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Abstract: A detailed study on the diastereoselective oxidation of 1-thio- -D-glucopyranosides 

is reported. It has been shown that the sense and the degree of stereochemical outcome of the 

oxidation is highly dependent on the substituent of the sulfur  and on the protective group of the 

C2-OH. In the case of thioglycosides with a bulky aglycone, the mesylation of C2-OH has a 

dramatic effect on the stereochemical outcome of the oxidation, affording the usually less 

favoured RS sulfoxide as a single diastereoisomer. The absolute configuration of the final 

sulfinyl glycosides was ascertained by NMR analysis and corroborated by X-ray 

crystallography.  

 

 

Introduction 

The last two decades have witnessed an exponential use of 

sulfoxides as chiral auxiliaries in asymmetric synthesis, 

establishing the chiral sulfinyl group as one of the privileged 

chiral controller in C-C and C-X bond formations.1 Recent 

interesting applications of chiral sulfoxides include inter alia 

their utilization as chiral ligands or ligands precursors in metal 

catalyzed asymmetric reactions,2 in coordination chemistry3 and 

as Lewis base in organocatalysis.4 Surprisingly, diastereopure 

sulfinylglycosides, where one of the substituent of the sulfinyl 

sulfur is a sugar moiety, have received much less interest. 

Indeed, the application of sulfinyl glycosides has been 

practically limited to their use as glycosyl donors for the 

synthesis of glycoconjugates.   In this sense,  Kahne’s route 

using anomeric sulfoxides, introduced in the late 80’s for the 

synthesis of glycosides is one of the most promising approaches 

for the ever seeked “general glycosylation reaction”.5 The 

sulfoxide method, which has been developed originally for the 

glycosylation of hindered alcohols,6 has been recently used for 

the one pot sequential formation of various glycosidic bonds,7 

for the synthesis of carbohydrate libraries on solid support8 and, 

finally, for the synthesis of -mannosides.9 The fact that the 

stereochemical outcome of the reaction is independent on the 

stereochemistry of the sulfinyl sulfur and the anomeric carbon, 

is probably responsible for the scarce interest in the asymmetric 

synthesis and in the determination of configuration of the 

sulfinyl glycosides. Nevertheless, we10 and others11 have 

reported that RS and SS sulfinyl glycosides are hydrolyzed with 

different kinetics by triflic acids, and react in a complete 

diastereoselective manner with glycosidases. Additionally, it 

has recently been shown that in some cases one diastereomeric 

sulfoxide is an active glycosylating agent while the other is 

not.12 On the other hand, the use of thioglycosides as 

glycosidase resistant analogues of glycoside is well 

documented.13 Therefore, the corresponding sulfinyl analogues 

are expected not only to alter the lipophilicity, but also to vary 

the geometrical disposition of the sugar moiety about the 

aglycone. Such analogues, which should markedly affect the 

biological activity, make sulfinyl glycosides interesting on their 

own, and the knowledge of their stereochemistry of sum 

interest. Moreover, sulfinylglycosides may also found 

applications in asymmetric synthesis either as cheap chiral 

auxiliary, or ligands for organic and metal-promoted 

enantioselective catalysis.1,2 For this goal to be attained, 

diastereoselective approaches to the synthesis of diastereopure 

sulfinylglycosides in high diastreoselectivity and in a 

predictable manner are needed. This has been achieved in the 

special case of -sulfinylglycosides, which are usually obtained 

as a single diastereoisomers with the R absolute configuration 

at the sulfinyl sulfur, through electrophilic oxidation of the 

parent -thioglycosides with organic peracides.14 The high 

diastereoselectivity has been rationalized by invoking the exo-

anomeric effect, which imposes a conformation of the starting 

thioglycoside in which the pro-S lone pair is substantially 

hindered by the pyranose ring and by the axial H1 and H3 
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hydrogen atoms, whereas the pro-R lone pair of the 

thioglycoside is exposed to peracidic attack (Figure 1).15  

 

 

Figure 1: General trends in the diastereoselective oxidation of - and -

thioglycosides   

In the more interesting case of -sulfinylglycosides the 

situation is far more complex and is still unsolved. The results 

obtained so far, indicate that the configuration and substitution 

of carbon 2 of the pyranose ring have crucial effect on the 

diastereoselectivity of the oxidation of -thioglycosides. High 

diastetreoselectivity has been obtained in the case of -

mannothioglycoside (7:1)16 and in case of -thiogalactosides 

and -thioglucoside (9:1) with a free OH at position 2.17 While 

both oxidations afforded the S-diastereoisomer as the major 

isomer, the motives are different, being steric in the former due 

to the axial disposition at C2, and spatially directed in the later 

as a consequence of hydrogen bond between the peracid and 

free hydroxyl at C2. In all the other reported cases, the 

oxidation of -thioglycosides is usually slightly 

diastereoselective, and with one exception the major isomer has 

the SS absolute configuration at the sulfinyl sulfur. The 

accumulated results  led to the belief that in the case of 

pyranosides with trans 1,2 diequatorial substituents, the sense 

(SS), and the degree of diastereoselectivity (modest) are general 

features.16  In a previous work we have shown that the last 

assumption is not correct, by reporting that the oxidation of 2-

tetrachlorophtalimide-2-deoxy-1-thio-β-D-glucopyranosides is 

fully diastereoselective affording the usually favored SS epimer 

in 100% diastereomeric excess regardless of the substituent at 

the sulfinyl sulfur.18 In the present work, we show that the 

former assumption is similarly incorrect, and that the sense of 

the diastereoselective oxidation in favor of the SS isomer is not 

general. Indeed, we have found that the stereochemical 

 -thioglycosides is the result of a 

synergetic performance of the exo-anomeric effect and the 

protective group of -OH, which can lead in some case to the 

usually less favored RS isomer as a single diastereoisomer. 

 

Results and discussion 

The present research was dictated by the rather surprising 

stereochemical outcome of the oxidation of fully protected 

thioglycosides with trans 1,2-diequatorial substituents. 

Indeed, in the stable exo-anomeric conformation of the starting 

thioglycosides, and based only on steric factors, it seems 

reasonable to think that the RS diastereoisomer is the kinetically 

more favored isomer, figure 1. In this sense, the attack on the 

pro-S lone pair must skirt the bulky equatorial C2 substituent, 

while the attack of the pro-R lone pair requires that the oxidant 

past through a proton at C2 and lone pair ring oxygen, figure 1. 

Despite this situation, it is usually the S-isomer which is 

obtained as the main product. An analysis of the literature 

shows that the main diastereoselective oxidations of fully 

protected thioglycosides with trans 1,2-diequatorial 

substituents (gluco, galacto and xylopyranosides) reported to 

date have been performed on acylated starting materials.19 In 

these cases, an incipient hydrogen bond between the oxidant 

and the acyl group cannot be ruled out and may be responsible 

for the observed selectivity. In order to get better insight in the 

stereochemical outcome of the oxidation, we decided to unravel 

to exact role played by the substituent at C-2. We choose as 

model, thioglycosides with different substituent at C2, and with 

a bulky adamantyl substituent at sulfur in order to lock the 

reactive conformation in solution in the exo-anomeric 

conformation.  

The bulky adamantanethiol acceptor 1, has been obtained in 

80% yield by the treatment of 1-bromoadamantane with 

thiourea and hydrobromic acid in acetic acid, followed, by the 

hydrolysis of the adamantyl isotiouronium salt 2 (Scheme 1).20 

 

 

 

Scheme 1: Synthesis of adamantanethiol 1. a) HBr, AcOH, b) NaOH, EtOH / 

H2O, 80%. 

The synthesis of the desired thioglycosides has been performed 

using our recently developed approach to the synthesis of 2,3-

anhydro-β-thioglycoside in route to mixed S/P ligand with a 

phosphine moiety at C2.21 The first step is a thioglycosylation 

using the sterically hindered adamatanethiol 1 as glycosyl 

acceptor, glucose pentaacetate 3 as glycosyl donor, and 

BF3Et2O as activator (Scheme 2). We have recently found that 

in the case of sterically hindered tert-butanethiol the 

thioglycosilation takes place under thermodynamic control, 

being the α-thioglycoside the more stable isomer.22  Similarly, 

and in order to obtain the kinetic isomer, the reaction was 

conducted at 0ºC affording the desired product 4 in 70% yield 

as a white solid.  
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Scheme 2: Synthesis of bulky -(D)-adamantyl thioglucopyranosides 4-8. (a) 1, 

CH2Cl2, BF3Et2O, 0ºC, 70%; (b) MeONa, MeOH, quant.; (c) PhCH(OMe)2, p-

TsOH, DMF, 50ºC, 90%; (d) MsCl, pyridine, 0ºC-rt, 90%; (e) MeONa, 

CH2Cl2/MeOH, 75%.  

 A Zemplen deacetylation followed by acid catalyzed 

benzylidene acetal formation in DMF afforded diol 5 in 90% 

yield. The double protection of 3,4-diol 5 afforded the 

dimesylate 6 which, upon  treatment with sodium methoxide, 

afforded the two possible altro- and manno-epoxides 7  and 8 in 

a 3 : 2 ratio.   

The oxidation of compounds 4-8 has been carried out using m-

CPBA in methylene chloride at -78ºC and was generally 

stopped immediately after disappearance of the starting 

thioglycoside (Scheme 3), and the diastereoselection was 

always determined by 1H NMR analysis of the crude. 

 

 

Scheme 3: Diastereoselective oxidation of bulky -(D)-adamantyl 

thioglucopyranosides 4-8. a) m-CPBA, CH2Cl2, -78 ºC. 

With no surprise the oxidation of the fully acetylated 

thioglycoside 4 afforded the corresponding sulfinyl glycosides 

9SS and 9RS with modest diastereoselectivity (40%), probably 

in favor of the SS as reported. The oxidation of diol 5 in the 

same conditions afforded a mixture of the corresponding 

sulfoxide 10SS the sulfone 10a and the starting material in 9.5 : 

1.0 : 1.1 ratio. This result can be rationalized by a high 

diastereoselection, in favor of the 10SS, due to the hydrogen 

bond pre-coordination of the m-CPBA to the free hydroxyl at 

position 2 favoring the pro-S lone pair attack of the oxidant, 

together with a kinetic resolution responsible for the 

overoxidation of the minor isomer to the corresponding sulfone. 

The oxidation of the altro-epoxide 7 led to a 2:1 mixture of the 

corresponding sulfoxides 11SS and 11RS.   In the case of the 

manno-epoxide 8, where the approximation of the oxidant to 

the pro-R lone pair is hampered by the steric hindrance of the 

epoxide, high diastereoselection in favor of the SS isomer was 

expected. Nevertheless, addition of m-CPBA to the 

thioglycoside 8, leads to the formation of the two epimeric 

sulfoxides 12SS /12RS in a modest 36% de. The determination 

of the absolute configuration of the sulfinyl sulfur of the minor 

isomer could be confidentially assigned as RS by the X-ray 

analysis (see supporting information)23
 which allowed us to 

conclude that the oxidation of 8 actually favor the formation of 

the SS diastereoisomer.  

 Surprisingly, the oxidation of the dimesylate protected 

derivative 6 with m-CPBA in methylene chloride at -78ºC gave 

the corresponding sulfoxide 13 in high yield, as a single isomer 

(Scheme 3) as shown by the analysis of the crude reaction 

mixture by 1H and 13C NMR (see supporting informations).  It 

is worth to mention that this is the first example of a totally 

diastereoselective oxidation of a fully protected 

thioglycoside with S/O-trans diequatorial dispositions 

(gluco, galacto and xylo for instance). This result together with 

our results on the oxidation of imino thioglycosides and on the 

TCP protected derivatives; indicate that neither the sense nor 

the degrees of the diastereoselection in the case of 

thioglycosides are general. Owing to the absence of the other 

epimer at sulfur, we could not apply with confidence our 

proposed NMR model for the determination of the 

stereochemistry of the sulfinyl sulfur of 13. Fortunately, 

compound 13 is crystalline and we succeeded to prepare a 

single crystal suitable for X-ray crystallographic analysis 

(Figure 2).  

 

 

Figure 2: ORTEP drawing of RS sulfinylglucopyranoside 13RS. Thermal 

ellipsoids are shown at the 50% probability level. The hydrogen atoms are omitted 

for clarity. 
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As it can be seen from figure 2, to the surprise of having a 

single diastereoisomer add the surprise of the absolute 

configuration at sulfur which is the unexpected RS, normally 

obtained as minor isomer. The molecule adopts the exo-

anomeric conformation, positioning the bulky adamantly group 

anti to the C1-C2 bond with a dihedral angle with C7-S1-C1-

C2 of 172.33º. It is interesting to note that the sulfinyl oxygen 

and the endocyclic O5 are in syn relationship with a dihedral 

angle O1-C1-S1-O6 of 42.6º, indicative of an unfavorable 

dipole-dipole interaction. This result, and those reported by 

Gindley group24 is pointing out that the dipole-dipole 

interaction is not essential16 in determining the stable 

conformation of sulfinyl glycosides.25 

On the other hand, it is worth indicating the spatial proximity of 

the sulfinyl oxygen and the H-2 proton (dO6-H2 = 2.775Aº), 

which explains the deshielding of this proton in 13 (5.12 ppm), 

compared to 6 (4.62 ppm), and point out that the exo-anomeric 

conformation is maintained in solution. Additionally, the C1-S1 

distance (1.838 Aº) is shorter than that of SS -sulfinyl 

glycosides described to date in the literature, which indicates an 

important contribution of the n  of the pro-S lone pair of the 

sulfinyl sulfur. Finally, the conformation of the mesyl group is 

worth of mention, as it places the methyl group in front of the 

sulfoxide lone pair (Figure 2). 

In order to get better insight in this unusual diastereoselective 

oxidation, we decided to conduct a detailed study on the 

importance of the mesyl protective group on the stereochemical 

outcome of the process.  Starting from glucose pentaacetate, we 

synthetize in 4 steps three additional dimesylated sufinyl 

thioglycosides, 14-16 with substituents at the sulfinyl sulfur 

with varied steric and electronic nature (Figure 3). 

 

 

Figure 3: Structure of 2,3-dimesylated D-thioglucopyranosides 14-16. 

Subsequently, the oxidation of 14-16 has been carried out as 

before using m-CPBA in methylene chloride at -78ºC until 

completion, and the diastereoselection of the process 

determined by 1H NMR analysis of the crude. 

 

 

Scheme 4: Diastereoselective oxidation of 2,3-dimesylated D)-

thioglucopyranosides 14-16. a) m-CPBA, CH2Cl2, -78 ºC 

 

Similar to the result obtained in the oxidation of thioglycoside 6 

with an adamantyl substituent; the oxidation of thioglycoside 

14 with a bulky tert-butyl group afforded sulfoxide 17 as a 

single diastereoisomer (Scheme 4). Taking into account the 

structural similarity of both thioglycosides, it is legitimate to 

think that the final sulfoxide has an RS absolute configuration at 

the sulfinyl sulfur. In this sense, it is worth pointing out that as 

in the case of crystallographically determined RS 

sulfinylglucoside 13, there is a large difference in the chemical 

shift of the H-2 proton between the oxidized sulfoxide 17 (5.18 

ppm) and the starting thioglycoside 14 (4.68 ppm). In the case 

of thioglycoside 15 with a phenyl ring at the sulfur the reaction 

was slightly diatereoselective affording the two possible 

diastereoisomer 18RS and 18SS in a 2 : 1 ratio (d.e. 33%). 

Similarly, the oxidation of thioglycoside 16 with a small ethyl 

substituent at the sulfinyl sulfur, was also slightly selective 

affording both distaereoisomers 19RS and 19SS  in a 2 : 1 ratio 

(d.e. 33%). For the determination of the sense of the 

diastereoselectivity, we need to determine the absolute 

configuration of the formed diasteroisomers. To do so, we 

apply our proposed empirical methods based on NMR data for 

making direct configurational assignments. In the special case 

of ethyl sulfoxides, the non-equivalence of the diastereotopic 

protons Hpro-R and Hpro-S, vicinal to the sulfoxide group, is larger 

in the case of RS sulfoxides than in the case of SS sulfoxides.26 

Additionally, the chemical shift of anomeric carbon in the 

sulfoxides with the RS absolute configuration is more shielded 

(< 2 ppm) when compared to those with the SS absolute 

configurations. This observation has been rationalized by the 

existence of a major conformation stabilized by the exo-

anomeric effect27 in the case of sulfoxides with the R absolute 

configuration at the sulfinyl sulfur. In this sense, an analysis of 

the crystal structure of the reported sulfoxides shows that with 

the exception of compound 12RS, all the sulfoxides with the RS 

absolute configuration reported to date crystalize in the exo-

anomeric conformation.  

In the case of ethyl sulfoxides 19, the chemical shift of the 

anomeric carbon of the major isomer is 87.2 ppm, and the non-

equivalence of the diastereotopic protons Hpro-R and Hpro-S is 

189 Hz. Whereas the anomeric carbon of the minor isomer is 

more deshielded (90.4 ppm), and the splitting of the 

diastereotopic protons Hpro-R and Hpro-S is smaller (68.0 Hz). 

These data indicate that the major isomer has an RS absolute 

configuration at the sulfinyl sulfur, while the minor isomer has 

an SS one. Additionally, we get adequate crystals of the major 

sulfoxide 19 and we could determine its structure by X-ray 

crystallography (Figure 4). 
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Figure 4: ORTEP drawing of RS sulfinylglucoside 19RS. Thermal ellipsoids are 

shown at the 50% probability level. The hydrogen atoms are omitted for clarity . 

As can be seen from figure 4, the major sulfoxide 19 has the RS 

absolute configuration at the sulfinyl sulfur, confirming once 

again our direct assignment by NMR analysis. The molecule 

adopt also the exo-anomeric conformation, positioning the ethyl  

group in anti to the C1-C2 bond with a dihedral angle with C7-

S1-C1-C2 of 165.56º.  It is interesting to note that the sulfinyl 

oxygen and the endocyclic O1 are in syn relationship with a 

dihedral angle O1-C1-S1-O6 of 42.6º, indicative of an 

unfavorable dipole-dipole interaction. Taking into account that 

the sulfinyl oxygen is also in a syn disposition with carbon 2 

(dihedral angle O1-S1-C1-C2 = -85.29º), it can be concluded 

that the sulfur lone pair is an anti disposition with the 

endocyclic oxygen, well disposed to establish n interaction 

with the C-O1 bond. In this sense it is important to remark that 

in this case also the C1-S1 bond is shorter (dC1-S1 = 1.844 Aº) 

than those reported for SS sulfoxides (dC1-S1 = 1.886 Aº), 

indicative of an important contribution of the n  of the pro-S 

lone pair of the sulfinyl sulfur and explaining the shielding of 

the anomeric carbon in RS sulfinylglycosides.  On the other 

hand, the exo-anomeric conformation seems to be mayor also in 

solution as indicated by the chemical shift of H-2 of the mayor 

isomer 19RS (5.18 ppm) compared with the minor 19SS (4.83 

ppm) and the starting thioglycoside 15 (4.89 ppm). 

Interestingly, the methyl of the mesyl group is directed toward 

the C-3 of the pyranose ring instead of the lone pair of the 

sulfur atom as in the case of 13RS. 

 

Possible origin of the diastereoselectivity:  

From the reported data, it is clear that neither the exo-anomeric 

effect alone, nor the mesyl substituent are responsible for the 

observed stereochemical outcome of the process, and that 

indeed the high diastereoselectivity observed is the result of a 

synergetic effect of both. In this sense, if we consider the 

rotamers around the glycosidic bound in thioglycosides (Figure 

5), there are three staggered conformation: the exo-anomeric 

conformations (A) and (B) and the non exo-conformation (C), 

being the conformation (A) the most stable one. 

 

 

Figure 5: Staggered rotamers around the glycosidic bond in thioglycosides 

 

 In agreement with Vazquez’s conclusions,28 NMR (NOE) 

studies conducted on compounds 6 and 16, showed that while 

thioglycoside 6 with the adamantyl group is rigid and mainly 

exists in the exo-anomeric conformation (A), thioglycoside 16 

with an ethyl group, is more flexible, and the exo-conformation 

(B) (Figure 5), is also involved in the conformational 

equilibrium.29 Based on these data, we can conclude that the 

diastereoselective oxidation of β−thioglycosides is the result of 

a fine balance between steric and stereoelectonic effect where 

the exo-anomeric effect plays a prominent role. In the case of 

thioglycosides with a bulky aglycone the exo-anomeric effect 

lock the reactive conformation in the exo-anomeric 

conformation (A), and paves the way for a high 

diastereselectivity by allowing the mesyl group to shield the 

approximation of the peracid to pro-(S) lone pair of the sulfur 

(Figure 6).30 

 

Figure 6. Plausible origin of the high diastereoselctive oxidation of bulky 

thioglycosides. 

 

CONCLUSIONS  

Following on our previous studies on the oxidation of 

thioglycosides, in the present work we have reported the first 

totally diastereoselective process in the oxidation of 

thioglucosides. The results reported here demonstrate that 

neither the sense (usually the major isomer has an S absolute 

configuration at sulfur) nor the magnitude (low 

diastereselectivity) of the oxidation of thioglycosides are 

general features. In this sense, the mesylation of the C2-OH, 

allows the formation of the sulfinyl glycoside with RS absolute 

configuration at sulfur as the major isomer. Significantly, it was 

found that in the case of thioglycosides with a bulky aglycone, 

the mesylation of C2-OH has a dramatic effect on the 

stereochemical outcome of the oxidation, affording the usually 

less favoured RS sulfoxide as a single diastereoisomer. The 

absolute configuration of the obtained sulfinyl glycosides was 

ascertained by NMR analysis and corroborated by X-ray 
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crystallography. The results reported here shed some light on 

the diastereoselctive oxidation of D-thioglycosides, and will 

help in the design of diastereopure sulfinyl glycosides and their 

application in asymmetric synthesis either as a chiral auxiliaries 

or chiral ligands. 

 

Experimental 

General Methods. 

All reactions were run under an atmosphere of dry argon using 

oven-dried glassware and freshly distilled dried solvents. THF 

and diethyl ether were distilled from sodium benzophenone 

ketyl. Dichloromethane and toluene were distilled from calcium 

hydride. TLC was performed on Silica Gel GF254 (Merck) 

with detection by charring with phosphomolybdic acid/EtOH. 

For flash chromatography, silica Gel (Merck 230-400 mesh) 

was used. Columns were eluted with positive air pressure. 

Chromatographic eluents are given as volume to volume ratios 

(v/v). NMR spectra were recorded with a Bruker Avance 

DPX300 (1H, 300 MHz) and Bruker Avance DRX500 (1H, 500 

MHz) spectrometers. Chemical shifts are reported in ppm, and 

coupling constants are reported in Hz. Routine spectra were 

referenced to the residual proton or carbon signals of the 

solvent. High-resolution mass spectra were recorded on a 

Kratos MS-80RFA 241-MC apparatus. The organic extracts 

were dried over anhydrous sodium sulfate and concentrated in 

vacuum. 

 

1-Adamantanethiol, (1). To a suspension of 1-

bromoadamantane (10.7g, 0.05 mol), and thiourea (7.6g, 0.10 

mol), in glacial acetic acid (50 mL) was added 25 mL of 48% 

hydrobromic acid, and the mixture was refluxed (115ºC)  under 

argon atmosphere. After 4 h, the solution was allowed to cool 

to room temperature overnight. The obtained 1-adamantyl 

isothiuronium salt 2 was filtered and hydrolyzed by stirring in a 

solution of 10 g of NaOH (10g, 0.25 mole), in water (200 mL) 

and ethanol (75 mL) during 48 h. The resulting solution was 

acidified using 1 mM HCl, and extracted successively with 

chloroform methylene chloride and hexanes. The organic 

extracts were dried over anhydrous Na2SO4, filtred and 

evaporated under argon, affording 1-adamantanethiol 1 (6.8g, 

80%) as a white solid. m.p. 100-102 ºC. 1H NMR (300 MHz, 

CDCl3) δ: 2.03 (s, 3H), 1.94 (s, 6H), 1.67 (s, 9H). 13C NMR 

(125 MHz, CDCl3) δ: 47.5, 43.1, 35.8, 30.1 

Adamantyl 2,3,4,6-tetra-O-acetyl-1-thio-β-D-

glucopyranoside, (4). To a 1M solution of D-glucose 

pentaacetate 3 (10g, 25 mmol) in anhydrous methylene chloride 

(25 mL) was added 1-adamantanethiol 1 (5.0 g, 29 mmol) in 

methylene chloride (10 mL), followed by boron trifluoride 

etherate (14 mL, 100 mmol) at 0ºC. The reaction was followed 

by TLC and stopped once the starting material consumed 

(usually 0.5 to 1h) by addition of saturated aqueous sodium 

bicarbonate (NaHCO3). The aqueous layer was extracted three 

times with methylene chloride, and the combined organic layers 

washed with brine and dried over anhydrous sodium sulfate.  

After concentration under vacuum, the crude mixture was 

purified by column chromatography (EtOAc : Hexanes, 2:3), 

affording  4 as a white solid (8 g, 64%). m.p. 136.5-138.7 ºC. 

[α]D = +2.2 (c. 1.0, CHCl3). 
1H NMR (500 MHz, CDCl3) δ: 

5.27 (t, 1H, J = 9.3 Hz), 5.05 (t, 1H, J = 9.7 Hz),  4.96 (t, 1H, J 

= 9.7 Hz), 4.72 (d, 1H, J = 10.2 Hz), 4.21 (dd, 1H, J = 12.2 and 

J = 6.2 Hz), 4.13 (dd, 1H, J = 12.2 and J = 2.3 Hz), 3.77-3.74 

(m, 1H), 2.07 (s, 6H), 2.06 (s, 3H), 2.05 (s, 3H), 2.02-1.69 (m, 

15 H).13C NMR (125 MHz, CDCl3) δ: 170.6, 170.2, 169.4, 

169.3, 80.0, 75.4, 74.0, 70.1, 68.6, 62.6, 46.4, 43.9, 36.1, 29.7, 

20.8, 20.6, 20.6, 20.6. HRMS Calcd. for C24H34O9NaS : 

521.1821 [M + Na]. Found: 521.1828  (+1.3 ppm.).  

Adamantyl 4,6-O-benzylidene-1-thio-β-D-glucopyranoside 

(5). To a 0.1M suspension of 4 (2.9 g, 5.80 mmol) in dry 

methanol was added a catalytic amount of freshly prepared 1M  

MeONa solution in MeOH (0.1 equiv.). The solution was 

stirred at room temperature until total consumption of the 

starting material (1 h), then neutralized with acidic resin 

(Amberlyst IR 120), filtered and evaporated affording 

adamantyl 1-thioglucopyranoside as a white solid, which was 

used in the next step without further purification.  

 To a solution of the obtained crude in DMF (50 mL) was 

added benzaldehyde dimethyl acetal (2.1 mL, 13.90 mmol), 

followed by catalytic amount of p-toluenesulfonic acid. The 

mixture was stirred at 50 ºC for 4 hrs, and then the DMF was 

evaporated under vacuum.  The crude mixture obtained was 

purified by column chromatography (EtOAc : Hexanes, 1:1) 

affording  5 (2g, 82% for the two steps) as a white solid. m.p.: 

97-99 ºC. [α]D = 26.9 (c. 1.0, CHCl3). 
1H NMR (500 MHz, 

CDCl3) δ : 7.47-7.46 (m, 2H), 7.34-7.33 (m, 3H), 5.50 (s, 1H), 

4.60 (d, 1H, J = 10.0 Hz), 4.29 (dd, 1H, J = 10.6 and J = 4.9 

Hz),  3.82 (t, 1H,  J = 8.7 Hz), 3.74 (t, 1H, J = 9.3 Hz), 3.56-

3.47 (m, 2H), 3.38 (t, 1H, J = 9.1 Hz), 2.97 (brs, 1H), 2.67(brs, 

1H), 2.06-1.66 (m, 15H). 13C NMR (125MHz, CDCl3) δ: 

137.0, 129.2, 128.23 126.3 , 102.0, 82.6, 80.3, 74.4, 73.2, 70.3, 

68.7, 46.8, 44.1, 36.0, 29.7. HRMS Calcd. for C23H30O5NaS : 

441.1712 [M + Na]. Found: 441.1699  (-2,9 ppm.). 

Adamantyl 4,6-O-benzylidene-2,3-di-O-methanesulfonyl-1-

thio-β-D-glucopyranoside (6). To a solution of 5 (2 g, 4.78 

mmol) in pyridine (15 mL) was added at 0ºC methanesulfonyl 

chloride (2.07 g, 18.07 mmol). After stirring at room 

temperature for 24 hrs, the reaction was stopped by addition of 

water, extracted with methylene chloride, and the organic layer 

dried under Na2SO4. After evaporation of the solvent, the crude 

solid was recrystallized with acetone/methanol, affording 6 (2.2 

g, 80%) as a yellowish solid. m.p.: 85-87 ºC. [α]D = -8.4 (c. 1.0, 

CHCl3). 
1H NMR (500 MHz, CDCl3) δ: 7.45-7.43 (m, 2H), 

7.35-7.33 (m, 3H), 5.53 (s, 1H), 4.91 (t, 1H,  J = 9.2 Hz), 4.77 

(d, 1H, J = 10.3 Hz), 4.62 (t, 1H,  J = 9.3 Hz), 4.34 (dd, 1H, J = 

10.6 and J = 5.1 Hz), 3.78-3.71 (m, 2H, H-4), 3.58-3.53 (m, 

1H), 3.23 (s, 3H), 3.01 (s, 3H), 2.06-1.66 (m, 15H). 13C NMR 

(125 MHz, CDCl3) δ: 136.2, 129.5, 128.5 126.1, 101.8, 81.0, 

80.7, 78.3, 77.6, 70.1, 68.4, 47.4, 43.9, 40.5, 39.4, 36.0, 29.8. 

HRMS Calcd. for C25H34O9NaS3 : 597.1263 [M + Na]. Found: 

597.1246  (-2.8 ppm.). 
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Adamantyl 4,6-O-benzylidene-2,3-anhydro-1-thio-β-D-allo- 

and manopyranosides, 7 and 8. To a solution of 6 (200 mg, 

0.35 mmol) in a 2 : 1 mixture CH2Cl2 : MeOH  (3 mL) was 

added MeONa (200 mg, 3.70 mmol) at room temperature. After 

stirring overnight, the reaction was stopped by addition of water 

(3 mL), and the aqueous phase extracted with CH2Cl2, and 

dried over anhydrous Na2SO4. After evaporation of the solvent, 

the crude product was purified by column chromatography 

(EtOAc : Hexanes, 1 : 8)  affording the desired epoxides (90 

mg, 64%) 7 and 8  in a 2 : 1 ratio. 

Adamantyl 2,3-anhydro-4,6-O-benzylidene-1-thio-β-D-

allopyranoside (7). White solid. m.p.: 136-138.  D
20: -14.0 

(c. 1.0, CHCl3). 
1H-NMR (500 MHz, CDCl3)  7.50-7.48 (m, 

2H), 7.36-7.34 (m, 3H), 5.55 (s, 1H), 5.33 (s, 1H), 4.20 (dd, 1H, 

J = 10.1, J = 4.7 Hz), 4.08 (d, 1H, J = 8.9 Hz), 3.85-3.80 (m, 

1H), 4.70 (t, 1H,  J = 10.4 Hz), 3.54-3.49 (m, 2H),  2.06-1.66 

(m, 15H). 13C-NMR (125 MHz, CDCl3)  137.0, 129.2, 128.3 

126.3, 102.6, 77.3, 75.4, 68.9, 64.9, 64.2, 57.4, 47.1, 44.0, 36.1, 

29.7. HRMS Calcd. for: C23H28O4NaS: 423.1606 [M + Na]+. 

Found: 423.1607  (+0.2 ppm.). 

Adamantyl 2,3-anhydro-4,6-O-benzylidene-1-thio-β-D-

manopyranoside (8). White solid. m.p. : 170-173ºC.  D
20: -

3,3 (c 1.0, CHCl3).
 1H-NMR (500 MHz, CDCl3)  7.48-7.47 

(m, 2H), 7.37-7.35 (m, 3H), 5.53 (s, 1H), 5.25 (s, 1H), 4.25 (dd, 

1H, J = 10.4, J = 4.5 Hz, H-6), 3.78-3.7 (m, 2H), 4.49 (d, 1H, J 

= 3.5 Hz), 3.36-3.31 (m, 1H), 3.27 (d, 1H, J = 3.5 Hz), 2.06-

1.66 (m, 15H). 13C-NMR (125 MHz, CDCl3)  137.0, 129.2, 

128.3 126.1, 102.6, 76.3, 74.6, 70.4, 69.3, 55.5, 53.3, 46.0, 

44.0, 36.1, 29.7. HRMS Calcd. for: C23H28O4NaS: 423.1606 [M 

+ Na]+. Found: 423.1598  (-1.90 ppm.). 

General procedure for the diastereoselective oxidation of 

thioglycosides. 

To a solution of the parent thioglycoside (1mmol), in CH2Cl2 

(20 mL), was added a solution of 70% of m-CPBA (1.05mmol) 

in CH2Cl2 (2 ml) at -78ºC. The reaction is instantaneous, and 

stopped after 15 min by addition of saturated sodium sulfite and 

diluted with CH2Cl2. The organic layer was washed with 

NaHCO3, the aqueous layer was further extracted with CH2Cl2 

(4 x 50ml), the organic layer was washed with brine, dried 

(Na2SO4), and evaporated. After analyzing the diastereomeric 

excess by 1HNMR, the crude mixture was purified by flash 

column chromatography affording pure diasteromeric sulfinyl 

glycosides. 

(RS) and (SS) Adamantyl 2,3,4,6-tetra-O-acetyl-1-thio-β-D-

glucopyranoside S-oxides (9RS and 9SS). Starting from 

compound 4 (316 mg, 0.63 mmol) and following the general 

procedure for the oxidation of the thioglycosides, the obtained 

sulfinylglycosides were purified by column chromatography 

(EtOAc : Hexanes, 1 : 1) affording 9SS and 9RS (93%) in a 70 : 

30 ratio. 

(SS) Adamantyl 2,3,4,6-tetra-O-acetyl-1-thio-β-D-

glucopyranoside S-oxide (9SS): white solid m.p.: 172 ºC. [α]D 

= - 55.1 (c. 0.9, CHCl3). 
1H NMR (CDCl3, 400 MHz) : 5.44 (t, 

1H, J = 9.5 Hz), 5.32 (t, 1H, J = 9.4 Hz), 5.06 (t, 1H, J = 9.8 

Hz), 4.39 (d, 1H, J = 10.1 Hz), 4.22 (d, 1H, J = 12.0 Hz), 4.15 

(dd, 1H, J = 12.3 and J = 6.7 Hz), 3.83 (t, 1H, J = 8.2 Hz), 2.17 

(s, 3H), 2.76-2.00 (m, 15H), 1.94 (d, 3H, J = 11.8 H), 1.76 (m, 

6H); 13C NMR (CDCl3, 100 MHz)  170.5, 170.4, 169.2, 

168.7, 84.3, 76.7, 73.8, 68.0, 67.2, 62.7, 58.3, 36.3, 36.2, 28.8, 

20.6, 20.6, 20.5, 20,5. MS (ESI): [M + Na] + m/z 537.3. 

(RS) Adamantyl 2,3,4,6-tetra-O-acetyl-1-thio-β-D-

glucopyranoside S-oxide (9RS): white solid. m.p.: 94-97 ºC. 

[α]D = + 24.1 (c. 0.9, CHCl3).  
1H NMR (CDCl3, 400 MHz)   

5.56 (t, 1H, J = 9.3 Hz), 5.27 (t, 1H, J = 9.1 Hz), 5.08 (t, 1H, J 

= 9.7 Hz), 4.46 (d, 1H, J = 9.6 Hz), 4.16 (d, 2H, J = 3.8 Hz), 

3.76 (dt, 1H, J = 9.6 and J = 3.9 Hz), 2.18 (s, 3H), 2.06 (s, 3H), 

2.04 (s, 3H), 2.02 (s, 6H), 1.93 (s, 6H), 1.76 (m, 6H); 13C NMR 

(CDCl3, 100 MHz)  170.4, 170.3, 169.3, 169.3, 84.5, 76.3, 

73.8, 68.6, 67.7, 62.0, 58.0, 36.2, 35.2, 28.8, 20.7, 20.6, 20.6, 

20,5.  MS (ESI): [M + Na] + m/z 537.3. 

(SS) Adamantyl 4,6-O-benzylidene-1thio-β-D-

glucopyranoside S-oxide (10SS). Starting from compound 5 

(100mg, 0.25 mmol) and following the general procedure the 

oxidation of thioglycosides, afforded a crude mixture whose 
1HNMR analysis shows the presence of the sulfone 10a, 

starting thioglycoside 5 and 10SS  in 1.1:1.0:9.5 ratio. The crude 

mixture was purified by flash column chromatography 

(EtOAc/Hex, 1:1) affording diastereomerically pure 10SS  

(73%) as a white solid. m.p.: 123 ºC. [α]D = - 6.7 (c 0.9, 

CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.53-7.50 (m, 2H), 

7.40-7.37 (m, 3H), 5.58 (s, 1H), 4.48 (d, 1H, J = 9.6 Hz), 4.30 

(dd, 1H, J = 10.4 and J = 4.8 Hz), 4.22 (dd, 1H,  J = 9.5 and J 

= 8.5 Hz), 3.97 (dd, 1H, J = 9.2 and J = 8.5 Hz), 3.77 (t, 1H, J 

= 10.2 Hz), 3.68 (t, 1H, J = 9.3 Hz), 3.6 (dt, 1H, J = 9.6 and J = 

8.5 Hz), 2.25 (brs, 3H), 1.98-1.76 (m, 12H); 13C NMR (CDCl3, 

100 MHz,) δ: 136.7, 129.3, 128.3, 126.3, 102.0, 82.9, 79.5, 

74.0, 72.4, 70.7, 68.2, 57.0, 36.2, 34.9, 28.5. MS (ESI): [M + 

Na] + m/z 457.3. 

Adamantyl 4,6-O-benzylidene-1thio-β-D-glucopyranoside S-

dioxide (10a).  1H NMR (400 MHz, CDCl3) δ 7.51-7.46 (m, 

2H), 7.38-7.35 (m, 3H), 5.56 (s, 1H), 4.67 (d, 1H, J = 9.4 Hz), 

4.31 (dd, 1H, J = 10.4 and J = 5.0 Hz), 4.23 (t, 1H,  J = 8.9 

Hz), 3.93 (t, 1H, J = 8.9 Hz), 3.84 (t, 1H, J = 10.3 Hz), 3.67 (t, 

1H, J = 9.4 Hz), 3.59 (dt, 1H, J = 9.4 and J = 4.6 Hz), 2.21 

(brs, 3H), 2.15-2.05 (m, 6H), 1.81-1.70 (m, 6H); 13C NMR 

(CDCl3, 100 MHz,) δ: 136.6, 129.4, 128.3, 126.3, 102.0, 86.0, 

78.6, 74.2, 70.4, 69.2, 68.1, 63.4, 35.7, 34.9, 28.2. MS (ESI): 

[M + Na] + m/z 473.3. 

(RS) and (SS) Adamantyl 2,3-anhydro-4,6-O-benzylidene-1-

thio-β-D-allopyranoside S-oxide (11RS and 11SS) 

Starting from compound 7 (100mg, 0.25 mmol) and following 

the general procedure the oxidation of thioglycosides, the 

obtained sulfinylglycosides were purified by column 

chromatography (EtOAc : Hexanes, 2 : 1) affording 11R and 

11S (90 mg, 86%) in a 1 : 2 ratio. 

Major isomer.  D
20: -54,1 (c 1.0, CHCl3).

 1H-NMR (400 

MHz, CDCl3)  7.47-7.45 (m, 2H), 7.37-7.32 (m, 3H), 5.56 (s, 

1H), 5.08 (s, 1H), 4.34 (d, 1H, J = 8.8 Hz), 4.18 (dd, 1H, J = 

10.0, J =  4.6 Hz), 4.06-4.01 (m, 1H), 3.80 (t, 1H,  J = 10.3 

Hz), 3.70-3.64(m, 2H), 2.01-1.68 (m, 15H). 13C-NMR (125 

MHz, CDCl3)  136.9, 129.2, 128.3, 126.2 , 102.5, 81.2 , 76.5, 

68.5, 64.5, 58.3, 54.4 , 51.3, 36.1, 36.1, 28.8. HRMS Calcd. for: 
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C23H28O4NaS: 439.1555 [M + Na]+. Found: 439.1540 (-3.5 

ppm.). 

Menor isomer.   D
20: +23.1 (c 1.0, CHCl3).

 1H-NMR (400 

MHz, CDCl3)  7.49-7.47 (m, 2H), 7.37-7.33 (m, 3H), 5.56 (s, 

1H), 4.96 (s, 1H), 4.20 (dd, 1H, J = 9.8 Hz, J =  5.1 Hz), 4.13 

(d, 1H, J = 9.2 Hz),  3.98-3.90 (m, 2H), 3.68-3.62(m, 2H), 2.18-

1.71 (m, 15H). 13C-NMR (100 MHz, CDCl3)  136.8, 129.31, 

128.3, 126.20, 102.7, 81.3, 77.0, 68.5, 64.6, 57.4, 52.8, 51.6, 

36.2, 35.3, 28.7. HRMS Calcd. for: C23H28O4NaS: 439.1555 [M 

+ Na]+. Found: 439.1541 (-3.2 ppm.). 

(RS) and (SS) Adamantyl 2,3-anhydro-4,6-O-benzylidene-1-

thio-β-D-manopyranoside S-oxides (12RS and 12SS)  

Starting from compound 7 (149mg, 0.37 mmol) and following 

the general procedure the oxidation of thioglycosides, the 

obtained sulfinylglycosides were purified by column 

chromatography (EtOAc : Hexanes, 2 : 1) affording 12SS and 

12RS (85%) in a 68 : 32 ratio. 

(SS)-Adamantyl 2,3-anhydro-4,6-O-benzylidene-1-thio-β-D-

manopyranoside S-oxide (12SS). White solid. m.p. : 169-

171ºC. [α]D = + 76.2 (c 1.0, CHCl3). 
1H NMR (400 MHz, 

CDCl3)  7.52-7.46 (m, 2H), 7.42-7.37 (m, 3H), 5.58 (s, 1H), 

4.93 (s, 1H), 4.27 (dd, 1H, J = 10.5 and J = 4.6 Hz), 3.80-3.66 

(m, 4H), 3.37 (dt, 1H, J = 9.7 Hz and J = 4.6 Hz), 2.19 (s, 3H), 

2.02-1.91 (m, 6H), 1.85-1.70 (m, 6H). 13C NMR (100 MHz, 

CDCl3) 136.6, 129.4, 128.4, 126.1, 102.6, 84.7, 74.7, 70.4, 

68.9, 56.7, 55.3, 49.4, 36.3, 35.2, 28.8. MS (ESI): [M + Na] + 

m/z 439.3. 

(RS) Adamantyl 2,3-anhydro-4,6-O-benzylidene-1-thio-β-D-

manopyranoside S-oxide (12RS). [α]D = + 29.4 (c 0.9, CHCl3). 
1H NMR (400 MHz, CDCl3)  7.52-7.46 (m, 2H), 7.42-7.36 (m, 

3H), 5.59 (s, 1H), 4.84 (s, 1H), 4.36 (dd, 1H, J = 10.6 and J = 

4.7 Hz), 3.90-3.83 (m, 2H), 3.61 (d, 1H, J = 3.8 Hz) 3.46 (d, 

1H, J = 3.8 Hz), 3.42 (dt, 1H, J = 10.0 Hz y J = 5.0 Hz), 2.20 

(s, 3H), 2.07-1.96 (m, 6H), 1.84-1.72 (m, 6H); 13C NMR (100 

MHz, CDCl3) 136.7, 129.3, 128.4, 126.1, 102.4, 83.9, 74.4, 

70.3, 69.1, 57.9, 54.5, 49.5, 36.2, 35.9, 28.8. MS (ESI): [M + 

Na] + m/z 439.3. 

For crystallographic data see supporting information. 

(RS) Adamantyl 4,6-O-benzylidene-2,3-di-O-

methanesulfonyl-1thio-β-D-glucopyranoside S-oxide (13RS) 

Starting from compound 6 (500mg, 0.87 mmol) and following 

the general procedure of the oxidation of thioglycosides, 

afforded the corresponding sulfoxide as a single isomer. After 

column chromatography compound 13RS (380 mg, 75%) was 

obtained as a white solid.    m.p. : 123.0-128.5 ºC.  D
20: -64.6 

(c 1.0, CHCl3).
 1H-NMR (500 MHz, CDCl3)  7.45-7.42 (m, 

2H), 7.35-7.33 (m, 3H), 5.52 (s, 1H), 5.16 (t, 1H,  J = 9.5 Hz), 

4.99 (t, 1H, J = 9.5 Hz), 4.44 (d, 1H,  J = 9.7 Hz), 4.32 (dd, 1H, 

J = 10.8 Hz, J = 5.0 Hz),  3.89-3.81 (m, 2H), 3.69-3.64 (m, 

1H), 3.22 (s, 3H), 3.00 (s, 3H),  2.16-1.69 (m, 15H).13C-NMR 

(100 MHz, CDCl3)  136.0, 129.4, 128.4, 126.0 , 101.7, 84.6 , 

80.3, 77.3, 74.1, 70.6, 67.9, 58.7 , 39.9, 39.2, 36.2, 36.0, 28.7.  

HRMS Calcd. for: C23H28O4NaS: C25H34O10NaS3 613.1212 [M 

+ Na]+. Found: 613.1240 (+4.6 ppm.). 

For crystallographic data see supporting information. 

tert-Butyl 4,6-O-benzylidene-2,3-di-O-methanesulfonyl-1-

thio-β-D-glucopyranoside (14) 

To a solution of tert-Butyl 4,6-O-benzylidene-1-thio-β-D-

glucopyranoside21 (3.1g, 9.10 mmoles) in pyridine (20 mL) was 

added at 0ºC methanesulfonyl chloride (3.13g, 27.4 mmol). 

After stirring at room temperature for 24 hrs, the reaction was 

stopped by addition of water, extracted with methylene 

chloride, and the organic layer dried under Na2SO4. After 

evaporation of the solvent, the crude solid was recrystallized 

with acetone/methanol, affording 14 (3.5g, 7.10 mmol, 77%) as 

a white solid. m.p.: 101-104 ºC. [α]D = +27.2 (c. 10.6, CHCl3). 
1H NMR (500 MHz, CDCl3) δ: 7.46 (m, 2H), 7.37 (m, 3H), 

5.55 (s, 1H), 4.93 (t, 1H, J = 8.8 Hz), 4.72 (d, 1H, J = 9.9 Hz), 

4.64 (t, 1H, J = 8.7 Hz), 4.37-4.34 (m, 1H), 3.80-3.74 (m, 2H, 

H-6´), 3.59-3.55 (m, 1H), 3.23 (s, 3H), 3.02 (s, 1H), 1.39 (s, 

9H). 13C NMR (125 MHz, CDCl3) δ: 136.2, 129.5, 128.5, 

126.1, 101.8, 83.3, 80.6, 78.3, 77.6, 70.2, 68.4, 45.2, 40.4, 39.3, 

31.4. 

Phenyl 4,6-O-benzylidene-2,3-di-O-methanesulfonyl-1-thio-

β-D-glucopyranoside (15) 

To a solution of phenyl 4,6-O-benzylidene-1-thio-β-D-

glucopyranoside,31 (223 mg, 0.62 mmol) in pyridine (5 mL) 

was added dropwise methanesulfonyl chloride (180 l, 2.36 

mmol) at 0 °C. After 2 h, the reaction was stopped by addition 

of water and the solution was extracted three times with 

CH2Cl2. The organic layer was washed with brine, dried 

(Na2SO4) and coevaporated with toluene. The crude mixture 

was purified by flash column chromatography (EtOAc/Hex, 

3:7) affording 15 (250 mg, 78% yield) as a white solid: m.p.: 

95-97 ºC. [α]D = - 47.5 (c 1.0, CHCl3). 
1H NMR (400 MHz, 

CDCl3) δ 7.59-7.57 (m, 2H), 7.47-7.42 (m, 2H), 7.39-7.33 (m, 

6H), 5.55 (s, 1H), 4.91 (t, 1H,  J = 9.0 Hz), 4.81-4.71 (m, 2H), 

4.42 (dd, 1H,  J = 10.6 and J = 5.0 Hz), 3.80 (t, 1H,  J = 10.4 

Hz), 3.74 (t, 1H,  J = 9.7 Hz), 3.55 (dt, 1H,  J = 9.5 and 5.2 Hz), 

3.30 (s, 3H), 3.00 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 

136.0, 133.5, 131.3, 129.6, 129.2, 128.9, 128.5, 126.0, 101.9, 

87.5, 80.6, 78.2, 70.2, 68.2, 40.3, 39.3.   HRMS Calcd. For 

C19H28O10NaS3: 535.0742 [M + Na]+. Found: 535.0748 (+1.1 

ppm.). 

Ethyl 4,6-O-benzylidene-2,3-di-O-methanesulfonyl-1-thio-β-

D-glucopyranoside (16). 

To a solution of ethyl 4,6-O-benzylidene-1-thio-β-D-

glucopyranoside,32 (1.84 g, 5.90 mmol) in pyridine (7 mL) was 

added at 0ºC methanesulfonyl chloride (2.57 g, 22.40 mmol). 

After stirring at room temperature for 2 hrs, the reaction was 

stopped by addition of water, extracted with methylene 

chloride, and the organic layer dried under Na2SO4. After 

evaporation of the solvent, the crude mixture was purified by 

flash column chromatography (EtOAc/Hex, 4:6) affording 16    

(2.2 g, 79%) as a white solid. [α]D = -33.8 (c. 1.0, CHCl3). 
1H 

NMR (500 MHz, CDCl3) δ: 7.46-7.42 (m, 2H), 7.36-7.34 (m, 

3H), 5.54 (s, 1H), 4.89 (t, 1H,  J = 9.7 Hz), 4.70 (t, 1H, J = 8.9 

Hz), 4.60 (d, 1H,  J = 9.7 Hz), 4.40 (dd, 1H, J = 10.5 Hz, J = 

4.7 Hz), 3.80-3.72 (m, 2H), 3.59-3.51 (m, 1H), 3.24 (s, 3H), 

3.01 (s, 3H), 2.77(c, 2H, J = 7.1 Hz), 1.30 (t, 3H, J = 7.4 Hz). 
13C NMR (125 MHz, CDCl3) δ: 136.2, 129.5, 128.5 126.1, 
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101.8, 84.3, 80.5, 78.4, 77.4 , 70.4, 68.3, 40.2, 39.3, 24.6, 14.7. 

HRMS Calcd. for C15H24O9NaS3: 491.0480 [M + Na]+. Found: 

491.0486 (+1.2 ppm). 

(RS)-tert-Butyl 4,6-O-benzylidene-2,3-di-O-methanesulfonyl-

1-thio-β-D-glucopyranoside (17RS). 

Starting from compound 15 (100mg, 0.20 mmol) and following 

the general procedure of the oxidation of thioglycosides, 

afforded the corresponding sulfoxide as a single isomer. After 

column chromatography compound 17RS (44.8 mg, 70%) was 

obtained as a white solid.    m.p. : 123.0-128.5 ºC.  D
20: -5.4 

(c 1.0, CHCl3).
 1H-NMR (500 MHz, CDCl3)  7.45-7.43 (m, 

2H), 7.37-7.35 (m, 3H),  5.54 (s, 1H), 5.18 (t, 1H,  J = 9 Hz), 

5.00 (t, 1H,  J = 9Hz), 4.39-4.34 (m, 2H), 3.91 (t, 1H,  J = 10.5 

Hz), 3.85 (t, 1H,  J = 9.5 Hz), 3.68-3.65 (m, 1H), 3.26 (s, 3H), 

3.02 (s, 3H), 1.35 (s, 9H).13C-NMR (125 MHz, CDCl3)  

135.9, 129.5, 128.4, 126.0, 101.9, 85.8, 80.3, 77.3, 74.1, 70.8, 

67.8, 56.5, 39.9, 39.2, 24.2.  HRMS Calcd. For C19H28O10NaS3: 

535.0742 [M + Na]+. Found: 535.0748 (+1.1 ppm). 

(RS) and (SS) Phenyl 4,6-O-benzylidene-2,3-di-O-

methanesulfonyl-1-thio-β-D-glucopyranoside S-oxides (18RS 

and 18SS). 

Starting from compound 15 (170mg, 0.33 mmol) and following 

the general procedure the oxidation of the thioglycosides, the 

obtained sulfinylglycosides were purified by column 

chromatography (EtOAc : Hexanes, 2 : 3) affording 18RS and 

18S (96% yield) in a 65:35 ratio. 

Major isomer (More polar). White solid. m.p.: 115-117 ºC. 

[α]D = -111.7 (c 1.0, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 

7.68-7.65 (m, 2H), 7.57-7.52 (m, 3H), 7.43-7.39 (m, 2H), 7.37-

7.33 (m, 3H), 5.52 (s, 1H), 5.24 (dd, 1H,  J = 9.5 and J = 8.9 

Hz), 5.01 (dd, 1H,  J = 9.7 and J = 8.9 Hz), 4.18 (d, 1H,  J = 

9.6 Hz), 4.11 (dd, 1H,  J = 10.7 and J = 5.1 Hz), 3.83 (t, 1H,  J 

= 9.6 Hz), 3.79 (t, 1H,  J = 10.3 Hz), 3.43 (dt, 1H,  J = 9.7 and 

5.0 Hz), 3.35 (s, 3H), 3.02 (s, 3H); 13C NMR (CDCl3, 100 

MHz) δ 138.6, 135.9, 131.8, 129.6, 129.1, 128.5, 126.0, 125.3, 

101.9, 91.7, 80.3, 77.5, 74.0, 70.7, 67.6, 39.9, 39.2.  MS (ESI): 

[M + Na] + m/z 555.2. 

Minor isomer (less polar).  White solid: m.p.: 126-128 ºC. 

[α]D = -34.9 (c 1.0, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 

7.86-7.82 (m, 2H), 7.60-7.53 (m, 3H), 7.42-7.38 (m, 2H), 7.37-

7.33 (m, 3H), 5.44 (s, 1H), 4.94 (dd, 1H,  J = 9.7 and J = 8.4 

Hz), 4.74 (dd, 1H,  J = 9.7 and J = 8.4 Hz), 4.59 (d, 1H,  J = 

9.8 Hz), 4.38-4.34 (m, 1H), 3.61-3.51 (m, 2H), 3.46 (t, 1H,  J = 

9.4 Hz), 3.33 (s, 3H), 3.00 (s, 3H); 13C NMR (CDCl3, 100 

MHz) δ 137.7, 135.8, 132.4, 129.6, 128.9, 128.5, 126.9, 126.0, 

101.8, 92.5, 80.0, 77.6, 74.1, 70.3, 67.7, 39.9, 39.2.  MS (ESI): 

[M + Na] + m/z 555.2. 

1-Ethylsulfinyl 4,6-O-benzylidene-2,3-di-O-

methanesulfonyl-β-D-glucopyranoside (19RS and 19SS). 

Starting from compound 16 (400mg, 0.85 mmol) and following 

the general procedure the oxidation of the thioglycosides, the 

obtained sulfinylglycosides were purified by column 

chromatography (EtOAc : Hexanes, 4 : 1) affording 18RS and 

18S (300 mg, 72%) in a 2 : 1 ratio. 

(RS)-Ethyl 4,6-O-benzylidene-2,3-di-O-methanesulfonyl-1-

thio-β-D-glucopyranoside S-oxide (19RS ). Major isomer. 

White solid. m.p.: 168.0-173.0 ºC.  D
20: -67.7  (c 1.0, 

CHCl3).
 1H-NMR (500 MHz, CDCl3)  7.47-7.44 (m, 2H), 

7.37-7.35 (m, 3H), 5.55 (s, 1H), 5.18 (t, 1H,  J = 9.2 Hz), 5.04 

(t, 1H, J = 8.9 Hz), 4.40 (dd, 1H, J = 11.1 Hz, J = 4.7 Hz), 4.20 

(d, 1H,  J = 9.2 Hz), 3.90 (t, 1H, J = 9.8 Hz), 3.85 (t, 1H, J = 

9.6 Hz), 3.70-3.66 (m, 1H), 3.27 (s, 3H), 3.20-3.13 (m,1H), 

3.03 (s, 3H),  2.83-2.76 (m, 1H),1.36 (t, 3H, J = 7.7 Hz). 13C-

NMR (125 MHz, CDCl3)  136.1, 129.4, 128.3, 126.0, 101.5, 

87.2 , 80.0, 77.3, 73.3, 70.5, 67.7, 41.3 , 39.6, 39.2 , 7.3. HRMS 

Calcd. for: C17H24O10NaS3: 507.0429 [M + Na]+. Found: 

507.0446 (+3.3 ppm). 

For crystallographic data see supporting information. 

(SS)-Ethyl 4,6-O-benzylidene-2,3-di-O-methanesulfonyl-1-

thio-β-D-glucopyranoside S-oxide (19SS ). Minor isomer. 

White solid. m.p.: 168.0-173.0 ºC.  D
20: -75.8  (c 1.0, 

CHCl3).
 1H-NMR (500 MHz, CDCl3)  7.47-7.40 (m, 2H), 

7.37-7.32 (m, 3H), 5.53 (s, 1H), 4.96 (t, 1H,  J = 9.7 Hz), 4.83 

(t, 1H, J = 9.2 Hz), 4.49 (d, 1H,  J = 9.6 Hz), 4.45 (dd, 1H, J = 

10.7 Hz, J =  5.1 Hz), 3.76-3.72 (m, 2H), 3.65-3.62 (m, 1H), 

3.22 (s, 3H), 3.02 (s, 3H), 2.98-2.95 (m,1H), 2.86-2.79 (m, 

1H),1.38 (t, 3H, J = 7.7 Hz). 13C-NMR (125 MHz, CDCl3)  

135.9, 129.5, 128.4, 126.0 , 101.8, 90.4 , 79.6, 78.0 , 74.2 , 71.1 

, 67.8 , 40.7, 39.8, 39.3, 6.9 .  HRMS Calcd. for: 

C17H24O10NaS3: 507.0429 [M + Na]+. Found: 507.0446 (+3.3 

ppm). 

X-Ray structural analysis of compounds 12RS, 13RS and 

19RS. 

Crystals of suitable size for X-ray diffraction analysis, were 

coated with dry perfluoropolyether and mounted on glass fibers 

and fixed in a cold nitrogen stream (T = 100 K) to the 

goniometer head. Data collections were performed on a Bruker-

Nonius X8Apex-II CCD diffractometer, using monochromatic 

radiation λ(Mo Kα) = 0.71073 Å, by means of ω and φ scans 

with a width of 0.50 degree. The data were reduced (SAINT)33 

and corrected for absorption effects by the multi-scan method 

(SADABS).34 The structures were solved by direct methods 

(SIR-2002)35 and refined against all F2 data by full-matrix 

least-squares techniques (SHELXTL-6.12)36 minimizing w[Fo
2-

Fc
2]2. All the non-hydrogen atoms were refined with anisotropic 

displacement parameters. Hydrogen atoms were included in 

calculated positions and allowed to ride on the attached atoms 

with the isotropic temperature factors (Uiso values) fixed at 1.2 

times (1.5 times for methyl groups) those Ueq values of the 

corresponding attached atoms. 

Crystal data for 12RS: C23H28O5S, M = 416.51, monoclinic, a 

= 20.294(3) Å, b = 6.4701(8) Å, c = 15.4757(17) Å, α = 90.00°, 

β = 96.306(4)°, γ = 90.00°, V = 2019.7(4) Å3, T = 213(2) K, 

space group C2, Z = 4, μ = 0.193 mm-1, 10600 reflections 

measured, 3042 independent reflections (Rint = 0.0391). The 

final R1 values were 0.0598 (I > 2σ(I)). The final wR(F2) values 

were 0.1608 (I > 2σ(I)). The final R1 values were 0.0768 (all 

data). The final wR(F2) values were 0.1720 (all data). The 

goodness of fit on F2 was 1.170. Flack parameter = -0.05(15). 

Crystal data for 13RS: C29H42O12S3, M = 678.81, monoclinic, 

a = 10.4931(8) Å, b = 11.5171(10) Å, c = 28.284(2) Å, α = 

90.00°, β = 91.379(4)°, γ = 90.00°, V = 3417.1(5) Å3, T = 
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173(2) K, space group P21, Z = 4, μ = 0.275 mm-1, 39325 

reflections measured, 9661 independent reflections (Rint = 

0.0800). The final R1 values were 0.0605 (I > 2σ(I)). The final 

wR(F2) values were 0.1574 (I > 2σ(I)). The final R1 values were 

0.0843 (all data). The final wR(F2) values were 0.1826 (all 

data). The goodness of fit on F2 was 0.994. Flack parameter = 

0.06(3).  Crystal data for 19RS: C17H24O10S3, M = 484.54, 

monoclinic, a = 5.2270(6) Å, b = 25.122(3) Å, c = 16.5667(18) 

Å, α = 90.00°, β = 99.08°, γ = 90.00°, V = 2148.2(4) Å3, T = 

173(2) K, space group P21, Z = 4, μ = 0.397 mm-1, 17443 

reflections measured, 5111 independent reflections (Rint = 

0.0427). The final R1 values were 0.0674 (I > 2σ(I)). The final 

wR(F2) values were 0.1116 (I > 2σ(I)). The final R1 values were 

0.0896 (all data). The final wR(F2) values were 0.1632 (all 

data). The goodness of fit on F2 was 1.029. Flack parameter = -

0.01(3). 
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