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1. General experimental methods 

All solvents and reagents were obtained commercially and used as received unless stated 

otherwise. Residual water was removed from starting compounds by repeated coevaporation with 

toluene. Reactions were executed at ambient temperatures unless stated otherwise. All moisture-

sensitive reactions were performed in dry flasks fitted with glass stoppers or rubber septa under a 

positive pressure of argon. Air- and moisture-sensitive liquids and solutions were transferred by 

syringe or stainless steel cannula. Anhydrous MgSO4 or Na2SO4 were used to dry organic 

solutions during workup, and evaporation of the solvents was performed under reduced pressure 

using a rotary evaporator. Flash column chromatography was performed using 230–400 mesh 

silica gel. Thin-layer chromatography was conducted on Kieselgel 60 F254. Spots were observed 

first under UV irradiation (254 nm) then by charring with a solution of 20 % aqueous H2SO4 (200 

mL) in AcOH (800 mL). 1H- and 13C-NMR spectra were recorded in CDCl3 at 300, 400 or 500 

MHz and 75, 101 or 126 MHz, respectively. Chemical shifts are expressed in parts per million (δ 

scale) downfield from tetramethylsilane and are referenced to residual protium in the NMR 

solvent (CHCl3: δ 7.25 ppm). Coupling constants (J) are given in Hz. All presented 13C NMR 

spectra are proton-decoupled. Mass spectra were recorded by direct injection with a Accurate 

Mass Q-TOF LC/MS spectrometer equipped with an electrospray ion source in positive mode. 

 

2. General Procedures:  

Procedure I. General method for glycosylation with thrichloroacetimidate donors. To a solution 

of imidate donor (1.2 mmol) and alcohol acceptor (1 mmol) in a mixture of anhydrous diethyl 

ether/DCM 3:1 (50 mL) was added 4Å molecular sieves. The mixture was stirred at rt for about 

15 min under an Ar atmosphere, then cooled down to -78 ºC. TMSOTf (0.3 mmol) was then added 

and the reaction kept at the appropriate temperature. The mixture was stirred under these 

conditions for 30-120 min, then neutralized with triethylamine, diluted with DCM (20 mL) and 

washed with water (2×10 mL). The organic phase was dried over MgSO4, concentrated and 

purified on a silica gel column. 

Procedure II. General method for glycosylation with thiopyranoside donors. Thioglycoside 

donor (1.0 mmol), Ph2SO (1.3 mmol) and 2,6-di‐tert‐butyl-methylpyridine (DTBMP) (3 mmol) 

were coevaporated twice with dry toluene and dissolved in dry DCM (20 mL/mmol). Activated 

4Å molecular sieves were added and the reaction mixture was stirred for 1 h at room temperature 

under Ar atmosphere. The reaction mixture was cooled down to -78 ºC and then, triflic anhydride 

(1.3 mmol) was added dropwise. The reaction mixture was allowed to stir at -78 ºC for 15 min 

before adding a solution of the acceptor (2 mmol) in dry DCM (20 mL/mmol). The resulting 

mixture was allowed to stir, while gradually warming up, for 1.5 h, at which point TEA (100 L) 
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was added. The quenched reaction mixture was filtered, and the filtrate was evaporated under 

vacuum. The crude material was purified through silica column chromatography.  

Procedure III. General method for Staudinger reduction. A solution of the appropriate azide in 

THF (10 mL/mmol) was treated with H2O (2 mL/mmol) and PMe3 (1.5 mmol., 1 M solution in 

THF). The mixture was then stirred at the appropriate temperature until TLC showed complete 

consumption of the starting material. The solvent was then removed in vacuo and the residue 

purified by flash chromatography.  

Procedure IV. General method for amide coupling promoted by EDC/HOBt. To a mixture of the 

appropriate acid (1.1 mmol.), EDC (1.1 mmol) and HOBt (1.1 mmol) in anhydrous DMF (10 

mL/mmol) was stirred at rt for 30 min, after which time the adequate amine and DIEA (2.1 mmol) 

was added. The reaction mixture was stirred at room temperature until complete consumption of 

the starting material was observed by TLC. The solution concentrated in vacuo and the crude 

material was purified through silica column chromatography.  

Procedure V. General method for the methylation of hydroxyl groups. A solution of the polyol (1 

mmol) in dry DMF (5 mL/mmol) was cooled to 0 °C and treated under argon atmosphere with 

NaH (1.5 equiv/alcohol) and methyl iodide (2 equiv/alcohol). The reaction mixture was then 

allowed to reach room temperature and stirred overnight. The reaction was quenched by slow 

addition of water, and extracted twice with ethyl acetate. The organic layers were dried, filtered 

and concentrated in vacuo. The residue was then purified by flash column chromatography.  

Procedure VI. General methods for the benzylidenation of diols. To a mixture of the diol (1mmol) 

in anhydrous CH3CN (10 mL) was added the corresponding arylaldehyde dimethylacetal (1.2 

mmol) followed by p-TsOH (0.1 mmol) and stirred at room temperature. After complete 

conversion of the starting material (1-3 hours), the mixture was neutralised with Et3N and solvents 

were evaporated in vacuo. The crude product was purified by flash chromatography. 

Procedure VII. General method for amide coupling promoted by HATU. To a mixture of the 

corresponding amine (1 mmol), the appropriate acid (1.2 mmol) and DIEA (2.5 mmol) in 

anhydrous DMF (2 mL/mmol) was added HATU (1.3 mmol). The reaction mixture was exposed 

to microwave irradiation until completion of the reaction. The mixture was concentrated at 

reduced pressure and it was purified by flash column chromatography.  

Procedure VIII. General method for the oxidation of thioglycosides into glycosyl sulfoxides. A 

solution of the corresponding thioglycoside (1 mmol) in DCM (25 mL) was cooled to -78 ºC 

under Ar atmosphere and treated with m-CPBA (77%) (1.1 mmol). The mixture was stirred at -

78 ºC until TLC showed complete consumption of the starting material. The reaction was 
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quenched by addition of acetone and solid Na2S2O3 and it was concentrated. The residue was 

purified by silica gel chromatography. 

Procedure IX. General method for the NMR tube methanolysis experiments. A stock solution 

containing CD3OD (1% v/v) in CDCl3 was transferred to a 5 mm NMR tube fitted with a septum 

and purged with argon. Solutions of the adequate donor (for individual assays) or donors (for 

competitions) in CDCl3 (50 L, 100 mM) were then added to the tube and shaken to mix. Both 

1D and 2D-HSQC data sets were recorded for the starting mixture at the appropriate working 

temperature (5 or 25 ºC). After addition of triflic acid (3-5 L) in an ice bath, the sample was 

transferred to the magnet. Time evolution of the reaction mixtures was followed by sequential 

1D-1H and 2D-HSQC. These NMR experiments were acquired on a Bruker Avance 600 MHz 

spectrometer equipped with a cryo-probe. 1D-1H data sets were collected with 8-16 scans and a 

relaxation delay of 2 s. 2D- HSQC spectra were typically acquired with 64-128 increments and 

8-16 scans per increment, which determines a total experimental time of 6-16 min per spectrum. 

The resulting time-resolution was found to be sufficient to monitor slow methanolysis processes. 

Relative populations of reagents and products throughout the reactions were determined by 

integrating selected NMR signals in 1D-1H and 2D-HSQC data sets at different reaction times. 

Indeed, these latter experiments proved especially useful for the analysis of competition assays, 

given the complexity of the resulting reaction mixtures, formed by up to six highly similar 

disaccharides. The spectrum array obtained from each reactivity assay (either 1D or 2D) was 

processed using MestReNova. (v. 10.0, Mestrelab Research S.L.). Each spectrum was 

individually phased in the region of interest and baseline corrected. Integration ranges were 

selected to avoid overlap and to account for peak drifting over the course of the reaction. Absolute 

peak volumes (for 2D data sets) were normalized and converted to relative populations (0-100 %) 

with the assumption (supported by the NMR data) that no significant side reactions occurred. 

These were then represented with respect to the reaction time employing Origin package. 

Reaction time courses were fitted assuming pseudo-first order kinetics, employing equations 1 

and 2 for donor disappearance and product formation, respectively: 

(1) D(t)=100e-kt ; (2) P(t)= 100(1-e-kt)   

where D(t) and P(t) stand for donor and product population (0-100%) at any particular time. The 

influence exerted by the aromatic platforms on the reaction rates was expressed in terms of kinetic 

constant ratios (kreference/k+aromatic).  

Procedure X. General method for the NMR tube glycosylation experiments with sulfoxide donors. 

Considering the increased complexity of these muti-component reactions, a minimum of three 

runs, under identical reaction conditions, were completed with each derivative. Additionally, 
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competition experiments were performed for selected equimolecular donor mixtures. Thus, the 

internal standard 4,4,5,5-tetramethyl-2-(naphthalen-1-yl)-1,3-dioxolane (25.6 mg, 0.1 mmol), 

DTBMP (61.5 mg, 0.3 mM), the appropriate acceptor alcohol (5-8 equiv depending on the 

employed donor) and activated molecular sieves 4 Å (100 mg) were added to a septum-capped 

oven-dried vial. The vial was twice evacuated and purged with Ar before the addition of CDCl3 

(10 mL). The resulting stock solution (550 L) was transferred to a 5 mm NMR tube fitted with 

a septum and purged with Ar. A solution of the adequate donor in CDCl3 (50 L, 100 mM) was 

then added to the tube and shaken to mix. Afterwards, the NMR tubes were cooled down in a 

liquid nitrogen/acetone bath to the selected reaction temperature before the treatment with triflic 

anhydride (1.5 equiv, 1.4 l) and immediately transferred to the NMR spectrometer, previously 

equilibrated at the proper working temperature. Before each run, locking, tuning, and shimming 

were carried out on a tube prepared in an identical fashion containing all reaction components. 

Glycosylation reactions were followed by low-temperature (-65/-50 ºC) NMR experiments, 

employing a Bruker Avance 500 MHz spectrometer. 1D-1H spectra were acquired with 300 

excitation pulses and a relaxation delay of 1 s. The extra sensitivity provided by 13C-labelled 

samples allowed us to acquire 2D-HSQC data sets with just 2 scans per increment and 64 

increments, limiting the total experimental time to 2-3 minutes. These conditions were found to 

be adequate to monitor relatively fast glycosylation reactions. Transmitter offsets were set to 5 

and 90 ppm, in the proton and carbon dimensions, respectively, which allowed for an optimal 

excitation of the anomeric CH groups. In addition, a delay corresponding to a J value of 165 Hz 

(between those expected values for anomeric - and -CH fragments) was employed in all cases. 

Data processing was carried out with MestReNova, as previously described for the methanolysis 

assays. For mannose and glucose models 10-15, reactions were carried out with one or two 

competing donors at a time. The absence of well resolved peaks for all glycosylation products in 

the 1D data sets (particularly for 10 and 11), led us to mainly rely on 2D-HSQC experiments to 

derive relative populations at different reaction times. To assess the validity of this approach, 

control HSQC spectra were measured with increasing relaxation delays (in the 1-10 s range), 

showing that this parameter had a relatively minor influence (<10%) on the estimated volume 

ratios. When possible, values derived from 2D data sets were also confirmed by 1D experiments 

for selected non-overlapped signals. Relative concentrations at short reaction times (<10 min, 

when <20% evolution had occurred) were taken as indicative of the relative formation rates for 

the different products. For derivatives 16-19, showing the highest influence of the aromatic 

stacking on the donor reactivity, a more quantitative approach was attempted. This was greatly 

facilitated by the presence of well-resolved NMR signals for all the intervening species (extremely 

up-field shifted by the pyrene platforms in the case of 19). Thus, peak areas corresponding to the 

different reaction products (27, 28, 30, and 31) in 1D data sets were transformed into a percentage 
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of conversion using the expression: C%= (Pt/St) 100/(D0/S0) where, D0 and S0 are the integration 

values of a donor peak and the internal standard in the initial reaction mixture (time=0) and Pt and 

St are those of a given product peak and the internal standard at a particular reaction time (time=t). 

Conversions were represented with respect to the reaction times employing Origin package 

(OriginLab Corporation). The presence of well resolved peaks allowed us to also monitor the 

decreasing concentrations of C for 18 and 19 throughout the reaction course. Linear 

representations of Ln(C) vs Time were built form these data and fitted to the equation:  

Ln(C) = Ln(C0) – kt,  

where C0 represent the initial concentration of the model and the slope, k. a first order kinetic 

constant. Slope ratios for 18 and 19 was employed to estimate the influence of the aromatic 

platform on the reaction rate. Finally, relative formation rates for the different products were also 

estimated, without any mechanistic assumptions, from their relative conversions at short reaction 

times.  

Procedure XI. General method for the glycosylation experiments with sulfoxide donors. To an 

oven-dried 50-mL round-bottomed flask containing the corresponding glycosyl sulfoxide (0.1 

mmol), equipped with a stirring bar, was added 4 Å m.s. (100% w/w) and DTBMP (61.5 mg, 0.3 

mmol), and then the flask was purged three times with vacuum/Ar. Next, the mixture was 

dissolved in dry DCM (2.5 mL, 25 mL/mmol) under Ar atmosphere and cooled down to the 

designated temperature with an acetone/dry ice bath. The acceptor (0.5 to 0.8 mmol) was injected 

into the mixture, followed by a dropwise addition of triflic anhydride (24 L, 1.5 mmol). The 

resulting mixture was stirred at the designated reaction temperature until TLC analysis showed 

complete consumption of the starting material, at which point TEA (0.1 mL) was added, and the 

quenched reaction mixture was allowed to warm up to room temperature, filtered and evaporated 

under vacuum. The resulting crude material was purified through a silica gel column 

chromatography.  

3. Synthesis of disaccharide type I compounds.  

3.1 Route A. Synthesis of common donor unit. 

 

 

Scheme S1. Synthetic route for common donor unit A4 for the preparation of disaccharides 1-9. 
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Phenyl 3-azido-3-deoxy-2,4,6-tri-O-methyl-1-thio-α/β-D–allopyranoside (A2). A solution of 

3-azido-3-deoxy-α/β-D-allopyranoside1 (2.24 g, 7.54 mmol) in anhydrous THF (38 mL) under Ar 

and at 0 ºC was treated with sodium hydride (904 mg, 37.6 mmol) and methyl iodide (1.9 mL, 

30.2 mmol). The reaction was allowed to warm up to room temperature and stirred overnight. 

Then, it was quenched with MeOH, diluted with ethyl acetate and washed with saturated solution 

of NaHCO3, brine, dried over anhydrous MgSO4, filtered and concentrated at reduced pressure. 

The residue was purified by flash chromatography (hexane/ethyl acetate 95:5) to afford separable 

phenyl 3-azido-3-deoxy-2,4,6-tri-O-methyl-1-thio-α-D-allopyranoside (870 mg, 34%) and 3-

azido-3-deoxy-2,4,6-tri-O-methyl-1-thio--D-allopyranoside A2 (956 mg, 37%). For the -

anomer: 1H NMR (400 MHz, CDCl3) δ 7.53-7.49 (m, 3H, Ar), 7.34-7.14 (m, 2H, Ar), 5.57 (d, J 

= 5.8 Hz, 1H, H-1), 4.43 (t, J = 3.2 Hz, 1H, H-3), 4.28 (ddd, J = 9.8, 3.2, 2.1 Hz, 1H, H-5), 3.70 

(dd, J = 10.7, 3.2 Hz, 1H, H-6a), 3.69 (dd, J = 5.8, 3.2 Hz, 1H, H-2), 3.61 (dd, J=10.7, 2.1 Hz, 

1H, H-6b), 3.50 (dd, J =9.8, 3.2 Hz, 1H, H-4), 3.46 (s, 3H, OCH3), 3.45 (s, 3H, OCH3), 3.39 (s, 

3H, OCH3); 
13C NMR (101 MHz, CDCl3) δ 137.4 (C, Ar), 130.9 (2 CH, Ar), 128.9 (2 CH, Ar), 

127.0 (CH, Ar), 86.7 (CH-1), 77.5 (CH-2), 75.1 (CH-4), 70.8 (CH2-6), 67.2 (CH-5), 59.4 (OCH3) 

, 58.9 (CH-3), 57.5 (OCH3), 57.2 (OCH3); HRMS (ESI) m/z calcd for C15H21N3NaO4S [M+Na]+: 

362.11450, found: 362.11409. For A2 (-anomer): 1H NMR (400 MHz, CDCl3) δ 7.55-7.51 (m, 

2H, Ar), 7.32-7.24 (m, 3H, Ar), 4.88 (d, J = 9.6 Hz 1H, H-1), 4.49 (t, J = 3.2 Hz, 1H, H-3), 3.71 

(ddd, J = 9.7, 4.0, 2.0 Hz, 1H, H-5), 3.61 (dd, J = 2.0, 10.9 Hz, 1H, H-6a), 3.56 (dd, J = 4.0, 10.9 

Hz, 1H, H-6b), 3.48 (s, 3H, OCH3), 3.44 (s, 3H, OCH3), 3.38 (dd, J = 3.2, 9.7 Hz, 1H, H-4), 3.37 

(s, 3H, OCH3), 3.14 (dd, J = 9.6, 3.2 Hz, 1H, H-2); 13C NMR (101 MHz, CDCl3) δ 133.2 (C, Ar), 

132.5 (2 CH, Ar), 128.9 (2 CH, Ar), 127.7 (CH, Ar), 84.0 (CH-1), 78.7 (CH-2), 75.7 (CH-4), 75.2 

(CH-5), 71.3 (CH2-6), 59.6 (OCH3), 59.4 (OCH3), 58.1 (CH-3), 57.6 (OCH3). HRMS (ESI) m/z 

calcd for C15H25N4O4S [M+NH4]
+: 357.1591, found: 357.15857.  

3-azido-3-deoxy-2,4,6-tri-O-methyl-α/β-D–allopyranose (A3). Phenyl 3-azido-3-deoxy-2,4,6-

tri-O-methyl-1-thio-α-D-allopyranoside (870 mg, 2.56 mmol) was dissolved in a 9:1 

acetone/water mixture (13 mL) and treated with NBS (684 mg, 3.84 mmol). The mixture was 

allowed to react for 20 h. Then it was diluted with ethyl acetate and washed with saturated solution 

of NaHCO3, water, brine, the solution was dried over anhydrous MgSO4, filtered and concentrated 

at reduced pressure. The residue was purified by flash column chromatography (hexane/ethyl 

acetate 8:2 to 3:7) to afford hemiacetal A3 (632 mg, 99%) as a 5.3:1 mixture of anomers. Selected 

peaks for the major anomer: 1H NMR (400 MHz, CDCl3) δ 4.92 (dd, J = 7.7, 5.4 Hz, 1H, H-1), 

4.41 (t, J = 3.4 Hz, 1H, H-3), 3.81 (ddd, J = 9.7, 5.2, 2.0 Hz, 1H, H-5), 3.62 (dd, J = 10.4, 2.0 Hz, 

1H, H-6b), 3.56 (s, 3H, OCH3), 3.57-3.53 (dd, J = 10.4, 5.2 Hz, 1H, H-6a), 3.43 (s, 3H, OCH3), 

3.37 (s, 3H, OCH3), 3.53 (dd, J = 9.7, 3.4 Hz, 1H, H-4), 3.08 (dd, J = 7.7, 3.4 Hz, 1H, H-2); 13C 

NMR (101 MHz, CDCl3) δ 94.3 (CH-1), 80.3 (CH-2), 76.4 (CH-4), 72.2 (CH-5), 71.5 (CH2-6), 
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59.3 (CH-3), 58.7 (OCH3), 57.4 (OCH3), 59.15 (OCH3). HRMS (ESI) m/z calcd for C9H21N4O5 

[M+NH4]
+: 265.15065, found: 265.15135. 

3-azido-3-deoxy-2,4,6-tri-O-methyl-α/β-D–allopyranosyl trichloroacetimidate (A4) 

Hemiacetal A3 (152 mg, 0.62 mmol) was dissolved in dry DCM (6 mL) together with 

trichloroacetonitrile (0.74 mL, 7.38 mmol). The solution was cooled in an ice-bath and the 

reaction activated by addition of DBU (20 µL, 0.155 mmol). After 3 h stirring at 0 °C the reaction 

mixture was concentrated and then directly applied to a silica gel column (hexane/ethyl acetate 

9:1 to 8:2) to give trichloroacetimidate A4 (148 mg, 62%).1H NMR (400 MHz, CDCl3) δ 8.66 (s, 

1H, NH), 5.94 (d, J = 8.0 Hz, 1H, H-1), 4.46 (t, J = 3.3 Hz, 1H, H-3), 3.89 (ddd, J = 9.5, 3.3, 2.1 

Hz, 1H, H-5), 3.64-3.60 (m, 2H, 2 H-6), 3.57 (s, 3H, OCH3), 3.52 (dd, J = 9.5, 3.3 Hz, 1H, H-4), 

3.47 (s, 3H, OCH3), 3.40 (dd, 1H, J = 8.0, 3.3 Hz, H-2), 3.38 (s, 3H, OCH3); 
13C NMR (101 MHz, 

CDCl3) δ 161.2 (C=NH), 96.4 (CH-1), 78.8 (CH-2), 75.5 (CH-4), 73.5 (CH-5), 70.6 (CH2-6), 60.2 

(CH-3), 59.6 (OCH3), 59.5 (OCH3), 57.8 (OCH3). 

3.2 Route B. Synthesis of (1→2)-disaccharides. 

Route B1. Synthesis of acceptor units B6 

 

Scheme S2. Synthetic route to acceptor unit B6 required for the preparation of (1→2)-

disaccharides 1-5. 

1,2-orthoester B3a.-To a suspension of D-galactose (1 g, 5.55 mmol) in dry pyridine (16.6 mL) 

under inert atmosphere at 0 ºC, benzoyl chloride (5.3 mL, 46 mmol) was added dropwise. After 

stirring overnight at room temperature, the reaction mixture was cooled to 0 ºC and the excess of 

benzoyl chloride was destroyed with methanol. The reaction mixture was concentrated under 

reduced pressure and the residue was dissolved in DCM and washed with a saturated solution of 

NaHCO3 and brine. The organic layer was then dried over anhydrous Na2SO4, evaporated to 
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dryness and the residue purified by flash chromatography (hexane/ethyl acetate 7:3) to afford per-

O-benzoyl-D-galactopyranose B1 (3.63g, 93%). This material (3.6 g, 5.18 mmol) was dissolved 

in anhydrous DCM (12.8 mL), cooled to 0 ºC under inert atmosphere and treated with acetic 

anhydride (1.28 mL) and a 33% solution of HBr in AcOH (10.7 mL). After 24 hours, the reaction 

mixture was diluted with DCM and quenched by the addition of water. After stirring for 15 

minutes, the organic phase was separated and washed with a saturated solution of NaHCO3 and 

brine, dried over anhydrous Na2SO4 and concentrated under reduced pressure to give 2,3,4,6-

tetra-O-benzoyl-α-D-galactopyranosyl bromide2 B2, which was used in the next step without 

further purification (3.16 g, 96%).  

Bromide B2 (4.10 g, 6.23 mmol) was dissolved in dry acetonitrile (25 mL) in the presence of 4Å 

molecular sieves, and then the mixture was treated with MeOH (2.5 mL, 62.3 mmol), 

tetrabutylammonium bromide (1.41 g, 12.46 mmol) and anhydrous NaHCO3 (1.05 g, 12.46 

mmol), according to Shao’s procedure.3 The reaction was vigorously stirred at room temperature 

for 24 h. The reaction mixture was filtered through a small pad of Celite®. The filtrate was 

evaporated to dryness and the residue was purified by flash column chromatography 

(hexane/ethyl acetate 95:5 to 9:1) to yield methyl orthoester B3a (3.32 g, 89%). 1H NMR (400 

MHz, CDCl3) δ 8.00-7.89 (m, 6H, Ar), 7.69-7.65 (m, 2H, Ar), 7.54 (m, 3H, Ar), 7.45-7.34 (m, 

9H, Ar), 6.23 (d, J = 5.0 Hz, 1H, H-1), 5.83 (dd, J = 4.1, 2.5 Hz, 1H, H-4), 5.55 (dd, J = 6.1, 4.1 

Hz, 1H, H-3), 4.81 (dd, J = 6.1, 5.0 Hz, 1H, H-2), 4.61 (dd, J = 11.2, 6.7 Hz, 1H, H6a), 4.54 (td, 

J = 6.7, 5.4, 2.5 Hz, 1H, H-5), 4.40 (dd, J = 11.2, 5.4 Hz, 1H, H-6b), 3.26 (s, 3H, OCH3); 
13C 

NMR (101 MHz, CDCl3) δ 166.1 (C=O), 165.4 (C=O), 165.3 (C=O), 136.3 (C, Ar), 133.6 (CH, 

Ar) , 133.5 (CH, Ar), 133.3 (CH, Ar), 129.9 (2 CH, Ar),129.9 (2 CH, Ar), 129.8 (2 CH, Ar), 129.7 

(CH, Ar), 129.5 (C, Ar), 129.2 (C, Ar), 129.0 (C, Ar), 128.7 (2 CH, Ar), 128.6 (2 CH, Ar), 128.5 

(2 CH, Ar), 128.4 (2 CH, Ar), 126.1 (2 CH, Ar), 120.7 (O-C-O), 98.3 (CH-1), 73.6 (CH-2), 70.2 

(CH-3), 69.0 (CH-5), 66.6 (CH-4), 62.4 (CH2-6), 51.2 (OCH3); HRMS (ESI) m/z calcd for 

C35H30NaO10 [M+Na]+: 633.17312, found: 633.17308.  

Compound B3b. To a solution of galactosyl bromide B2 (2.76 g, 4.19 mmol) in anhydrous DCM 

(9.5 mL), 2,6 lutidine (0.73 mL, 6.28 mmol), 4-pentenyl alcohol (0.56 mL, 5.45 mmol) and 

tetrabutylammonium iodide (77 mg, 0.21 mmol) were added under Ar atmosphere and the 

resulting mixture was refluxed overnight. After cooling to room temperature, DCM was added 

and the organic layer was washed with water, dried, and concentrated in vacuo. The resulting 

residue was purified by silica gel flash chromatography (hexane/ethyl acetate 8:2) to afford 

compound B3b (1.26 g, 45%) identical to the previously described.4 

 

Compound B4a. A catalytic amount (10% w/w) of freshly prepared NaOMe was added at room 

temperature to a solution of B3 (6.3 g, 10.0 mmol) in MeOH (150 mL). After stirring for 3 h, the 
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mixture was concentrated under reduced pressure and coevaporated with chloroform. The residue 

was then dissolved in dry DMF (10 mL), cooled to 0 °C and treated under Ar atmosphere with 

NaH (2.02 g, 84 mmol, 60% dispersion in mineral oil) and methyl iodide (2.5 mL, 40.2 mmol). 

The reaction mixture was then allowed to reach room temperature and stirred overnight. The 

reaction was quenched by slow addition of water and extracted twice with ethyl acetate. The 

organic layers were dried, filtered and concentrated in vacuo. The residue was then purified by 

flash column chromatography (hexane/ethyl acetate 9:1 to 8:2) to yield compound B4a (1.36 g, 

39% overall yield). 1H NMR (400 MHz, CDCl3) δ 7.65-7.58 (m, 2H, Ar), 7.36 (m, 3H, Ar), 5.91 

(d, J = 4.8 Hz, 1H, H-1), 4.45 (dd, J = 7.0, 4.8 Hz, 1H, H-2), 3.90 (td, J = 6.6, 1.6 Hz, 1H, H-5), 

3.58-3.53 (m, 3H, H-4, 2 H-6), 3.51 (s, 3H, OCH3), 3.39 (s, 3H, OCH3), 3.37 (s, 3H, OCH3), 3.26 

(s, 3H, OCH3), 3.15 (dd, J = 7.0, 2.7 Hz, 1H, H-3); 13C NMR (101 MHz, CDCl3) δ 138.6 (C, Ar), 

129.1 (CH, Ar), 128.3 (2 CH, Ar), 126.0 (2 CH, Ar), 119.9 (O-C-O), 98.7 (CH-1), 81.1 (CH-3), 

77.4 (CH-2), 74.1 (CH-4), 72.3 (CH-5), 70.8 (CH2-6), 61.2 (OCH3), 59.4 (OCH3), 57.7 (OCH3), 

50.6 (OCH3). HRMS (ESI) m/z calcd for C17H24NaO7 [M+Na]+: 363.14142, found: 363.14265. 

Compound B4b. A catalytic amount (10% w/w) of freshly prepared NaOMe was added at room 

temperature to a solution of B3b (1.26 g, 1.9 mmol) in MeOH (10 mL). After stirring for 2 h, the 

mixture was concentrated under reduced pressure and coevaporated with chloroform. The residue 

was then dissolved in dry THF (10 mL), cooled to 0 ºC and treated under Ar atmosphere with 

NaH (380 mg, 9.5 mmol, 60% dispersion in mineral oil,) and methyl iodide (0.47 mL, 7.6 mmol). 

The reaction mixture was then allowed to reach room temperature and stirred overnight. The 

reaction was quenched by slow addition of water and extracted twice with ethyl acetate. The 

organic layers were dried, filtered and concentrated in vacuo. The residue was then purified by 

flash column chromatography (hexane/ethyl acetate 8:2) to yield compound B4b (470 mg, 63% 

overall yield). 1H NMR (400 MHz, CDCl3) δ 7.63-7.58 (m, 2H, Ar), 7.39-7.33 (m, 3H, Ar), 5.90 

(d, J = 4.8 Hz, 1H, H-1), 5.75 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H, CH=CH2), 4.97-4.89 (m, 2H, 

CH=CH2), 4.43 (dd, J = 7.0, 4.8 Hz, 1H, H-2), 3.92 (td, J = 6.7, 1.7 Hz, 1H, H-5), 3.61-3.53 (m, 

3H, H-4 y 2 H-6), 3.51 (s, 3H, OCH3), 3.50-3.41 (m, 1H, OCH2), 3.39 (s, 3H, OCH3), 3.37 (s, 3H, 

OCH3), 3.15 (dd, J = 7.0, 2.8 Hz, 1H, H-3), 2.12-2.03 (m, 2H, CH2-CH=CH2), 1.68-1.59 (m, 2H, 

OCH2-CH2); 
13C NMR (101 MHz, CDCl3) δ 138.9 (C, Ar), 138.2 (CH=CH2), 129.1(CH, Ar), 

128.3 (2 CH, Ar), 126.0 (2 CH, Ar), 119.5 (O-C-O), 114.9 (CH=CH2), 98.6 (CH-1), 81.1 (CH-

3), 77.2 (CH-2), 74.2 (CH-4), 72.2 (CH-5), 70.8 (CH2-6), 62.7 (O-CH2), 61.2 (OCH3), 59.4 

(OCH3), 57.8 (OCH3), 30.4 (OCH2-CH2), 28.82 (CH2-CH=CH2). HRMS (ESI) m/z calcd for 

C21H30NaO7 [M+Na]+: 417.18837 found: 417.18826. 

Compound B5a. A mixture of orthoester B4a (202 mg, 0.59 mmol) and p-nitrophenol (165 mg, 

1.19 mmol) in toluene (5 mL) was azeotroped to dryness, and subsequently kept overnight under 

high vacuum. This mixture was then dissolved in dry DCM (30 mL) and molecular sieves AW-
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300 (1.6 mm pellets, 5 g) were added.5 The mixture was stirred at room temperature for 1 h. The 

crude reaction mixture was quenched by addition of Et3N, filtered and concentrated. The residue 

was purified by flash silicagel column chromatography (hexane/ethyl acetate 8:2 to 7:3) to give 

p-nitrophenyl glycoside B5a (158 mg, 60%): 1H NMR (500 MHz, CDCl3) δ 8.17-8.10 (m, 1H, 

1H, Ar), 8.06-8.01 (m, 2H, Ar), 7.57 (ddt, J = 7.8, 7.0, 1.3 Hz, 1H, Ar), 7.47-7.41 (m, 3H, Ar), 

7.06-7.01 (m, 2H, Ar), 5.77 (dd, J = 10.0, 7.8 Hz, 1H, H-2), 5.22 (d, J = 7.8 Hz, 1H, H-1), 3.87 

(dd, J = 2.9, 1.1 Hz, 1H, H-4), 3.83 (ddd, J = 6.6, 6.1, 1.1 Hz, 1H, H-5), 3.71 (dd, J = 9.5, 6.6 Hz, 

1H, H-6a), 3.64 (s, 3H, OCH3), 3.65 (dd, 1H, J = 9.5, 6.1 Hz, 1H, H-6b), 3.57 (dd, J = 10.0, 2.9 

Hz, 1H, H-3), 3.47 (s, 3H, OCH3), 3.43 (s, 3H, OCH3); 
13C NMR (126 MHz, CDCl3) δ 165.5 

(C=O), 161.8 (C, Ar), 142.96 (C, Ar), 133.41 (CH, Ar), 129.88 (2 CH, Ar), 128.60 (2 CH, Ar) , 

126.33 (C, Ar), 125.79 (2 CH, Ar), 116.84 (2 CH, Ar), 99.1 (CH-1), 82.5 (CH-3), 74.5 (CH-5), 

74.4 (CH-4), 71.4 (CH-2), 70.8 (CH2-6), 61.5 (OCH3), 59.5 (OCH3), 58.5 (OCH3). HRMS (ESI) 

m/z calcd for C22H29N2O9 [M+NH4]
+: 465.18676, found: 465.18834.  

Compound B5b. A solution of orthoester B4b (490 mg, 1.24 mmol) in DCM (10 mL) was cooled 

to -20 ºC and then treated with BF3·Et2O (0.15 mL, 1.24 mmol). The reaction mixture was stirred 

for 30 min after which it was quenched by addition of TEA and concentrated under vacuum. The 

residue was purified by flash silica gel column chromatography (hexane/ethyl acetate 7:3 to 6:4) 

to give n-pentenyl glycoside B5b (361 mg, 74%). 1H NMR (400 MHz, CDCl3) δ 8.09-8.03 (m, 

2H, Ar), 7.58-7.52 (m, 1H, Ar), 7.46-7.41 (m, 2H, Ar), 5.68-5.57 (m, 1H, CH=CH2), 5.45 (dd, J 

= 10.1, 7.9 Hz, 1H, H-2), 4.81-4.75 (m, 2H, CH=CH2), 4.49 (d, J = 7.9 Hz, 1H, H-1), 3.85 (dt, J 

= 9.6, 6.1 Hz, 1H, OCH2a), 3.76 (d, J = 2.9 Hz, 1H, H-4), 3.71-3.64 (m, 1H, H-6a), 3.64-3.55 (m, 

2H, H-6b, H-5), 3.60 (s, 3H, OCH3), 3.48-3.39 (m, 2H, OCH2b, H-3), 3.42 (s, 3H, OCH3), 3.41 (s, 

3H, OCH3), 2.00-1.87 (m, 2H, CH2-CH=CH2), 1.62-1.49 (m, 2H, OCH2-CH2); 
13C NMR (101 

MHz, CDCl3) δ 165.4 (C=O), 138.2 (CH=CH2), 132.9 (CH, Ar), 130.5 (C, Ar), 129.8 (2 CH, Ar), 

128.4 (2 CH, Ar), 114.7 (CH=CH2), 101.5 (CH-1), 82.9 (CH-3), 74.6 (CH-4), 73.5 (CH-5), 72.1 

(CH-2), 70.9 (CH-6), 68.8 (OCH2), 61.4 (OCH3), 59.4 (OCH3), 58.3 (OCH3), 30.0 (CH2-

CH=CH2), 28.7 (OCH2-CH2). HRMS (ESI) m/z calcd for C14H26NaO6 [M+Na]+: 313.16216, 

found: 316.16268.  

Compound B6a. A catalytic amount (10% w/w) of freshly prepared NaOMe was added at room 

temperature to a solution of B5a (158 mg, 0.35 mmol) in MeOH (8 mL). After stirring for 3 h, 

the mixture was neutralized by the addition of amberlite IR 120, filtered and the filtrate 

concentrated under reduced pressure. The residue was purified by flash silica gel chromatography 

(DCM/MeOH 99:1 to 98:2) to give glycoside B6a (90 mg, 75%). 1H NMR (500 MHz, CDCl3) δ 

8.18 (dd, J = 9.3, 0.8 Hz, 2H, Ar), 7.18-7.01 (m, 2H, Ar), 5.00 (d, J = 7.6 Hz, 1H, H-1), 4.09 (dd, 

J = 9.7, 7.6 Hz, 1H, H-2), 3.79 (dd, J = 2.9, 1.0 Hz, 1H, H-4), 3.74 (ddd, J = 7.1, 6.0, 1.0 Hz, 1H, 

H-5), 3.64 (dd, J = 9.5, 7.0 Hz, 1H, H-6a), 3.59 (s, 3H, OCH3), 3.58 (s, 3H, OCH3), 3.57-3.54 (m, 
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1H, H-6b), 3.40 (s, 3H, OCH3), 3.29 (dd, J = 9.7, 2.9 Hz, 1H, H-3), 2.61 (br s, 1H, OH); 13C NMR 

(126 MHz, CDCl3) δ 161.9 (C, Ar), 142.9 (C, Ar), 125.8 (2 CH, Ar), 116.7 (2 CH, Ar), 100.3 

(CH-1), 83.9 (CH-3), 74.3 (CH-5), 73.7 (CH-4), 70.7 (CH2-6), 70.4 (CH-2), 61.3 (OCH3), 59.5 

(OCH3), 58.1 (OCH3). HRMS (ESI) m/z calcd for C15H25N2O8 [M+NH4]
+: 436.17883, found: 

436.17745. 

Compound B6b. A catalytic amount (10% w/w) of freshly prepared NaOMe was added at room 

temperature to a solution of B5b (110 mg, 0.28 mmol) in MeOH (10 mL). After stirring for 3 h, 

the mixture was neutralized by addition of amberlite IR 120, filtered and the filtrate concentrated 

under reduced pressure. The residue was purified by flash silica gel chromatography 

(hexane/ethyl acetate 6:4) to give glycoside B6b (70 mg, 0.24 mmol, 86 %). 1H NMR (500 MHz, 

CDCl3) δ 5.80 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H, CH=CH2), 5.01-4.95 (m, 2H, CH=CH2), 4.21 (d, 

J = 7.7 Hz, 1H, H-1), 3.89 (dt, J = 9.6, 6.6 Hz, 1H, OCH2a), 3.75 (ddd, J = 9.8, 7.5, 1.5 Hz, 1H, 

H-2), 3.69 (dd, J = 3.1, 0.9 Hz, 1H, H-4), 3.66-3.59 (m, 1H, H-6a), 3.55 (s, 3H, OCH3), 3.54-3.46 

(m, 3H, H-6b, OCH2b, H-5), 3.53 (s, 3H, OCH3), 3.40 (s, 3H, OCH3), 3.17 (dd, J = 9.8, 2.9 Hz, 

1H, H-3), 2.40 (d, J = 1.5 Hz, 1H, OH), 2.17-2.08 (m, 2H, CH2-CH=CH2), 1.72 (m, 2H, OCH2-

CH2); 
13C NMR (126 MHz, CDCl3) δ 138.4 (CH=CH2), 114.9 (CH=CH2), 103.2 (CH-1), 84.0 

(CH-3), 74.1 (CH-4), 73.5 (CH-5), 71.1 (CH-2), 70.9 (CH2-6), 69.3 (OCH2CH2), 61.2 (OCH3), 

59.4 (OCH3), 58.0 (OCH3), 30.3 (CH2-CH=CH2), 28.8 (OCH2-CH2). HRMS (ESI) m/z calcd for 

C14H26NaO6 [M+Na]+: 313.16216, found: 313.16268.  

 

Route B2. Coupling reactions  

 

Scheme S3. Synthesis of (1→2)-disaccharides 1-5.  
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Compound B7. Trichloroacetimidate A4 (240 mg, 0.61 mmol) and acceptor B6a (250 mg, 0.73 

mmol) were coupled following the general procedure I (-78ºC → -65ºC, 90 min). After work up, 

the residue was purified by flash silica gel chromatography (hexane/ethyl acetate 8:2 to 1:1) to 

give -glycoside B7 (150 mg, 44 %) along with the corresponding -anomer (92 mg, 27%). For 

B7: 1H NMR (500 MHz, CDCl3) δ 8.23-8.10 (m, 2H, Ar), 7.11-6.99 (m, 2H, Ar), 5.45 (d, J = 4.0 

Hz, 1H, H-1’), 5.21 (d, J = 7.6 Hz, 1H, H-1), 4.41 (t, J = 4.0 Hz, 1H, H-3 )́, 4.28 (dt, J = 10.0, 2.2 

Hz, 1H, H-5’), 4.19 (dd, J = 9.8, 7.6 Hz, 1H, H-2), 3.75 (dd, J = 3.0, 0.9 Hz, 1H, H-4), 3.70-3.67 

(m, 2H, H-5, H-6a’), 3.65-3.61 (m, 1H, H-6a), 3.60 (s, 3H, OCH3), 3.58-3.55 (m, 1H, H-6b), 3.52 

(s, 3H, OCH3), 3.49 (dd, J = 10.0, 4.0 Hz, 1H, H-4’), 3.47 (s, 3H, OCH3), 3.43-3.39 (m, 2H, H-

6b’, H-3), 3.42 (s, 3H, OCH3), 3.38 (s, 3H, OCH3), 3.34 (t, J = 4.0 Hz, 1H, H-2’),  3.18 (s, 3H, 

OCH3); 
13C NMR (126 MHz, CDCl3) δ 162.3 (C, Ar), 142.8 (C, Ar) , 125.8 (2 CH, Ar), 116.6 (2 

CH, Ar), 100.9 (CH-1), 95.7 (CH-1’), 82.9 (CH-3), 77.0 (CH-2’), 75.5 (CH-4’), 74.1 (CH-4), 

74.0 (CH-2), 70.7 (CH-5), 70.5 (CH2-6), 70.4 (CH2-6’), 66.2 (CH-5’), 61.3 (OCH3), 59.4 (OCH3), 

59.3 (OCH3), 58.0 (OCH3), 57.6 (OCH3), 57.4 (CH-3’), 57.2 (OCH3). HRMS (ESI) m/z calcd for 

C24H40N5O12 [M+NH4]
+: 590.2668, found: 590.26832. 

Compound B8. Trichloroacetimidate A4 (70 mg, 0.24 mmol) and acceptor B6b (148 mg, 0.29 

mmol) were coupled following the general procedure I (-78ºC → -65ºC, 90 min). After work up, 

the residue was purified by flash silica gel chromatography (hexane/ethyl acetate 8:2 to 1:1) to 

give -glycoside B8 (56 mg, 46 %) along with the corresponding -anomer (37 mg, 30%). For 

B8: 1H NMR (500 MHz, CDCl3) δ 5.74 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H, CH=CH2), 5.44 (d, J = 

4.0 Hz, 1H, H-1’), 4.95 (dq, J = 17.2, 1.8 Hz, 1H, CH=CH2a), 4.90 (dq, J = 10.3, 1.1 Hz, 1H, 

CH=CH2b), 4.42-4.36 (m, 2H, H-1, H-3’), 4.27 (dt, J = 10.1, 2.3 Hz, 1H, H-5´), 3.90-3.79 (m, 2H, 

OCH2a, H-2), 3.70-3.55 (m, 4H, 3H-6, H-4), 3.53 (s, 3H, OCH3), 3.52-3.46 (m, 3H, H-6, H-5, H-

4’), 3.45 (s, 6H, 2 OCH3), 3.42 (s, 3H, OCH3), 3.42-3.40 (m, 1H, OCH2b), 3.38 (s, 3H, OCH3), 

3.37 (s, 3H, OCH3), 3.31 (t, J = 4.0 Hz, 1H, H-2’), 3.24 (dd, J = 9.9, 3.1 Hz, 1H, H-3), 2.09-1.97 

(m, 2H, CH2-CH=CH2), 1.66-1.52 (q, J = 7.3 Hz, 2H, OCH2-CH2); 
13C NMR (126 MHz, CDCl3) 

δ 138.3 (CH=CH2), 114.7 (CH=CH2), 103.6 (CH-1), 95.1 (CH-1’), 83.1 (CH-3), 77.0 (CH-2’), 

75.8 (CH-5), 74.5 (CH-4), 73.8 (CH-2), 73.1 (CH-4’), 71.0 (CH2-6), 70.5 (CH2-6), 68.9 (OCH2), 

65.7 (CH-5’), 61.2 (OCH3), 59.4 (OCH3), 59.3 (OCH3), 58.0 (CH-3’), 57.8 (OCH3), 57.5 (OCH3), 

57.1 (OCH3), 30.3 (CH2-CH=CH2), 29.0 (O-CH2-CH2). HRMS (ESI) m/z calcd for C23H45N4O10 

[M+NH4]
+: 537.31302, found: 537.31242. 

Compound B9. To a solution of pent-4-enyl glycoside B8 (53 mg, 0.10 mmol) in DCM was 

added 4Å molecular sieves. The mixture was cooled to 0 ºC and treated with a DCM solution of 

bromine (0.55 mL at 0.2 M, 0.11 mmol). The mixture was stirred for 10 min at 0 ºC and 40 min 

at rt. Once TLC analysis showed complete consumption of the starting material, the solvent was 

removed under vacuum The residue was then dissolved in glacial acetic acid (1 mL) and treated 
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with Ac2O (0.1 mL) and AgOAc (34 mg, 0.24 mmol), and the resulting mixture was stirred at rt 

overnight. The reaction mixture was diluted and extracted with ethyl acetate, washed with 

NaHCO3 and brine, dried and concentrated under reduced pressure. The resulting residue was 

purified through silica gel column chromatography (hexane/ethyl acetate 6:4) to yield compound 

B9 (27 mg, 55 %). 1H NMR (500 MHz, CDCl3) δ 5.60 (d, J = 8.1 Hz, 1H, H-1), 5.21 (d, J = 4.0 

Hz, 1H, H-1’), 4.44 (t, J = 3.5 Hz, 1H, H-3’), 4.24 (dt, J = 10.1, 2.2 Hz, 1H, H-5’), 4.00 (dd, J = 

9.8, 8.1 Hz, 1H, H-2), 3.74-3.59 (m, 4H, H-4, CH2-6, H-5), 3.57 (s, 3H, OCH3), 3.55-3.50 (m, 

2H, CH2-6), 3.49 (s, 3H, OCH3), 3.46 (s, 3H, OCH3), 3.45-3.42 (m, 1H, H-4’), 3.40 (s, 3H, OCH3), 

3.38 (s, 3H, OCH3), 3.37 (s, 3H, OCH3), 3.36-3.31 (m, 2H, H-2’, H-3); 13C NMR (126 MHz, 

CDCl3) δ 168.9 (C=O), 96.0 (CH-1’), 94.8 (CH-1), 82.9 (CH-3), 75.5 (CH-4’), 74.0 (CH-2), 73.9 

(CH-4), 73.6 (CH-5), 70.5 (CH2-6), 70.1 (CH2-6), 66.2 (CH-5’), 61.4 (OCH3), 59.4 (OCH3), 59.3 

(OCH3), 58.0 (OCH3), 57.5 (OCH3), 56.9 (CH-3’), 56.88 (OCH3), 21.1 (OAc). HRMS (ESI) m/z 

calcd for C20H39N4O12 [M+NH4]
+: 511.26098, found: 511.26137.  

Compound B10. Azide B7 (106 mg, 0.18 mmol) was reduced following the general procedure 

III (5 h, 50 ºC). The residue was purified by flash silica gel chromatography (DCM/MeOH 99:1 

to 95:5) to give B10 (70 mg, 72%). This material, which produces a contrasting and visible spot 

on ninhydrin staining on TLC plate, was immediately used in the next step without further 

characterization: HRMS (ESI) m/z calcd for C24H39N2O12 [M+H]+: 547.24975, found: 547.24991. 

Compound B11. Azide B8 (27 mg, 0.055 mmol) was reduced following the general procedure 

III (48 h, rt). The residue was purified by flash silica gel chromatography (DCM/MeOH 95:5) to 

give B11 (14 mg, 95%). This material, which produces a contrasting and visible spot on ninhydrin 

staining on TLC plate, was immediately used in the next step without further characterization. 

HRMS (ESI) m/z calcd for C20H37NNaO11 [M+Na]+: 490.22588, found: 490.22436. 

Compound 1. Amine B10 (22 mg, 0.04 mmol) and 1-pyreneacetic acid (11 mg, 0.044 mmol) 

were coupled following the general procedure IV (rt, 1 h). After work up, the residue was purified 

by flash silica gel chromatography (DCM to DCM/MeOH 99:1) to give amide 1 (21 mg, 63%). 

1H NMR (500 MHz, CDCl3) δ 8.29 (dd, J = 6.8, 2.0 Hz, 1H, Ar), 8.18-8.06 (m, 6H, Ar), 8.01-

7.88 (m, 4H, Ar), 6.29 (d, J = 9.2 Hz, 1H, NH), 6.26-6.15 (m, 2H, Ar), 5.18 (dt, J = 9.0, 4.7 Hz, 

1H, H-3’), 4.83 (d, J = 3.6 Hz, 1H, H-1’), 4.39 (d, J = 17.3 Hz, 1H, CH2a-C=O), 4.27 (d, J = 17.3 

Hz, 1H, CH2a-C=O), 3.56-3.53 (m, 1H, H-6a’), 3.54 (s, 3H, OCH3), 3.53-3.50 (m, 1H, H-5’), 3.45-

343 (m, 1H, H-6b’), 3.41 (s, 3H, OCH3), 3.34 (s, 3H, OCH3), 3.34-3.30 (m, 2H, H-2, H-4’), 3.32 

(s, 3H, OCH3), 3.24 (dd, J = 9.1, 7.5 Hz, 1H, H-6a), 3.16 (dd, J = 4.7, 3.6 Hz, 1H, H-2’), 3.12-

3.05 (m, 1H, H-6b), 3.03 (dd, J = 2.9, 0.9 Hz, 1H, H-4), 2.97 (s, 3H, OCH3), 2.93 (s, 3H, OCH3), 

2.72 (d, J = 7.7 Hz, 1H, H-1), 1.96-1.85 (m, 1H, H-5), 1.08 (dd, J = 9.9, 2.9 Hz, 1H, H-3); 13C 

NMR (126 MHz, CDCl3) δ 171.8 (C=O), 161.5 (C, Ar), 142.4 (C, Ar), 131.4 (C, Ar), 131.0 (C, 
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Ar), 130.9 (C, Ar), 130.5 (C, Ar), 129.8 (CH, Ar), 129.1 (C, Ar), 128.5 (CH, Ar), 128.1 (CH, Ar), 

127.2 (CH, Ar), 126.8 (CH, Ar), 126.1 (CH, Ar), 126.0 (CH, Ar), 125.2 (2 CH, Ar), 125.1 (C, 

Ar), 124.9 (CH, Ar), 124.5 (C, Ar), 124.2 (CH, Ar), 116.5 (2 CH, Ar), 99.8 (CH-1), 98.5 (CH-

1’), 80.9 (CH-3), 76.0 (CH-4’), 74.6 (CH-2’), 74.2 (CH-2), 72.4 (CH-4), 72.3 (CH-5), 70.6 (CH2-

6’), 70.2 (CH2-6), 66.4 (CH-5’), 61.1 (OCH3), 59.5 (OCH3), 59.5 (OCH3), 57.8 (OCH3), 56.4 

(OCH3), 56.04 (OCH3), 45.1 (CH-3’), 42.9 (CH2-C=O). HRMS (ESI) m/z calcd for C24H48N2O13 

[M+H]+: 789.32292, found: 789.32028. 

Compound 2. Amine B10 (21 mg, 0.038 mmol) and 2-naphthylacetic acid (8 mg, 0.043 mmol) 

were coupled following the general procedure IV (rt, 1 h). After work up, the residue was purified 

by flash silica gel chromatography (DCM to DCM/MeOH 99:1) to give amide 2 (9 mg, 33%). 1H 

NMR (500 MHz, CDCl3) δ 8.30-8.14 (m, 2H, Ar), 7.86 (dd, J = 7.8, 1.4 Hz, 1H, Ar), 7.81-7.67 

(m, 3H, Ar), 7.54 (dddd, J = 17.6, 8.1, 6.9, 1.4 Hz, 2H, Ar), 7.38 (dd, J = 8.4, 1.7 Hz, 1H, Ar), 

6.98-6.77 (m, 2H, Ar), 6.47 (d, J = 9.2 Hz, 1H, NH), 5.14 (d, J = 3.8 Hz, 1H, H-1’), 5.14 (dt, J = 

9.1, 4.2, 4.2 Hz, 1H, H-3’), 3.97 (d, J = 7.7 Hz, 1H, H-1), 3.85 (d, J = 16.8 Hz, 1H, CH2a-C=O), 

3.80 (d, J = 16.8 Hz, 1H, CH2b-C=O), 3.78-3.71 (m, 2H, H-5’, H-2), 3.60 (dd, J = 10.5, 2.8 Hz, 

1H, H-6a’), 3.52 (dd, J = 10.5, 2.2 Hz, 1H, H-6b’), 3.49 (s, 3H, OCH3), 3.43-3.41 (m, 1H, H-6a), 

3.42 (s, 3H, OCH3), 3.39 (s, 3H, OCH3), 3.38 (s, 3H, OCH3), 3.38-3.29 (m, 1H, H-4’), 3.37-3.29 

(m, 2H, H-6b, H-2’), 3.24-3.21 (m, 1H, H-4), 3.15 (s, 3H, OCH3), 3.13 (s, 3H, OCH3), 2.52 (ddd, 

J = 7.1, 6.0, 1.0 Hz, 1H, H-5), 1.76 (dd, J = 9.9, 2.8 Hz, 1H, H-3); 13C NMR (126 MHz, CDCl3) 

δ 171.7 (C=O), 162.0 (C, Ar), 142.9 (C, Ar), 133.7 (C, Ar), 133.2 (C, Ar), 132.4 (C, Ar), 129.0 

(CH, Ar), 128.6 (CH, Ar), 128.3 (CH, Ar), 127.97 (CH, Ar), 127.9 (CH, Ar), 126.9 (CH, Ar), 

126.6 (CH, Ar), 125.6 (2 CH, Ar), 117.0 (2 CH, Ar), 100.6 (CH-1), 98.1 (CH-1’), 81.7 (CH-3), 

75.1 (CH-2’), 74.9 (CH-2), 74.2 (CH-4’), 73.0 (CH-5), 72.7 (CH-4), 70.7 (CH2-6’), 70.5 (CH2-

6), 66.6 (CH-5’), 61.1 (OCH3), 59.6 (OCH3), 59.5 (OCH3), 57.7 (OCH3), 56.6 (OCH3), 56.5 

(OCH3), 45.3 (CH-3’), 44.4 (CH2-CO). HRMS (ESI) m/z calcd for C36H47N2O13 [M+H]+: 

715.30727, found: 715.30729. 

 

Compound 3. Amine B11 (15.4 mg, 0.033 mmol) and 1-pyreneacetic acid (9.4 mg, 0.29 mmol) 

were coupled following the general procedure IV (rt, 1 h). After work up, the residue was purified 

by flash silica gel chromatography (DCM to DCM/MeOH 99:1 to 95:5) to give amide 3 (8 mg, 

34%). 1H NMR (500 MHz, CDCl3) δ 8.28-8.20 (m, 5H, Ar), 8.12-8.06 (m, 2H, Ar), 8.06-7.99 (m, 

2H, Ar), 6.26 (d, J = 9.5 Hz, 1H, NH), 5.23 (dt, J = 9.2, 4.4 Hz, 1H, H-3’), 4.62 (d, J = 3.5 Hz, 

1H, H-1’), 4.41 (d, J = 17.5 Hz, 1H, CH2a-C=O), 4.32 (d, J = 17.5 Hz, 1H, CH2b-C=O), 4.18 (d, 

J = 8.3 Hz, 1H, H-1), 3.54 (s, 3H, OCH3), 3.39 (s, 3H, OCH3), 3.43 (dd, J = 10.3, 2.8 Hz, 1H, H-

6eq’), 3.31-3.28 (m, 2H, H-4’, H-6ax’), 3.31 (s, 3H, OCH3), 3.28 (s, 3H, OCH3), 3.24-3.13 (m, 4H, 

2 H-6, H-2’, H-5’), 3.18 (s, 3H, OCH3), 3.11 (dd, J = 9.8, 8.3 Hz, 1H, H-2), 2.70-2.42 (m, 1H, H-
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4), 2.07 (s, 3H, OCH3), 2.07-2.04 (m, 1H, H-5), 1.95 (s, 3H, OAc), 0.46 (dd, J = 9.8, 2.9 Hz, 1H, 

H-3); 13C NMR (126 MHz, CDCl3) δ 171.8 (C=O), 168.9 (C=O), 131.3 (C, Ar), 131.0 (C, Ar), 

130.9 (C, Ar), 130.2 (C, Ar), 129.8 (CH, Ar), 128.72 (C, Ar), 128.68 (CH, Ar), 128.1 (CH, Ar), 

127.3 (CH, Ar), 126.5 (CH, Ar), 126.0 (CH, Ar), 125.8 (CH, Ar), 125.3, (CH, Ar) 125.0 (C, Ar), 

124.67 (C, Ar), 123.73 (CH, Ar), 99.5 (CH-1’), 93.0 (CH-1), 80.8 (CH-3), 76.9 (CH-2), 74.7 (CH-

2’), 74.1 (CH-4’), 70.5 (CH-5), 70.1 (CH-4), 66.4 (CH2-6’), 60.9 (CH2-6), 59.43 (CH-5’), 59.42 

(OCH3), 59.3 (OCH3), 57.8 (OCH3), 56.0 (OCH3), 55.3 (OCH3), 44.3 (OCH3), 42.3 (CH-3’), 20.9 

(OAc). HRMS (ESI) m/z calcd for C38H47NNaO12 [M+Na]+: 732.29905, found: 732.29982. 

Compound 4. Amine B10 (17 mg, 0.031 mmol) and acetic acid (2 L, 0.034 mmol) were coupled 

following the general procedure IV (rt, 1.5 h). After work up, the residue was purified by flash 

silica gel chromatography (DCM to DCM/MeOH 99:1) to give acetamide 4 (12 mg, 66%). 1H 

NMR (500 MHz, CDCl3) δ 8.27-8.05 (m, 2H, Ar), 7.12-6.95 (m, 2H, Ar), 6.57 (d, J = 9.8 Hz, 1H, 

NH), 5.53 (d, J = 3.5 Hz, 1H, H-1’), 5.17 (d, J = 7.7 Hz, 1H, H-1), 5.11 (dt, J = 8.8, 4.0 Hz, 1H, 

H-3’), 4.39 (dd, J = 10.1, 7.7 Hz, 1H, H-2), 4.02 (dt, J = 10.4, 2.5 Hz, 1H, H-5’), 3.88 (dd, J = 

2.5, 1.1 Hz, 1H, H-4), 3.70 (td, J = 6.8, 5.8, 1.1 Hz, 1H, H-5) 3.67-3.61 (m, 2H, 2 H-6’), 3.60 (s, 

3H, OCH3), 3.58-3.54 (m, 2H, 2 H-6), 3.56 (s, 3H, OCH3), 3.45 (dd, J = 10.1, 2.5 Hz, 1H, H-3), 

3.42 (s, 3H, OCH3), 3.42 (s, 3H, OCH3), 3.40 (s, 3H, OCH3), 3.40-3.38 (m, 1H, H-4’), 3.37-3.33 

(m, 1H, H-2’), 3.23 (s, 3H, OCH3), 2.02 (s, 3H, OAc); 13C NMR (126 MHz, CDCl3) δ 170.5 

(C=O), 161.4 (C, Ar), 143.0 (C, Ar), 125.8 (2 CH, Ar), 116.8 (2 CH, Ar), 100.9 (CH-1), 96.5 

(CH-1’), 82.8 (CH-3), 75.5 (CH-2’), 74.3 (CH-4’), 74.0 (CH-5), 72.8 (CH-4), 71.4 (CH-2), 70.9 

(CH2-6’), 70.5 (CH2-6), 66.6 (CH-5’), 61.1 (OCH3), 59.6 (OCH3), 59.5 (OCH3), 57.5 (OCH3), 

57.2 (OCH3), 57.1 (OCH3), 44.7 (CH-3’), 24.1 (OAc). HRMS (ESI) m/z calcd for C26H41N2O13 

[M+H]+: 589.26032, found: 589.26089. 

 

Compound 5. Amine B11 (14 mg, 0.030 mmol) and acetic acid (2 L, 0.034 mmol) were coupled 

following the general procedure IV (rt, 2 h). After work up, the residue was purified by flash 

silica gel chromatography (DCM/acetone 9:1) to give acetamide 5 (13 mg, 83%). 1H NMR (500 

MHz, CDCl3) δ 6.50 (d, J = 9.7 Hz, 1H, NH), 5.57 (d, J = 8.2 Hz, 1H, H-1), 5.20 (d, J = 3.5 Hz, 

1H, H-1’), 5.10 (dt, J = 8.8, 4.3 Hz, 1H, H-3’), 4.10 (dd, J = 10.0, 8.2 Hz, 1H, H-2), 3.98-3.87 

(m, 1H, H-5), 3.82 (dt, J = 3.6, 1.8 Hz, 1H, H-4), 3.67-360 (m, 3H, H-5’, 2 H-6), 3.57 (s, 3H, 

OCH3), 3.54-3.47 (m, 2H, 2 H-6), 3.50 (s, 3H, OCH3), 3.43 (s, 3H, OCH3), 3.40 (s, 3H, OCH3), 

3.38 (s, 3H, OCH3), 3.35 (dd, J = 10.4, 4.3 Hz, 1H, H-4’), 3.33-3.31 (m, 2H, H-2’, H-3), 3.29 (s, 

3H, OCH3), 2.07 (s, 3H, OAc), 2.02 (s, 3H, NHAc); 13C NMR (126 MHz, CDCl3) δ170.7 (C=O), 

169.1 (C=O), 97.7(CH-1’), 94.4 (CH-1), 83.1 (CH-3), 75.3 (CH-2’), 74.3 (CH-4’), 73.8 (CH-5’), 

73.1 (CH-2), 72.8 (CH-4), 66.7 (CH-5), 61.2 (OCH3), 59.5 (OCH3), 57.6 (OCH3), 57.2 (OCH3), 
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56.7 (OCH3), 44.5 (OCH3), 24.0 (OAc), 21.1 (OAc). HRMS (ESI) m/z calcd for C22H39NNaO12 

[M+Na]+: 532.23645, found: 532.23444.  

 

3.3. Route C. Synthesis of (1→4)-disaccharides. 

C1. Synthesis of acceptor unit C9 

 

Scheme S4. Synthetic route to acceptor unit C9 required for the preparation of (1→4)-

disaccharides 6 and 7. 

 

Compound C5. Benzoyl chloride (19 mL, 166.8 mmol) was added dropwise to a cooled (0 ºC) 

solution of D-glucose (5 g, 27.8 mmol) in pyridine (30 mL). The resulting reaction mixture was 

stirred for 24 h at room temperature and then evaporated to dryness. The residue was dissolved 

in DCM (30 mL), and water was carefully added with cooling and vigorous stirring to decompose 

the excess of benzoyl chloride. The product was extracted with DCM (300 mL), washed with aq 

HCl (1M, 150 mL), water (150 mL), saturated NaHCO3 solution (200 mL), dried over MgSO4 

and concentrated. The residue was crystallised in ethanol to give penta-O-benzoyl-D-

glucopyranose C1. This material (18.5 g, 26.4 mmol) was dissolved in DCM (300 ml) and acetic 

anhydride (7.5 mL) was added to ensure anhydrous conditions. The reaction mixture was cooled 

to 0 ºC, 30% HBr/AcOH solution (50 ml) was slowly added, and the reaction mixture was allowed 

to reach room temperature and then stirred for additional 12 h. The final reaction mixture was 

then diluted with DCM (250 mL) and cold water (0 ºC) was added (200 mL). The organic layer 

was washed with water (200 mL), saturated NaHCO3 (3x 150 mL), brine (200 mL), dried, 

concentrated, and flash chromatographed (hexane/ethyl acetate 4:l) to afford -glycosyl bromide 
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C2 (15.3 g, 88%). This bromide was then dissolved in dry DCM (75 mL), and 2,6-lutidine (4 mL, 

34.8 mmol), 4-pentenyl alcohol (2.8 mL, 27.8 mmol) and tetrabutylammonium iodide (430 mg, 

1.16 mmol) were added. The resulting mixture was refluxed under Ar for 24 h, when TLC 

indicated completion. The reaction mixture was washed with water (3x 100 mL) and brine (50 

mL), dried (Na2SO4), and concentrated uander vacuum. The obtained crude was purified by flash 

column chromatography on silica gel (hexanes/ethyl acetate 9:1) to afford n-pentenyl orthoester 

C36 (13.2 g, 86%). 

A solution of orthoester C3 (8.28 g, 12.9 mmol) in dry DCM (30 mL) under Ar and cooled at -40 

ºC was treated with BF3·Et2O (2.6 mL, 20.9 mmol) and then stirred for 1 h. Upon completion, the 

reaction mixture was diluted with DCM (200 mL), water was added and the organic layer was 

washed with saturated NaHCO3 (150 mL), brine (150 mL) and then dried and concentrated. The 

residue was then purified by flash column chromatography (hexane/ethyl acetate 8:2) to give n-

pentenyl glycoside C47 (5.89 g, 68%). 

The glycoside C4 (1.45 g, 2.18 mmol) dissolved in MeOH (30 mL) was treated with TEA (25 

mL) and the mixture was refluxed under Ar for 24 h. Upon completion, the solvent was removed 

under vacuum and the crude material was used in the benzylidenation reaction according to the 

general procedure VI, using 4-methoxybenzaldehyde dimethylacetal. After work up, the residue 

was purified by flash silica gel chromatography (hexane/ethyl acetate 8:2 to 5:5) to give 

compound C5. 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 8.7 Hz, 2H, Ar), 6.96-6.75 (m, 2H, Ar), 

5.82 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H, CH=CH2), 5.50 (s, 1H, O-CH-O), 5.05 (dq, J = 17.2, 1.7 

Hz, 1H, CH=CH2a), 4.99 (ddt, J = 10.2, 2.0, 1.3 Hz, 1H, CH=CH2b), 4.39 (d, J = 7.7 Hz, 1H, H-

1), 4.32 (dd, J = 10.5, 4.9 Hz, 1H, H-6a), 3.92 (dt, J = 9.5, 6.6 Hz, 1H, O-CH2a), 3.83 (dd, J = 9.1, 

2.3 Hz, 1H, H-3), 3.80 (s, 3H, OCH3-PMB), 3.80-3.73 (t, J = 10.5 Hz, 1H, H-6b), 3.63-3.40 (m, 

4H, O-CH2b, H-4, H-2, H-5), 2.70 (t, J = 2.2 Hz, 1H, OH), 2.52 (d, J = 2.2 Hz, 1H, OH), 2.15 (qt, 

J = 7.3, 1.5 Hz, 2H, CH2-CH=CH2), 1.57 (d, J = 0.9 Hz, 2H, OCH2-CH2).
13C NMR (101 MHz, 

CDCl3) δ 160.4 (C, Ar), 138.1 (CH=CH2), 129.6 (C, Ar), 127.7 (2 CH, Ar), 115.2 (CH=CH2), 

113.9 (2 CH, Ar), 103.3 (CH-1), 102.0 (O-CH-O), 80.7 (CH-4), 74.8 (CH-2), 73.3 (CH-3), 70.0 

(OCH2), 68.8 (CH2-6), 66.6 (CH-5), 55.5 (OCH3-PMB), 30.3 (CH2-CH=CH2), 28.9 (OCH2-CH2). 

HRMS (ESI) m/z calcd for C19H27O7 [M+H]+: 367.17513, found: 367.17501. 

Compound C6. Diol C5 (550 mg, 1.5 mmol) was methylated according to the general procedure 

V using NaH (240 mg 60%, 6 mmol) and MeI (0.28 mL, 4.50 mmol). After work up, the residue 

was purified by flash silica gel chromatography (hexane/ethyl acetate 8:2) to give derivative C6 

(566 mg, 96%). 1H NMR (400 MHz, CDCl3) δ 7.45-7.37 (m, 2H, Ar), 6.92-6.85 (m, 2H, Ar), 5.82 

(ddt, J = 17.0, 10.2, 6.7 Hz, 1H, CH=CH2), 5.49 (s, 1H, O-CH-O), 5.04 (dq, J = 17.0, 1.7 Hz, 1H, 

CH=CH2a), 4.98 (ddt, J = 10.2, 2.1, 1.2 Hz, 1H, CH=CH2b), 4.37 (d, J = 7.7 Hz, 1H, H-1), 4.30 
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(dd, J = 10.5, 5.0 Hz, 1H, H-6eq), 3.90 (dt, J = 9.6, 6.4 Hz, 1H, OCH2a), 3.80 (s, 3H, OCH3-PMB), 

3.74 (t, J = 10.5 Hz, 1H, H-6ax), 3.62 (s, 3H, OCH3), 3.61 (s, 3H, OCH3), 3.58-3.51 (m, 2H, O-

CH2b, H-4), 3.40-3.31 (m, 2H, H-3, H-5), 3.07 (dd, J = 8.7, 7.7 Hz, 1H, H-2), 2.16 (qt, J = 7.7, 

1.4 Hz, 2H, CH2-CH=CH2), 1.82-1.65 (m, 2H, OCH2-CH2). 
13C NMR (101 MHz, CDCl3) δ 160.2 

(C, Ar), 138.1 (CH=CH2), 130.0 (C, Ar), 127.5 (2 CH, Ar), 115.1 (CH=CH2), 113.7 (2 CH, Ar), 

104.1 (CH-1), 101.3 (O-CH-O), 84.0 (CH-2), 82.8 (CH-3), 81.4 (CH-4), 69.8 (O-CH2), 68.9 

(CH2-6), 66.1 (CH-5), 61.2 (OCH3), 61.1 (OCH3), 55.4 (OCH3-PMB), 30.2 (CH2-CH=CH2), 29.1 

(OCH2-CH2). HRMS (ESI) m/z calcd for C21H31O7[M+H]+: 395.20643 found: 395.20468.  

Compound C7. To a solution of compound C6 (91 mg, 0.23 mmol) in anhydrous DMF (2.3 mL) 

containing 3Å molecular sieves were added at 0 ºC sodium cyanoborohydride (145 mg 2.31 

mmol) and TFA (260 L). The reaction mixture was allowed to warm at rt and then stirred 

overnight after which it was diluted with DCM and filtered through a small pad of Celite®. The 

filtrate was washed with NaHCO3 and water, the organic layer dried, filtered and concentrated 

under vacuum. The residue was finally purified by flash chromatography (hexane/ethyl acetate 

8:2 to 6:4) to give alcohol C7 (72 mg, 79%). 1H NMR (400 MHz, CDCl3) δ 7.18 (d, J = 8.7 Hz, 

2H, Ar), 6.80 (d, J = 8.6 Hz, 2H, Ar), 5.75 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H, CH=CH2), 4.96 (dq, 

J = 16.9, 1.8 Hz, 1H, CH=CH2a), 4.90 (ddt, J = 10.2, 2.2, 1.3 Hz, 1H, CH=CH2b), 4.44 (d, J = 2.7 

Hz, 2H, OCH2-PMB), 4.20 (d, J = 7.6 Hz, 1H, H-1), 3.83 (dt, J = 9.6, 6.3 Hz, 1H, O-CH2a), 3.73 

(s, 3H, OCH3-PMB), 3.63 (qd, J = 10.3, 4.8 Hz, 2H, CH2-6), 3.57 (s, 3H, OCH3), 3.51 (s, 3H, 

OCH3), 3.48-3.38 (m, 2H, O-CH2b, H-4), 3.33 (dt, J = 9.5, 4.8 Hz, 1H, H-5), 3.04 (t, J = 9.2 Hz, 

1H, H-3), 2.95 (dd, J = 9.2, 7.6 Hz, 1H, H-2), 2.75 (d, J = 2.0 Hz, 1H, OH), 2.08 (ddt, J = 9.9, 

8.3, 4.2 Hz, 2H, CH2-CH=CH2), 1.65 (dtd, J = 14.3, 7.8, 7.4, 5.6 Hz, 2H, OCH2-CH2); 
13C NMR 

(101 MHz, CDCl3) δ 159.5 (C, Ar), 138.2 (CH=CH2), 130.01 (C, Ar), 129.5 (2 CH, Ar), 115.0 

(CH=CH2), 114.0 (2 CH, Ar), 103.7 (CH-1), 85.9 (CH-3), 83.6 (CH-2), 73.8 (CH-5), 73.5 (OCH2-

PMB), 72.0 (CH-4), 70.4 (CH2-6), 69.4 (O-CH2), 61.0 (OCH3), 60.4 (OCH3), 55.4 (OCH3-PMB), 

30.3 (CH2-CH=CH2), 29.08 (OCH2-CH2). HRMS (ESI) m/z calcd for C21H32NaO7[M+Na]+: 

419.20382, found: 419.20402. 

Compound C8. This material was prepared following the general procedure V for the 

methylation of alcohols from derivative C7 (310 mg, 0.78 mmol), NaH (63 mg, 60% in oil), MeI 

(70 L). After work up and chromatography (hexane/ethyl acetate 9:1, 6:4) derivative C8 was 

obtained (310 mg, 97%): 1H NMR (400 MHz, CDCl3) δ 7.26 (s, 2H, Ar), 6.90-6.83 (m, 2H, Ar), 

5.82 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H, CH=CH2), 5.03 (dq, J = 16.9, 2.2 Hz, 1H, CH=CH2a), 4.97 

(ddt, J = 10.2, 2.2, 1.2 Hz, 1H, CH=CH2b), 4.56 (d, J = 11.8 Hz, 1H, CH2a-PMB) , 4.49 (d, J = 

11.8 Hz, 1H, CH2b-PMB), 4.21 (d, J = 7.7 Hz, 1H, H-1), 3.91 (dt, J = 9.6, 6.3 Hz, 1H, OCH2a), 

3.80 (s, 3H, OCH3), 3.69 (dd, J = 10.8, 2.0 Hz, 1H, H-6a), 3.65-3.59 (m, 1H, H-6b), 3.61 (s, 3H, 

OCH3), 3.58 (s, 3H, OCH3), 3.55-3.48 (m, 1H, OCH2b), 3.47 (s, 3H, OCH3), 3.29 (ddd, J = 7.9, 
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5.6, 2.0 Hz, 1H, H-5), 3.16-3.11 (m, 2H, H-3, H-4), 3.03-2.95 (m, 1H, H-2), 2.23-2.09 (m, 2H, 

CH2-CH=CH2), 1.81-1.67 (m, 2H, OCH2-CH2); 
13C NMR (101 MHz, CDCl3) δ 159.3 (C, Ar), 

138.3 (CH=CH2), 130.6 (C, Ar), 129.4 (2 CH, Ar), 115.0 (CH=CH2), 113.9 (2 CH, Ar), 103.5 

(CH-1), 86.7 (CH-3), 84.0 (CH-2), 79.8 (CH-4), 74.9 (CH-5), 73.3 (OCH2-Ar), 69.4 (OCH2), 69.0 

(CH2-6), 60.9 (OCH3), 60.6 (OCH3), 60.5 (OCH3), 55.4 (OCH3), 30.3 (CH2-CH2=CH), 29.09 

(OCH2-CH2). HRMS (ESI) m/z calcd for C22H38NO7[M+NH4]+: 428.26483, found: 428.26341. 

Compound C9. A solution of C8 (309 mg, 0.75 mmol) in anhydrous DCM (11 mL) was cooled 

at -20 ºC and under Ar and TFA (4 mL) was added. After 20 min, the reaction mixture was treated 

with MeOH and stirred for 30 min. The final reaction mixture was then diluted with DCM, washed 

with water, saturated NaHCO3 and brine, dried, and concentrated under vacuum. Purification by 

flash chromatography (hexane/ethyl acetate 9:l, 8:2) afforded acceptor C9 (180 mg, 0.66 mmol, 

87%). 1H NMR (400 MHz, CDCl3) δ 5.81 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H, CH=CH2), 5.03 (dq, J 

= 17.2, 1.7 Hz, 1H, CH=CH2a), 4.97 (ddt, J = 10.2, 2.1, 1.3 Hz, 1H, CH=CH2b), 4.26 (d, J = 7.8 

Hz, 1H, H-1), 3.92-3.80 (m, 2H, OCH2, H-6a), 3.70 (dd, J = 11.8, 4.6 Hz, 1H, H-6b), 3.62 (s, 3H, 

OCH3), 3.54 (s, 3H, OCH3), 3.53-3.43 (m, 3H, OCH3), 3.22 (dddd, J = 10.2, 5.4, 3.5, 1.9 Hz, 1H, 

H-5), 3.18-3.12 (m, 2H, H-3, H-4), 2.99-2.91 (m, 1H, H-2), 2.15 (dtq, J = 10.4, 7.0, 1.5 Hz, 2H, 

CH2-CH=CH2), 1.89 (s, 1H, OH), 1.77-1.66 (m, 2H , OCH2-CH2); 
13C NMR (101 MHz, CDCl3) 

δ 138.1 (CH=CH2), 115.2 (CH=CH2), 103.6 (CH-1), 86.5 (CH-3), 84.0 (CH-2), 79.7 (CH-4), 75.0 

(CH-5), 69.6 (O-CH2), 62.3 (CH2-6), 61.0 (OCH3), 60.7 (OCH3), 60.6 (OCH3), 30.2 (CH2-

CH2=CH), 29.0 (OCH2-CH2). HRMS (ESI) m/z calcd for C14H26NaO6[M+Na]+: 313.16216, 

found: 313.16244. 

 C2. Coupling reactions  

 

Scheme S5. Synthesis of (1→4)-disaccharides 6 and 7. 
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Compound C10. Trichloroacetimidate A4 (1.07 g, 2.7 mmol) and acceptor C9 (600 mg, 2.08 

mmol) were coupled following the general procedure I (-78 ºC to -65 ºC, 60 min). After work up, 

the residue was purified by flash silica gel chromatography (hexane/ethyl acetate 8:2 to 6:4) to 

give -glycoside C10 (470 mg, 33 %) along with the corresponding -anomer (310 mg, 27%). 

For C10: 1H NMR (500 MHz, CDCl3) δ 5.82 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H, CH=CH2), 5.10 (d, 

J = 3.8 Hz, 1H, H-1’), 5.02 (dq, J = 16.9, 1.7 Hz, 1H, CH=CH2a), 4.96 (ddt, J = 10.2, 2.2, 1.2 Hz, 

1H, CH= CH2b), 4.43 (t, J = 3.5 Hz, 1H, H-3’), 4.22 (d, J = 7.7 Hz, 1H, H-1), 4.01 (dt, J = 9.9, 

2.6 Hz, 1H, H-5’), 3.89-3.82 (m, 2H, O-CH2a, H-6a), 3.75 (dd, J = 11.4, 1.9 Hz, 1H, H-6b), 3.61 

(s, 3H, OCH3), 3.65-3.58 (m, 2H, CH2-6’), 3.57 (s, 3H, OCH3), 3.56 (s, 3H, OCH3), 3.54-3.48 (m, 

1H, O-CH2b), 3.47 (s, 3H, OCH3), 3.43 (s, 3H, OCH3), 3.41-3.39 (m, 2H, H-2’, H3’), 3.40 (s, 3H, 

OCH3), 3.40-3.36 (m, 1H, H-5), 3.21 (t, J = 8.9 Hz, 1H, H-3), 3.15 (t, J = 8.9 Hz, 1H, H-4), 2.95 

(dd, J = 8.9, 7.7 Hz, 1H, H-2), 2.12 (tdt, J = 7.7, 6.3, 1.5 Hz, 2H, CH2-CH=CH2), 1.73-1.62 (m, 

2H, OCH2-CH2); 
13C NMR (126 MHz, CDCl3)  138.4 (CH=CH2) , 114.9 (CH=CH2), 103.2 (CH-

1), 96.4 (CH-1’), 86.6 (CH-4), 84.0 (CH-2), 79.6 (CH-3), 75.2 (CH-2’), 74.7 (CH-4’), 74.6 (CH-

5), 70.9 (CH2-6’), 69.0 (O-CH2), 66.6 (CH2-6), 66.0 (CH-5’), 60.8 (OCH3), 60.6 (OCH3), 60.5 

(OCH3), 59.4 (OCH3), 57.4 (CH-3’), 57.3 (OCH3), 57.2 (OCH3), 30.3 (CH2-CH=CH2), 29.2 

(OCH2-CH2). HRMS (ESI) m/z calcd for C23H45N4O10 [M+NH4]
+: 537.3130 found: 537.31323. 

Compound C11. To a solution of pent-4-enyl glycoside C10 (211 mg, 0.41 mmol) in dry DCM 

was added 4Å molecular sieves. The mixture was cooled to 0 ºC and treated with a DCM solution 

of bromine (2.2 mL, 0.45 mmol). The mixture was stirred for 10 min at 0 ºC and 40 min at rt. 

Once TLC showed complete consumption of the starting material, the solvent was removed under 

vacuum. The residue was then dissolved in glacial acetic acid (1 mL), treated with Ac2O (0.4 mL) 

and AgOAc (136 mg, 0.82 mmol), and the resulting mixture was stirred at rt overnight. The 

reaction mixture was diluted and extracted with ethyl acetate, washed with saturated solution of 

NaHCO3 and brine, dried and concentrated under reduced pressure. The resulting residue was 

purified through silica gel column chromatography (hexane/ethyl acetate 6:4) to yield compound 

C11 (44 mg, 22%). 1H NMR (400 MHz, CDCl3) δ 5.44 (d, J = 8.0 Hz, 1H, H-1), 5.10 (d, J = 3.8 

Hz, 1H, H1’), 4.42 (t, J = 3.5 Hz, 1H, H3’), 3.94-3.88 (m, 2H, H-5’, H-6a), 3.73 (dd, J = 12.2, 1.9 

Hz, 1H, H-6b), 3.62 (s, 3H, OCH3), 3.61 (s, 3H, OCH3), 3.59-3.54 (m, 2H, 2 H-6’), 3.53 (s, 3H, 

OCH3), 3.51-3.45 (m, 1H, H-4), 3.47 (s, 3H, OCH3), 3.42-3.39 (m, 2H, H-2’, H-4’), 3.43 (s, 3H, 

OCH3), 3.39 (s, 3H, OCH3), 3.38, 3.34 (m, 1H, H-5), 3.22 (t, J = 9.0 Hz, 1H, H-3), 3.10 (dd, J = 

9.0, 8.0 Hz, 1H, H-2), 2.10 (s, 3H, OCH3); 
13C NMR (101 MHz, CDCl3) δ 169.3 (C=O), 96.6 

(CH-1’), 94.0 (CH-1), 86.6 (CH-3), 82.5 (CH-2), 78.4 (CH-4), 78.0 (CH-2’), 75.5 (CH-4’), 75.0 

(CH-5), 70.8 (CH2-6’), 66.2 (CH-5’), 66.0 (CH2-6), 60.8 (OCH3), 60.6 (OCH3), 60.5 (OCH3), 

59.5 (OCH3), 57.4 (CH-3’), 57.3 (OCH3), 57.1 (OCH3), 21.2 (CH2-C=O). HRMS (ESI) m/z calcd 

for C20H35N3NaO11 [M+Na]+: 516.21638, found: 516.2166. 
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Compound C12 Azide C11 (66 mg, 0.14 mmol) was reduced following the general procedure 

III (48 h, rt). The residue was purified by flash silica gel chromatography (DCM/MeOH 99:1 to 

95:5) to give C12 (66 mg, 88%). This material, which produces a contrasting and visible spot on 

ninhydrin staining on TLC plate, was immediately used in the next step without further 

characterization. HRMS (ESI) m/z calcd for C20H38NO11 [M+H]+: 468.24394, found: 468.24406. 

Compound 6. Amine C12 (21 mg, 0.034 mmol) and 1-pyreneacetic acid (10 mg, 0.037 mmol) 

were coupled following the general procedure IV (rt, 2 h). After work up, the residue was purified 

by flash silica gel chromatography (ethyl acetate/acetone/toluene 8:1:1) to give amide 6 (21 mg, 

87%). 1H NMR (500 MHz, CDCl3) δ 8.33 (d, J = 9.2 Hz, 1H, Ar), 8.24-8.18 (m, 1H, Ar), 8.18-

8.12 (m, 4H, Ar), 8.12-8.08 (m, 1H, Ar), 8.05 (d, J = 2.7 Hz, 1H, Ar), 7.93 (d, J = 7.8 Hz, 1H, 

Ar), 6.88 (d, J = 9.6 Hz, 1H, NH), 5.31 (d, J = 7.8 Hz, 1H, H-1), 5.14 (dt, J = 9.1, 4.2 Hz, 1H, H-

3’), 4.90 (d, J = 3.3 Hz, 1H, H-1’), 4.38 (d, J = 17.0 Hz, 1H, CH2a-C=O), 4.34 (d, J = 17.0 Hz, 

1H, CH2b-C=O) 3.63-360 (m, 2H, H-6a, H5’), 3.56 (s, 3H, OCH3), 3.55-3.46 (m, 3H, 2 H6’, H-

6b), 3.44 (s, 3H, OCH3), 3.40 (s, 3H, OCH3), 3.41 (s, 3H, OCH3), 3.35 (s, 3H, OCH3), 3.34-3.27 

(m, 3H, H-2’, H-4’, H-5), 3.23 (s, 3H, OCH3), 3.05 (t, J = 8.7 Hz, 1H, H-3), 3.01 (t, J = 7.8 Hz, 

1H, H-2), 2.95 (dd, J = 8.7, 8.1 Hz, 1H, H-4), 1.81 (s, 3H, OAc); 13C NMR (126 MHz, CDCl3) δ 

172.3 (C=O), 169.2 (C=O), 131.5 (C, Ar), 131.4 (C, Ar), 131.1 (C, Ar), 131.1 (C, Ar), 130.9 (C, 

Ar), 130.73 (C, Ar), 130.03 (C, Ar), 129.76 (C, Ar), 129.60 (C, Ar), 128.75 (CH, Ar), 128.55 

(CH, Ar), 128.2 (CH, Ar), 127.7 (CH, Ar), 127.6 (CH, Ar), 127.6 (CH, Ar), 127.5 (CH, Ar), 127.2 

(CH, Ar), 126.2 (CH, Ar), 125.9 (CH, Ar), 125.5 (CH, Ar), 125.3 (CH, Ar), 125.2 (C, Ar), 125.1 

(C, Ar), 125.1 (CH, Ar), 125.1 (CH, Ar), 125.0 (CH, Ar), 125.0 (CH, Ar), 124.9 (C, Ar), 124.8 

(C, Ar), 124.2 (CH, Ar), 123.2 (CH, Ar), 97.7 (CH-1’), 93.8 (CH-1), 86.3 (CH-3), 82.6 (CH-2), 

79.6 (CH-4), 75.2 (CH-2’), 74.7 (CH-5), 74.4 (CH-4’), 71.2 (CH2-6’), 67.0 (CH2-6), 66.6 (CH-

5’) , 60.9 (OCH3), 60.5 (OCH3), 60.4 (OCH3), 59.5 (OCH3), 57.4 (OCH3), 56.6 (OCH3), 44.8 

(CH-3’), 41.9 (CH2-C=O), 20.9 (OAc). HRMS (ESI) m/z calcd for C38H47NNaO12 [M+Na]+: 

732.29905, found: 732.29908. 

 

Compound 7. Amine C12 (66 mg, 0.11 mmol) and acetic acid (7 L, 0.12 mmol) were coupled 

following the general procedure IV (rt, 3 h). After work up, the residue was purified by flash 

silica gel chromatography (DCM/MeOH 95:5) to give acetamide 7 (29 mg, 54%). 1H NMR (500 

MHz, CDCl3) δ 6.55 (d, J = 9.7 Hz, 1H, NH), 5.47 (d, J = 8.1 Hz, 1H, H-1), 5.11 (dt, J = 9.1, 4.5 

Hz, 1H, H-3’), 4.96 (t, J = 3.4 Hz, 1H, H-1’), 3.81-3.77 (m, 2H, 2 H-6), 3.76-3.68 (m, 1H, H-5), 

3.62 (s, 3H, OCH3), 3.62-3.57 (m, 3H, H-5’, 2 H-6’), 3.53 (s, 3H, OCH3), 3.52 (s, 3H, OCH3), 

3.42 (s, 3H, OCH3), 3.39 (s, 3H, OCH3), 3.36 (s, 3H, OCH3), 3.34 (dd, J = 4.5, 3.4 Hz, 1H, H-2’), 

3.30 (dd, J = 10.4, 4.5 Hz, 1H, H-4’), 3.23 (t, J = 9.0 Hz, 1H, H-4), 3.08 (dd, J = 8.2, 7.7 Hz, 1H, 

H-3), 3.04 (dd, J = 9.8, 8.1 Hz, 1H, H-2) 2.10 (s, 3H, OAc), 2.01 (s, 3H, NHAc); 13C NMR (126 
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MHz, CDCl3) δ 171.3 (C=O), 169.1 (C=O), 98.1 (CH-1’), 93.7 (CH-1), 86.5 (CH-4), 82.7 (CH-

3), 80.0 (CH-2), 75.4 (CH-2’), 74.9 (CH-5’), 74.4 (CH-4’), 71.3 (CH2-6’), 67.3 (CH2-6), 66.6 

(OCH3), 61.0 (OCH3), 60.7 (OCH3), 59.5 (OCH3), 57.46 (OCH3), 56.90 (OCH3), 44.59 (CH-3’), 

23.74 (OAc), 21.11 (OAc). HRMS (ESI) m/z calcd for C22H39NNaO12 [M+Na]+: 532.23645, 

found: 532.23602. 

 

3.4 Route D. Synthesis of (1→3)-disaccharides. 

 

Scheme S6. Synthesis of (1→3)-disaccharides 8 and 9.  

Compound D2. A solution of methyl 3-O-benzyl-2,4,6-tri-O-methyl--D-glucopyranoside (D1)8 

(1.88 g, 5.77 mmol) in acetic anhydride (28 mL, 5 mL/mmol) was cooled down to -20 ºC with an 

ice/salt bath, and subsequently treated with conc. sulfuric acid (0.29 mL, 50 L/mmol). The 

resulting reaction mixture was stirred at that temperature for 1 h before quenching with solid 

sodium bicarbonate. This suspension was evaporated under vacuum and the resulting residue was 

partitioned between ethyl acetate and sat. NaHCO3 solution. The aqueous phase was extracted 

once more with ethyl acetate; then the combined organic phases were washed with brine, dried 

over anhydrous MgSO4, filtered and concentrated under vacuum. The crude material was purified 

through a silica gel column chromatography (hexane/ethyl acetate 8:2 to 7:3) to yield 1-O-acetyl-

3-O-benzyl-2,4,6-tri-O-methyl-D-glucopyranose (1.29 g, 63%, : = 5:1) as a colorless syrup. 

This material was employed in the next step as an anomeric mixture. Selected peaks for the -

anomer: 1H-NMR (300 MHz, CDCl3) δ 7.46-7.27 (m, 5H, Ar), 6.34 (d, J = 3.6 Hz, 1H, H-1), 4.89 

(d, J = 11.1 Hz, 1H, OCH2a-Bn), 4.79 (d, J = 11.1 Hz, 1H, OCH2b-Bn), 3.80-3.67 (m, 2H), 3.64-

3.52 (m, 5H), 3.47 (s, 3H, OCH3), 3.43-3.33 (m, 5H), 2.14 (s, 3H, OAc). Diagnostic peaks for the 

-anomer: 1H NMR (300 MHz, CDCl3) δ 5.47 (d, J = 8.2 Hz, 0.2H, H-1), 2.13 (s, 0.6H, OAc). A 

solution of this material (708 mg, 2.0 mmol) in ethyl acetate (30 mL) was treated with one portion 

of Pd(OH)2/C (20%) (141 mg, 20% w/w), the flask was purged twice (vacuum/hydrogen) and the 

resulting suspension was allowed to stir at r.t. for 16 h under hydrogen atmosphere (balloon), after 
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which the mixture was filtered through a short Celite® pad, washed with ethyl acetate and 

evaporated under vacuum. The crude material was purified by silica column chromatography 

(hexane/ethyl acetate 6:4 to 5:5) to yield the desired alcohol D2 (440 mg, 83%) along with the 

corresponding -anomer (88 mg, 16%), both as colorless syrups. For D2: 1H-NMR (300 MHz, 

CDCl3) δ 6.36 (d, J = 3.5 Hz, 1H, H-1), 3.86 (t, J = 9.5 Hz, 1H, H-3), 3.70 (dt, J = 10.0, 2.7 Hz, 

1H, H-5), 3.60 – 3.55 (m, 5H, OCH3, H-6), 3.44 (s, 3H, OCH3), 3.38 (s, 3H, OCH3), 3.30 (t, J = 

9.8 Hz, 1H, H-4), 3.25 (dd, J = 9.6, 3.4 Hz, 1H, H-2), 2.76 (s, 1H, OH), 2.09 (s, 3H, OAc); 13C 

NMR (75 MHz, CDCl3) δ 169.3 (C=O), 88.8 (CH-1), 80.5 (CH-2), 78.3 (CH-4), 72.8 (CH-3), 

72.4 (CH-5), 70.7 (CH2-6), 60.7 (OCH3), 59.2 (OCH3), 58.8 (OCH3), 20.9 (OAc). HRMS (ESI) 

calcd for C11H20NaO7 [M+Na]+: 287.11012, found: 287.11041. For the -anomer: 1H-NMR (300 

MHz, CDCl3) δ 5.47 (d, J = 8.2 Hz, 1H, H-1), 3.67 – 3.58 (m, 3H, H-6,6, H-5), 3.56 (s, 3H, 

OCH3), 3.558 (s, 3H, OCH3), 3.42 – 3.37 (m, 4H, OCH3, H-3), 3.32 (dd, J = 9.7, 8.8 Hz, 1H, H-

4), 3.15 (dd, J = 9.2, 8.2 Hz, 1H, H-2), 2.62 (s, 1H, OH), 2.14 (s, 3H, OAc); 13C NMR (75 MHz, 

CDCl3) δ 169.2 (C=O), 93.9 (CH-1), 82.0 (CH-2), 78.4 (CH-4), 76.3 (CH-5), 75.1 (CH-3), 70.5 

(CH2-6), 60.6 (OCH3), 60.5 (OCH3), 59.2 (OCH3), 21.1 (OAc). HRMS (ESI) m/z calcd for 

C11H24NO7 [M+NH4]
+: 282.15473, found: 282.15455. 

Compound D3. Thioglycoside A2 (102 mg, 0.30 mmol) and acceptor D2 (91 mg, 0.345 mmol) 

were coupled following the general procedure II (-78ºC to -65ºC, 1.5 h). After work up, the 

residue was purified by flash silica gel chromatography (hexane/ethyl acetate 6:4 to 4:6) to give 

-disaccharide D3 (100 mg, 65%). 1H-NMR (300 MHz, CDCl3) δ 6.35 (d, J = 3.6 Hz, 1H, H-1), 

5.31 (d, J = 4.1 Hz, 1H, H-1’), 4.50 (t, J = 3.6 Hz, 1H, H-3’), 4.22 (dt, J = 10.0, 2.2 Hz, 1H, H-

5), 3.90 (t, J = 9.8 Hz, 1H, H-3), 3.72-3.43 (m, 7H), 3.54 (s, 3H, OCH3), 3.50 (s, 3H, OCH3), 3.48 

(s, 3H, OCH3), 3.43-3.37 (m, 1H), 3.398 (s, 3H, OCH3), 3.395 (s, 3H, OCH3), 3.387 (s, 3H, 

OCH3), 3.34 (dd, J = 9.8, 3.6 Hz, 1H, H-2), 2.11 (s, 3H, OAc); 13C-NMR (75 MHz, CDCl3) δ 

169.3 (C=O), 96.8 (CH-1’), 89.3 (CH-1), 79.3 (CH), 79.1 (CH), 77.6 (CH), 76.9 (CH-3), 75.23 

(CH), 72.6 (CH), 70.4 (2 CH2-6,6’), 65.6 (CH-5), 60.1 (OCH3), 59.1 (OCH3), 59.0 (OCH3), 58.6 

(OCH3), 57.2 (OCH3), 57.1 (OCH3), 56.3 (CH-3’), 20.9 (OAc). HRMS (ESI) m/z calcd for 

C20H35N3NaO11 [M+Na]+ 516.21638, found 516.21618. 

Compound 8. A solution of disaccharide D3 (100 mg, 0.20 mmol) in ethyl acetate (3 mL, 15 

mL/mmol) was treated with one portion of PtO2 (10 mg, 10% w/w), the flask was purged twice 

(vacuum/hydrogen) and the resulting suspension was allowed to stir at rt for 6 h under hydrogen 

atmosphere (balloon), after which the mixture was filtered on a short Celite® pad, washed with 

ethyl acetate and evaporated under vacuum. The crude amine (78 mg, 84%) was pure enough to 

proceed with the next step. 

Crude amine (67 mg, 0.143 mmol) and 1-pyreneacetic acid (41 mg, 0.16 mmol) were coupled 

following the general procedure IV (rt, 16 h). After work up, the residue was purified by flash 
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silica gel chromatography (DCM/MeOH 95:5) to give pyrenyl derivative 8 as a yellow foam (56 

mg, 55%). 1H-NMR (300 MHz, CDCl3) δ 6.62 (d, J = 9.7 Hz, 1H, NH), 6.43 (d, J = 3.4 Hz, 1H, 

H-1), 5.41 (d, J = 3.6 Hz, 1H, H-1’), 5.13 (dt, J = 9.0, 4.1 Hz, 1H, H-3’), 4.09 (t, J = 9.6 Hz, 1H, 

H-3), 3.98 (dt, J = 10.3, 2.9 Hz, 1H, H-5), 3.71 (dt, J = 10.1, 2.7 Hz, 1H, H-5’), 3.66-3.26 (m, 

26H), 2.12 (s, 3H, OAc), 2.02 (s, 3H, NHAc). 13C-NMR (75 MHz, CDCl3) δ 169.3 (C=O), 96.8 

(CH-1’), 89.3 (CH-1), 79.3 (CH), 79.1 (CH), 77.6 (CH), 76.9 (CH-3), 75.3 (CH), 72.6 (CH), 70.4 

(2 CH2-6,6’), 65.6 (CH-5), 60.1 (OCH3), 59.1 (OCH3), 59.0 (OCH3), 58.6 (OCH3), 57.2 (OCH3), 

57.1 (OCH3), 56.2 (CH-3’), 20.9 (OAc). HRMS (ESI) m/z calcd for C22H39NNaO12 [M+Na]+ 

532.23645, found 532.23609. 

Compound 9. Crude amine obtained from D3 (12 mg, 0.02 mmol) and acetic acid (2 L, 0.02 

mmol) were coupled following the general procedure IV (rt, 16 h). After work up, the residue 

was purified by flash silica gel chromatography (DCM/MeOH 95:5) to give acetamide 9 as a 

colorless syrup (11 mg, 85%). 1H-NMR (300 MHz, CDCl3) δ 6.35 (d, J = 3.6 Hz, 1H, H-1), 5.31 

(d, J = 4.1 Hz, 1H, H-1’), 4.50 (t, J = 3.6 Hz, 1H, H-3’), 4.22 (dt, J = 10.0, 2.2 Hz, 1H, H-5), 3.90 

(t, J = 9.5 Hz, 1H, H-3), 3.72-3.43 (m, 16H), 3.43-3.37 (m, 10H), 3.34 (dd, J = 9.8, 3.7 Hz, 1H, 

H-2), 2.12 (s, 3H, OAc), 2.02 (s, 3H, NHAc); 13C-NMR (75 MHz, CDCl3) δ 170.5 (C=O), 169.2 

(C=O), 96.8 (CH-1’), 89.3 (CH-1), 79.3 (CH), 79.1 (CH), 77.6 (CH), 76.9 (CH-3), 75.3 (CH), 

72.6 (CH), 70.4 (2 CH2-6,6’), 65.6 (CH-5), 60.1 (OCH3), 59.1 (OCH3), 59.0 (OCH3), 58.6 

(OCH3), 57.2 (OCH3), 57.1 (OCH3), 56.3 (CH-3’), 24.0 (NHAc), 20.9 (OAc). HRMS (ESI) m/z 

calcd for C22H39NNaO12 [M+Na]+: 532.23645, found: 532.23609. 
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4. Synthesis of constrained pyranose type II models.  

4.1 Route E. Mannose derivatives.  

 

Scheme S7. Synthesis of 4,6-O-benzylidene-manno-derivatives 10, 12 and 13. Derivatives 10-

13
C and 13-

13
C were also prepared incorporating 13C atoms at the anomeric center (using D-

mannose-1-13C as starting material) 

 

Compounds E2 and E2-
13

C. Phenyl 1-thio--D-mannopyranoside9 E1 (4.05g, 14.8 mmol) and 

1-azido-2-(dimethoxymethyl)benzene10 (3.43 g, 0.12 mmol) were coupled following the general 

procedure VI (rt, 2 h). The precipitated compound E2 was isolated by filtration and washed with 

hexane (3.33 g, 56%): 1H NMR (400 MHz, CDCl3) δ 7.61 (dd, J = 8.2, 1.6 Hz, 1H, Ar), 7.55-7.47 

(m, 2H, Ar), 7.39 (td, J = 7.7, 1.7 Hz, 1H, Ar), 7.36-7.28 (m, 3H, Ar), 7.16 (dd, J = 7.9, 6.6 Hz, 

2H, Ar), 5.79 (s, 1H, O-CH-O), 4.94 (d, J = 1.3 Hz, 1H, H-1), 4.31 (dd, J = 10.5, 5.0  Hz, 1H, H-

6eq), 4.30 (dd, J = 3.6, 1.3 Hz, 1H, H-2), 3.97 (t, J = 9.5 Hz, 1H, H-4), 3.89  (t, J = 10.5 Hz, 1H, 

H-6ax), 3.85 (dd, J = 9.5, 3.6 Hz, 1H, H-3) 3.45 (td, J = 9.5, 5.0 Hz, 1H, H-5), 2.51 (br.s, 2H, 2 

OH); 13C NMR (101 MHz, CDCl3) δ 137.7 (C, Ar), 135.6 (C, Ar), 134.2 (C, Ar), 131.6 (2 CH, 

Ar), 130.7 (CH, Ar), 129.2 (2 CH, Ar), 127.9 (CH, Ar), 127.8 (CH, Ar), 125.0 (CH, Ar), 118.3 
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(CH, Ar), 97.8 (O-CH-O), 88.0 (CH-1), 78.6 (CH-4), 72.5 (CH-2), 71.9 (CH-3), 71.1 (CH-5), 

68.8 (CH2-6). HRMS (ESI) m/z calcd for C19H23N4O5S [M+NH4]
+: 419.13837, found: 419.13728.  

In a similar manner, isotopically labelled compound E2-
13

C was synthesized from E1-
13

C 

(prepared from D-Mannose-1-13C) (670 mg, 1.67 mmol). Once the reaction was complete, 

purification was carried out by flash chromatography (hexane/ethyl acetate 6:4) to afford pure 

E2-
13

C
 
(670 mg, 94%). HRMS (ESI) m/z calcd for C18

13CH19N3O5S [M+Na]+: 425.09712, found: 

425.09794. 

 

Compound E3 and E3-
13

C. Diol E2 (2.05 g, 5.11 mmol) was methylated according to the 

general procedure V using NaH (978 mg, 60% dispersion in mineral oil, 20.4 mmol) and MeI 

(0.95 mL, 15.3 mmol). After work up, the residue was purified by flash silica gel chromatography 

(hexane/ethyl acetate 7:3) to give derivative E3 (1.79 g, 82%). 1H NMR (400 MHz, CDCl3) δ 

7.61 (dd, J = 8.0, 1.6 Hz, 1H, Ar), 7.54-7.47 (m, 2H, Ar), 7.40-7.27 (m, 4H, Ar), 7.14 (ddd, J = 

7.1, 3.7, 2.5 Hz, 2H, Ar), 5.78 (s, 1H, O-CH-O), 4.86 (d, J = 1.3 Hz, 1H, H-1), 4.27 (dd, J = 9.8, 

4.9 Hz, 1H, H-6eq), 4.14 (t, J = 9.8 Hz, 1H, H-4), 3.98 (dd, J = 3.0, 1.3 Hz, 1H, H-2), 3.92 (t, J = 

9.8 Hz, 1H, H-6ax), 3.74 (s, 3H, OCH3), 3.54 (s, 3H, OCH3), 3.48 (dd, J = 9.8, 3.0 Hz, 1H, H-3), 

3.42 (td, J = 9.8, 4.9 Hz, 1H, H-5).13C NMR (101 MHz, CDCl3) δ: 137.6 (C, Ar), 134.7 (C, Ar), 

131.3 (2 CH, Ar), 130.3 (CH, Ar), 129.0 (2 CH, Ar), 128.5 (C, Ar), 127.6 (CH, Ar), 127.5 (CH, 

Ar), 124.8 (CH, Ar), 118.1 (CH, Ar), 97.4 (O-CH-O), 88.9 (CH-1), 82.0 (CH-3), 80.5 (CH-2), 

78.6 (CH-4), 71.6 (CH-5), 68.6 (CH2-6), 62.5 (OCH3), 59.0 (OCH3). HRMS (ESI) m/z calcd for 

C21H23N3NaO5S [M+Na+]: 452.12506, found: 452.12552. 

In a similar manner, E2-
13

C (670 mg, 1.67 mmol) afforded isotopically labelled compound E3-

13
C (590 mg, 82%). HRMS (ESI) m/z calcd for C20

13CH23N3NaO5S [M+Na]+: 453.12842, found: 

453.12817. 

 

Compound E4. Azide E3 (1.27 g, 2.97 mmol) was reduced following the general procedure III 

(3 h, rt). The residue was purified by flash silica gel chromatography (hexane /ethyl acetate 7:3) 

to give E4 (1.17 g, 98%). 1H NMR (400 MHz, CDCl3) δ 7.64-7.43 (m, 2H, Ar), 7.41-7.21 (m, 

4H, Ar), 7.13 (td, J = 7.7, 1.6 Hz, 1H, Ar), 6.86-6.37 (m, 2H, Ar), 5.57 (s, 1H, O-CH-O), 4.86 (d, 

J = 1.4 Hz, 1H, H-1), 4.33 (dd, J = 10.3, 4.9 Hz, 1H, H-6eq), 4.14 (t, J = 9.9 Hz, 1H, H-4), 3.98 

(dd, J = 1.4, 3.0 Hz, 1H, H-2), 3.92 (t, J = 10.3 Hz, 1H, H-6ax), 3.75 (s, 3H, OCH3), 3.55 (s, 3H, 

OCH3), 3.47 (dd, J = 9.9, 3.0 Hz, 1H, H-3), 3.41 (m, 1H, H-5); 13C NMR (101 MHz, CDCl3) δ 

144.8 (C, Ar), 134.7 (CH, Ar), 131.3 (2 CH, Ar), 129.9 (CH, Ar), 129.1 (2 CH, Ar), 127.6 (CH, 

Ar), 127.1 (C, Ar), 121.4 (C, Ar), 117.9 (CH, Ar), 116.5 (CH, Ar), 101.5 (O-CH-O), 88.9 (CH-

1), 82.0 (CH-3), 80.3 (CH-2), 78.3 (CH-4), 77.2 (CH-5), 68.5 (CH2-6), 62.5 (OCH3), 58.9 

(OCH3). HRMS (ESI) m/z calcd for C21H26NO5S [M+H]+: 404.15262, found: 404.15235. 
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In a similar manner, E3-
13

C (580 mg, 1.35 mmol) afforded isotopically labelled compound E4-

13
C (489 mg, 90%). HRMS (ESI) m/z calcd for C20

13CH26NO5S [M+H]+: 405.15597, found: 

405.15674. 

 

Compound E5. Amine E4 (527 mg, 1.31 mmol) and 1-pyreneacetic acid (408 mg, 1.57 mmol) 

were coupled following the general procedure VII (60 ºC, microwave heating, 2 h). The residue 

was purified by flash silica gel chromatography (toluene/ethyl acetate 9:1) to give amide E5 (780 

mg, 92%). 1H NMR (400 MHz, CDCl3) δ 8.53 (d, J = 8.4 Hz, 1H, Ar), 8.52 (s, 1H, NH), 8.32 (d, 

J = 9.3 Hz, 1H, Ar), 8.14 (td, J = 7.3, 6.5, 3.6 Hz, 3H, Ar), 8.08-7.92 (m, 3H, Ar), 7.76 (d, J = 8.9 

Hz, 1H, Ar), 7.63-7.56 (m, 2H, Ar), 7.55-7.49 (m, 4H, Ar), 7.40-7.31 (m, 1H, Ar), 7.09 (dd, J = 

7.7, 1.7 Hz, 1H, Ar), 7.04-6.95 (m, 1H, Ar), 5.05 (s, 1H, O-CH-O), 4.54 (d, J = 16.6 Hz, 1H, 

CH2aC=O), 4.39 (d, J = 16.6 Hz, 1H, CH2b-C=O), 3.77 (d, 1H, J = 1.2 Hz, H-1), 3.57-3.48 (m, 

2H, H-4, H-6eq), 3.47 (s, 3H, OCH3), 3.31 (t, J = 10.4 Hz, 1H, H-6ax), 3.12-3.01 (m, 1H, H-2), 

2.79 (s, 3H, OCH3), 1.58-1.52 (m, 2H, H-5, H-3). 13C NMR (101 MHz, CDCl3) δ 169.3 (C=O), 

136.5 (C, Ar), 134.9 (C, Ar), 132.4 (2 CH, Ar), 131.1 (CH, Ar), 130.9 (C, Ar), 130.4 (C, Ar), 

130.1 (CH, Ar), 129.2 (2 CH, Ar), 128.9 (CH, Ar), 128.8 (CH, Ar), 128.4 (C, Ar), 128.4 (C, Ar), 

128.2 (CH, Ar), 128.0 (CH, Ar), 127.4 (CH, Ar), 126.7 (CH, Ar), 125.8 (2 CH, Ar), 125.4 (C, 

Ar), 125.2 (C, Ar), 125.0 (CH, Ar), 124.6 (C, Ar), 124.5 (C, Ar), 123.8 (CH, Ar), 123.6 (CH, Ar), 

122.0 (CH, Ar), 104.1 (O-CH-O), 87.9 (CH-1), 81.0 (CH-3), 79.6 (CH-2), 78.1 (CH-4), 69.8 (CH-

5), 68.4 (CH2-6), 62.4 (OCH3), 58.0 (OCH3), 44.5 (CH2-C=O). HRMS (ESI) m/z calcd for 

C39H35NO6S [M+H]+: 646.22579, found: 646.22344. 

In a similar manner, E4-
13

C (970 mg, 3.48 mmol) afforded isotopically labelled compound E5-

13
C (1.33 g, 94%). HRMS (ESI) m/z calcd for C38

13CH36NO6S [M+H]+: 647.22914, found: 

647.22610. 

 

Compound 10 and 10-
13

C. Phenyl 1-thio--D-mannopyranose derivative E5 (405 mg, 0.63 

mmol) was oxidized with m-CPBA (130 mg, 0.75 mmol) according to the conditions described 

in the general procedure VIII (-78 ºC to -10 ºC, 5 h) to yield a 2.5:1 mixture of diastereomeric 

sulfoxides, which were separated by flash chromatography (hexane/ethyl acetate 7:3 to 5:5). For 

major S-isomer: 291 mg, 70%; 1H NMR (300 MHz, CDCl3) δ 8.50 (dd, J = 8.2, 1.3 Hz, 1H, Ar), 

8.38 (br.s, 1H, NH), 8.26 (d, J = 9.2 Hz, 1H, Ar), 8.22-8.10 (m, 3H, Ar), 8.10-7.91 (m, 2H, Ar), 

7.91-7.79 (m, 2H, Ar), 7.79-7.68 (m, 5H, Ar), 7.44 (d, J = 8.9 Hz, 1H, Ar), 7.34 (ddd, J = 8.6, 

7.4, 1.7 Hz, 1H, Ar), 7.08 (dd, J = 7.7, 1.7 Hz, 1H, Ar), 6.98 (td, J = 7.5, 1.2 Hz, 1H, Ar), 4.99 (s, 

1H, O-CH-O), 4.50 (d, J = 16.6 Hz, 1H, CH2a-C=O), 4.35 (d, J = 16.6 Hz, 1H, CH2b-C=O) 3.62 

(dd, J = 2.9, 1.5 Hz, 1H, H-2), 3.59 (s, 3H, OCH3), 3.55 (t, J = 10.0 Hz, 1H, H-4), 3.21 (t, J = 1.5 

Hz, 1H, H-1), 3.18 (dd, J = 10.0, 5.2 Hz, 1H, H-6eq), 3.03 (t, J = 10.0 Hz, 1H, H-6ax), 2.88 (s, 3H, 

OCH3), 1.70 (dd, J = 10.0, 2.9 Hz, 1H, H-3), 1.37 (td, J = 10.0, 5.2 Hz, 1H, H-5); 13C NMR (75 
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MHz, CDCl3) δ 169.3 (C=O), 142.3 (C, Ar), 136.3 (C, Ar), 131.6 (CH, Ar), 131.1 (C, Ar), 131.0 

(C, Ar), 130.8 (C, Ar), 130.3 (C, Ar), 130.2 (CH, Ar), 129.2 (C, Ar), 129.1 (2 CH, Ar), 129.1 

(CH, Ar), 128.9 (CH, Ar), 128.6 (CH, Ar), 128.3 (C, Ar), 128.2 (CH, Ar), 127.6 (C, Ar), 127.1 

(CH, Ar), 126.8 (CH, Ar), 125.9 (CH, Ar), 125.1 (2 CH, Ar), 124.9 (C, Ar) , 124.7 (CH, Ar), 

124.4 (CH, Ar), 123.8 (CH, Ar), 123.5 (CH, Ar), 123.3 (CH, Ar), 122.0 (CH, Ar), 104.0 (O-CH-

O), 94.6 (CH-1), 80.7 (CH-3), 77.9 (CH-2), 73.4 (CH-4), 70.6 (CH-5), 67.7 (CH2-6), 62.0 

(OCH3), 58.0 (OCH3), 44.4 (CH2-C=O); HRMS (ESI) m/z calcd for C39H35NO7S [M+H]+: 

662.2207, found: 662.22204. For minor isomer: 118 mg, 28%; 1H NMR (300 MHz, CDCl3) δ 

8.46 (d, J = 8.0 Hz, 1H, Ar), 8.41 (br.s, 1H, NH), 8.35-8.13 (m, 6H, Ar), 8.10-8.00 (m, 2H, Ar), 

7.77-7.69 (m, 3H, Ar), 7.67-7.62 (m, 3H, Ar), 7.35 (ddd, J = 8.6, 7.4, 1.7 Hz, 1H, Ar), 7.11 (dd, 

J = 7.8, 1.7 Hz, 1H, Ar), 6.99 (td, J = 7.5, 1.2 Hz, 1H, Ar), 5.03 (s, 1H, O-CH-O), 4.54 (d, J = 

16.6 Hz, 1H, CH2a-C=O), 4.41 (d, J = 16.6 Hz, 1H, CH2b-C=O), 3.61-3.47 (m, 2H, H-6eq, H-4), 

3.38 (d, J = 1.4 Hz, 1H, H-1), 3.23 (t, J = 10.3 Hz, 1H, H-6ax), 3.17 (s, 3H, OCH3), 2.79 (dd, J = 

2.6, 1.4 Hz, 1H, H-2), 2.71 (s, 3H, OCH3), 1.86-1.78 (m, 1H, H-5), 1.77 (dd, J = 9.9, 2.6 Hz, 1H, 

H-3); 13C NMR (75 MHz, CDCl3) δ 169.4 (C=O), 140.4 (C, Ar), 136.3 (C, Ar), 132.4 (CH, Ar), 

131.3 (C, Ar), 131.2 (C, Ar), 130.9 (C, Ar), 130.3 (C, Ar), 130.1 (CH, Ar), 129.4 (2 CH, Ar), 

129.2 (CH, Ar), 129.0 (CH, Ar), 128.4 (CH, Ar), 128.4 (CH, Ar) , 128.3 (C, Ar),127.6 (CH, Ar), 

126.7 (CH, Ar), 126.3 (2 CH, Ar), 126.0 (CH, Ar), 125.8 (CH, Ar), 125.2 (C, Ar), 125.2 (CH, 

Ar), 124.7 (C, Ar), 124.6 (C, Ar), 123.9 (CH, Ar), 123.5 (CH, Ar), 122.2 (CH, Ar), 103.6 (O-CH-

O), 98.2 (CH-1), 81.6 (CH-3), 78.1 (CH-4), 74.8 (CH-2), 71.3 (CH-5), 68.1 (CH2-6), 60.8 

(OCH3), 58.4 (OCH3), 44.3 (CH2-C=O). HRMS (ESI) m/z calcd C39H36NO7S[M+H]+: 662.2207, 

found: 662.22204. 

In a similar manner, E5-
13

C (260 mg, 0.40 mmol) afforded isotopically labelled compound 10-

13
C (major sulfoxide, 189 mg, 71%; and minor sulfoxide 62 mg, 24%). HRMS (ESI) m/z calcd 

for C38
13CH36NO7S [M+H]+: 663.22405, found: 663.22375. 

 

Compounds E6. Amine E4 (88 mg, 0.22 mmol) and 1-phenylacetic acid (36 mg, 0.26 mmol) 

were coupled following the general procedure VII (90 ºC, microwave heating, 90 min). The 

residue was purified by flash silica gel chromatography (toluene/ethyl acetate 9:1) to give amide 

E6 (109 mg, 95%). 1H NMR (500 MHz, CDCl3) δ 8.47 (s, 1H, NH), 8.20 (d, J = 8.2 Hz, 1H, Ar), 

7.53-7.41 (m, 2H, Ar), 7.32-7.23 (m, 6H, Ar), 7.23-7.15 (m, 3H, Ar), 7.04-6.98 (m, 1H, Ar), 6.96 

(t, J = 7.6 Hz, 1H, Ar), 5.22 (s, 1H, O-CH-O), 4.65 (d, J = 1.5 Hz, 1H, H-1), 3.87 (t, J = 9.9 Hz, 

1H, H-4), 3.89 (dd, J = 1.5, 3.0 Hz, 1H, H-2), 3.87 (dd, J = 10.2, 4.9 Hz, 1H, H-6eq) 3.65 (s, 2H, 

CH2-C=O), 3.65 (s, 3H, OCH3), 3.51 (t, J = 10.2 Hz, 1H, H-6ax), 3.39 (s, 3H, OCH3), 3.16 (dd, J 

= 9.9, 3.0 Hz, 1H, H-3), 2.63 (td, J = 10.2, 4.9 Hz, 1H, H-5); 13C NMR (126 MHz, CDCl3) δ 169.0 

(C=O), 136.1 (C, Ar), 134.9 (C, Ar), 134.5 (C, Ar), 131.9 (2 CH, Ar), 129.9 (CH, Ar), 129.7 (2 

CH, Ar), 129.1 (2 CH, Ar), 129.1 (2 CH, Ar), 128.0 (CH, Ar), 127.5 (CH, Ar), 127.5 (CH, Ar), 
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125.3 (C, Ar), 123.8 (CH, Ar), 122.1 (CH, Ar), 102.0 (O-CH-O), 88.8 (CH-1), 81.9 (CH-3), 79.8 

(CH-4), 78.1 (CH-2), 70.8 (CH-5), 68.4 (CH2-6), 62.4 (OCH3), 58.6 (OCH3), 45.5 (CH2-C=O). 

HRMS (ESI) m/z calcd for C29H32NO6S [M+H]+: 522.19448, found: 522.19633.  

 

Compound 12. Phenyl 1-thio-β-D-mannopyranose derivative E6 (72 mg, 0.14 mmol) was 

oxidized with m-CPBA (28 mg, 0.16 mmol) according to the conditions described in the general 

procedure VIII (-78 ºC to -10 ºC, 5 h) to yield a 3.4:1 mixture of diastereomeric sulfoxides, which 

were separated by flash chromatography (toluene/ethyl acetate 9:1). For major S-isomer (51 mg, 

68%): 1H NMR (300 MHz, CDCl3) δ 8.50 (s, 1H, NH), 8.41-8.17 (m, 1H, Ar), 7.81-7.71 (m, 2H, 

Ar), 7.68-7.57 (m, 3H, Ar), 7.37-7.27 (m, 3H, Ar), 7.22 (dd, J = 7.8, 1.6 Hz, 1H, Ar), 7.10 (dd, J 

= 8.5, 7.0 Hz, 2H, Ar), 7.02 (td, J = 7.6, 1.2 Hz, 1H, Ar), 6.73 (tt, J = 7.5, 1.3 Hz, 1H, Ar), 5.29 

(s, 1H, O-CH-O), 4.36 (dd, J = 2.8, 1.3 Hz, 1H, H-2), 3.98 (t, J = 9.8 Hz, 1H, H-4), 3.92 (d, J = 

1.3 Hz, 1H, H-1), 3.81 (s, 3H, OCH3), 3.72 (s, 2H, CH2C=O), 3.71 (dd, J = 10.5, 4.9 Hz, 1H, H-

6eq), 3.53 (t, J = 9.8 Hz, 1H, H-6ax), 3.48 (s, 3H, OCH3), 3.17 (dd, J = 9.8, 2.8 Hz, 1H, H-3), 2.27 

(td, J = 9.8, 4.9 Hz, 1H, H-5); 13C NMR (75 MHz, CDCl3) δ 168.9 (C=O), 142.2 (C, Ar), 136.3 

(C, Ar), 135.0 (C, Ar), 132 (CH, Ar), 130.1 (CH, Ar), 129.8 (2 CH, Ar), 129.2 (2 CH, Ar), 128.9 

(2 CH, Ar), 128.0 (CH, Ar), 127.4 (CH, Ar), 125.0 (2 CH, Ar), 124.8 (C, Ar), 124.0 (CH, Ar), 

122.2 (CH, Ar), 103.1 (O-CH-O), 96.0 (CH-1), 81.5 (CH-3), 73.4 (CH-4), 78.1 (CH-2), 71.7 (CH-

5), 68.0 (CH2-6), 62.2 (OCH3), 58.5 (OCH3), 45.5 (CH2-C=O). HRMS (ESI) m/z calcd for 

C29H32NO7S [M+H]+: 538.1894, found: 538.18935. For minor isomer (15 mg, 23%): 1H NMR 

(500 MHz, CDCl3) δ 8.35 (s, 1H, NH), 8.20 (dd, J = 8.5, 1.3 Hz, 1H, Ar), 7.88-7.73 (m, 2H, Ar), 

7.73-7.54 (m, 3H, Ar), 7.47-7.29 (m, 7H, Ar), 7.13-7.00 (m, 1H, Ar), 5.33 (s, 1H, O-CH-O), 4.19 

(d, J = 1.4 Hz, 1H, H-1), 4.12 (dd, J = 10.6, 4.9 Hz, 1H, H-6eq), 4.03 (t, J = 9.9 Hz, 1H, H-4), 3.77 

(t, J = 15.6 Hz, 1H, CH2a-C=O), 3.73 (t, J = 15.6 Hz, 1H, CH2b-C=O), 3.58 (t, J = 10.6 Hz, 1H, 

H-6ax), 3.47 (s, 3H, OCH3), 3.36 (s, 3H, OCH3), 3.31 (dd, J = 2.8, 1.4 Hz, 1H, H-2), 3.15 (dd, J = 

9.9, 2.8 Hz, 1H, H-3), 3.06 (td, J = 9.9, 4.9 Hz, 1H, H-5); 13C NMR (126 MHz, CDCl3) δ 169.0 

(C=O), 140.3 (C, Ar), 135.8 (C, Ar), 134.8 (C, Ar), 132.6 (CH, Ar), 129.9 (CH, Ar), 129.6 (4 CH, 

Ar), 129.3 (2 CH, Ar), 127.8 (CH, Ar), 126.8 (CH, Ar), 126.1 (2 CH, Ar), 125.5 (C, Ar), 123.9 

(CH, Ar), 122.5 (CH, Ar), 101.1 (O-CH-O), 99.7 (CH-1), 82.2 (CH-3), 78.1 (CH-4), 75.4 (CH-

2), 72.2 (CH-5), 68.2 (CH2-6), 61.0 (OCH3), 59.1 (OCH3), 45.4 (OAc); HRMS (ESI) m/z calcd 

for C29H32NO7S [M+H]+: 538.1894, found: 538.18879.  

Compound E7. Amine E4 (379 mg, 0.94 mmol) and acetic acid (70 L, 1.13 mmol) were coupled 

following the general procedure VII (60 ºC, microwave heating, 120 min). The residue was 

purified by flash silica gel chromatography (hexane/ethyl acetate 8:2 to 6:4) to give amide E7 

(396 mg, 95%). 1H NMR (500 MHz, CDCl3) δ 8.69 (s, 1H, Ar), 8.18 (d, J = 8.2 Hz, 1H, Ar), 7.53-

7.47 (m, 2H, Ar), 7.43 (dd, J = 7.8, 1.6 Hz, 1H, Ar), 7.38-7.28 (m, 4H, Ar), 7.12-7.04 (m, 1H, 
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Ar), 5.58 (s, 1H, O-CH-O), 4.86 (d, J = 1.3 Hz, 1H, H-1), 4.39 (dd, J = 10.4, 4.9 Hz, 1H, H-6a), 

4.15 (t, J = 9.6 Hz, 1H, H-4), 4.05 (dd, J = 3.2, 1.3 Hz, 1H, H-2), 3.93 (t, J = 10.4 Hz, 1H, H-6b), 

3.75 (s, 3H, OCH3), 3.53 (s, 3H, OCH3), 3.48-3.44 (dd, J = 3.2, 9.6 Hz, 1H, H-3), 3.44-3.38 (m, 

1H, H-5); 13C NMR (126 MHz, CDCl3) δ 168.3 (C=O), 136.3 (C, Ar), 134.5 (C, Ar), 131.7 (2 

CH, Ar), 130.0 (CH, Ar), 129.2 (2 CH, Ar), 127.9 (CH, Ar), 126.6 (CH, Ar), 125.4 (C, Ar) 123.8 

(CH, Ar), 122.2 (CH, Ar), 101.2 (O-CH-O), 89.0 (CH-1), 82.1 (CH-3), 79.5 (CH-2), 78.1 (CH-

4), 71.3 (CH-5), 68.7 (CH2-6), 62.3 (OCH3), 58.3 (OCH3), 25.0 (CH2-C=O), HRMS (ESI) m/z 

calcd for C23H28NO6S [M+H]+: 446.16318, found: 446.16505. 

In a similar manner, E4-
13

C (235 mg, 0.58 mmol) afforded isotopically labelled compound E7-

13
C (260 mg, 100%). HRMS (ESI) m/z calcd for C22

13CH27NNaO6S [M+Na]+: 469.14848, found: 

469.14810. 

 

Compound 13. Phenyl 1-thio-β-D-mannopyranose derivative E7 (336 mg, 0.75 mmol) was 

oxidized with m-CPBA (77%) (204 mg, 0.91 mmol) according to the conditions described in the 

general procedure VIII (-78 ºC to -10 ºC, 5 h) to yield a 3.3:1 mixture of diastereomeric 

sulfoxides, which were separated by flash chromatography (hexane/ethyl acetate 5:5 to ethyl 

acetate). For major S-isomer (230 mg, 66%): 1H NMR (400 MHz, CDCl3) δ 8.59 (s, 1H, NH), 

8.13 (d, J = 8.2 Hz, 1H, Ar), 7.71 (dq, J = 6.7, 2.7, 2.1 Hz, 2H, Ar), 7.56-7.48 (m, 3H, Ar), 7.39 

(dd, J = 7.8, 1.6 Hz, 1H, Ar), 7.32 (ddd, J = 8.7, 7.3, 1.6 Hz, 1H, Ar), 7.06 (t, J = 7.6 Hz, 1H, Ar), 

5.56 (s, 1H, O-CH-O), 4.43 (dd, J = 1.3, 2.6 Hz, 1H, H-2), 4.28-4.11 (m, 2H, H-4, H-6a), 4.06 (d, 

J = 1.3 Hz, 1H, H-1), 3.87-3.82 (m, 1H, H-6b), 3.83 (s, 3H, OCH3), 3.54 (s, 3H, OCH3), 3.44 (dd, 

J = 9.9, 2.6 Hz, 1H, H-3), 3.24 (td, J = 9.7, 4.9 Hz, 1H, H-5), 2.16 (s, 3H, NHAc); 13C NMR (101 

MHz, CDCl3) δ 168.3 (C=O), 142.0 (2 C, Ar), 136.1 (C, Ar), 131.7 (CH, Ar), 130.0 (CH, Ar), 

129.2 (2 CH, Ar), 126.4 (CH, Ar), 125.0 (2 CH, Ar), 123.8 (CH, Ar), 122.3 (CH, Ar), 101.2 (O-

CH-O), 96.3 (CH-1), 81.6 (CH-3), 78.0 (CH-4), 73.1 (CH-2), 72.3 (CH-5), 68.1 (CH2-6), 62.2 

(OCH3), 58.1 (OCH3), 24.8 (NHAc). HRMS (ESI) m/z calcd for C23H28NO7S [M+H]+: 462.1581, 

found: 462.15808. For minor isomer: 70 mg, 20%; 1H NMR (400 MHz, CDCl3) δ 8.58 (s, 1H, 

NH), 8.14 (d, J = 8.2 Hz, 1H, Ar), 7.86-7.74 (m, 2H, Ar), 7.68-7.59 (m, 3H, Ar), 7.45 (dd, J = 

7.7, 1.7 Hz, 1H, Ar), 7.40-7.32 (m, 1H, Ar), 7.10 (t, J = 7.7 Hz, 1H, Ar), 5.62 (s, 1H, O-CH-O), 

4.54 (dd, J = 10.6, 4.9 Hz, 1H, H-6eq), 4.30 (d, J = 1.5 Hz, 1H, H-1), 4.20 (t, J = 9.7 Hz, 1H, H-

4), 3.97 (t, J = 10.3 Hz, 1H, H-6ax), 3.55 (td, J = 9.7, 4.8 Hz, 1H, H-5), 3.48 (s, 3H, OCH3), 3.42-

3.39 (m, 1H, H-2), 3.38 (s, 3H, OCH3), 3.36-3.31 (m, 1H, H-3), 2.16 (s, 3H, OAc); 13C NMR (101 

MHz, CDCl3) δ 168.1 (C=O), 140.3 (2 C, Ar), 136.1 (C, Ar), 132.7 (CH, Ar), 130.0 (CH, Ar), 

129.6 (2 CH, Ar), 126.6 (CH, Ar), 126.3 (2 CH, Ar), 123.9 (CH, Ar), 122.4 (CH, Ar), 101.3 (O-

CH-O), 99.7 (CH-1), 82.4 (CH-3), 78.1 (CH-4), 74.9 (CH-2), 72.7 (CH-5), 68.5 (CH2-6), 61.0 

(OCH3), 58.7 (OCH3), 24.7 (NHAc). HRMS (ESI) m/z calcd for C23H28NO7S [M+H]+: 462.1581, 

found: 462.1581.  
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In a similar manner, E7-
13

C (240 mg, 0.54 mmol) afforded isotopically labelled compound 13-

13
C Major sulfoxide (175 mg, 70%) HRMS (ESI) m/z calcd for C22

13CH28NO7S [M+H]+: 

463.16145, found: 463.16116; minor sulfoxide (62 mg, 25%) HRMS (ESI) m/z calcd for 

C22
13CH28NO7S [M+H]+: 463.16145, found: 463.16027. 

 

4.2 Route F. Glucose derivatives.  

 

Scheme S8. Synthesis of 4,6-O-benzylidene-gluco derivatives 11, 14 and 15. Derivatives 11-
13

C6 

and 15-
13

C6 were also prepared incorporating 13C atoms at all pyranose positions (using D-

glucose-13C6 as starting material). 

 

Compounds F2 and F2-
13

C6. Phenyl 1-thio--D-glucopyranoside F1 (2.49 g, 9.13 mmol) and 1-

azido-2-(dimethoxymethyl)benzen10 (1.98 g, 10.96 mmol) were coupled following the general 

procedure VI (rt, 3 h). The reaction mixture was concentrated at reduced pressure and the residue 

was purified by flash chromatography (hexane/ethyl acetate 9:1 to 5:5). For compound F2 (2.66 

g, 73%): 1H NMR (400 MHz, CDCl3) δ 7.62 (dd, J = 7.7, 1.6 Hz, 1H, Ar), 7.58-7.50 (m, 2H, Ar), 

7.39 (td, J = 7.7, 1.6 Hz, 1H, Ar), 7.35 (h, J = 2.7 Hz, 3H, Ar), 7.16 (ddd, J = 9.4, 7.7, 1.5 Hz, 2H, 

Ar), 5.76 (s, 1H, O-CH-O), 4.63 (d, J = 9.7 Hz, 1H, H-1), 4.36 (dd, J = 10.1, 3.8 Hz, 1H, H-6eq), 

3.89-3.78 (m, 1H, H-3), 3.79 (t, J = 10.1 Hz, 1H,H-6ax ), 3.57-3.49 (m, 2H, H-5, H-4), 3.46 (ddd, 
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J = 9.7, 8.6, 2.1 Hz, 1H, H-2), 2.74 (br.s, 1H, OH), 2.65 (d, J = 2.1 Hz, 1H, OH); 13C NMR (101 

MHz, CDCl3) δ 137.7 (C, Ar), 133.3 (2 CH, Ar), 131.2 (C, Ar), 130.8 (CH, Ar), 129.3 (2 CH, 

Ar), 128.7 (CH, Ar), 128.1 (C, Ar), 127.8 (CH, Ar), 125.8 (CH, Ar), 118.3 (CH, Ar), 97.5 (O-

CH-O), 87.1 (CH-1), 80.5 (CH-4), 74.7 (CH-3), 72.7 (CH-2), 70.7 (CH-5), 68.9 (CH2-6). HRMS 

(ESI) m/z calcd for C19H19NaO5S [M+Na]+: 424.09376, found: 424.09448.  

In a similar manner, isotopically labelled compound F2-
13

C6 was synthesized from F1-
13

C6 

(prepared from D-glucose-13C6) (966 mg, 3.48 mmol). Once the reaction was complete, 

purification was carried out by flash chromatography (hexane/ethyl acetate 9:1 to 5:5) to afford 

pure F2-
13

C6 (1.33 g, 94%). HRMS (ESI) m/z calcd for C13
13C6H19N3NaO5S [M+Na]+: 

430.11389, found: 430.11561. 

 

Compound F3 and F3-
13

C6. Diol F2 (2.66 g, 6.6 mmol) was methylated according to the general 

procedure V using NaH (1.06 g, 60% suspension in mineral oil, 26.5 mmol) and MeI (1.25 mL, 

19.9 mmol). After work up, the residue was purified by flash silica gel chromatography 

(hexane/ethyl acetate 9:1 to 8:2) to give derivative F3 (2.84 g, 99%). 1H NMR (300 MHz, CDCl3) 

δ 7.62 (dd, J = 8.0, 1.6 Hz, 1H, Ar), 7.57-7.48 (m, 2H, Ar), 7.44-7.36 (m, 1H, Ar), 7.35-7.28 (m, 

3H, Ar), 7.21-7.10 (m, 2H, Ar), 5.71 (s, 1H, O-CH-O), 4.63 (d, J = 9.8 Hz, 1H, H-1), 4.32 (dd, J 

= 10.5, 4.8 Hz, 1H, H-6eq), 3.77 (t, J = 10.5 Hz, 1H, H-6ax), 3.63 (s, 3H, OCH3), 3.59 (s, 3H, 

OCH3), 3.54 (t, J = 9.2 Hz, 1H, H-4), 3.48-3.38 (m, 2H, H-3, H-5), 3.12 (dd, J = 9.8, 8.1 Hz, 1H, 

H-2); 13C NMR (101 MHz, CDCl3) δ: 137.7 (C, Ar), 133.1 (C, Ar), 132.5 (2 CH, Ar), 130.5 (CH, 

Ar), 129.1 (2 CH, Ar), 128.5 (C, Ar), 128.0 (CH, Ar), 127.6 (CH, Ar), 125.0 (CH, Ar), 118.3 

(CH, Ar), 97.2 (O-CH-O), 88.0 (CH-1), 84.8 (CH-3), 82.2 (CH-2), 81.5 (CH-4), 70.3 (CH-5), 

69.0 (CH2-6), 61.4 (OCH3), 60.9 (OCH3). HRMS (ESI) m/z calcd for C21H23N3NaO5S [M+Na]+: 

452.12506, found: 452.12603. 

In a similar manner, F2-
13

C6 (1.33 g, 3.27 mmol) afforded isotopically labelled compound F3-

13
C6 (790 mg, 56%). HRMS (ESI) m/z calcd for C15

13C6H23N3NaO5S [M+Na]+: 458.14519, found: 

458.14561. 

 

Compound F4 and F4-
13

C6. Azide F3 (2.84 g, 6.62 mmol) was reduced following the general 

procedure III (3 h, rt). The residue was purified by flash silica gel chromatography (hexane/ethyl 

acetate 7:3 to 5:5) to give F4 (2.01 g, 75%). 1H NMR (300 MHz, CDCl3) δ 7.56 (dd, J = 7.5, 2.0 

Hz, 2H, Ar), 7.43-7.29 (m, 4H, Ar), 7.15 (td, J = 7.7, 1.6 Hz, 1H, Ar), 6.77 (t, J = 7.5 Hz, 1H, 

Ar), 6.67 (d, J = 8.0 Hz, 1H, Ar), 5.52 (s, 1H, O-CH-O), 4.66 (d, J = 9.7 Hz, 1H, H-1), 4.35 (dd, 

J = 10.2, 4.8 Hz, 1H, H-6eq), 4.13 (br.s, 2H, NH), 3.75 (t, J = 10.2 Hz, 1H, H-6ax), 3.66 (s, 3H, 

OCH3), 3.64 (s, 3H, OCH3), 3.56 (t, J = 9.2 Hz, 1H, H-4), 3.49-3.39 (m, 2H, H-3, H-5), 3.15 (dd, 

J = 9.7, 8.2 Hz, 1H, H-2); 13C NMR (101 MHz, CDCl3) δ 144.7 (C, Ar), 132.9 (C, Ar), 132.2 (2 

CH, Ar), 129.8 (CH, Ar), 128.9 (2 CH, Ar), 127.7 (CH, Ar), 126.8 (CH, Ar), 121.2 (C, Ar), 117.8 
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(CH, Ar), 116.4 (CH, Ar), 100.8 (O-CH-O), 87.8 (CH-1), 84.6 (CH-3), 82.3 (CH-2), 80.9 (CH-

4), 70.1 (CH-5), 68.5 (CH2-6), 61.1 (OCH3), 60.9 (OCH3). HRMS (ESI) m/z calcd for 

C21H26NO5S [M+H]+: 404.15262, found: 404.15312. 

In a similar manner, F3-
13

C6 (790 mg, 1.81 mmol) afforded isotopically labelled compound F4-

13
C6 (670 mg, 90%). HRMS (ESI) m/z calcd for C15

13C6H25NNaO5S [M+Na]+: 432.15469, found: 

432.15467. 

 

Compound F5 and F5-
13

C6. Amine F4 (1.03 g, 2.54 mmol) and 1-pyreneacetic acid (793 mg, 

3.05 mmol) were coupled following the general procedure VII (90 ºC, microwave heating, 90 

min). The residue was purified by flash silica gel chromatography (toluene/ethyl acetate 9:1) to 

give amide F5 (1.62 g, 2.70 mmol, 99%). 1H NMR (300 MHz, CDCl3) δ 8.36 (dd, J = 8.4, 1.2 

Hz, 1H, Ar), 8.30-8.21 (m, 2H, Ar), 8.19 (dd, J = 3.2, 1.9 Hz, 3H, Ar), 8.16 (d, J = 1.2 Hz, 1H, 

Ar), 8.09-7.84 (m, 4H, Ar), 7.50-7.41 (m, 2H, Ar), 7.41-7.34 (m, 4H, Ar), 7.15 (dd, J = 7.7, 1.7 

Hz, 1H, Ar), 7.02 (td, J = 7.5, 1.2 Hz, 1H, Ar), 4.81 (s, 1H, O-CH-O), 4.49 (d, J = 2.1 Hz, 2H, 

CH2-C=O), 3.67 (d, J = 9.7 Hz, 1H, H-1), 3.37 (s, 3H, OCH3), 3.14 (s, 3H, OCH3), 3.12 (dd, J = 

10.3, 5.2 Hz, 1H, H-6eq), 2.52 (t, J = 10.3 Hz, 1H, H-6ax), 2.62-2.42 (m, 2H, H-4, H-2), 2.32 (dd, 

J = 9.4, 8.2 Hz, 1H, H-3), 1.82 (td, J = 9.8, 5.2 Hz, 1H, H-5).13C NMR (101 MHz, CDCl3) δ 169.6 

(C=O), 135.9 (C, Ar), 133.2 (C, Ar), 132.9 (2 CH, Ar), 131.5 (C, Ar), 131.4 (C, Ar), 130.8 (C, 

Ar), 130.2 (C, Ar), 130.0 (CH, Ar), 129.0 (CH, Ar), 129.0 (2 CH, Ar), 129.0 (CH, Ar), 128.4 

(CH, Ar), 128.1 (CH, Ar), 127.9 (C, Ar), 127.7 (CH, Ar), 127.2 (CH, Ar), 126.7 (CH, Ar), 126.2 

(CH, Ar), 125.8 (CH, Ar), 125.5 (C, Ar), 125.3 (C, Ar), 125.1 (CH, Ar), 124.6 (C, Ar), 124.1 

(CH, Ar), 123.2 (CH, Ar), 122.6 (CH, Ar), 101.7 (O-CH-O), 87.1 (CH-1), 83.8 (CH-3), 81.7 (CH-

2), 80.6 (CH-4), 68.6 (CH-5), 68.2 (CH2-6), 60.9 (OCH3), 60.6 (OCH3), 44.0 (CH2-C=O). HRMS 

(ESI) m/z calcd for C39H35NO6S [M+H]+: 646.22579, found: 646.22661. 

In a similar manner, F4-
13

C6 (230 mg, 0.56 mmol) afforded isotopically labelled compound F5-

13
C6 (333 mg, 91%). HRMS (ESI) m/z calcd for C33

13C6H36NO6S [M+H]+: 652.24591, found: 

652.24601. 

 

Compound 11 and 11-
13

C6. Phenyl 1-thio--D-glucopyranose derivative F5 (1.03 g, 1.60 mmol) 

was oxidized with m-CPBA (77%) (397 mg, 1.77 mmol) according to the conditions described in 

the general procedure VIII (-78 ºC to -30 ºC, 150 min) to yield a 1.1:1 mixture of diastereomeric 

sulfoxides which were separated by flash chromatography (hexane/ethyl acetate 6:4 to 2:8). For 

first S-isomer (423 mg, 40%): 1H NMR (300 MHz, CDCl3) δ 8.36 (br.s, 1H, NH), 8.33 (s, 1H, 

Ar), 8.25-8.13 (m, 4H, Ar), 8.13-8.02 (m, 4H, Ar), 8.02-7.92 (m, 1H, Ar),  7.71-7.45 (m, 5H, Ar), 

7.41-7.29 (m, 1H, Ar), 7.12 (d, J = 7.6 Hz, 1H, Ar), 7.00 (t, J = 7.5 Hz, 1H, Ar), 4.67 (s, 1H, O-

CH-O), 4.50 (d, J = 17.1 Hz, 1H, CH2a-C=O), 4.42 (d, J = 16.9 Hz, 1H, CH2b-C=O), 3.59 (d, J = 

9.2 Hz, 1H, H-1), 3.18 (s, 3H, OCH3), 3.12 (dd, J = 10.3, 5.4 Hz, 1H, H-6eq), 3.06-3.00 (m, 4H, 
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OCH3, H-4), 2.36 (t, J = 10.3 Hz, 1H, H-6ax), 2.38-2.25 (m, 2H, H-2, H-3), 1.93 (td, J = 9.6, 5.0 

Hz, 1H, H-5); 13C NMR (75 MHz, CDCl3) δ 169.8 (C=O), 140.0 (C, Ar), 135.6 (C, Ar), 134.4 (C, 

Ar), 133.1 (C, Ar), 131.1 (CH, Ar), 130.6 (C, Ar), 130.0 (C, Ar), 129.9 (C, Ar), 129.7 (C, Ar), 

128.9 (CH, Ar), 128.8 (CH, Ar), 128.7 (CH, Ar), 128.4 (CH, Ar), 128.1 (C, Ar), 127.6 (CH, Ar), 

127.4 (CH, Ar), 127.1 (CH, Ar), 126.6 (CH, Ar), 126.2 (CH, Ar), 125.7 (CH, Ar), 125.4 (CH, 

Ar), 125.1 (CH, Ar), 125.0 (CH, Ar), 124.9 (CH, Ar), 124.4 (C, Ar), 124.1 (CH, Ar), 122.9 (CH, 

Ar), 122.6 (CH, Ar), 101.1 (O-CH-O), 94.7 (CH-1), 83.9 (CH-3), 79.9 (CH-2), 76.0 (CH-4), 68.7 

(CH-5), 67.5 (CH2-6), 60.1 (OCH3), 59.6 (OCH3), 43.8 (CH2-C=O); HRMS (ESI) m/z calcd for 

C39H39N2O7S [M+NH4]
+: 680.25046, found: 680.24985. For second eluting isomer (475 mg, 

45%): 1H NMR (300 MHz, CDCl3) δ 8.36 (br.s, 1H, NH), 8.33 (s, 1H, Ar), 8.25-8.13 (m, 4H, Ar), 

8.13-8.02 (m, 4H, Ar), 8.02-7.92 (m, 1H, Ar), 7.71-7.45 (m, 5H, Ar), 7.41-7.29 (m, 1H, Ar), 7.12 

(d, J = 7.6 Hz, 1H, Ar), 7.00 (t, J = 7.5 Hz, 1H, Ar), 4.67 (s, 1H, O-CH-O), 4.50 (d, J = 17.1 Hz, 

1H, CH2a-C=O), 4.42 (d, J = 16.9 Hz, 1H, CH2b-C=O), 3.59 (d, J = 9.2 Hz, 1H, H-1), 3.18 (s, 3H, 

OCH3), 3.12 (dd, J = 10.3, 5.4 Hz, 1H, H-6eq), 3.06-3.00 (m, 4H, OCH3, H-4), 2.36 (t, J = 10.3 

Hz, 1H, H-6ax), 2.38-2.25 (m, 2H, H-2, H-3), 1.93 (td, J = 9.6, 5.0 Hz, 1H, H-5); 13C NMR (75 

MHz, CDCl3) δ 169.5 (C=O), 139.8 (C, Ar), 136.0 (C, Ar), 131.4 (CH, Ar) 131.3 (C, Ar), 131.3 

(C, Ar), 130.8 (C, Ar), 130.2 (C, Ar), 130.1 (CH, Ar), 129.0 (CH, Ar), 129.0 (CH, Ar), 128.9 (2 

CH, Ar), 128.4 (CH, Ar), 128.0 (C, Ar), 128.0 (C, Ar), 127.1 (CH, Ar), 126.7 (CH, Ar), 126.2 

(CH, Ar), 126.1 (CH, Ar), 125.9 (2 CH, Ar), 125.7 (C, Ar), 125.2 (C, Ar), 125.1 (CH, Ar), 125.0 

(CH, Ar), 124.5 (C, Ar), 124.0 (CH, Ar), 123.2 (CH, Ar), 122.4 (CH, Ar), 101.9 (O-CH-O), 92.7 

(CH-1), 83.9 (CH-3), 80.3 (CH-2), 77.4 (CH-4), 69.3 (CH-5), 67.6 (CH2-6), 61.1 (OCH3), 60.5 

(OCH3), 44.1 (CH2-C=O). HRMS (ESI) m/z calcd for C39H36NO7S [M+H]+: 662.2207, found: 

662.2201. 

In a similar manner, F5-
13

C6 (232 mg, 0.36 mmol) afforded isotopically labelled compound 11-

13
C6 First sulfoxide (86 mg, 36%) HRMS (ESI) m/z calcd for C33

13C6H35NNaO7S [M+Na]+: 

690.22277, found: 690.22278; and second sulfoxide (123 mg, 51%) HRMS (ESI) m/z calcd for 

C33
13C6H36NO7S [M+H]+: 668.24083, found: 668.23982. 

 

Compounds F6 and F6-
13

C6. Amine F4 (260 mg, 0.64 mmol) and 1-phenylacetic acid (105 mg, 

0.77 mmol) were coupled following the general procedure VII (80 ºC, microwave heating, 60 

min). The residue was purified by flash silica gel chromatography (toluene/ethyl acetate 9:1) to 

give amide F6 (228 mg, 68%). 1H NMR (300 MHz, CDCl3) δ 8.38 (s, 1H, NH), 8.34-8.20 (m, 

1H, Ar), 7.70-7.49 (m, 2H, Ar), 7.47-7.29 (m, 8H, Ar), 7.29-6.96 (m, 3H, Ar), 5.24 (s, 1H, O-

CH-O), 4.54 (d, J = 9.7 Hz, 1H, H-1), 3.97 (dd, J = 10.5, 5.0 Hz, 1H, H-6eq), 3.78 (s, 2H, CH2-

C=O), 3.66 (s, 3H, OCH3), 3.56 (s, 3H, OCH3), 3.40 (t, J = 10.5 Hz, 1H, H-6ax), 3.31 (t, J = 9.3 

Hz, 1H, H-4), 3.21 (dd, J = 9.3, 8.1 Hz, 1H, H-3), 3.06 (dd, J = 9.7, 8.1 Hz, 1H, H-2), 2.77 (td, J 

= 9.3, 5.0 Hz, 1H, H-5); 13C NMR (126 MHz, CDCl3) δ 169.2 (C=O), 136.1 (C, Ar), 134.9 (C, 
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Ar), 133.1 (C, Ar), 132.8 (2 CH, Ar), 130.1 (CH, Ar), 129.9 (2 CH, Ar), 129.3 (2 CH, Ar), 129.1 

(2 CH, Ar), 128.2 (CH, Ar), 127.8 (CH, Ar), 127.5 (CH, Ar), 125.4 (C, Ar), 124.0 (CH, Ar),122.5 

(CH, Ar), 101.7 (O-CH-O), 88.2 (CH-1), 84.6 (CH-3), 82.6 (CH-2), 81.0 (CH-4), 69.6 (CH-5), 

68.8 (CH2-6), 61.4 (OCH3), 61.2 (OCH3), 45.6 (CH2-C=O). HRMS (ESI) m/z calcd for 

C29H31NNaO6S [M+Na]+: 544.17643, found: 544.17829.  

In a similar manner, F4-
13

C6 (151 mg, 0.37 mmol) afforded isotopically labelled compound F6-

13
C6 (193 mg, 99%). HRMS (ESI) m/z calcd for C23

13C6H32NO6S [M+H]+: 528.21461, found: 

528.21493. 

 

Compound 14 and 14-
13

C6. Phenyl 1-thio--D-glucopyranose derivative F6 (343 mg, 0.66 

mmol) was oxidized with m-CPBA (77%) (163 mg, 0.72 mmol) according to the conditions 

described in the general procedure VIII (-78 ºC to -30 ºC, 2 h) to yield a 1:1.7 mixture of 

diastereomeric sulfoxides, which were separated by flash chromatography (hexane/ethyl acetate 

7:3 to 3:7). For first sulfoxide: 115 mg, 32%; 1H NMR (500 MHz, CDCl3) δ 8.19 (t, J = 8.59 Hz, 

1H, Ar), 8.18 (br. s, 1H, NH), 7.70-7.61 (m, 2H, Ar), 7.56 (tdd, J = 6.4, 4.9, 2.4 Hz, 3H, Ar), 7.44-

7.29 (m, 7H, Ar), 7.12-7.04 (m, 1H, Ar), 5.15 (s, 1H, O-CH-O), 4.33 (d, J = 9.0 Hz, 1H, H-1), 

3.97 (dd, J = 10.6, 5.0 Hz, 1H, H-6eq), 3.78 (d, J = 3.2 Hz, 2H, CH2-C=O), 3.53-3.47 (m, 1H, H-

2), 3.50 (s, 3H, OCH3), 3.45 (s, 3H, OCH3), 3.32 (dd, J = 9.0, 7.9 Hz, 1H, H-3), 3.24 (t, J = 10.3 

Hz, 1H, H-6ax), 3.21 (t, J = 9.0 Hz, 1H, H-4) 3.00 (td, J = 9.8, 5.0 Hz, 1H, H-5); 13C NMR (75 

MHz, CDCl3) δ 169.4 (C=O), 140.2 (C, Ar), 135.8 (C, Ar), 134.8 (C, Ar), 133.7 (CH, Ar), 131.4 

(CH, Ar), 130.1 (CH, Ar), 129.9 (CH, Ar), 129.9 (CH, Ar), 129.4 (2 CH, Ar), 129.0 (CH, Ar), 

127.9 (CH, Ar) , 127.0 (CH, Ar), 125.6 (C, Ar), 125.0 (2 CH, Ar), 124.2 (CH, Ar), 122.8 (CH, 

Ar), 100.9 (O-CH-O), 95.8 (CH-1), 84.8 (CH-3), 80.6 (CH-4), 76.7 (CH-2), 69.8 (CH-5), 68.4 

(CH2-6), 61.0 (OCH3), 60.3 (OCH3), 45.5 (CH2-C=O). HRMS (ESI) m/z calcd for C29H32NO7S 

[M+H]+: 538.18903, found: 538.1894. For second sulfoxide (197 mg, 56%): 1H NMR (500 MHz, 

CDCl3) δ 8.36 (s, 1H, NH), 8.33-8.23 (m, 1H, Ar), 7.67 (ddd, J = 7.0, 3.8, 2.1 Hz, 2H, Ar), 7.62-

7.56 (m, 3H, Ar), 7.38-7.28 (m, 3H, Ar), 7.25-7.18 (m, 3H, Ar), 7.09-7.01 (m, 1H, Ar), 6.96 (tt, 

J = 7.4, 1.3 Hz, 1H, Ar), 5.20 (s, 1H, O-CH-O), 3.77 (s, 3H, OCH3), 3.76 (d, J = 9.9 Hz, 1H, H-

1), 3.75 (s, 2H, CH2-C=O), 3.67 (dd, J = 9.9, 8.3 Hz, 1H, H-2), 3.55 (s, 3H, OCH3), 3.54-3.50 (m, 

1H, H-6eq), 3.38 (t, J = 9.3 Hz, 1H, H-4), 3.34 (t, J = 10.6, 1H, H-6ax), 3.25 (dd, J = 9.3, 8.3 Hz, 

1H, H-3), 2.45 (td, J = 9.3, 4.9 Hz, 1H, H-5); 13C NMR (75 MHz, CD3OD) δ 169.0 (C=O), 139.8 

(C, Ar), 136.2 (C, Ar), 134.8 (C, Ar), 131.4 (CH, Ar), 130.1 (CH, Ar), 129.9 (2 CH, Ar), 129.2 

(2 CH, Ar), 129.0 (2 CH, Ar), 127.8 (CH, Ar) , 127.6 (CH, Ar), 125.3 (CH, Ar), 125.0 (2 CH, 

Ar), 124.0 (C, Ar), 122.4 (CH, Ar), 102.2 (O-CH-O), 93.4 (CH-1), 84.6 (CH-3), 80.7 (CH-4), 

77.9 (CH-2), 70.2 (CH-5), 68.2 (CH2-6), 61.6 (OCH3), 61.2 (OCH3), 45.5 (CH2-C=O). HRMS 

(ESI) m/z calcd for C29H35N2O7S [M+NH4]
+: 555.21595, found: 555.21332. 
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In a similar manner, F6-
13

C6 (232 mg, 0.36 mmol) afforded isotopically labelled compounds 14-

13
C6. First eluting sulfoxide (33 mg, 17%) HRMS (ESI) m/z calcd for C23

13C6H31NNaO7S 

[M+Na]+ 566.19147, found: 566.19228; and second eluting sulfoxide (72 mg, 37%) HRMS (ESI) 

m/z calcd for C23
13C6H35N2O7S [M+NH4]

+: 561.23608, found: 561.23585. 

 

Compounds F7 and F7-
13

C6. Amine F4 (161 mg, 0.40 mmol) and acetic acid (27 L, 0.48 mmol) 

were coupled following the general procedure VII (75 ºC, microwave heating, 90 min). The 

residue was purified by flash silica gel chromatography (hexane/ethyl acetate 7:3 to 5:5) to give 

acetamide F7 (130 mg, 73%). 1H NMR (400 MHz, CDCl3) δ 8.51 (s, 1H, NH), 8.14 (d, J = 8.2 

Hz, 1H, Ar), 7.53 (dd, J = 7.5, 2.1 Hz, 2H, Ar), 7.44 (d, J = 7.7 Hz, 1H, Ar), 7.42-7.29 (m, 4H, 

Ar), 7.11 (t, J = 7.6 Hz, 1H, Ar), 5.53 (s, 1H, O-CH-O), 4.63 (d, J = 9.8 Hz, 1H, H-1), 4.42 (dd, 

J = 10.6, 4.9 Hz, 1H, H-6eq), 3.78 (t, J = 10.4 Hz, 1H, H-6ax), 3.66 (s, 3H, OCH3), 3.63 (s, 3H, 

OCH3), 3.57 (t, J = 9.4 Hz, 1H, H-4), 3.44 (dt, J = 9.6, 4.9 Hz, 1H, H-5), 3.40 (t, J = 9.4, 8.2 Hz, 

1H, H-3), 3.16 (dd, J = 9.8, 8.2 Hz, 1H, H-2), 2.18 (s, 3H, NHAc). 13C NMR (101 MHz, CDCl3) 

δ 168.0 (C=O), 136.0 (C, Ar), 132.8 (C, Ar), 132.5 (2 CH, Ar), 129.9 (CH, Ar), 129.0 (2 CH, Ar), 

128.0 (CH, Ar), 126.4 (CH, Ar), 125.4 (C, Ar), 123.8 (CH, Ar), 122.4 (CH, Ar), 100.7 (O-CH-

O), 88.2 (CH-1), 84.6 (CH-3), 82.9 (CH-2), 80.7 (CH-4), 70.1 (CH-5), 68.8 (CH2-6), 61.2 

(OCH3), 61.1 (OCH3), 24.7 (NHAc). HRMS (ESI) calcd for C23H27NNaO6S [M+Na]+ 468.14513, 

found 468.14470. 

In a similar manner, F4-
13

C6 (106 mg, 0.26 mmol) afforded isotopically labelled compound F7-

13
C6 (117 mg, 100%). HRMS (ESI) m/z calcd for C17

13C6H27NNaO6S [M+Na+]: 474.16526, found 

474.16664. 

 

Compound 15 and 15-
13

C.
 
Phenyl 1-thio--D-glucopyranose derivative F7 (130 mg, 0.29 mmol) 

was oxidized with m-CPBA (77%) (71 mg, 0.32 mmol) according to the conditions described in 

the general procedure VIII (-78 ºC to -30 ºC, 4 h) to yield a 1:1.4 mixture of diastereomeric 

sulfoxides, which were separated by flash chromatography (hexane/ethyl acetate 1:1 to 0:1). For 

first sulfoxide (51 mg, 38%): 1H NMR (300 MHz, CDCl3) δ 8.39 (s, 1H, NH), 8.09 (d, J = 8.2 

Hz, 1H, Ar), 7.62 (dq, J = 4.6, 2.6 Hz, 2H, Ar), 7.57-7.47 (m, 3H, Ar), 7.42 (dd, J = 7.8, 1.5 Hz, 

1H, Ar), 7.34 (td, J = 6.8, 6.0, 2.3 Hz, 1H, Ar), 7.09 (t, J = 7.6 Hz, 1H, Ar), 5.49 (s, 1H, O-CH-

O), 4.42 (dd, J = 10.8, 3.2 Hz, 1H, H-6eq), 4.39 (d, J = 8.2 Hz, 1H, H-1), 3.77-3.59 (m, 2H, H-2, 

H-6ax), 3.55 (s, 3H, OCH3), 3.56-3.43 (m, 3H, H-3, H-4, H-5), 3.42 (s, 3H, OCH3), 2.16 (s, 3H, 

NHAc); 13C NMR (75 MHz, CDCl3) δ 167.9 (C=O), 140.0 (C, Ar), 135.8 (C, Ar), 131.0 (CH, 

Ar), 129.9 (CH, Ar), 128.8 (2 CH, Ar), 126.4 (CH, Ar), 125.3 (C, Ar), 124.6 (2 CH, Ar), 123.8 

(CH, Ar), 122.5 (CH, Ar), 100.6 (O-CH-O), 96.0 (CH-1), 84.8 (CH-3), 80.3 (CH-4), 76.6 (CH-

2), 70.1 (CH-5), 68.3 (CH2-6), 60.8 (OCH3), 60.0 (OCH3), 24.6 (NHAc). HRMS (ESI) calcd for 

C23H28NO7S [M+H]+: 462.1581, found: 462.15788. For second sulfoxide (70 mg, 52%): 1H NMR 
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(300 MHz, CDCl3) δ 8.43 (s, 1H, NH), 8.09 (d, J = 8.2 Hz, 1H, Ar), 7.67-7.56 (m, 2H, Ar), 7.56-

7.45 (m, 3H, Ar), 7.43-7.28 (m, 2H, Ar), 7.07 (t, J = 7.7 Hz, 1H, Ar), 5.46 (s, 1H, O-CH-O), 4.06 

(dd, J = 10.9, 5.1 Hz, 1H, H-6eq), 3.91 (d, J = 9.8 Hz, 1H, H-1), 3.80 (t, J = 9.8, 8.5 Hz, 1H, H-2), 

3.78 (s, 3H, OCH3), 3.70 (t, J = 10.2 Hz, 1H, H-6ax), 3.66-3.59 (m, 1H, H-4), 3.64 (s, 3H, OCH3), 

3.48 (t, J = 8.5 Hz, 1H, H-3), 3.26 (td, J = 9.7, 5.0 Hz, 1H, H-5), 2.16 (s, 3H, NHAc); 13C NMR 

(75 MHz, CDCl3) δ 168.3 (C=O), 138.9 (C, Ar), 135.7 (C, Ar), 131.3 (CH, Ar), 129.6 (CH, Ar), 

128.9 (2 CH, Ar), 128.0 (C, Ar), 126.3 (CH, Ar), 125.1 (2 CH, Ar), 123.9 (CH, Ar), 122.5 (CH, 

Ar), 100.6 (O-CH-O), 93.3 (CH-1), 84.5 (CH-3), 80.1 (CH-4), 78.2 (CH-2), 70.5 (CH-5), 68.0 

(CH2-6), 61.3 (OCH3), 61.0 (OCH3), 24.5 (NHAc). HRMS (ESI) calcd for C23H28NO7S [M+H]+: 

462.1581, found: 462.15963. 

In a similar manner, F7-
13

C6 (98 mg, 0.22 mmol) afforded isotopically labelled compounds 15-

13
C6. First sulfoxide (23 mg, 22%) HRMS (ESI) m/z calcd for C17

13C6H27NNaO7S [M+Na]+: 

490.16017, found: 490.16002; and second eluting sulfoxide (45 mg, 44%) HRMS (ESI) m/z calcd 

for C17
13C6H27NNaO7S [M+Na]+: 490.16017, found: 490.16002. 

 

4.3 Route G. 2-Deoxy derivatives.  

 

Scheme S9. Synthesis of 4,6-O-benzylidene-2-deoxy-glucose derivatives 16 and 17. Derivatives 

16-
13

C6 and 17-
13

C6 were also prepared incorporating 13C atoms at all pyranose positions (using 

D-glucose-13C6 as starting material). 

 

Compounds G2 and G2-
13

C6. Phenyl 2-deoxy-1-thio--D-glucopyranoside11 G1 (615 mg, 2.40 

mmol) and 1-azido-2-(dimethoxymethyl)benzene (555 mg, 2.88 mmol) were coupled following 

the general procedure VI (rt, 3 h). The reaction mixture was concentrated at reduced pressure and 
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the residue was purified by flash chromatography (hexane/ethyl acetate 9:1 to 7:3). For compound 

G2 (666 mg, 72%): 1H NMR (300 MHz, CDCl3) δ 7.53 (dd, J = 7.7, 1.6 Hz, 1H, Ar), 7.44-7.37 

(m, 2H, Ar), 7.31 (td, J = 7.7, 1.7 Hz, 1H, Ar), 7.27-7.20 (m, 3H, Ar), 7.13-7.03 (m, 2H, Ar), 5.69 

(s, 1H, O-CH-O), 4.79, (dd, J = 12.0, 2.2 Hz, 1H, H-1), 4.22 (dd, J = 10.7, 4.8 Hz, 1H, H-6eq), 

3.81 (td, J = 10.6, 6.4, 2.1 Hz, 1H, H-3), 3.71 (t, J = 9.8 Hz, 1H, H-6ax), 3.35-3.20 (m, 2H, H-4,H-

5), 2.53 (d, J = 2.1 Hz, 1H, OH), 2.29 (ddd, J = 13.2, 5.3, 2.2 Hz, 1H, H-2eq), 1.75 (ddd, J = 13.2, 

12.0, 11.0 Hz, 1H, H-2ax); 
13C NMR (75 MHz, CDCl3) δ 137.5 (C, Ar), 132.9 (C, Ar), 131.9 (2 

CH, Ar), 130.5 (CH, Ar), 128.9 (2 CH, Ar), 128.1 (C, Ar), 127.8 (CH, Ar), 127.6 (CH, Ar), 124.9 

(CH, Ar), 118.1 (CH, Ar), 97.3 (O-CH-O), 82.9 (CH-4), 82.7 (CH-1), 70.4 (CH-5), 69.3 (CH-3), 

68.8 (CH2-6), 38.6 (CH2-2). HRMS (ESI) m/z calcd for C19H19N3NaO4S [M+Na]+: 408.09885, 

found: 408.09697.  

In a similar manner, isotopically labelled compound G2-
13

C6 was synthesized from G1-
13

C6 

(prepared from D-Glucose-13C6) (670 mg, 2.51 mmol). Once the reaction was complete, 

purification was carried out by flash chromatography (hexane/ethyl acetate 9:1 to 7:3) to afford 

pure G2-
13

C6 (840 mg, 86%). HRMS (ESI) m/z calcd for C13
13C6H19N3NaO4S [M+Na]+: 

414.11950, found: 414.11320. 

 

Compound G3 and G3-
13

C6. Alcohol G2 (460 mg, 1.19 mmol) was methylated according to the 

general procedure V using NaH (1.06 g, 60% suspension in mineral oil, 26.5 mmol) and MeI 

(0.11 mL, 1.78 mmol). After work up, the residue was purified by flash silica gel chromatography 

(hexane/ethyl acetate 9:1 to 8:2) to give derivative G3 (400 mg, 84%). 1H NMR (500 MHz, 

CDCl3) δ 7.64 (dd, J = 7.7, 1.6 Hz, 1H, Ar), 7.53-7.48 (m, 2H, Ar), 7.40-7.35 (m, 1H, Ar), 7.35-

7.29 (m, 3H, Ar), 7.19-7.12 (m, 2H, Ar), 5.77 (s,1H, O-CH-O), 4.90 (dd, J = 12.1, 2.2 Hz, 1H, H-

1), 4.31 (dd, J = 10.5, 4.9 Hz, 1H, H-6eq), 3.83 (t, J = 10.3 Hz, 1H, H-6ax), 3.62-3.53 (m, 2H, H-

4, H-3), 3.50-3.45 (m, 1H, H-5), 3.45 (s, 3H, OCH3), 2.50 (ddd, J = 13.1, 4.8, 2.2 Hz, 1H, H-2eq), 

1.85-1.68 (m, 1H, H-2ax); 
13C NMR (101 MHz, CDCl3) δ: 137.7 (C, Ar), 133.2 (C, Ar), 132.1 (2 

CH, Ar), 131.6 (C, Ar), 130.5 (CH, Ar), 129.1 (2 CH, Ar),127.9 (CH, Ar), 127.7 (CH, Ar), 124.9 

(CH, Ar), 118.2 (CH, Ar), 97.4 (O-CH-O), 83.0 (CH-1), 82.6 (CH-4), 77.7 (CH-3), 70.9 (CH-5), 

69.0 (CH2-6), 58.0 (OCH3) 37.0 (CH2-2). HRMS (ESI) m/z calcd for C20H21N3NaO4S [M+Na]+: 

422.1145, found: 422.11399. 

In a similar manner, G2-
13

C6 (840 mg, 2.15 mmol) afforded isotopically labelled compound G3-

13
C6 (560 mg, 64%). HRMS (ESI) m/z calcd for C14

13C6H21N3NaO4S[M+Na]+:428.13463, found: 

428.13511. 

 

Compound G4 and G4-
13

C6. Azide G3 (920 mg, 2.16 mmol) was reduced following the general 

procedure III (3 h, rt). The residue was purified by flash silica gel chromatography (hexane/ethyl 

acetate 7:3) to give G4 (529 mg, 66%). 1H NMR (500 MHz, CDCl3) δ 7.51-7.47 (m, 2H, Ar), 
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7.36-7.27 (m, 4H, Ar), 7.13 (ddd, J = 7.9, 7.4, 1.6 Hz, 1H, Ar), 6.77-6.70 (m, 1H, Ar), 6.68 (dd, 

J = 8.0, 1.1 Hz, 1H, Ar), 5.55 (s, 1H, O-CH-O), 4.89 (dd, J = 11.7, 2.2 Hz, 1H, H-1), 4.36 (dd, J 

= 10.1, 5.1 Hz, 1H, H-6eq), 3.82 (t, J = 10.1 Hz, 1H, H-6ax), 3.63-3.53 (m, 2H, H-3, H-4), 3.52-

3.47 (m, 1H, H-5), 3.46 (s, 3H, OCH3), 2.51 (ddd, J = 13.1, 4.8, 2.2 Hz, 1H, H-2eq), 1.85-1.69 (m, 

1H, H-2ax); 
13C NMR (126 MHz, CDCl3) δ 145.7 (C, Ar), 133.2 (C, Ar), 132.1 (2 CH, Ar), 131.5 

(C, Ar), 130.0 (CH, Ar), 129.1 (2 CH, Ar), 128.0 (CH, Ar), 127.3 (CH, Ar), 118.3 (CH, Ar), 116.8 

(CH, Ar), 101.6 (O-CH-O), 83.1 (CH-1), 82.4 (CH-4), 77.9 (CH-3), 71.0 (CH-5), 68.9 (CH2-6), 

58.2 (OCH3), 37.0 (CH2-2). HRMS (ESI) m/z calcd for C20H24NO4S [M+H]+: 374.14206, found: 

374.14047. 

In a similar manner, G3-
13

C6 (560 mg, 1.38 mmol) afforded isotopically labelled compound G4-

13
C6 (501 mg, 96%). HRMS (ESI) m/z calcd for C14

13C6H24NO4S [M+H]+: 380.16218, found: 

380.16314. 

 

Compound G5 and G5-
13

C6. Amine G4 (249 mg, 0.64 mmol) and 1-pyreneacetic acid (199 mg, 

0.77 mmol) were coupled following the general procedure VII (60 ºC, microwave heating, 120 

min; then, 80 ºC, microwave heating, 60 min). The residue was purified by flash silica gel 

chromatography (toluene/ethyl acetate 95:5) to give amide G5 (200 mg, 51%). 1H NMR (300 

MHz, CDCl3) δ 8.46 (dd, J = 8.3, 1.1 Hz, 1H, Ar), 8.38 (s, 1H, NH), 8.31 (d, J = 9.2 Hz, 1H, Ar), 

8.22-8.13 (m, 4H, Ar), 8.09-8.00 (m, 2H, Ar), 7.93 (d, J = 8.9 Hz, 1H, Ar), 7.82 (d, J = 8.9 Hz, 

1H, Ar), 7.47-7.29 (m, 6H, Ar), 7.09 (dd, J = 7.6, 1.6 Hz, 1H, Ar), 7.00 (td, J = 7.5, 1.2 Hz, 1H, 

Ar), 4.91 (s, 1H, O-CH-O), 4.50 (d, J = 16.9 Hz, 1H, CH2a-C=O), 4.45 (d, J = 16.9 Hz, 1H, CH2b-

C=O), 3.48 (dd, J = 12.0, 2.3 Hz, 1H, H-1), 3.36 (dd, J = 10.5, 5.2 Hz, 1H, H-6eq), 2.90 (t, J = 

10.3 Hz, 1H, H-6ax), 2.84 (s, 3H, OCH3), 2.67 (t, J = 9.0 Hz, 1H, H-4), 1.78 (ddd, J = 10.9, 9.0, 

5.2 Hz, 1H, H-3), 1.55-1.44 (m, 2H, H-2eq, H-5) 1.01 (td, J = 12.2, 10.9 Hz, 1H, H-2ax); 
13C NMR 

(126 MHz, CDCl3) δ 169.5 (C=O), 136.3 (C, Ar), 133.1 (C, Ar), 132.7 (2 CH, Ar), 131.3 (2 C, 

Ar), 131.3 (C, Ar), 130.9 (C, Ar), 130.8 (C, Ar), 130.3 (C, Ar), 130.1 (CH, Ar), 129.3 (CH, Ar), 

129.2 (C, Ar), 129.0 (2 CH, Ar), 128.9 (CH, Ar), 128.5 (CH, Ar), 128.2 (CH, Ar), 128.2 (CH, 

Ar), 127.4 (CH, Ar), 126.8 (CH, Ar), 126.1 (CH, Ar), 125.8 (CH, Ar), 125.1 (CH, Ar), 124.6 (C, 

Ar), 123.9 (CH, Ar), 123.5 (CH, Ar), 122.4 (CH, Ar), 103.3 (O-CH-O), 82.1 (CH-4), 81.6 (CH-

1), 76.5 (CH-3), 69.0 (CH-5), 68.5 (CH2-6), 57.3 (OCH3), 44.2 (CH2-C=O) , 36.2 (CH2-2). HRMS 

(ESI) m/z calcd for C38H34NO5S [M+H]+: 616.21534, found: 616.21522. 

In a similar manner, G4-
13

C6 (217 mg, 0.57 mmol) afforded isotopically labelled compound G5-

13
C6 (180 mg, 51%). HRMS (ESI) m/z calcd for C32

13C6H34NO5S [M+H]+: 622.23535, found: 

622.23586. 

 

Compound 16 and 16-
13

C6. Phenyl 2-deoxy-1-thio--D-glucopyranose derivative G5 (200 mg, 

0.32 mmol) was oxidized with m-CPBA (77%) (87 mg, 0.39 mmol) according to the conditions 
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described in the general procedure VIII (-78 ºC to -30 ºC, 150 min) to yield a mixture of 

diastereomeric sulfoxides, which were partially separated by flash chromatography (hexane/ethyl 

acetate 7:3 to 4:6) (72 mg of first sulfoxide and 102 mg of a mixture of both sulfoxides, 86% 

overall yield). For first isomer: 1H NMR (300 MHz, CDCl3) δ 8.36 (dd, J = 8.4, 1.2 Hz, 1H, Ar), 

8.28 (d, J = 9.2 Hz, 1H, Ar), 8.22 (d, J = 7.6 Hz, 1H, Ar), 8.20-8.12 (m, 4H, Ar), 8.08-8.02 (m, 

2H, Ar), 7.98 (d, J = 8.9 Hz, 1H, Ar), 7.90 (d, J = 8.9 Hz, 1H, Ar), 7.67-7.63 (m, 3H, Ar), 7.63-

7.56 (m, 1H, Ar), 7.35 (td, J = 7.9, 1.6 Hz, 1H, Ar), 7.12 (dd, J = 7.8, 1.6 Hz, 1H, Ar), 7.01 (td, J 

= 7.5, 1.2 Hz, 1H, Ar), 4.80 (s, 1H, O-CH-O), 4.61-4.39 (m, 2H, CH2-C=O), 3.32 (dd, J = 11.9, 

2.8 Hz, 1H, H-1), 3.15 (dd, J = 10.5, 5.2 Hz, 1H, H-6eq), 2.85 (s, 3H, OCH3), 2.60 (t, J = 10.4 Hz, 

1H, H-6ax), 2.60 (t, J = 9.5 Hz, 1H, H-4), 2.03 (ddd, J = 10.9, 9.1, 5.1 Hz, 1H, H-3), 1.65 (td, J = 

9.8, 5.1 Hz, 1H, H-5), 1.56 (m, 1H, H-2a), 1.32 (m, 1H, H-2b); 
13C NMR (75 MHz, CDCl3) δ 

169.4 (C=O), 140.7 (C, Ar), 136.0 (C, Ar), 132.0 (CH, Ar), 131.3 (C, Ar), 131.2 (C, Ar), 131.0 

(C, Ar), 130.3 (C, Ar), 130.1 (CH, Ar), 129.3 (CH, Ar), 129.3 (2 CH, Ar), 129.0 (CH, Ar), 128.3 

(CH, Ar), 128.0 (CH, Ar), 127.3 (CH, Ar), 126.8 (CH, Ar), 126.1 (CH, Ar), 125.9 (CH, Ar), 125.3 

(C, Ar), 125.3 (C, Ar), 125.1 (CH, Ar), 124.9 (2 CH, Ar), 124.6 (C, Ar), 124.1 (CH, Ar), 123.5 

(CH, Ar), 122.6 (CH, Ar), 102.4 (O-CH-O), 91.4 (CH-2), 81.7 (CH-4), 76.0 (CH-5), 69.6 (CH-

3), 67.8 (CH2-6), 57.4 (OCH3), 44.2 (CH2-C=O), 27.6 (CH2-2); HRMS (ESI) m/z calcd for 

C38H33NNaO6S[M+Na]+: 654.19208, found: 654.1925. 

In a similar manner, G5-
13

C6 (180 mg, 0.29 mmol) afforded isotopically labelled compound 16-

13
C6. First eluting sulfoxide (53 mg, 29%) HRMS (ESI) m/z calcd for C32

13C6H34NO6S [M+H]+: 

638.23026:, found: 638.23125; and 68 mg (37%) of a mixture of both sulfoxides. 

 

Compounds G6 and G6-
13

C6. Amine G4 (254 mg, 0.68 mmol) and 1-phenylacetic acid (106 mg, 

0.78 mmol) were coupled following the general procedure VII (80 ºC, microwave heating, 75 

min). The residue was purified by flash silica gel chromatography (toluene/ethyl acetate 9:1) to 

give amide G6 (210 mg, 63%). 1H NMR (500 MHz, CDCl3) δ 8.47 (br.s, 1H, NH), 8.26 (dd, J = 

8.2, 1.2 Hz, 1H, Ar), 7.56-7.50 (m, 2H, Ar), 7.43-7.29 (m, 9H, Ar), 7.19 (ddt, J = 8.8, 7.1, 1.4 Hz, 

1H, Ar), 7.11-7.03 (m, 1H, Ar), 5.30 (s, 1H, O-CH-O), 4.79 (dd, J = 12.1, 2.1 Hz, 1H, H-1), 3.98 

(dd, J = 10.0, 5.4 Hz, 1H, H-6eq), 3.76 (s, 2H, CH2-C=O), 3.49 (t, J = 10.0 Hz, 1H, H-6ax), 3.39 

(s, 3H, OCH3), 3.40-3.31 (m, 2H, H-4, H-3), 2.85 (ddd, J = 10.0, 8.6, 5.4 Hz, 1H, H-5), 2.50 (ddd, 

J = 13.0, 4.7, 2.1 Hz, 1H, H-2eq), 1.68 (td, J = 13.0, 12.0, 10.3 Hz, 1H, H-2ax); 
13C NMR (126 

MHz, CDCl3) δ 169.1 (C=O), 136.2 (C, Ar), 135.1 (C, Ar), 133.2 (C, Ar), 132.5 (2 CH, Ar), 130.0 

(CH, Ar), 129.8 (2 CH, Ar), 129.2 (2 CH, Ar), 129.1 (2 CH, Ar), 128.2 (CH, Ar), 127.6 (CH, Ar), 

127.4 (CH, Ar), 125.5 (C, Ar), 124.0 (CH, Ar), 122.4 (CH, Ar), 102.0 (O-CH-O), 83.1 (CH-1), 

82.2 (CH-4), 77.7 (CH-3) 70.3 (CH-5), 68.9 (CH2-6), 57.9 (OCH3), 45.5 (CH2-C=O), 36.8 (CH2-

2). HRMS (ESI) m/z calcd for C28H30NO5S [M+H]+: 492.18392, found: 492.18523. 
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In a similar manner, G4-
13

C6 (168 mg, 0.44 mmol) afforded isotopically labelled compound F6-

13
C6 (122 mg, 56%). HRMS (ESI) m/z calcd for C22

13C6H30NO5S [M+H]+: 498.20405, found: 

528.21493. 

 

Compound 17 and 17-
13

C6. Phenyl 2-deoxy-1-thio--D-glucopyranose derivative G6 (264 mg, 

0.54 mmol) was oxidized with m-CPBA (77%) (132 mg, 0.59 mmol) according to the conditions 

described in the general procedure VIII (-78 ºC to -30 ºC, 5 h) to yield a 1.6:1 mixture of 

diastereomeric sulfoxides, which were separated by flash chromatography (hexane/ethyl acetate 

7:3 to 4:6). For first eluting sulfoxide (142 mg, 52%): 1H NMR (500 MHz, CDCl3) δ 8.41 (s, 1H, 

NH), 8.22 (dd, J = 8.2, 1.2 Hz, 1H, Ar), 7.72-7.66 (m, 2H, Ar), 7.59 (dt, J = 4.5, 2.8 Hz, 3H, Ar), 

7.43-7.39 (m, 1H, Ar), 7.34-7.27 (m, 5H, Ar), 7.14-7.01 (m, 2H, Ar), 5.28 (s, 1H, O-CH-O), 4.14 

(dd, J = 11.9, 2.5 Hz, 1H, H-1), 3.90 (dd, J = 10.5, 4.6 Hz, 1H, H-6eq), 3.74 (s, 2H, CH2-C=O), 

3.45 (t, J = 10.5 Hz, 1H, H-6ax), 3.41-3.38 (m, 1H, H-4), 3.34 (s, 3H, OCH3), 3.33-3.24 (m, 1H, 

H-3), 2.76 (td, J = 9.8, 4.9 Hz, 1H, H-5), 2.27 (td, J = 13.1, 5.0, 2.5 Hz, 1H, H-2eq), 1.97-1.81 (m, 

1H, H-2ax); 
13C NMR (126 MHz, CDCl3) δ 169.1 (C=O), 140.5 (C, Ar), 136.0 (C, Ar), 134.9 (C, 

Ar), 131.7 (CH, Ar), 129.9 (CH, Ar), 129.8 (2 CH, Ar), 129.3 (2 CH, Ar), 129.1 (2 CH, Ar), 127.5 

(CH, Ar), 127.2 (CH, Ar), 125.3 (C, Ar), 124.7 (2 CH, Ar), 123.9 (CH, Ar), 122.45 (CH, Ar), 

101.6 (O-CH-O), 92.5 (CH-1), 81.8 (CH-4), 77.0 (CH-3), 70.8 (CH-5), 68.3 (CH2-6), 57.7 

(OCH3) 45.3 (CH2-C=O), 27.9 (CH2-2). HRMS (ESI) m/z calcd for C28H30NO6S 

[M+H]+:508.17883, found: 508.17818. For second sulfoxide (89 mg, 32%): 1H NMR (500 MHz, 

CDCl3) δ 8.24 (s, 1H, NH), 8.12 (d, J = 8.1 Hz, 1H, Ar), 7.60 (dq, J = 6.9, 2.5 Hz, 2H, Ar), 7.52 

(qd, J = 4.4, 1.5 Hz, 3H, Ar), 7.34-7.21 (m, 6H, Ar), 7.18-7.11 (m, 1H, Ar), 6.99 (td, J = 7.6, 1.2 

Hz, 1H, Ar), 5.14 (s, 1H, O-CH-O), 4.30 (dd, J = 12.0, 2.4 Hz, 1H, H-1), 3.91 (dd, J = 10.5, 4.9 

Hz, 1H, H-6eq), 3.67 (s, 2H, CH2-C=O), 3.32 (t, J = 10.5, 1H, H-6ax), 3.28 (s, 3H, OCH3), 3.26-

3.18 (m, 1H, H-3), 3.14 (t, J = 9.0 Hz, 1H, H-4), 2.87 (td, J = 9.6, 4.9 Hz, 1H, H-5), 2.18 (ddd, J 

= 13.0, 4.8, 2.4 Hz, 1H, H-2eq), 1.37-1.19 (m, 1H, H-2ax); 
13C NMR (75 MHz, CDCl3) δ 169.2 

(C=O), 139.0 (C, Ar), 135.9 (C, Ar), 135.1 (C, Ar), 132.1 (CH, Ar), 130.0 (CH, Ar), 129.8 (2 CH, 

Ar), 129.24 (2 CH, Ar), 129.21 (2 CH, Ar), 127.6 (CH, Ar), 127.1 (CH, Ar), 125.8 (2 CH, Ar), 

125.5 (C, Ar), 124.1 (CH, Ar), 122.6 (CH, Ar), 101.4 (O-CH-O), 90.4 (CH-1), 82.1 (CH-4), 77.0 

(CH-3), 71.1 (CH-5), 68.4 (CH2-6), 58.0 (OCH3), 45.4 (CH2-C=O), 29.8 (CH2-2). HRMS (ESI) 

m/z calcd for C28H30NO6S [M+H]+, found: 508.18099. 

In a similar manner, G6-
13

C6 (122 mg, 0.24 mmol) afforded isotopically labelled compound 17-

13
C6. First eluting sulfoxide (73 mg, 45%) HRMS (ESI) m/z calcd for C22

13C6H30NO6S [M+H]+: 

514.19896, found: 514.19667; second eluting sulfoxide (37 mg, 30%) HRMS (ESI) m/z calcd for 

C22
13C6H29NNaO6S [M+Na]+: 536.18091, found: 536.17768. 
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4.4 Route H. Sandwiched 2-deoxy derivatives.  

 

Scheme S10. Synthesis of compounds 18 and 19. 

  

Compound H2. Phenyl 2-deoxy-1-thio--D-glucopyranoside11 G1 (615 mg, 2.40 mmol) and 1,3-

diazido-2-(dimethoxymethyl)benzene (674 mg, 2.88 mmol) were coupled following the general 

procedure VI (rt, 20 h). The reaction mixture was concentrated at reduced pressure and the residue 

was purified by flash chromatography (hexane/ethyl acetate 9:1 to 7:3). For compound H2 (685 

mg, 67%): 1H NMR (300 MHz, CDCl3) δ 7.53-7.44 (m, 2H, Ar), 7.42-7.27 (m, 4H, Ar), 6.95 (d, 

J = 8.1 Hz, 2H, Ar), 5.98 (s, 1H, O-CH-O), 4.95 (dd, J = 12.0, 2.2 Hz, 1H, H-1), 4.32 (dd, J = 

10.2, 4.7 Hz, 1H, H-6eq), 4.00 (dddd, J = 11.2, 8.4, 5.3, 2.8 Hz, 1H, H-3), 3.74 (t, J = 10.2 Hz, 

1H, H-6ax), 3.61 (ddd, J = 10.2, 9.3, 4.7 Hz, 1H, H-5), 3.40 (t, J = 9.0 Hz, 1H, H-4), 2.42 (d, J = 

2.8 Hz, 1H, H-OH), 2.42 (ddd, J = 13.3, 5.3, 2.1 Hz, 1H, H-2eq), 1.85 (ddd, J = 13.3, 12.0, 10.9 

Hz, 1H, H-2ax); 
13C NMR (75 MHz, CDCl3) δ 140.3 (2 C, Ar), 133.1 (C, Ar), 131.8 (2 CH, Ar), 

131.1 (CH, Ar), 129.0 (2 CH, Ar), 127.8 (CH, Ar), 119.1 (C, Ar), 115.6 (2 CH, Ar), 97.0 (O-CH-

O), 83.2 (CH-4), 82.8 (CH-1), 70.1 (CH-5), 69.3 (CH-3), 69.1 (CH2-6), 38.7 (CH2-2). HRMS 

(ESI) m/z calcd for C19H18N6NaO4S [M+Na]+ 449.10024, found 449.09958. 

 

Compound H3: Alcohol H2 (400 mg, 0.94 mmol) was methylated according to the general 

procedure V using NaH (56 mg, 60% suspension in mineral oil, 1.39 mmol) and MeI (87 L, 1.39 
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mmol). After work up, the residue was purified by flash silica gel chromatography (hexane/ethyl 

acetate 95:5 to 90:10) to give derivative H3 (370 mg, 90%): 1H NMR (300 MHz, CDCl3) δ 7.49 

(dd, J = 7.3, 2.2 Hz, 2H, Ar), 7.39-7.28 (m, 4H, Ar), 6.93 (d, J = 8.1 Hz, 2H, Ar), 5.98 (s, 1H, O-

CH-O), 4.94 (dd, J = 12.1, 2.2 Hz, 1H, H-1), 4.31 (dd, J = 10.3, 4.5 Hz, 1H, H-6eq), 3.75 (t, J = 

10.1 Hz, 1H, H-6ax), 3.69-6.55 (m, 2H, H-3, H-5), 3.51 (t, J = 8.9 Hz, 1H, H-4), 3.41 (s, 3H, 

OCH3), 2.55 (ddd, J = 13.1, 5.0, 2.3 Hz, 1H, H-2eq), 1.74 (q, J = 13.1, 12.0, 10.7 Hz, 1H, H-2ax); 

13C NMR (75 MHz, CDCl3) δ 140.2 (2 C, Ar), 133.1 (C, Ar), 131.6 (2 CH, Ar), 130.8 (CH, Ar), 

128.9 (2 CH, Ar), 127.6 (CH, Ar), 119.4 (C, Ar), 115.7 (2 CH, Ar), 96.8 (O-CH-O), 82.8 (CH-

1), 82.1 (CH-4), 77.5 (CH-3), 70.4 (CH-5), 69.0 (CH2-6), 57.1 (OCH3), 36.4 (CH2-2). HRMS 

(ESI) m/z calcd for C20H20N6NaO4S [M+Na]+ 463.11589, found 463.1167. 

 

Compound H4: Di-azido derivative H3 (370 mg, 0.84 mmol) was reduced following the general 

procedure III (4 h, rt). The residue was purified by flash silica gel chromatography (hexane/ethyl 

acetate 6:4 to 5:5) to give H4 (250 mg, 77%). 1H NMR (300 MHz, CDCl3) δ 7.53-7.44 (m, 2H, 

Ar), 7.37-7.28 (m, 3H, Ar), 6.88 (t, J = 8.0 Hz, 1H, Ar), 6.09 (d, J = 7.9 Hz, 2H, Ar), 5.78 (s, 1H, 

O-CH-O), 4.89 (dd, J = 12.1, 2.2 Hz, 1H, H-1), 4.37 (dd, J = 10.5, 4.2 Hz, 1H, H-6eq), 4.13 (br.s, 

4H, 2 NH2), 3.80 (t, J = 10.0 Hz, 1H, H-6ax), 3.61-3.46 (m, 3H, H-3, H-4, H-5), 3.43 (s, 3H, 

OCH3), 2.51 (dt, J = 13.6, 4.1, 2.1 Hz, 1H, H-2eq), 1.73 (q, J = 13.2, 12.3, 10.0 Hz, 1H, H-2ax); 

13C NMR (75 MHz, CDCl3) δ146.1 (2 C, Ar), 132.9 (C, Ar), 131.7 (2 CH, Ar), 130.1 (CH, Ar), 

128.8 (2 CH, Ar), 127.6 (CH, Ar), 107.5 (2 CH, Ar), 106.5 (C, Ar), 101.0 (O-CH-O), 82.6 (CH-

1), 82.1 (CH-4), 77.4 (CH-3), 70.5 (CH-5), 68.8 (CH2-6), 57.7 (OCH3), 36.6 (CH2-2). HRMS 

(ESI) m/z calcd for C20H25N2O4S [M+H]+ 389.15295, found 389.15409. 

 

Compound H5. A solution of the di-amino derivative H4 (250 mg, 0.64 mmol) in dry DCM (6.4 

mL) was treated, at 0 ºC under Ar atmosphere, with TEA (0.36 mL, 2.57 mmol) and a solution of 

freshly prepared 1-pyreneacetyl chloride (448 mg, 1.61 mmol) in dry DCM (3.3 mL). The 

resulting reaction mixture was allowed to stir at r.t. for 2.5 days, at which point it was deemed 

finished, quenched by the addition of MeOH and evaporated to dryness under vacuum. The 

residue was purified through a silica gel column chromatography (DCM/ethyl acetate 6:4) to 

afford bis-1-pyreneacetamide H5 (396 mg, 71%): 1H NMR (300 MHz, CDCl3) δ 8.12-7.98 (m, 

5H, Ar, 2 NH), 7.98-7.85 (m, 6H, Ar), 7.85-7.69 (m, 7H, Ar), 7.62 (d, J = 9.0 Hz, 2H, Ar), 7.51 

(dt, J = 5.8, 2.5 Hz, 3H, Ar), 7.48-7.39 (m, 2H, Ar), 7.33-7.23 (m, 1H, Ar), 4.33 (s, 1H, O-CH-

O), 4.31 (d, J = 16.8 Hz, 2H, 2 CH2a-C=O), 4.22 (d, J = 16.8 Hz, 2H CH2b-C=O), 2.86 (dd, J = 

12.2, 2.3 Hz, 1H, H-1), 2.65 (dd, J = 10.4, 5.2 Hz, 1H, H-6eq), 2.22 (s, 3H, OCH3), 1.91 (t, J = 

10.3 Hz, 1H, H-6ax), 1.08 (t, J = 9.2 Hz, 1H, H-4), 0.94 (ddd, J = 12.7, 5.1, 2.3 Hz, 1H, H-2a), 

0.81 (td, J = 10.1, 5.2 Hz, 1H, H-3), 0.34 (td, J = 9.8, 5.1 Hz, 1H, H-5), -0.04 (td, J = 12.4, 10.4 

Hz, 1H, H-2b); 
13C NMR (75 MHz, CDCl3) δ 169.3 (2 C=O), 135.9 (2 C, Ar), 133.8 (C, Ar), 132.5 
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(2 CH, Ar), 130.8 (4 C, Ar), 130.3 (2 C, Ar), 129.6 (C, Ar), 129.5 (CH, Ar), 128.7 (2 CH, Ar), 

128.5 (2 CH, Ar), 128.4 (2 CH, Ar), 127.9 (C, Ar), 127.8 (CH, Ar), 127.5 (2 CH, Ar), 126.9 (2 

CH, Ar), 126.2 (2 CH, Ar), 125.6 (2 C, Ar), 125.4 (2 CH, Ar), 124.7 (2 CH, Ar), 124.6 (2 CH, 

Ar), 124.1 (2 C, Ar), 122.6 (2 CH, Ar), 120.6 (2 CH, Ar), 117.7 (C, Ar), 98.6 (O-CH-O), 81.1 

(CH-1), 80.6 (CH-4), 74.9 (CH-3), 67.8 (CH2-6), 67.5 (CH-5), 55.6 (OCH3), 43.4 (2 CH2-C=O), 

34.8 (CH2-2). HRMS (ESI) m/z calcd for C56H48N3O6S [M+NH4]
+ 890.32583, found 890.32434.  

 

Compound 18. Phenyl 2-deoxy-1-thio--D-glucopyranose derivative H5 (240 mg, 0.27 mmol) 

was oxidized with m-CPBA (77%) (61 mg, 0.28 mmol) according to the conditions described in 

the general procedure VIII (-78 ºC to -50 ºC, 3.5 h). The residue was purified through a silica gel 

column chromatography (DCM/toluene/ethyl acetate 4:1:5) to yield an inseparable mixture of 

epimeric sulfoxides (190 mg, 78%).1H NMR (300 MHz, CDCl3) δ 8.21-7.51 (m, 27.75H), 7.31 

(t, J = 8.3 Hz, 0.75H), 4.44-4.16 (m, 5.25H), 2.58 (dd, J = 10.5, 4.9 Hz, 0.25H), 2.49 (dd, J = 

12.0, 2.7 Hz, 1H, H-1), 2.37 (dd, J = 10.6, 5.3 Hz, 1H), 2.33 (s, 3H, OCH3), 2.14 (s, 0.75H, OCH3), 

2.06 (t, J = 10.3 Hz, 0.25H), 1.65-1.48 (m, 1.25H), 1.30-1.14 (m, 1.25H), 1.12-0.99 (m, 0.25H), 

0.97-0.76 (m, 1.25H), 0.82 (t, J = 9.1 Hz, 1H), 0.39 (td, J = 9.8, 5.1 Hz, 0.25H), 0.29-0.09 (m, 

1.25H), -0.18 (q, J = 11.9 Hz, 0.25H). 13C NMR (75 MHz, CDCl3) δ 169.42, 169.36, 141.3, 139.3, 

136.03, 135.96, 131.9, 131.4, 131.11, 131.07, 131.02, 130.94, 130.6, 130.5, 129.9, 129.8, 129.7, 

129.3, 129.04, 128.98, 128.8, 128.7, 128.0, 127.8, 127.2, 127.1, 126.5, 125.9, 125.8, 125.6, 

124.93, 124.87, 124.84, 124.34, 124.25, 123.8, 123.0, 120.6, 117.2, 117.1, 99.2, 99.0, 89.8, 89.6, 

80.9, 80.3, 74.8, 74.6, 68.8, 68.1, 67.8, 67.3, 56.2, 55.9, 43.9, 43.6, 28.3, 27.5. HRMS (ESI) m/z 

calcd for C56H48N3O7S [M+NH4]
+ 906.32075, found 906.32130.  

 

Compound H6: A solution of the di-amino derivative H4 (194 mg, 0.5 mmol) in dry DCM (5 

mL) was treated, at 0 ºC under Ar atmosphere, with TEA (0.28 mL, 2.0 mmol) and a solution of 

phenylacetyl chloride (193 mg, 1.25 mmol) in dry DCM (2.5 mL). The resulting reaction mixture 

was allowed to stir at rt for 4 days, at which point it was deemed finished, quenched by the 

addition of methanol and evaporated to dryness under vacuum. The residue was purified through 

a silica gel column chromatography (hexane/ethyl acetate 6:4 to 5:5) to afford the desired 

phenylacetamide H6 (214 mg, 68%): 1H NMR (500 MHz, CDCl3) δ 8.28 (s, 2H, 2 NH), 7.76 (d, 

J = 8.2 Hz, 2H, Ar), 7.56 (dt, J = 6.3, 2.1 Hz, 2H, Ar), 7.48-7.38 (m, 3H, Ar), 7.34-7.24 (m, 9H, 

Ar), 7.22-7.13 (m, 2H, Ar), 5.09 (s, 1H, O-CH-O), 4.67 (dd, J = 12.0, 2.1 Hz, 1H, H-1), 3.68 (s, 

4H, 2 CH2-C=O), 3.62 (dd, J = 10.5, 4.7 Hz, 1H, H-6eq), 3.26 (s, 3H, OCH3), 3.19-3.04 (m, 2H, 

H-3, H-6ax), 2.82 (t, J = 9.1 Hz, 1H, H-4), 2.51-2.35 (m, 2H, H-5, H-2eq), 1.56 (td, J = 12.7, 10.9 

Hz, 1H, H-2ax); 
13C NMR (75 MHz, CDCl3) δ 169.1 (2 C=O), 136.2 (2 C, Ar), 134.7 (2 C, Ar), 

132.9 (C, Ar), 132.5 (2 CH, Ar), 129.9 (C, Ar), 129.6 (4 CH, Ar), 129.0 (4 CH, Ar), 128.9 (2 CH, 

Ar), 128.2 (2 CH, Ar), 127.5 (2 CH, Ar), 120.4 (2 CH, Ar), 99.8 (O-CH-O), 82.8 (CH-1), 81.7 
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(CH-4), 77.1 (CH-3), 69.7 (CH-5), 68.8 (CH2-6), 57.3 (OCH3), 45.1 (2 CH2-C=O), 36.4 (CH2-2). 

HRMS (ESI) m/z calcd for C36H40N3O6S [M+NH4]
+ 642.26323, found 642.26538. 

Compound 19: Phenyl 1-thio--D-pyranose derivative H6 (128 mg, 0.205 mmol) was oxidized 

with m-CPBA (77%) (46 mg, 0.205 mmol) according to the conditions described in the general 

procedure VIII (-78 ºC to -50 ºC, 2.5 h). The residue was purified through a silica gel column 

chromatography (hexane/ethyl acetate 1:1 to 0:1) to yield separable epimeric sulfoxides. First 

eluting sulfoxide (57 mg, 43%): 1H NMR (300 MHz, CDCl3) δ 8.15 (s, 2H, 2 NH), 7.79-7.68 (m, 

4H, Ar), 7.68-7.61 (m, 3H, Ar), 7.34-7.20 (m, 9H, Ar), 7.10 (t, J = 7.0 Hz, 2H, Ar), 5.08 (s, 1H, 

O-CH-O), 4.00 (dd, J = 12.0, 2.4 Hz, 1H, H-1), 3.69 (s, 4H, 2 CH2-C=O), 3.54 (dd, J = 10.5, 4.8 

Hz, 1H, H-6eq), 3.26 (s, 3H, OCH3), 3.07 (m, 2H, H-3, H-6ax), 2.85 (t, J = 9.1 Hz, 1H, H-4), 2.34 

(dt, J = 12.8, 4.7, 2.1 Hz, 1H, H-2eq), 2.25 (td, J = 9.8, 4.9 Hz, 1H, H-5), 1.74 (ddd, J = 13.0, 12.0, 

10.8 Hz, 1H, H-2ax). 
13C NMR (75 MHz, CDCl3) δ 169.1 (C=O), 140.9 (C, Ar), 136.2 (2 C, Ar), 

134.8 (2 C, Ar), 131.7 (2 CH, Ar), 130.1 (C, Ar), 129.6 (4 CH, Ar), 129.2 (2 CH, Ar), 129.1 (4 

CH, Ar), 127.5 (2 CH, Ar), 124.7 (2 CH, Ar), 120.7 (2 CH, Ar), 100.0 (O-CH-O), 92.3 (CH-1), 

81.4 (CH-4), 77.2 (CH-3), 70.4 (CH-5), 68.4 (CH2-6), 57.3 (OCH3), 45.1 (2 CH2-C=O), 28.4 

(CH2-2). HRMS (ESI) m/z calcd for C36H36N2NaO7S [M+Na]+ 663.21354, found 663.21462.For 

second eluting sulfoxide (32 mg, 24%): 1H NMR (300 MHz, CDCl3) δ 8.12 (s, 2H, 2 NH), 7.84-

7.51 (m, 7H, Ar), 7.44-7.20 (m, 9H, Ar), 7.13 (t, J = 6.9 Hz, 2H, Ar), 4.98 (s, 1H, O-CH-O), 4.30 

(dd, J = 12.1, 2.2 Hz, 1H, H-1), 3.68 (s, 4H, 2 CH2-C=O), 3.62 (dd, J = 10.4, 4.9 Hz, 1H, H-6eq), 

3.23 (s, 3H, OCH3), 3.13-2.90 (m, 2H, H-3, H-6ax), 2.63 (t, J = 9.2 Hz, 1H, H-4), 2.45 (td, J = 9.7, 

4.8 Hz, 1H, H-5), 2.29 (dd, J = 13.0, 4.0 Hz, 1H, H-2eq), 1.20 (q, J = 13.0, 11.0, 10.0 Hz, 1H, H-

2ax); 
13C NMR (75 MHz, CDCl3) δ 169.1 (2 C=O), 138.6 (2 C, Ar), 136.2 (2 C, Ar), 134.8 (2 CH, 

Ar), 131.9 (2 CH, Ar), 129.6 (4 CH, Ar),129.0 (4 CH, Ar), 127.5 (2 CH, Ar), 125.7 (2 CH, Ar), 

124.6 (C, Ar), 120.6 (2 CH, Ar), 117.4 (C, Ar), 100.0 (O-CH-O), 89.5 (CH-1), 81.7 (CH-4), 77.2 

(CH-3), 70.6 (CH-5), 68.4 (CH2-6), 57.5 (OCH3), 45.1 (2 CH2-C=O), 28.5 (CH2-2). HRMS (ESI) 

m/z calcd for C36H36N2NaO7S [M+Na]+ 663.21354, found 663.21570. 

5. NMR tube methanolysis experiments. 

5.1. Preactivation protocol (two steps reaction). A solution of the disaccharide donor 1 in 

CDCl3 (500 L, 10 mM) was transferred to a 5 mm NMR tube fitted with a septum and purged 

with Ar. Then, it was cooled to 0 ºC and after addition of triflic acid (1 L) the sample was 

immediately transferred to the magnet at 5 ºC, where broadening of the signals was observed by 

1D-1H-NMR. After 5 min, the sample was quenched by the addition of 5 L of CD3OD, and put 

back into the magnet. A major new product was detected, but attempts to isolate it were 

unsuccessful. Both NMR and mass spectrometry suggest a highly strained macrocyclic C-
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glycoside: 1H-NMR (600 MHz, 5 ºC, CDCl3) (selected peaks) δ: 5.66 (1H, H-1’), 5.12 (d, J = 9.5 

Hz, 1H, H-1), 4.89(1H, H-3’), 4.82 (1H, CH2a-C=O), 4.77 (1H, CH2b-C=O),  4.36 (1H, H-2), 3.99 

(1H, H-4), 3.96 (1H, H-5), 3.75 (1H, H-2’), 3.71 (s, 3H, OCH3), 3.68 (2H, 2 H-6), 3.66 (1H, H-

4’), 3.62 (s, 3H, OCH3), 3.57 (1H, H-3), 3.52 (1H, H-6a’), 3.49 (s, 3H, OCH3), 3.47 (1H, H-6b’), 

3.41 (s, 3H, OCH3), 3.37 (s, 3H, OCH3), 3.29 (s, 3H, OCH3), 3.27 (1H, H-5’); 13C-NMR (150 

MHz, 5 ºC, CDCl3) (selected peaks) δ: 97.6 (CH-1’), 85.2 (CH-3), 80.1 (CH-1), 77.4 (CH-5), 74.5 

(CH-4), 73.3 (CH-4’), 71.4 (CH-2), 71.0 (CH2-6), 70.8 (CH-5’), 69.0 (CH2-6’), 67.2 (CH-2’), 

61.3 (OCH3), 59.3 (OCH3), 59.1 (OCH3), 57.7 (OCH3), 57.5 (OCH3), 56.5 (OCH3), 48.0 (CH-3’); 

HRMS (ESI) m/z calcd for C36H44NO10 [M+H]+ 650.29597, found 650.29641. 

5.2. Activation in the presence of 1% CD3OD (one step reaction). A stock solution containing 

CD3OD (1% v/v) in CDCl3 (450 L) was transferred to a 5 mm NMR tube fitted with a septum 

and purged with Ar. Solutions of a selected donor (1 to 8 for individual assays) or combination 

of donors (for competitions) in CDCl3 (50 L, 100 mM) were then added to the tube and shaken 

to mix. Both 1D-1H and 2D-HSQC data sets were recorded for the starting mixture at the 

appropriate working temperature (5 or 25 oC). After addition of triflic acid (3-5 L) in an ice bath, 

the sample was transferred to the magnet. Time evolution of the reaction mixtures was then 

followed by sequential 1D-1H and 2D-HSQC data. The reaction mixture was finally quenched by 

the addition of 100 L of saturated NaHCO3. The identity of the methanolysis products was 

carried out by analyzing 1D and 2D-NMR spectra and further confirmed by MS spectrometry.  

For methanolysis of 1: A single -glycoside product was detected. (ESI) m/z calcd for 

C37H45D3NO11 [M+H]+: 685.34102, found: 685.33423. 

For methanolysis of 4: A mixture - and -glycosides were formed (final ratio 1:2). HRMS (ESI) 

m/z calcd for C21H37D3NO11 [M+H]+: 485.27842, found: 485.27657. 

For methanolysis of 3: Slow reaction affording esentially unreacted starting material. Peaks 

attributable to hemiacetal derivative could be observed after 4 h of reaction (see figure S3). For 

the deacylation product EI-MS (positive mode): m/z = 686.3 [M+NH4]
 + and for the methanolysis 

product EI-MS (positive mode): m/z = 707.2 [M+Na] +.  

For methanolysis of 5: The reaction was complete after 65 min and only -glycoside was detected; 

HRMS (ESI) m/z calcd for C21H37D3NO11 [M+H]+: 485.27842, found: 485.27334. (see Figure 

S3). 

For methanolysis of 6: The reaction was complete after 60 min and a mixture - and -glycosides 

was formed: HRMS (ESI) m/z calcd for C37H44D3NNaO11 [M+Na]+: 707.32296, found: 

707.32413. (See Fig S4 and S5). 
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For methanolysis of 7: The reaction was complete after 45 min and a mixture of - and -

glycosides was formed: HRMS (ESI) m/z calcd for C21H36D3NNaO11 [M+Na]+: 507.26036, 

found: 507.26140. (See Fig S4 and S5). 

For methanolysis of 8: The reaction was incomplete after 550 min and a mixture of starting 

material as well as - and -glycosides was observed. For methyl-d3 glycosides: HRMS (ESI) 

m/z calcd for C37H44D3NNaO11 [M+Na]+: 707.32296, found: 707.32326. (See Fig S5 and S6). 

For methanolysis of 9: The reaction was complete after 190 min and a mixture of - and -

glycosides were formed: HRMS (ESI) m/z calcd for C21H36D3NNaO11 [M+Na]+: 507.26036, 

found: 507.26073. (See Fig S5 and S6). 

 

6. Glycosylation with sulfoxide donors. 

Compound 20. Sulfoxide 10 (93 mg, 0.15 mmol) and trifluoroethanol (0.09 mL, 1.2 mmol) were 

coupled following the general procedure XI (-78ºC to -60ºC, 60 min). After work up, the residue 

was purified by flash silica gel chromatography (hexane/ethyl acetate 8:2 to 6:4) to give a 1:1 

mixture of glycosides 20 and 20 (49 mg, 51%). Selected peaks for 20α: 1H NMR (500 MHz, 

CDCl3) δ 5.14 (s, 1H, O-CH-O), 4.92 (d, J = 1.7 Hz, 1H, H-1), 3.51 (d, J = 17 Hz, 1H, CH2a-

C=O), 3.43 (d, J = 17 Hz, 1H, CH2b-C=O), 3.92-3.80 (m, 3H, CH2-CF3, H-4), 3.71 (dd, J = 3.3, 

1.7 Hz, 1H, H-2), 3.59 (dd, J = 9.9, 3.3 Hz, 1H, H-3), 3.62-3.48 (m, 2H, H-6a, H-5), 3.42 (s, 3H, 

OCH3), 3.40 (s, 3H, OCH3), 3.07-3.02 (m, 1H, H-6b); 
13C NMR (126 MHz, CDCl3) δ 123.6 (q, J 

= 278.1 Hz, CH2-CF3), 100.2 (O-CH-O), 99.0 (CH-1), 78.3 (CH-4), 77.4 (CH-2), 77.3 (CH-3), 

68.1 (CH2-6), 64.3 (q, J = 35.0 Hz, CH2-CF3), 64.3 (CH-5), 62.0 (OCH3), 58.59 (OCH3), 43.8 

(CH2-C=O).Selected peaks for 20β: 1H NMR (500 MHz, CDCl3) δ 5.00 (s, 1H, O-CH-O), 4.46 

(d, J = 15.9 Hz, 1H, CH2a-C=O), 4.40 (d, J = 15.9 Hz, 1H, CH2b-C=O), 3.97-3.87 (m, 1H, H-4, 

CH2a-CF3), 3.71 (dd, J = 3.3, 1.2 Hz, 1H, H-2), 3.56 (s, 3H, OCH3), 3.54-3.45 (m, 1H, H-6ax), 

3.39-3.31 (m, 1H, CH2b-CF3), 3.18 (dd, J = 10.4, 5.3 Hz, 1H, H-6eq), 3.06 (s, 3H, OCH3), 2.97 (d, 

J = 1.2 Hz, 1H, H-1), 1.85 (dd, J = 9.8, 3.3 Hz, 1H, H-3), 1.14 (td, J = 9.8, 5.3 Hz, 1H, H-5); 13C 

NMR (126 MHz, CDCl3) δ 123.6 (q, J = 278.1 Hz, CH2-CF3) 104.3 (O-CH-O), 78.7 (CH-3), 78.0 

(CH-4), 77.5 (CH-2), 68.1 (CH2-6), 65.8 (q, J = 35.0 Hz, CH2-CF3), 65.7 (CH-5), 60.0 (CH3), 

57.9 (CH3), 43.7 (CH2-C=O). HRMS (ESI) m/z calcd for C35H32FNaO7 [M+Na]+: 658.20231, 

found: 658.20505.  

Compound 21. Sulfoxide 12 (120 mg, 0.22 mmol) and trifluoroethanol (0.13 mL, 1.79 mmol) 

were coupled following the general procedure XI (-78ºC to -60ºC, 60 min). After work up, the 

residue was purified by flash silica gel chromatography (hexane/ethyl acetate 8:2 to 7:3) to give 

a 1:3.3 mixture of glycosides 21 and 21 (82 mg, 73%). For 21β: 1H NMR (300 MHz, CDCl3) 

δ 8.44 (s, 1H, NH), 8.29-8.20 (m, 1H, Ar), 7.47-7.38 (m, 4H, Ar), 7.38-7.27 (m, 3H, Ar), 7.07 
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(tdd, J = 7.7, 3.5, 1.2 Hz, 1H, Ar), 5.28 (s, 1H, O-CH-O), 4.58 (s, 1H, H-1), 4.31-4.10 (m, 1H, ) 

,4.06-3.96 (m, 3H, CH2-CF3, H-6eq), 3.90 (t, J = 9.8 Hz, 1H, H-4), 3.82 (dt, J = 3.1, 1.6 Hz, 1H, 

H-2), 3.75(s, 2H, CH2-C=O), 3.67 (s, 3H, OCH3), 3.62 (t, J = 10.2 Hz, 1H, H-6ax), 3.48 (s, 

3H, OCH3), 3.23 (dd, J = 9.8, 3.1 Hz, 1H, H-3), 2.88 (td, J = 9.8, 4.9 Hz, 1H, H-5); 13C NMR 

(75 MHz, CDCl3) δ 169.2 (C=O), 136.0 (C, Ar), 135.1 (C, Ar), 129.9 (CH, Ar), 129.8 (C, 

Ar), 129.7 (2 CH, Ar), 129.2 (2 CH, Ar), 127.5 (CH, Ar), 127.0 (CH, Ar), 124.0 (CH, 

Ar), 123.6 (q, J = 278.4 Hz, CH2-CF3), 122.5 (CH, Ar), 101.5 (CH-1), 101.4 (O-CH-O), 

79.7 (CH-3), 78.1 (CH-4), 77.6 (CH-2), 68.4 (CH2-6), 67.1 (CH-5), 66.0 (q, J = 34.4 Hz 

, CH2-CF3), 62.3 (OCH3), 58.3 (OCH3), 45.5 (CH2-C=O). Selected peaks for 21α: 1H NMR 

(300 MHz, CDCl3) 5.32 (s, 1H, O-CH-O), 4.98 (d, J = 1.9 Hz, 1H, H-1), 3.58 (s, 3H, 

OCH3), 3.50 (s, 3H, OCH3); 
13C NMR (75 MHz, CDCl3) δ 100.6 (O-CH-O), 99.3 (CH-

1), 60.2 (CH3), 58.7 (CH3). HRMS (ESI) m/z calcd for C25H29NF3O7 [M+H]+: 512.18906, 

found: 512.18877. 

 

Compound 22. Sulfoxide 13 (104 mg, 0.225 mmol) and trifluoroethanol (130 L, 1.8 mmol) 

were coupled following the general procedure XI (-78ºC, 60 min). After work up, the residue was 

purified by flash silica gel chromatography (hexane/ethyl acetate 1:1 to 1:4) to give glycoside 

2213 mg, 22%) along with glycoside 22 (51 mg, 50%). For 22: 1H NMR (500 MHz, CDCl3) 

δ 8.68 (s, 1H, NH), 8.18 (dd, J = 8.3, 1.4 Hz, 1H-Ar), 7.47-7.39 (m, 1H-Ar), 7.39-7.31 (m, 1H-

Ar), 7.09 (td, J = 7.6, 1.5 Hz, 1H-Ar), 5.59 (s, 1H, O-CH-O), 5.01 (d, J = 1.7 Hz, 1H, H-1), 4.32 

(dd, J = 9.9, 4.2 Hz, 1H, H-6eq), 4.10 (t, J = 9.6 Hz, 1H, H-3), 4.06-3.98 (m, 1H, CH2a-CF3), 3.98-

3.89 (m, 1H, CH2b-CF3), 3.85 (t, J = 10.1 Hz, 1H, H-6ax), 3.83-3.77 (m, 2H, H-5, H-6), 3.70 (dd, 

J = 10.1, 3.4 Hz, 1H, H-3), 3.57 (s, 3H, OCH3), 3.50 (s, 3H, OCH3), 2.18 (s, 3H, NHAc), 13C 

NMR (126 MHz, CDCl3) δ 168.2 (C=O), 136.2 (C-Ar), 129.9 (CH, Ar), 126.5 (CH, Ar), 125.2 

(C-Ar), 123.7 (CH, Ar), 123.5, (q, , J = 278.5 Hz, CF3), 122.2 (CH, Ar), 101.2 (O-CH-O), 98.8 

(CH-1), 78.2 (CH-4), 77.2 (CH-3), 76.8 (CH-2), 68.6 (CH2-6), 64.59 (CH-5), 64.56 (q, J = 35.3 

Hz, CH2-CF3), 59.8 (OCH3), 57.9 (OCH3), 24.7 (NHAc). HRMS (ESI) m/z calcd for C19H25F3NO7 

[M+H]+: 436.15776, found: 436.15710. For 22β: 1H NMR (500 MHz, CDCl3) δ 8.67 (s, 1H, NH), 

8.18 (d, J = 8.2 Hz, 1H-Ar), 7.53-7.40 (m, 1H-Ar), 7.34 (td, J = 7.6, 1.7 Hz, 1H-Ar), 7.08 (t, J = 

7.6 Hz, 1H-Ar), 5.56 (s, 1H, O-CH-O), 4.66 (s, 1H, H-1), 4.39 (dd, J = 10.6, 4.8 Hz, 1H, H-6eq), 

4.21 (dq, J = 12.4, 8.8 Hz, 1H, CH2a-CF3), 3.03 (t, J = 9.9, 9.2 Hz, 1H, H-4), 3.99-3.94 (m, 1H, 

CH2b-CF3), 3.92 (t, J = 10.6 Hz, 1H, H-6ax), 3.89 (d, J = 3.1 Hz, 1H, H-2), 3.68 (s, 3H, OCH3), 

3.49 (s, 3H, OCH3), 3.41 (dd, J = 9.9, 3.1 Hz, 1H, H-3), 3.37 (td, J = 10.6, 9.2, 4.8 Hz, 1H), 2.18 

(s, 3H, NHAc); 13C NMR (126 MHz, CDCl3) δ 168.4 (C=O), 136.3 (C-Ar), 130.0 (CH, Ar), 126.5 

(CH, Ar), 125.3 (C-Ar), 123.8 (CH, Ar), 123.6 (q, J = 278.5 Hz, CF3), 101.9 (CH-1), 101.0 (O-

CH-O), 79.7 (CH-3), 77.9 (CH-4), 77.0 (CH-2), 68.5 (CH2-6), 67.6 (CH-5), 66.3 (OCH3), 66.2 
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(q, J = 34.9 Hz, CH2-CF3), 57.6 (OCH3), 25.0 (NHAc). HRMS (ESI) m/z calcd for C19H25F3NO7 

[M+H]+: 436.15776, found: 436.15710. 

 

Compound 23. Sulfoxide 11 (92 mg, 0.14 mmol) and trifluoroethanol (80 L, 1.11 mmol) were 

coupled following the general procedure XI (-78ºC to -60ºC, 120 min). After work up, the residue 

was purified by flash silica gel chromatography (hexane/ethyl acetate 9:1 to 7:3) to give glycoside 

23 (34 mg, 38%) along with glycoside 23 (18 mg, 20%). For 23: 1H NMR (500 MHz, CDCl3) 

δ 8.3 (d, J = 9.2 Hz, 1H, Ar), 8.3-8.2 (m, 4H, Ar), 8.1 (d, J = 0.9 Hz, 2H, Ar), 8.1-8.0 (m, 3H, 

Ar), 7.8 (s, 1H, NH), 7.4-7.3 (m, 2H, Ar), 7.1 (td, J = 7.6, 1.3 Hz, 1H, Ar), 4.74 (d, J = 3.8 Hz, 

1H, H-1), 4.68 (s, 1H, O-CH-O), 4.51 (d, J = 16.6 Hz, 1H, CH2a-C=O), 4.47 (dd, J = 16.6, Hz, 

1H, CH2b-C=O),3.9-3.7 (m, 2H, CH2-CF3), 3.4 (s, 3H, OCH3), 3.3 (s, 3H, OCH3), 3.3-3.2 (m, 3H, 

H-3, H-5, H-6eq), 2.7 (dd, J = 9.3, 3.8 Hz, 1H, H-2), 2.3 (t, J = 9.3 Hz, 1H, H-4), 2.2 (t, J = 10.3 

Hz, 1H, H-6ax); 
13C NMR (126 MHz, CDCl3) δ 169.7 (C=O), 135.2 (C, Ar), 131.5 (C, Ar), 131.48 

(C, Ar), 130.93 (C, Ar), 129.92 (C, Ar), 129.7 (CH, Ar), 128.91 (CH, Ar), 128.86 (CH, Ar), 128.3 

(C, Ar), 127.9 (CH, Ar), 127.5 (CH, Ar), 126.9 (C, Ar), 126.5 (CH, Ar), 125.9 (CH, Ar), 125.8 

(CH, Ar), 125.7 (CH, Ar), 125.4 (CH, Ar), 124.8 (C, Ar), 124.7 (C, Ar), 123.63 (q, J=280.Hz, 

CH2-CF3), 124.64 (CH, Ar), 123.5 (CH, Ar), 123.3 (CH, Ar), 98.6 (O-CH-O), 97.8 (CH-1), 81.0 

(CH-4), 80.6 (CH-2), 78.6 (CH-3), 67.9 (CH2-6), 65.0 (q, J = 35.0 Hz, CH2-CF3), 62.1 (CH-5), 

60.8 (OCH3), 60.0 (OCH3), 43.8 (CH2-C=O); HRMS (ESI) m/z calcd for C35H32F3NNaO7 

[M+Na]+: 658.20231, found: 658.20068. For 23β:
 1H NMR (500 MHz, CDCl3) δ 8.35 (s, 1H, 

NH), 8.33 (d, J = 1.2 Hz, 1H, Ar), 8.32 (s, 1H, Ar), 8.30 (s, 1H, Ar), 8.28-8.19 (m, 5H, Ar), 8.10-

8.04 (m, 2H, Ar), 7.41-7.34 (m, 1H, Ar), 7.15 (dd, J = 7.7, 1.6 Hz, 1H, Ar), 7.08-6.99 (m, 1H, 

Ar), 4.77 (s, 1H, O-CH-O), 4.51 (dd, J = 17.2 Hz, 1H, CH2a-C=O), 4.49 (d, J = 17.2, Hz, 1H, 

CH2b-C=O), 3.75 (dq, J = 12.1, 8.6 Hz, 1H, CH2a-CF3), 3.56-3.41 (m, 1H, CH2b-CF3), 3.38 (s, 3H, 

OCH3), 3.27 (d, J = 7.5 Hz, 1H, H-1), 3.25 (s, 3H, OCH3), 2.85 (dd, J = 10.4, 5.2 Hz, 1H, H-6eq), 

2.48 (t, J = 9.4 Hz, 1H, H-4), 2.47 (t, J = 8.1 Hz, 1H, H-2), 2.40 (t, J = 10.4 Hz, 1H, H-6ax), 2.37 

(t, J = 9.0 Hz, 1H, H-3), 1.56-1.51 (m, 1H, H-5); 13C NMR (126 MHz, CDCl3) δ 169.5 (C=O), 

135.9 (C, Ar), 131.5 (C, Ar), 131.4 (C, Ar), 130.9 (C, Ar), 130.06 (CH, Ar), 130.07 (C, Ar) 129.3 

(CH, Ar), 129.0 (CH, Ar), 128.2 (C, Ar), 128.1 (CH, Ar), 127.8 (CH, Ar), 127.5 (CH, Ar), 126.8 

(CH, Ar), 126.03 (CH, Ar), 126.00 (CH, Ar), 125.5 (C, Ar), 125.32 (CH, Ar),1.25.29 (C, Ar), 

124.7 (C, Ar), 124.2 (CH, Ar), 123.3 (CH, Ar), 122.79 (CH, Ar), 121.77 (q, J = 278.0 Hz, CH2-

CF3), 103.1 (O-CH-O), 101.9 (CH-1), 83.0 (CH-2), 81.36 (CH-3), 80.40 (CH-4), 67.9 (CH2-6), 

66.0 (q, J = 34.6 Hz, CH2-CF3), 64.3 (CH-5), 60.63 (OCH3), 60.59 (OCH3), 43.7 (CH2-C=O). 

HRMS (ESI) m/z calcd for C35H33F3NO7[M+H]+: 636.22036, found: 636.2234.  

Compound 24. Sulfoxide 14 (125 mg, 0.23 mmol) and trifluoroethanol (130 L, 1.86 mmol) 

were coupled following the general procedure XI (-78ºC to -60ºC, 60 min). After work up, the 
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residue was purified by flash silica gel chromatography (toluene/acetone 95:5 to 9:1) to give 

exclusively glycoside 24 (44 mg, 37%). For 24: 1H NMR (500 MHz, CDCl3) δ 8.24 (s, 1H, 

NH), 8.13 (dd, J = 8.0, 1.2 Hz, 1H, Ar), 7.46-7.30 (m, 7H, Ar), 7.10 (td, J = 7.6, 1.2 Hz, 1H, Ar), 

5.24 (s, 1H, O-CH-O), 5.05 (d, J = 3.7 Hz, 1H, H-1), 4.07-3.93 (m, 2H, CH2-CF3), 4.00 (dd, J = 

9.6, 5.2 Hz, 1H, H-6eq) 3.78 (d, J = 15.4 Hz, 1H, CH2a-C=O), 3.72 (d, J = 15.4 Hz, 1H, CH2b-

C=O), 3.73-3.78 (m, 1H, H-5), 3.62 (t, J = 9.3 Hz, 1H, H-3), 3.59 (s, 3H, OCH3), 3.54 (s, 3H, 

OCH3), 3.36 (t, J = 9.3 Hz, 1H, H-4), 3.33-3.26 (m, 2H, H-2, H-6ax); 
13C NMR (75 MHz, CDCl3) 

δ 169.3 (C=O), 135.7 (C, Ar), 135.0 (C, Ar), 129.9 (CH, Ar), 129.6 (2 CH, Ar), 129.2 (2 CH, Ar), 

127.6 (CH, Ar), 127.5 (q, J = 280.0 Hz, CH2-CF3), 126.5 (CH, Ar), 126.0 (C, Ar), 124.2 (CH, 

Ar), 122.8 (CH, Ar), 100.2 (O-CH-O), 98.2 (CH-1), 81.6 (CH-4), 81.4 (CH-2), 79.1 (CH-3), 68.7 

(CH2-6), 65.4 (q, J = 35.2 Hz, CH2-CF3), 63.0 (CH-5), 61.3 (OCH3), 59.1 (OCH3), 45.3 (CH2-

C=O); HRMS (ESI) m/z calcd for C25H29F3NO7 [M+H]+: 512.18906, found: 512.18842.  

Compound 25. Sulfoxide 15 (104 mg, 0.23 mmol) and trifluoroethanol (130 L, 1.8 mmol) were 

coupled following the general procedure XI (-78 ºC to -60 ºC, 60 min). After work up, the residue 

was purified by flash silica gel chromatography (hexane/ethyl acetate 1:1 to 1:4) to give 

exclusively glycoside 25 (50 mg, 51%). For 25: 1H NMR (300 MHz,CDCl3) δ 8.54 (s, 1H, 

NH), 8.13 (d, J = 8.1 Hz, 1H, Ar), 7.52-7.29 (m, 2H, Ar), 7.10 (t, J = 7.6 Hz, 1H, Ar), 5.52 (s, 

1H, O-CH-O), 5.07 (d, J = 3.7 Hz, 1H, H-1), 4.34 (dd, J = 10.0, 4.5 Hz, 1H, H-6eq), 4.01 (qt, J = 

8.6, 4.2 Hz, 2H, CH2-CF3), 3.85 (td, J = 9.8, 4.5 Hz, 1H, H-5), 3.73 (t, J = 10.2 Hz, 1H, H-6ax), 

3.68-3.47 (m, 2H, H-3, H-4), 3.62 (s, 3H, OCH3), 3.54 (s, 3H, OCH3), 3.36 (dd, J = 9.0, 3.7 Hz, 

1H, H-2), 2.17 (s, 3H, NHAc), 13C NMR (75 MHz, CDCl3) δ 168.1 (C=O), 136.0 (C, Ar), 129.9 

(CH, Ar), 126.4 (CH, Ar), 125.4 (C, Ar), 123.8 (CH, Ar), 123.5 (q, J = 278.6 Hz, CH2CF3), 122.5 

(CH, Ar), 101.0 (O-CH-O), 97.9 (CH-1), 81.7 (CH-2), 81.2 (CH-3), 79.1 (CH-4), 68.8 (CH2-6), 

65.2 (q, J = 35.1 Hz, CH2CF3), 63.0 (CH-5), 61.1 (OCH3), 58.9 (OCH3), 24.5 (NHAc). HRMS 

(ESI) m/z calcd for C19H25F3NO7 [M+H]+: 436.15776, found 436.15710. 

Compound 26. Sulfoxide 16 (100 mg, 0.15 mmol) and trifluoroethanol (0.05 mL, 0.31 mmol) 

were coupled following the general procedure XI (-78 ºC to -60 ºC, 60 min). After work up, the 

residue was purified by flash silica gel chromatography (hexane/ethyl acetate 8:2 to 7:3) to give 

glycoside 26 (37 mg, 41%) along with glycoside 26 (30 mg, 33%). For 26: 1H NMR (500 

MHz, CDCl3) δ 8.32 (d, J = 9.2 Hz, 1H, Ar), 8.26-8.17 (m, 4H, Ar), 8.12-8.07 (m, 3H, Ar), 8.06-

8.01 (m, 2H, Ar), 7.97 (s, 1H, NH), 7.36-7.30 (m, 2H, Ar), 7.08-7.03 (m, 1H, Ar), 4.81 (s, 1H, O-

CH-O), 4.74 (d, J = 3.7 Hz, 1H, H-1), 4.51 (d, J = 16.6 Hz, 1H, CH2a-C=O), 4.47 (d, J = 16.5 Hz, 

1H, CH2b-C=O), 3.76 (qd, J = 8.7, 5.7 Hz, 2H, CH2-CF3), 3.39 (ddd, J = 11.1, 9.1, 5.1 Hz, 1H, H-

3), 3.36-3.28 (m, 2H, H-6eq, H-5), 3.17 (s, 3H, OCH3), 2.52 (t, J = 9.1 Hz, 1H, H-4), 2.36 (t, J = 

12.0 Hz, 1H, H-6ax), 2.14 (ddd, J = 13.3, 5.1, 1.2 Hz, 1H, H-2eq), 1.19 (ddd, J = 13.3, 11.1, 3.7 

Hz, 1H, H-2ax); 
13C NMR (126 MHz, CDCl3) δ 169.3 (C=O), 136.2 (C, Ar), 131.3 (C, Ar), 131.3 
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(C, Ar), 130.9 (C, Ar), 130.3 (C, Ar), 130.1 (CH, Ar), 129.4 (CH, Ar), 128.4 (C, Ar), 128.38 (CH, 

Ar), 128.1 (CH, Ar), 127.4 (CH, Ar), 126.8 (CH, Ar), 126.4 (CH, Ar), 126.0 (CH, Ar), 125.9 (CH, 

Ar), 125.3 (C, Ar), 125.2 (CH, Ar), 125.1 (C, Ar), 124.7 (C, Ar), 124.0 (CH, Ar), 123.6 (q, J = 

278.4 Hz, CH2-CF3), 123.5 (CH, Ar), 122.6 (CH, Ar), 103.1 (O-CH-O), 99.1 (CH-1), 82.1 (CH-

4), 75.2 (CH-3), 68.2 (CH2-6), 65.3 (q, J = 34.9 Hz, CH2-CF3), 64.9 (CH-5), 57.4 (CH2-C=O), 

43.8 (CH3), 35.7 (CH2-2). HRMS (ESI) m/z calcd for C34H31F3NO6 [M+H]+: 606.2098, found: 

606.21211. For 26β: 1H NMR (500 MHz, CDCl3) δ 8.42 (dd, J = 8.3, 1.2 Hz, 1H, Ar), 8.36 (s, 

1H, NH), 8.32 (d, J = 9.2 Hz, 1H, Ar), 8.29-8.17 (m, 4H, Ar), 8.12 (d, J = 1.6 Hz, 2H, Ar), 8.11-

8.04 (m, 2H, Ar), 7.37 (ddd, J = 8.7, 7.5, 1.7 Hz, 1H, Ar), 7.11 (dd, J = 7.6, 1.7 Hz, 1H, Ar), 7.02 

(td, J = 7.5, 1.2 Hz, 1H, Ar), 4.86 (s, 1H, O-CH-O), 4.53 (d, J = 17.0 Hz, 1H, CH2a-C=O), 4.48 

(d, J = 17.0 Hz, 1H, CH2b-C=O), 3.56 (ddq, J = 156.6, 12.2, 8.7 Hz, 2H, CH2-CF3), 3.19 (dd, J = 

9.9, 2.5 Hz, 1H, H-1), 3.04 (dd, J = 10.4, 5.2 Hz, 1H, H-6eq), 3.01 (s, 3H, OCH3), 2.67 (t, J = 10.3 

Hz, 1H, H-6ax), 2.62 (t, J = 9.0 Hz, 1H, H-4), 2.12 (ddd, J = 11.2, 9.0, 5.2 Hz, 1H, H-3), 1.67 

(ddd, J = 12.9, 5.2, 2.5 Hz, 1H, H-2eq), 1.29 (ddd, J = 17.1, 11.2, 6.3 Hz, 1H, H-5), 0.95 (ddd, J = 

12.9, 11.2, 9.9 Hz, 1H, H-2ax); 
13C NMR (126 MHz, CDCl3) δ 169.3 (C, Ar), 136.2 (C, Ar), 131.3 

(C, Ar), 130.9 (C, Ar), 130.3 (C, Ar), 130.1 (CH, Ar), 129.4 (CH, Ar), 128.9 (CH, Ar), 128.4 (C, 

Ar), 128.4 (CH, Ar), 128.1 (CH, Ar), 127.4 (CH, Ar), 126.9 (CH, Ar), 126.0 (CH, Ar), 125.9 (CH, 

Ar), 125.3 (C, Ar), 125.2 (CH, Ar), 125.1 (C, Ar), 124.7 (C, Ar), 124.0 (CH, Ar), 123.6 (q, J = 

278.4 Hz, CH2-CF3), 123.5 (CH, Ar), 122.6 (CH, Ar), 103.1 (O-CH-O), 99.1 (CH-1), 82.1 (CH-

4), 75.2 (CH-3), 68.2 (CH2-6), 65.4 (q, J = 34.8 Hz, CH2-CF3), 65.3 (CH-5), 57.4 (CH3), 43.8 

(CH2-C=O), 35.7 (CH2-2); HRMS (ESI) m/z calcd for C34H31F3NO6 [M+H]+: 606.20980, found: 

606.20780.  

 

Compound 27. Sulfoxide 16 (90 mg, 0.14 mmol) and 2-fluoroethanol (0.05mL, 0.83 

mmol) were coupled following the general procedure XI (-78ºC to -60ºC, 120 min). After 

work up, the residue was purified by flash silica gel chromatography (hexane/ethyl acetate 

8:2 to 6:4) to give glycoside 27 (27 mg, 35%) along with glycoside 27 (26 mg, 32%). 

For 27α: 1H NMR (500 MHz, CDCl3) δ 8.34 (d, J = 9.2 Hz, 1H, Ar), 8.26-8.16 (m, 4H, 

Ar), 8.13 (s, 1H, NH), 8.12 (d, J = 3.7 Hz, 1H, Ar), 8.09-8.02 (m, 4H, Ar), 7.36-7.28 (m, 

2H, Ar), 7.05 (td, J = 7.5, 1.3 Hz, 1H, Ar), 4.91 (s, 1H, O-CH-O), 4.77 (d, J = 3.7 Hz, 1H, 

H-1), 4.58-4.42 (m, 4H, CH2-C=O, CH2-CH2-F), 3.72 (dddd, J = 31.3, 12.3, 4.9, 3.0 Hz, 

1H, CH2a-CH2-F), 3.60 (dddd, J = 28.3, 12.3, 5.6, 3.2 Hz, 1H, CH2b-CH2-F), 3.47 (m, 3H, 

H-3, H-6eq, H-5), 3.19 (s, 3H, OCH3), 2.69 (t, J = 9.1 Hz, 1H, H-4), 2.58 (t, J = 11.7 Hz, 

1H, H-6ax), 2.21-2.12 (m, 1H, H-2a), 1.33-1.20 (m, 1H, H-2b). 
13C NMR (126 MHz, 

CDCl3) δ 169.6 (C=O), 135.5 (C, Ar), 131.5 (C, Ar), 131.4 (C, Ar), 131.0 (C, Ar), 130.0 

(C, Ar), 129.9 (C, Ar), 129.7 (CH, Ar), 128.8 (CH, Ar), 128.7 (CH, Ar), 128.5 (C, Ar), 
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127.9 (CH, Ar), 127.4 (CH, Ar), 126.7 (C, Ar), 126.41 (CH, Ar), 126.40 (CH, Ar), 125.7 

(2 CH, Ar),125.3 (CH, Ar), 124.8 (C, Ar), 124.4 (CH, Ar), 123.4 (CH, Ar), 123.1 (CH, 

Ar), 99.6 (O-CH-O), 98.1 (CH-1), 83.0 (CH-4), 82.7 (d, J = 171.04 Hz, CH2-CH2-F), 73.8 

(CH-3), 68.5 (CH2-6), 66.6 (d, J = 19.8 Hz, CH2-CH2-F), 62.4 (CH-5), 57.9 (OCH3), 43.8 

(CH2-C=O), 35.3 (CH2-2); HRMS (ESI) m/z calcd for C34H32FNNaO6 [M+Na]+: 

592.21059, found: 592.21153. For 27β: 1H NMR (500 MHz, CDCl3) δ 8.43 (d, J= 8.51 Hz, 

1H, Ar), 8.42 (s, 1H, NH), 8.33 (d, J = 9.2 Hz, 1H, Ar), 8.27-8.18 (m, 4H, Ar), 8.12 (d, J = 2.9 

Hz, 2H, Ar), 8.10-8.04 (m, 2H, Ar), 7.36 (ddd, J = 8.7, 7.4, 1.7 Hz, 1H, Ar), 7.13 (dd, J = 7.7, 1.6 

Hz, 1H, Ar), 7.02 (td, J = 7.5, 1.2 Hz, 1H, Ar), 4.91 (s, 1H, O-CH-O), 4.55-4.44 (m, 4H, CH2-

C=O, CH2-CH2-F), 3.71-3.58 (m, 1H, CH2a-CH2-F ), 3.52-3.40 (m, 1H, CH2b-CH2-F ), 3.31 (dd, 

J = 9.8, 2.3 Hz, 1H, H-1), 3.15 (dd, J = 10.3, 5.2 Hz, 1H, H-6eq), 3.00 (s, 3H, OCH3), 2.79 (t, J = 

10.3 Hz, 1H, H6ax), 2.73 (t, J = 9.2 Hz, 1H, H-4), 2.19-2.09 (m, 1H, H-3), 1.69 (ddd, J = 12.8, 

5.2, 2.3 Hz, 1H, H-2eq), 1.47 (td, J = 9.2, 5.2 Hz, 1H, H-5), 1.00 (ddd, J = 12.8, 11.3, 9.8 Hz, 1H, 

H-2ax). 
13C NMR (126 MHz, CDCl3) δ 169.4 (C=O), 136.3 (C, Ar), 131.4 (C, Ar), 131.3 (C, Ar), 

130.9 (C, Ar), 130.2 (C, Ar), 130.1 (CH, Ar), 129.3 (CH, Ar), 128.9 (CH, Ar), 128.37 (C, Ar), 

128.35 (CH, Ar), 128.2 (CH, Ar), 127.4 (CH, Ar), 126.7 (CH, Ar), 126.0 (CH, Ar), 125.9 (CH, 

Ar), 125.3 (C, Ar), 125.20 (CH, Ar), 125.15 (C, Ar), 124.7 (C, Ar), 124.0 (CH, Ar), 123.4 (CH, 

Ar), 122.4 (CH, Ar), 103.1 (O-CH-O), 99.5 (CH-1), 82.8 (d, J = 168.5 Hz CH2-CH2-F), 82.3 (CH-

4), 82.1 (CH-3), 75.5 (CH2-6), 68.0 (d, J = 20.2 Hz, CH2-CH2-F), 64.9 (CH-5), 57.3 (OCH3), 43.9 

(CH2-C=O), 36.1 (CH2-2). HRMS (ESI) m/z calcd for C34H33FNO6 [M+H]+: 570.22864, found: 

570.22848. 

 

Compound 28. Sulfoxide 17 (75 mg, 0.15 mmol) and trifluoroethanol (86 L, 1.18 mmol) were 

coupled following the general procedure XI (-78ºC to -40ºC, 200 min). After work up, the residue 

was purified by flash silica gel chromatography (hexane/ethyl acetate 8:2 to 6:4) to give glycoside 

28 (30 mg, 42%) along with glycoside 28 (13 mg, 18%). For 28α: 1H NMR (500 MHz, CDCl3) 

δ 8.81 (s, 1H, NH), 8.15 (dd, J = 8.3, 1.2 Hz, 1H, Ar), 8.44 (t, J = 7.6 Hz, 1H, Ar), 8.15 (dd, J = 

8.3, 1.2 Hz, 1H, Ar), 7.44-7.29 (m, 5H, Ar), 7.09 (td, J = 7.6, 1.2 Hz, 1H, Ar), 5.33 (s, 1H, O-CH-

O), 5.01 (d, J = 3.7 Hz, 1H, H-1), 4.00-3.97 (m, 1H, H-6a) , 3.98-3.88 (m, 2H, CH2-CF3), 3.79-

3.73 (m, 2H, CH2-C=O),3.72-3.78 (m, 2H, H-3, H-5), 3.45 (t, J = 9.1 Hz, 1H, H-4), 3.43 (s, 3H, 

OCH3), 3.42-3.35 (m, 1H, H-6b), 2.42 (ddd, J = 13.4, 5.1, 1.2 Hz, 1H, H-2eq) ,1.69 (ddd, J = 13.4, 

11.1, 3.7 Hz, 1H, H-2ax). 
13C NMR (126 MHz, CDCl3) δ 169.4 (C=O), 135.9 (C, Ar), 135.1 (C, 

Ar), 131.1 (C, Ar), 129.9 (CH, Ar), 129.6 (2 CH, Ar), 129.2 (2 CH, Ar), 127.6 (CH, Ar), 126.6 

(CH, Ar), 125.9 (q, J= 280 Hz, CH2-CF3), 124.2 (CH, Ar), 122.7 (CH, Ar), 100.6 (O-CH-O), 98.8 

(CH-1), 83.0 (CH-4), 73.8 (CH-3), 68.9 (CH2-6), 64.7 (q, J = 34.8 Hz, CH2-CF3), 63.5(CH-5), 

58.2(CH3), 45.4 (CH2-C=O), 35.2 (CH2-2). HRMS (ESI) m/z calcd for C24H26F3NNaO6 [M+Na]+: 
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504.16044, found: 504.16169. For 28β: 1H NMR (500 MHz, CDCl3) δ 8.41 (s, 1H, NH), 8.30-

8.14 (m, 1H, Ar), 7.42 (d, J = 6.1 Hz, 4H, Ar), 7.39-7.32 (m, 3H, Ar), 7.16-7.04 (m, 1H, Ar), 5.31 

(s, 1H, O-CH-O), 4.65 (dd, J = 9.8, 2.2 Hz, 1H, H-1), 4.13 (dq, J = 12.5, 8.9 Hz, 1H, CH2a-CF3), 

4.04-3.92 (m, 2H, CH2b-CF3, H-6eq), 3.79 (d, J = 16.3 Hz, 1H, CH2a-C=O), 3.76 (d, J = 16.3 Hz, 

1H, CH2b-C=O), 3.47 (t, J = 9.6 Hz, 1H, H-6ax), 3.42-3.27 (m, 2H, H-4, H-3), 2.92 (td, J = 9.6, 

5.0 Hz, 1H, H-5), 2.45 (ddd, J = 13.2, 5.1, 2.2 Hz, 1H, H-2eq), 1.61-1.57 (m, 1H, H-2ax). 
13C NMR 

(126 MHz, CDCl3) δ 169.2 (C=O), 136.0 (C, Ar), 135.2 (C, Ar), 130.1 (CH, Ar), 129.8 (2 CH, 

Ar), 129.3 (2 CH, Ar), 127.6 (CH, Ar), 127.1 (CH, Ar), 125.6 (C, Ar), 124.1 (CH, Ar), 123.7 (q, 

J =280 Hz, CH2-CF3), 122.6 (CH, Ar), 101.3 (O-CH-O), 100.1 (CH-1), 82.2 (CH-4), 76.1 (CH-

3), 68.8 (CH2-6), 68.3 (CH-5), 65.6 (q, J = 34.6 Hz, CH2-CF3), 57.9 (CH3), 45.5 (CH2-C=O), 36.3 

(CH2-2). HRMS (ESI) m/z calcd for C24H27F3NO6 [M+H]+: 482.17850, found: 482.17652. 

 

Compound 29. Sulfoxide 17 (75 mg, 0.14 mmol) and 2-fluoroethanol (0.04 mL, 0.75 mmol) 

were coupled following the general procedure XI (-78 ºC to -60 ºC, 120 min). After work up, the 

residue was purified by flash silica gel chromatography (hexane/ethyl acetate 8:2 to 7:3) to give 

glycoside 29 (30 mg, 34%) along with glycoside 29 (13 mg, 14%). For 29α: 1H NMR (500 

MHz, CDCl3) δ 8.44 (s, 1H, NH), 8.17 (dd, J = 8.4, 1.2 Hz, 1H, Ar), 7.47-7.39 (m, 5H, Ar), 7.38-

7.31 (m, 2H, Ar), 7.13-7.05 (m, 1H, Ar),5.34 (s, 1H, O-CH-O), 4.96 (dd, J = 4.0, 1.1 Hz, 1H, H-

1), 4.66-4.60 (m, 1H, CH2-CH2a-F), 4.54 (ddd, J = 4.9, 3.2, 1.1 Hz, 1H, CH2-CH2b-F), 4.01 (dd, J 

= 10.2, 4.6 Hz, 1H, H-6eq), 3.88 (dddd, J = 30.7, 12.3, 4.7, 3.2 Hz, 1H, CH2a-CH2-F), 3.79-3.64 

(m, 5H, CH-5, CH-3, CH2-C=O, CH2b-CH2-F), 3.46 (t, J = 9.5 Hz, 1H, H-4), 3.43 (t, J = 10.2 Hz, 

1H, H-6ax), 3.42 (s, 3H, CH3), 2.39 (ddd, J = 13.3, 5.1, 1.3 Hz, 1H, H-2eq) 2.42-2.34 (m, 1H, H-

2ax). 
13C NMR (126 MHz, CDCl3) δ 169.2 (C=O), 135.8 (C, Ar), 135.0 (C, Ar), 130.9 (C, Ar) 

129.7 (2 CH, Ar), 129.5 (2 CH, Ar), 129.0 (CH, Ar), 127.4 (CH, Ar), 126.6 (CH, Ar), 123.9 (CH, 

Ar), 122.4 (CH, Ar), 100.6 (O-CH-O), 98.2 (CH-1), 83.2 (CH-4), 82.5 (d, J = 169.7 Hz, CH2-

CH2-F), 74.0 (CH-3), 69.0 (CH2-6), 66.6 (d, J = 19.35 Hz, CH2-CH2-F), 62.8 (CH-5), 57.9 

(OCH3), 45.3 (CH2-C=O), 35.4 (CH2-2). HRMS (ESI) m/z calcd for C24H29FNO6 [M+H]+: 

446.19734, found: 446.19692. For 29β:
 1H NMR (500 MHz, CDCl3) δ 8.46 (s, 1H, NH), 8.23 (d, 

J = 8.2 Hz, 1H, Ar), 7.41 (d, J = 5.5 Hz, 4H, Ar), 7.35 (ddd, J = 9.9, 7.8, 2.9 Hz, 3H, Ar), 7.08 (t, 

J = 7.6 Hz, 1H, Ar), 5.30 (s, 1H, O-CH-O), 4.59-4.64 (m, 1H, CH2-CH2a-F), 4.60 (dd, J = 2.2, 9.6 

Hz, 1H, H-1), 4.58-4.53 (m, 1H, CH2-CH2b-F), 4.09-3.98(m, 1H, CH2a-CH2-F), 4.01 (dd, J = 10.3, 

4.8 Hz, 1H, H-6eq), 3.90-3.80 (m, 1H CH2b-CH2-F), 3.78 (d, J = 15.9 Hz, 2H, CH2a-C=O), 3.75 

(d, J = 15.9 Hz, 2H, CH2b-C=O), 3.49 (t, J = 10.3 Hz, 1H, H-6ax), 3.41-3.37 (m, 1H, H-4), 3.41 

(s, 3H, OCH3), 3.34 (td, J = 9.6, 9.0, 4.7 Hz, 1H, H-3), 2.92 (td, J = 9.6, 4.9 Hz, 1H, H-5), 2.43 

(ddd, J = 12.5, 9.6, 2.2 Hz, 1H, H-2a), 1.60-1.56 (m, 1H, H-2b). 
13C NMR (126 MHz, CDCl3) δ 

169.2 (C=O), 136.1 (C, Ar), 135.1 (C, Ar), 130.0 (CH, Ar), 129.8 (2 CH, Ar), 129.3 (2 CH, Ar), 

127.6 (CH, Ar), 127.1 (CH, Ar), 125.7 (C, Ar), 124.0 (CH, Ar), 122.5 (CH, Ar), 101.4 (O-CH-
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O), 100.5 (CH-1), 82.8 (d, J = 169.7 Hz, CH2-CH2-F), 82.4 (CH-4), 76.4 (CH-3), 69.0 (CH2-6), 

68.5 (d, J = 19.8 Hz, CH2-CH2-F), 66.3 (CH-5), 57.7 (OCH3), 45.5 (CH2-C=O), 36.6 (CH2-2). 

HRMS (ESI) m/z calcd for C24H29FNO6 [M+H]+: 446.19734, found: 446.19580. 

 

Compound 30. Sulfoxides 18 (130 mg, 0.146 mmol) and trifluoroethanol (85 L, 1.17 mmol) 

were coupled following the general procedure XI (-78 ºC to -60 ºC, 120 min). After work up, the 

residue was purified by flash silica gel chromatography (DCM/ethyl acetate 8:2 to 6:4) to give 

glycoside 30 (36 mg, 29%) along with glycoside 30 (32 mg, 25%). For 30: 1H NMR (500 

MHz, CDCl3) δ 8.21-8.11 (m, 6H, Ar), 8.11-7.94 (m, 15H, Ar), 7.86 (d, J = 7.7 Hz, 2H, Ar), 7.79 

(d, J = 8.3 Hz, 2H, Ar), 7.28 (t, J = 8.3 Hz, 1H, Ar), 4.47 (s, 1H, O-CH-O), 4.33 (s, 4H, 2 CH2-

C=O), 4.29 (d, J = 3.7 Hz, 1H, H-1), 3.64 (qd, J = 8.7, 1.8 Hz, 2H, CH2-CF3), 2.86-2.76 (m, 2H, 

H-3, H-5), 2.64 (dd, J = 10.4, 5.2 Hz, 1H, H-6eq), 2.60 (s, 3H, OCH3), 1.75 (t, J = 10.4 Hz, 1H, 

H-6ax), 1.69 (dd, J = 13.5, 5.2 Hz, 1H, H-2eq), 1.19 (t, J = 9.4 Hz, 1H, H-4), 0.11 (ddd, J = 13.8, 

8.6, 3.9 Hz, 1H, H-2ax). 
13C NMR (126 MHz, CDCl3) δ 169.4 (2 C=O), 136.1 (2 C, Ar), 131.3 (2 

C, Ar), 131.2 (2 C, Ar), 130.7 (2 C, Ar), 129.8 (CH, Ar), 129.7 (2 C, Ar), 128.6 (CH, Ar), 128.5 

(2 CH, Ar), 128.0 (2 C, Ar), 127.7 (2 CH, Ar), 127.2 (3 CH, Ar), 126.2 (2 CH, Ar), 125.6 (2 CH, 

Ar), 125.5 (2 CH, Ar), 125.1 (2 C, Ar), 124.9 (2 CH, Ar), 124.5 (2 C, Ar), 123.7 (q, J = 279.3 Hz, 

CH2CF3), 123.0 (2 CH, Ar), 120.8 (2 CH, Ar), 117.6 (C, Ar), 99.4 (O-CH-O), 98.0 (CH-1), 81.8 

(CH-4), 72.0 (CH-3), 67.9 (CH2-6), 64.2 (q, J = 34.6 Hz, CH2CF3), 62.0 (CH-5), 56.5 (OCH3), 

43.6 (2 CH2-C=O), 33.5 (CH2-2). HRMS (ESI) calcd for C52H45F3N3O7 [M+NH4]
+: 880.32041, 

found: 880.32163. For 30: 1H NMR (500 MHz, CDCl3) δ 8.12-8.06 (m, 6H, Ar), 8.02 (dd, J = 

17.0, 8.5 Hz, 4H, Ar), 7.98-7.91 (m, 6H, Ar), 7.86 (d, J = 7.7 Hz, 2H, Ar), 7.81 (d, J = 8.4 Hz, 

2H, Ar), 7.78 (s, 2H, 2 NH), 7.32 (t, J = 8.4 Hz, 1H, Ar), 4.36 (d, J = 16.9 Hz, 2H, 2 CH2a-C=O), 

4.28 (d, J = 17.0 Hz, 2H, CH2b-C=O), 4.15 (s, 1H, O-CH-O), 3.38 (dq, J = 11.7, 8.7 Hz, 1H, CH2a-

CF3), 2.99 (dq, J = 11.7, 8.6 Hz, 1H, CH2b-CF3), 2.50 (s, 3H, OCH3), 2.09-1.99 (m, 2H, H-1, H-

6eq), 1.42 (t, J = 10.2 Hz, 1H, H-6ax), 1.21 (ddd, J = 11.2, 9.0, 5.1 Hz, 1H, H-3), 0.96 (ddd, J = 

11.8, 4.8, 2.3 Hz, 1H, H-2eq), 0.61 (t, J = 9.2 Hz, 1H, H-4), -0.12 (td, J = 9.9, 5.1 Hz, 1H, H-5), -

0.34 (td, J = 12.0, 10.5 Hz, 1H, H-2ax). 
13C NMR (126 MHz, CDCl3) δ 169.4 (2 C=O), 135.9 (2 

C, Ar), 131.1 (2 C, Ar), 131.0 (2 C, Ar), 130.5 (2 C, Ar), 129.8 (CH, Ar), 129.6 (2 C, Ar), 128.9 

(2 CH, Ar), 128.6 (2 CH, Ar), 127.8 (2 CH, Ar), 127.8 (2 CH, Ar), 127.2 (2 CH, Ar), 126.4 (2 C, 

Ar), 125.7 (2 CH, Ar), 125.6 (2 CH, Ar), 125.0 (2 CH, Ar), 124.9 (2 C, Ar), 124.3 (2 C, Ar), 123.5 

(q, J = 277.5 Hz, CH2CF3), 122.9 (2 CH, Ar), 120.9 (2 CH, Ar), 117.8 (C, Ar), 98.6 (O-CH-O), 

97.9 (CH-1), 80.4 (CH-4), 73.7 (CH-3), 67.4 (CH2-6), 64.8 (q, J = 34.7 Hz, CH2CF3), 63.2 (CH-

5), 56.0 (OCH3), 43.4 (2 CH2-Pyr), 34.0 (CH2-2). HRMS (ESI) m/z calcd for C52H45F3N3O7 

[M+NH4]
+: 880.32041, found: 880.31925. 
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Compound 31. Sulfoxide 19 (77 mg, 0.12 mmol) and trifluoroethanol (70 L, 0.96 mmol) were 

coupled following the general procedure XI (-78 ºC to -60 ºC, 90 min). After work up, the residue 

was purified by flash silica gel chromatography (hexane/ethyl acetate 4:1 to 1:2) to give glycoside 

31 (12 mg, 16 %) along with glycoside 31 (9 mg, 12%). For 31: 1H NMR (500 MHz, CDCl3) 

δ 8.30 (s, 2H, 2 NH), 7.82 (d, J = 8.3 Hz, 2H, Ar), 7.43-7.27 (m, 11H, Ar), 5.19 (s, 1H, O-CH-

O), 4.99 (d, J = 3.8 Hz, 1H, H-1), 3.99 (dq, J = 12.3, 8.7 Hz, 1H, CH2a-CF3), 3.90 (dq, J = 12.3, 

8.6 Hz, 1H, CH2b-CF3), 3.73 (d, J = 15.6 Hz, 2H, CH2-C=O), 3.69 (d, J = 15.6 Hz, 2H, CH2-C=O), 

3.62 (dd, J = 10.4, 4.9 Hz, 1H, H-6eq), 3.53 (ddd, J = 11.0, 9.2, 5.1 Hz, 1H, H-3), 3.44 (td, J = 

10.0, 5.0 Hz, 1H, H-5), 3.31 (s, 3H, OCH3), 3.10 (t, J = 10.4 Hz, 1H, H-6ax), 3.01 (t, J = 9.4 Hz, 

1H, H-4), 2.40 (ddd, J = 13.6, 5.2, 1.2 Hz, 1H, H-2eq), 1.61 (ddd, J = 14.3, 11.1, 4.0 Hz, 1H, H-

2ax). 
13C NMR (126 MHz, CDCl3) δ 169.2 (2 C=O), 136.4 (2 C, Ar), 134.8 (2 C, Ar), 130.0 (CH, 

Ar), 129.5 (4 CH, Ar), 129.0 (4 CH, Ar), 127.4 (2 CH, Ar), 123.7 (q, J = 278.3 Hz, CH2CF3), 

120.2 (2 CH, Ar), 116.7 (C, Ar), 100.7 (O-CH-O), 98.6 (CH-1), 82.7 (CH-4), 73.3 (CH-3), 68.9 

(CH2-6), 64.7 (q, J = 34.9 Hz, CH2CF3), 63.0 (CH-5), 57.6 (OCH3), 45.2 (2 CH2, 2 CH2-C=O), 

34.9 (CH2-2). HRMS (ESI) calcd for C32H37F3N3O7 [M+NH4]
+: 632.25781, found 632.26055. For 

31: 1H NMR (500 MHz, CDCl3) δ 8.16 (s, 2H, 2 NH), 7.79 (d, J = 8.3 Hz, 2H, Ar), 7.42-7.28 

(m, 11H, Ar), 5.12 (s, 1H, O-CH-O), 4.55 (dd, J = 9.8, 2.2 Hz, 1H, H-1), 4.12 (dq, J = 12.6, 8.8 

Hz, 1H, CH2a-CF3), 3.97 (dq, J = 12.6, 8.4 Hz, 1H, CH2b-CF3), 3.73 (s, 4H, 2 CH2-C=O), 3.70 

(dd, J = 10.4, 5.0 Hz, 1H, H-6eq), 3.29 (s, 3H, OCH3), 3.13 (t, J = 10.2 Hz, 1H, H-6ax), 3.10 (td, J 

= 10.9, 9.0, 5.1 Hz, 1H, H-3), 2.89 (t, J = 9.2 Hz, 1H, H-4), 2.46 (td, J = 9.8, 4.9 Hz, 1H, H-5), 

2.40 (ddd, J = 13.0, 5.1, 2.2 Hz, 1H, H-2eq), 1.47 (ddd, J = 13.0, 11.2, 9.8 Hz, 1H, H-2ax), 
13C 

NMR (126 MHz, CDCl3) δ 169.1 (2 C=O), 136.3 (2 C, Ar), 134.9 (2 C, Ar), 130.1 (CH, Ar), 

129.6 (4 CH, Ar), 129.2 (4 CH, Ar), 127.5 (2 CH, Ar), 123.6 (q, J = 278.2 Hz, CH2CF3), 120.5 (2 

CH, Ar), 117.3 (C, Ar), 100.1 (O-CH-O), 99.7 (CH-1), 81.9 (CH-4), 75.7 (CH-3), 68.9 (CH2-6), 

65.8 (CH-5), 65.4 (q, J = 35.5 Hz, CH2CF3), 57.4 (OCH3), 45.2 (2 CH2-C=O), 36.0 (CH2-2). 

HRMS (ESI) m/z calcd for C32H33F3N2NaO7 [M+Na]+: 637.21321, found 637.21516. 

 

Compound 32. Sulfoxides 18 (150 mg, 0.17 mmol) and diacetone-galactose (110 mg, 0.42 mmol) 

were coupled following the general procedure XI (-78 ºC to -60 ºC, 90 min). After work up, the 

residue was purified by flash silica gel chromatography (DCM/ethyl acetate 8:2 to 1:1) to give 

106 mg (61 %) of an anomeric mixture, from which only the beta anomer could be partially 

purified. Selected signals for 32: 1H NMR (300 MHz, CDCl3) δ 5.56 (d, J = 5 Hz, 1H, H-1), 

4.37 (m, 1H, H-1’). 13C NMR (75 MHz, CDCl3) δ 97.3 (CH-1’), 96.3 (CH-1). For 32: 1H NMR 

(300 MHz, CDCl3) δ 8.25 – 7.73 (m, 22H, Ar; 2 NH), 7.28 (t, J = 8.3 Hz, 1H, Ar), 5.75 (d, J = 

5.0 Hz, 1H, H-1), 4.75 (dd, J = 7.9, 2.3 Hz, 1H, H-3), 4.45 (dd, J = 5.1, 2.3 Hz, 1H, H-2), 4.38 – 

4.21 (m, 6H, H-4, O-CH-O, 2 CH2-C=O), 3.95 (td, J = 7.5, 4.1, 1.5 Hz, 1H, H-5), 3.58 (dd, J = 
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10.8, 4.0 Hz, 1H, H-6a), 3.33 (dd, J = 10.8, 7.6 Hz, 1H, H-6b), 2.63 (dd, J = 9.9, 2.2 Hz, 1H, H-

1’), 2.47 (s, 3H, OCH3), 2.07 (dd, J = 10.9, 5.0 Hz, 1H, H-6’eq), 1.82 (t, J = 10.2 Hz, 1H, H-6’ax), 

1.72 (s, 3H, CH3), 1.71 (s, 3H, CH3), 1.53 (s, 3H, CH3), 1.48 (m, 1H, H-3’), 1.44 (s, 3H, CH3), 

1.30 – 1.22 (m, 1H, H-2’eq), 1.19 (t, J = 9.2 Hz, 1H, H-4’), 0.26 (td, J = 9.7, 5.1 Hz, 1H, H-5’), -

0.04 (q, J = 11.3 Hz, 1H, H-2’ax). 
13C NMR (75 MHz, CDCl3) δ 169.4 (2 C=O), 136.0 (2 C, Ar), 

131.1 (2 C, Ar), 131.0 (2 C, Ar), 130.4 (2 C, Ar), 129.64 (CH, Ar), 129.60 (2 C, Ar), 128.7 (2 

CH, Ar), 128.5 (2 CH, Ar), 127.9 (2 CH, Ar), 127.6 (2 CH, Ar), 127.1 (2 CH, Ar), 126.3 (2 C, 

Ar), 125.8 (2 CH, Ar), 125.5 (2 CH, Ar), 124.8 (2 CH, Ar), 124.8 (2 C, Ar), 124.3(2 C, Ar), 122.8 

(2 CH, Ar), 120.5 (2 CH, Ar), 117.4 (C, Ar), 109.3 (C, O-C-O), 108.5 (C, O-C-O), 99.0 (CH, O-

CH-O), 98.9 (CH-1’), 96.4 (CH-1), 80.9 (CH-4’), 74.3 (CH-3’), 71.3 (CH-4), 70.8 (CH-3), 70.5 

(CH-2), 68.0 (CH2-6), 67.9 (CH2-6’), 67.5 (CH-5), 63.5 (CH-5’), 55.7 (OCH3), 43.4 (2 CH2-

C=O), 34.6 (CH2-2’), 26.3 (CH3), 26.2 (CH3), 24.9 (CH3), 24.5 (CH3). HRMS (ESI) calcd for 

C62H62N3O12 [M+NH4]
+: 1040.4328, found: 1040.42984. 

 

Compound 33. Sulfoxide 19 (108 mg, 0.17 mmol) and diacetone-galactose (110 mg, 0.42 mmol) 

were coupled following the general procedure XI (-78 ºC to -60 ºC, 60 min). After work up, the 

residue was purified by flash silica gel chromatography (DCM/ethyl acetate 4:1 to 1:1) to give 

glycoside 33 (70 mg, 54 %). The alfa anomer was not detected. 1H NMR (300 MHz, CDCl3) δ 

8.30 (s, 2H, 2 NH), 7.75 (d, J = 8.2 Hz, 2H, Ar), 7.34 (m, 11H, Ar), 5.61 (d, J = 5.0 Hz, 1H, H-

1), 5.14 (s, 1H, O-CH-O), 4.62 (dd, J = 7.9, 2.3 Hz, 1H, H-3), 4.58 (dd, J = 10.2, 1.6 Hz, 1H, H-

1’), 4.34 (dd, J = 5.0, 2.4 Hz, 1H, H-2), 4.23 (dd, J = 7.8, 1.6 Hz, 1H, H-4), 4.06 – 3.94 (m, 2H, 

H-5, 6a), 3.79 (dd, J = 11.2, 7.5 Hz, 1H, H-6’eq), 3.69 (m, 5H, H-6b, 2 CH2-C=O), 3.25 (s, 3H, 

OCH3), 3.21 – 3.01 (m, 2H, H-3’, 6’ax), 2.90 (t, J = 9.1 Hz, 1H, H-4’), 2.45 – 2.32 (m, 2H, H-2’eq, 

5’), 1.56 (s, 3H, CH3), 1.47 (m, 4H, H-2ax, CH3), 1.35 (s, 6H, 2 CH3). 
13C NMR (75 MHz, CDCl3) 

δ 169.1 (2 C=O), 136.3 (2 C, Ar), 134.7 (2 C, Ar), 129.9 (CH, Ar), 129.5 (4 CH, Ar), 129.1 (4 

CH, Ar), 128.9 (CH, Ar), 127.5 (CH, Ar), 120.5 (2 CH, Ar), 117.7 (C, Ar), 109.4 (C, O-C-O), 

108.6 (C, O-C-O), 100.5 (CH, C-1’), 99.8 (CH, O-CH-O), 96.2 (CH, C-1), 82.1 (CH-4’), 76.0 

(CH-3’), 71.3 (CH-4), 70.6 (CH-3), 70.3 (CH-2), 69.1 (CH2-6), 68.8 (CH2-6’), 68.2 (CH-5), 65.6 

(CH-5’), 57.0 (OCH3), 45.0 (2 CH2, 2 CH2-C=O), 36.2 (CH2, C-2’), 26.0 (CH3), 25.9 (CH3), 24.9 

(CH3), 24.3 (CH3). HRMS (ESI) m/z calcd for C42H54N3O12 [M+NH4]
+: 792.37020, found 

792.36753. 
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Molecular Dynamics (MD) simulations 

Parameters for carbohydrate derivatives were generated with the antechamber module of AMBER 

18,12 using the general Amber force field (GAFF),13 with partial charges set to fit the electrostatic 

potential generated with HF/6-31G(d) by RESP.14 The charges are calculated according to the 

Merz-Singh-Kollman scheme using Gaussian 09.15 Each derivative was immersed in a water box 

with a 10 Å buffer of TIP3P16 water molecules. The system was neutralized by adding explicit 

counter ions (CF3SO3
-). A two-stage geometry optimization approach was performed. The first 

stage minimizes only the positions of solvent molecules and ions, and the second stage is an 

unrestrained minimization of all the atoms in the simulation cell. The systems were then gently 

heated by incrementing the temperature from 0 to 300 K under a constant pressure of 1 atm and 

periodic boundary conditions. Harmonic restraints of 30 kcal·mol–1 were applied to the solute, 

and the Andersen temperature coupling scheme17 was used to control and equalize the 

temperature. The time step was kept at 1 fs during the heating stages, allowing potential 

inhomogeneities to self-adjust. Water molecules are treated with the SHAKE algorithm such that 

the angle between the hydrogen atoms is kept fixed. Long-range electrostatic effects are modelled 

using the particle-mesh-Ewald method.18 An 8 Å cutoff was applied to Lennard-Jones and 

electrostatic interactions. Each system was equilibrated for 2 ns with a 2 fs time step at a constant 

volume and temperature of 300 K. Production trajectories were then run for additional 0.5 µs 

under the same simulation conditions. 

 

Quantum Mechanics Calculations. Full geometry optimizations were carried out with Gaussian 

1615 using the M06-2X hybrid functional19 and 6-31+G(d) or 6-31+G(d,p) basis sets with ultrafine 

integration grids. Bulk solvent effects in water were considered implicitly through the IEF-PCM 

polarizable continuum model.20 The possibility of different conformations was taken into account 

for all structures. All stationary points were characterized by a frequency analysis performed at 

the same level used in the geometry optimizations from which thermal corrections were obtained 

at 298.15 K. The quasiharmonic approximation reported by Truhlar et al. was used to replace the 

harmonic oscillator approximation for the calculation of the vibrational contribution to enthalpy 

and entropy.21 Scaled frequencies were not considered. Gibbs free energies (ΔG) were used for 

the discussion on the relative stabilities of the considered structures. The lowest energy conformer 

for each calculated stationary point was considered in the discussion; all the computed structures 

can be obtained from authors upon request. 
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Figure S1.-a) Structure of compound 1 (R=PNP). An ensemble derived from molecular dynamics (MD) simulations (500 ns, 298 K) in explicit 

chloroform is shown in the middle panel (linker omitted for clarity). A quantum mechanics optimized structure of the corresponding glucosyl 

cation/aromatic complex is displayed on the right. b) Top.- Conformational variability allowed for pyrene/aromatic complexes  in family II model 

systems. Bottom.-Molecular dynamics ensembles derived for compounds 10 (left) and 11 (Right) in explicit chloroform (500 ns 223 K). For the 

latter case two equality populated geometries are predicted for the complex. 
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Figure S2.-a) Treatment of 1 with 1 L of triflic acid in chloroform at 5 oC, followed by addition of 5 L of MeOD-d4 yielded a major C-glycoside. 

HSQC spectra acquired for two reaction mixtures, at slightly different temperatures, are represented on the right. Assignments for the galactose 

(red) and allose (black) cross peaks are shown. In the example at the bottom, 50% of the initial disaccharide 1 still remains after the addition of 

methanol. The galactose anomeric position produces a broad cross peak whose carbon chemical shift is characteristic of C-glycosides (highlighted 

with a yellow circle in the bottom data set. The corresponding signal is basically undetectable due to broadening in the HSQC above). b) Proposed 

structure for the C-glycoside, along with HMBC (left) and NOE (Right) connections employed for elucidating the C-glycoside structure.  
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Figure S3.-a) Treatment of 3 with triflic acid in CDCl3 (1% CD3OD) yields a mixture of a major de-O-acetylation product (d3, labelled in magenta) 

and a minor methanolysis product (m3, labelled in green). Under identical conditions, reference compound 5 produces a unique methanolysis 

derivative (m5, labelled in cyan). b) Upper panel.- HSQC spectra of  3 before (black) and after (red) triflic acid addition. Observed up-field chemical 

shift changes are consistent with the strengthening of the carbohydrate/aromatic contacts. Middle and lower panels.- Reactivity assay performed 

with a equimolecular 3/5 mixture in CDCl3 (1% CD3OD) at 25 oC. HSQCs (anomeric region) at different times are shown. Disaccharide models 

(3 and 5) and products are labelled as shown in a. After 65 min methanolysis of 5 is complete while 3 remains intact. Four hours later this has 

partially evolved to yield a mixture of a major deacetylation product (d3) and a minor methanolysis  derivative  (m3). 
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Figure S4.- 600 MHz HSQC spectra acquired for an equimolecular 6/7 mixture in chloroform (1% CD3OD) at 5 oC before (upper panel) and 

after (middle panel) addition of 3 L triflic acid.  HSQC data set corresponding to the final methanolysis mixture is shown in the bottom panel. 

This basically contains four disaccharide products (2 and 2) indicating that no significant side reactions occurred 
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Figure S5.- a) 600 MHz HSQC spectra acquired for derivative 6 in CDCl3 (1% CD3OD, 5 oC) before (black) and after addition of 1 (purple), 2 

(pink), 3 (red), 4 (cyan) and 5 L (green) of TfOH. b) Time evolution of an equimolecular 6/7 mixture in CDCl3 (1% CD3OD, 5 oC), after addition 

of 5 L triflic acid as revealed by HSQC spectra (anomeric region). Cross-peaks are labelled according to the color code shown on the left. Reaction 

profiles derived from the integration of anomeric cross-peaks showing the consumption of 6 and 7 are also represented. Experimental curves were 

fitted assuming a pseudo-first order. 
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Figure S6.- a) 600 MHz HSQC spectra of 8 before (black) and after (red) triflic acid addition. Observed up-field chemical shift changes are 

consistent with the strengthening of the carbohydrate/aromatic contacts. b) Time evolution of an equimolecular 8/9 mixture in CDCl3 (1% CD3OD, 

5 oC). after addition of 4 L triflic acid as revealed by HSQC spectra (anomeric regions). Cross-peaks are labelled according to the color code 

shown below. Reaction profiles derived from the integration of anomeric cross-peaks, showing the consumption of 6 and 7 and the formation of 

the corresponding methanolysis products m6(+) and m7(+), are displayed on the bottom-right corner. Experimental curves were fitted 

assuming pseudo-first order. 
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Figure S7.- Schematic representation of the mechanism currently assumed for glycosylation reactions performed with glycosyl sulfoxides. The 

process involves two consecutive substitutions at the anomeric center with formation of an -glycosyl triflate as the key intermediate. Subtitution 

steps can be fully dissociative (as represented) or involve more or less associative transition states. Aromatic platforms would be expected to 

preferentially stabilize positively charged intermediates/transition states through cation/ interactions.  
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Figure S8.- Preactivation studies.- 500 MHz 1D 1H-spectra measured for 10 before and after addition of DTBMP (3 equiv) and Tf2O (1.5 equiv) 

at -50 oC. Chemical shifts and J-couplings measured for 10 and the newly formed -mannosyl-triflate are represented on the right. Key NMR 

signals are labelled according to the color code shown. A 19F-NMR spectrum (referenced for TFA at 0 ppm) acquired for the reaction mixture is 

shown at the bottom-right corner, where a -mannosyl triflate signal is labelled in red.  
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Figure S9.- Time-evolution of C1(13C)-labelled 10 (10 mM) in the presence of TFE (5 equiv) and DTBMP (3 equiv) after addition of Tf2O (1.5 

equiv)  at -50 oC, as revealed by 1D (Left) and 2D-HSQC (Right) NMR experiments. Assignments for key signals are shown. Even in the presence 

of the acceptor alcohol, steady concentrations of the intermediate -mannosyl-triflate are clearly detected in both 1D and 2D data sets. Reaction 

profiles derived from the integration of selected-peaks are represented at the bottom-right corner. 
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Figure S10.-Time-evolution of an equimolecular 13C-labelled 10/13 mixture in the presence of 5 (upper panels) or 15 (bottom panels) equivalents 

of TFE at -60 oC, after addition of Tf2O (2 equiv), as monitored by 2D-HSQC experiments.  Three different reaction times are displayed. Cross 

sections for anomeric signals corresponding to models 10/13, triflate intermediates and products 20/22 are highlighted in a dotted square (322 s). 

Triflate intermediates are detectable even in the presence of a large excess of acceptor alcohol. Observed difference in chemical shift for the 

anomeric signals between products 22- and 20- (highlighted with a dotted arrow) reflects the strength of the -stacking complex present in the 

latter (20-).  
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Figure S11.-Time-evolution of an equimolecular 10/12 mixture (10 mM each) in the presence of TFE (5 equiv) and DTBMP (3 equiv) after 

addition of Tf2O (1.5 equiv) at -60 oC, as monitored by 1D-NMR (500 MHz) experiments. Selected signals for products 20 / and 21 / are 

indicated. Obtained stereoselectivities are indicated on the right. 
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Figure S12.-HSQC spectra acquired for model compound 11 and reference 15 at 25 oC. Sulfoxide stereomers (referred to as sulfoxides 1 and 2, 

according to their eluting order) were purified and characterized. Reactivity assays, were carried out with enantiomerically pure sulfoxides unless stated 

otherwise. This structural parameter was shown to have no influence on the obtained conclusions. Chemical shift assignments are indicated. 
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Figure S13.-HSQC (500 MHz) spectra acquired with 13C-labelled samples of derivatives 11, 14, and 15 (top to bottom) at -60 oC. The influence 

of the pyrene platform on the pyranose chemical shifts is apparent. Chemical shift perturbations at different positions are labelled in red.   
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Figure S14.- 500 MHz 1D spectra measured for 11 before and after addition of DTBMP (3 equiv) and Tf2O (1.5 equiv) at -60 oC. Chemical shifts 

and J-couplings measured for 11 and the newly formed -glucosyl-triflate are represented. Key NMR signals are indicated according to the color 

code shown. Chemical shifts (supported by MD simulations. See Figure S1) suggest that 11 exists as a mixture of two conformations in exchange 

while the -glucosyl triflate exists in a unique carbohydrate/aromatic -complex. A MD ensemble (500 ns, explicit chloroform, 213 K) for this 

latter intermediate is also represented. A 19F-NMR (referenced for TFA at 0 ppm) spectrum acquired for the reaction mixture is shown at the 

bottom-right corner.  
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Figure S15.- Time-evolution of 13C-labelled 11 (10 mM) in the presence of TFE (8 equiv) and DTBMP (3 equiv) after addition of Tf2O (1.5 equiv) 

at -60 oC, monitored by 2D-HSQC NMR experiments. Assignments for key signals are shown. An -glucosyl triflate and two unidentified activated 

-derivatives (labelled as S+), whose carbon chemical shifts and heteronuclear 1JHC constants strongly point to sulfonium species, were detected. 

Estimated conversions for products 23 and 23 in the final data set are indicated. 
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Figure S16.- Time-evolution of 13C-labelled 14 (10 mM) in the presence of TFE (8 equiv) and DTBMP (3 equiv) after addition of Tf2O (1.5 equiv) 

at -60 oC, monitored by 2D-HSQC NMR experiments. Assignments for key signals are shown. Intermediate -glucosyl-triflate was not detected.  

Estimated conversion for the single 24 product in the final data set is indicated. 
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Figure S17.- Reactivity assays with sulfoxides of opposite chirality (herein referred to as sulfoxides 2). Time-evolution of 13C-labelled 11 (10 mM, 

Left) and 14 (10 mM, Right) in the presence of TFE (8 equiv) and DTBMP (3 equiv) after addition of Tf2O (1.5 equiv) at -60 oC, monitored by 

2D-HSQC NMR experiments. Assignments for key signals are shown. A faster consumption of the initial product, together with a larger 

accumulation of intermediate -glucosyl triflate and sulfonium species, was apparent for the reaction of 11 (left). Estimated conversions for 

products 23, 23  and 24 in the final data sets together with populations of intermediate -glucosyl-triflates are indicated. 
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Figure S18.- Reactivity assays were consistent with a faster activation of the pyrene-complexed donor 11.  To test this point, we carried out 

additional experiments (schematically represented in the top-left corner). Thus, an equimolecular 11/15 mixture in CDCl3 was pre-activated with 

Tf2O in the presence of DTBMP (6 equiv) at -60 oC. After only 3 minutes a large excess of acceptor CD3OD (25 L) was added. This was kept at 

-60 oC for two additional minutes, warmed up to -30 oC in one minute and finally quenched with a saturated NaHCO3 aqueous solution. NMR 

analysis of the final reaction mixture reveals a higher degree of evolution for model 11. HSQC data-sets (anomeric region) for the initial and final 

reaction mixtures are represented. Glycosylation products (both  and ) derived from 11 are apparent (highlighted in orange), while those from 

15 are barely detectable.  
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Figure S19.- a) Pre-activation of derivative 11 yields an -glucosyl triflate. Despite the extra-sensitivity provided by 13C-labelled samples, no trace 

of the corresponding -triflate was detected. b) Competition pre-activation experiments were carried out with equimolecular 11/15 and 11/14 

mixtures at -60 oC and monitored by 2D-HSQC (13C-labelled compounds. Top and middle panels) or 1D (with unlabelled samples. Bottom panel). 

Both, faster consumption of the initial product and formation of the corresponding -triflate were observed for the pyrene-bearing model 11. 

Sulfoxides of opposite chiralities (herein referred to as 1 and 2) were employed in independent assays proving that this structural parameter has no 

influence on the obtained conclusions.  
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Figure S20.- Time-evolution of a 13C-labelled equimolecular 16/17 mixture (10 mM each)) in the presence of MFE (8 equiv) and DTBMP (3 

equiv) after addition of Tf2O (1.5 equiv) at -65 oC, monitored by 2D-HSQC NMR experiments. Assignments for key signals are shown. Differences 

in formation rates for glycosylation products 27- and 28- are highlighted with yellow-shaded boxes. Reaction profiles for the formation of  

and  products (26 / and 28 /) derived from the integration of selected cross-peaks are represented at the bottom-left corner. No trace of - 

triflates or any other reaction intermediate was detected for either compound.  
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Figure S21.- Left.-In order to estimate the influence exerted by the pyrene platform on the donor reactivity, individual glycosylation reactions 

were carried out with 18 (A) and 19 (B), at -65 oC, employing TFE (8 equv) as donor. Right.-Results obtained from three independent runs are 

shown. NMR-derived conversions for products 30 (+) or 31 (+) were represented vs time and the corresponding values at short reaction times 

(5 min) taken as indicative of their respective formation rates. Average values for 30 (in red) and 31 (in green) are shown on the left side together 

with the corresponding ratio (Rconv). In addition, the natural logarithm of 18/19 (Ln C) was represented vs time (minutes) to obtain linear 

representations. The slopes were also taken as indicative of the reaction rates. Average slopes for 18 (red) and 19 (green) are shown on the right 

side together with the corresponding ratio (Rslope). Overall the obtained experimental data is indicative of rate enhancements in the 5-7 range.  
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Figure S22.- Reactivity differences between 18 and 19 seem further noticeable with extremely poor O-nucleophiles, such as hexafluoroisopropanol 

(HFIP) (Figure S22). Thus, while donor 18 exhibits a 50% evolution in 90 minutes, reference model 19 remains essentially unscathed after the 

same period of time. Given the evident mismatch between donor and acceptor reactivities, the reaction eventually provides a mixture of well-

known side-products derived from the glycosyl cation, including the beta-elimination and the hydrolysis (estimated populations are given on the 

left), along with a small fraction of the glycosylation product (as confirmed by HRMS). Accelerations in donor activation promoted by the pyrene 

units were, in this case, at least one order of magnitude higher than for the reference (represented on the right).  
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Figure S23.- a-b) Reactivity assays performed with family II model systems 11, 14, 16 and 17 and TFE in 1:1 CDCl3:CD3CN and CDCl3:THF-d8 

mixtures, employing 13C-labeled samples. Glycosylations were monitorized by means of HSQC experiments which, in particular cases allowed 

detecting reaction intermediates. Yields and stereoselectivities are displayed. c) Glycosylations carried out with 18 and 19 in CD2Cl2 at -70 oC, 

employing TFE as acceptor. Chemical evolution of the corresponding reaction mixtures as monitored by 1D NMR. Yields and stereoselectivities 

are displayed. 
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Figure S24.- a) Reactions carried out with 18 (top, in red) and 19 (bottom, in green) in chloroform at -65oC, employing 2.5 equiv of the represented 

galactose acceptor. Yields and stereoselectivities are displayed below. b) Chemical evolution of the corresponding reaction mixtures as monitored 

by 1D NMR. Reagents and products at different reaction times are labeled. c) Relative populations deduced for the glycosylation products at short 

reaction times, proporcional to their respective formation kinetics, are represented in a bar chart  
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Figure S25.- a) Aromatic interactions in carbohydrate/enzyme or inhibitor/enzyme complexes as revealed by the corresponding X-ray diffraction 

structures (pdb codes indicated). b) Aromatic assistance promotes catalysis in the context of an engineered front-face SNi-synthase.17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S85 
 

Figure S26.- a). Active site model computed quantum mechanically with PCM(H2O)/M06-2X/6-31G(d) for beta-glucosidase from Thermotoga maritima in 

complex with the inhibitor deoxynojirimycin (NOJ) (PDB 2J77). Polar sidechains are shown as blue lines and aromatic sidechains and deoxynojirimycin as 

yellow and green sticks, respectively. Hydrogen bonds are shown as red dashed lines. Nonpolar hydrogens have been omitted for clarity. b) Protonation equilibria 

calculated for deoxynojirimycin bound to wild-type β-glucosidase (β-Glc-ase A) and after deletion of Tyr295 (β-Glc-ase B), Tyr295+Trp398 (β-Glc-ase C) and 

all aromatic residues (β-Glc-ase D). The reduction of the calculated exergonicity for the model reactions (i.e. less negative ΔGprot) indicates a gradual 

destabilization of the positive charge in the absence of surrounding aromatic sidechains.  
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