onate (18) 

To a solution of 17 (7.0 mg, 0.012 mmol) in acetone:H2O (10:1, 1.0 ml), NBS (4.0 eq, 5.6 mg, 

0.047 mmol) was added. After 1 h the reaction mixture was taken to r.t. and was left for 

another 23 h. The reaction solution was evaporated and put on vacuum before the crude was 

purified by preparatory HPLC to give 18 (1.6 mg, 27 %) as a solid. 
1
H NMR δ (400 MHz, 

CD3OD, ppm): 8.45 (s, 1H, Ph), 7.89 (m, 2H, Ph), 7.34 (m, 2H, Ph), 4.83 (d, 1H, J = 12.35 

Hz, CH2), 4.71 (d, 1H, J = 12.35 Hz, CH2), 4.10–4.02 (m, 2H, H-6, H-4), 3.96 (m, 1H, H-5), 

3.81 (m, 1H, H-9), 3.79 (s, 3H, COOMe), 3.70 (m, 1H, H-8), 3.62 (m, 1H, H-9), 3.49 (dd, 1H, 

J = 9.24 Hz, J = 1.13 Hz, H-7), 2.47 (dd, 1H, J = 12.74 Hz, J = 4.62 Hz, H-3ax), 1.96 (s, 3H, 

NHAc), 1.88 (dd, 1H, J = 12.74 Hz, J = 10.93 Hz, H-3eq). 
13

C NMR δ (100 MHz, CD3OD, 

ppm): 122.5, 122.4, 121.9, 116.4, 116.2, 74.7, 70.7, 70.3, 68.7, 51.8, 51.1, 36.4, 21.3.  



Page 22 of 46 

 

5-acetamido-3,5-dideoxy-4-O-[(1-(4-fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl]-D-glyce 

ro-β-D-galacto-non-2-ulopyranisonic acid (19) 

To a solution of 18 (1.6 mg, 0.0032 mmol) in MeOH (150 µl), 1 M NaOH (35 µl) was added. 

The reaction mixture was left at r.t. for one week and at 40 °C for another week. The reaction 

mixture was concentrated, redissolved in H2O and purified by ion exchange column. Fraction 

1-2 was pooled and desired product indicated by low resolution MS.  
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NMR Appendix 
Compound 7 – KH022 flash #2 frac 18-20 – CDCl3
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Compound 8 – KH023 fraction 71-85 – CDCl3 

  



Page 26 of 46 

 

  



Page 27 of 46 

 

Compound 9 – KH018 – CDCl3 
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Compound 10 – KH011 – CDCl3 
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Compound 11 – KH012 – CDCl3 
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Compound 4 – KH013 – CDCl3 
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Compound 12 – KH024 frac 10-24 – MeOD 
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Compound 13 – KH025 – MeOD 
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Compound 15 – KH037 flash #2 frac 20-25 – MeOD 
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Compound 16 – KH039 – CDCl3 
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Compound 17 – KH040 – MeOD  
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Compound 18 – KH041 36+38 – MeOD  
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