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Abstract: An α(1,2)-linked oligomannoside derivative having a free C-2 hydroxyl group and a C-3 pivaloyl 

group was synthesized from a thiophenyl mannose derivative 1 using a one-pot self-condensation and 

applying a α-stereoselective procedure. The mannosylation exclusively generated α-mannoside linkages. The 

observed α-directing effect was rationalized by the remote participation of the pivaloyl group in C-3 position. 

The polymerization degree was controlled by the promoter amount providing the mannobiose derivative as a 

major product. Applying this method eliminated many synthetic steps. The α(1,2)-linked oligomannoside 

derivatives, which are key intermediates for the synthesis of oligomannose type N-glycans for glycoproteins, 

were easily prepared. 

 

Keywords: One-pot glycosylation; α(1-2) oligomannoside; stereocontrolled synthesis; oligomannose type 
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1. Introduction 

α(1,2)-linked oligomannoside structures are present on surfaces of pathogenic microorganisms such as viruses, 

bacteria, fungi, and protozoan parasites. They play an important role in the pathogenesis of several pathogens 

and communication with the immune system [1–3]. Further, these structures are major components of 

oligomannose type N-glycans [Figure 1A] which play critical roles in the glycoprotein quality control of the 

endoplasmic reticulum (ER) [4]. To study the function of oligomannose type N-glycans and related proteins at 

molecular level, we synthesized these glycans using the convergent synthesis [5] and applying the top-down 

chemoenzymatic approach [6]. Many studies reported the attempt to synthesize these glycans [7], however, 

these approaches were insufficient because many synthetic steps are required to prepare the oligomannoside 

blocks. Recently, the fast and easy synthesis of α(1-2)-linked oligomannoside, which includes mannobiose 

and mannotriose as major components of oligomannose type N-glycans, was achieved by chain-growth 

polymannosylation using a C-2 acetylated thiophenyl donor [8] or 1,2-orthoester [9], followed by the 

self-condensation of a thiophenyl donor having a free C-2 hydroxyl group [10]. Two or more glycosylation 

steps are sequentially carried out without requiring deprotection processes and purification steps, eliminating 

the extensive synthetic effort to obtain the target oligosaccharides [11]. In this study, the stereocontrolled 

synthesis of α(1-2)-linked oligomannoside derivatives using a one-pot method is described to easily access 

ER-rerated N-glycans.  

 

2. Results and discussion 

2.1. Stereoselective construction of oligomannoside using a one-pot synthesis method 

The synthesis of α(1-2)-linked oligomannoside derivatives was carried out using a one-pot synthesis 

method as depicted in Figure 1B. It started with the preparation of mannose derivative 1, which has a 

thiophenyl group at the anomeric position and a free hydroxyl group at the C-2 position of the same molecule. 

It was hypothesized that this compound will achieve the self-condensation reactions and easily proceed with 

high α-stereoselectivity because of 1) an epoxide-like intermediate which is formed by the nucleophilic attack 

of the C-2 hydroxyl group on the oxocarbenium cation at the anomeric position, and 2) the remote 



 

 

participation of the pivaloyl group in C-3 position [12, 13].  

The mannose derivative 1 was synthesized according to literature [13] using a one-pot glycosylation 

reaction with N-iodosuccinimide (NIS)/trifluoromethanesulfonic acid (TfOH) as promotor [14]. When 

compound 1 was added slowly to the mixture of 1 equiv. of NIS and 0.3 equiv. of TfOH in CH2Cl2 at −78 °C, 

oligomannoside derivatives (Man2–Man8) and debenzylidenated products were detected by MALDI TOF MS 

analysis. Then, the order of reagent addition was changed to reduce the damage to the protecting group. 

Adding 0.3 equiv. of TfOH to the mixture of compound 1 (37 mM) and 1 equiv. of NIS at –78 °C, the reaction 

smoothly proceeded to provide the oligomannoside derivatives. The debenzylidenated products were not 

detected by MALDI TOF MS. To analyze the structure of the coupling products, the reaction mixture was 

separated by molecular weight using gel permeation chromatography (GPC) and each collected fraction was 

analyzed with 1H NMR spectroscopy. The profiles of the GPC chromatograms and 1H NMR spectra are shown 

in Figure 2. These data clearly indicated that all fractions contained a single isomer. The stereochemistry of 

the glycosidic linkages was confirmed by the 1JC-H coupling constants obtained from non-decoupling HSQC 

and 2D NMR spectra (see Supporting Information). These results verified that the newly formed glycosidic 

linkages were of α-configuration. The product yields were calculated from the weight ratio of the starting 

material 1 and the provided compounds. The one-pot mannosylation proceeded with high α-stereoselectivity 

and the disaccharide derivative Man2 (28%), trisaccharide derivative Man3 (23%), tetrasaccharide derivative 

Man4 (7.4%), pentasaccharide derivative Man5 (5.2%), hexasaccharide derivative Man6 (2.2%), 

heptasaccharide derivative Man7 (0.1%), and octasaccharide derivative Man8 (trace) were obtained with only 

one purification step.  

Next, we tested the effect of NIS addition. The use of 1 with 0.5 equiv. of NIS clearly favored the 

formation of the disaccharide to generate Man2 in 48% yield, although some starting material 1 remained. 

Furthermore, we examined the addition of NIS to enrich the trisaccharide derivative, however, the desired 

result was not achieved. Further, the one-pot reaction of 1 was carried out on gram-scale (72 mM) using 1.0 

equiv. of NIS and 0.3 equiv. of TfOH. The reaction easily provided disaccharide derivative Man2 (316 mg), 

trisaccharide derivative Man3 (278 mg), and other oligomannoside derivatives. Therefore, the synthesis of key 



 

 

intermediates for the construction of the oligomannose type N-glycans was successfully accomplished by this 

method. To investigate the influence of the activators controlling the degree of polymerization, methyl 

trifluoromethanesulfonate (MeOTf) and dimethyl(methylthio)sulfonium trifluoromethanesulfonate (DMTST) 

were tested. With both activators, small amount of oligomannoseide derivatives were obtained. Although, 

methylation of the C-2 hydroxyl group was detected by MALDI TOF MS and NMR analysis. We did not 

examine this further. 

 

2.2. Mechanistic analysis of the stereoselectivity 

The mannosylation reaction is easily stereocontrolled by the anomeric effect and the participation of 

the adjacent group at the C-2 position. However, the reaction with highly reactive hydroxyl groups often 

results in β-mannoside as a minor product. Here, the reaction was completely stereoselective. It is suggested 

that this stereoselectivity is regulated by both neighboring groups, the C-2 hydroxyl and the remote C-3 

pivaloyl group. To confirm this hypothesis, we prepared mannose derivative 2 [15] which has a benzyl group 

at the C-3 position. This compound can eliminate the influence of the remote carbonyl group at the C-3 

position. The one-pot glycosylation with 2 was conducted (Figure 3). The resultant mixture separated by 

molecular weight using GPC. The resulting fractions were analyzed by 1H NMR. Their spectra provided a 

complex mixture of stereo isomers (Figure 3D), revealing that the C-3 benzylated derivative exhibited low 

stereoselectivity. It was considered from this result that the hydroxyl group at the C-2 position does not affect 

the stereoselectivity. Thus, the high α-stereoselectivity of the one-pot glycosylation with 1 would be controlled 

by the remote participation of the pivaloyl group at the C-3 position instead of the epoxy intermediate 

neighboring C-2 hydroxyl group. 

 

3. Conclusions 

The stereoselective synthesis of α(1,2)-linked oligomannoside derivatives was successfully achieved using a 

one-pot method. The observed α-directing effect on mannose derivative 1 would be caused by the remote 

participation of the pivaloyl group in C-3 position. The α(1,2)-linked mannobioside and mannotrioside 



 

 

derivatives, which correspond to key intermediates for the synthesis of oligomannose type N-glycans, were 

easily prepared. Using these oligosaccharide derivatives, the systematic synthesis of oligomannose type 

N-glycans is planned to analyze the biosynthetic process of asparagine-linked glycan related enzymes and 

cytosolic free oligosaccharide functions.  

 

4. Experimental section 

4.1. General methods 

All reactions were carried out under an argon atmosphere. Dry CH2Cl2 was purchased from Kanto Kagaku Co., 

Ltd, Japan. Molecular sieves (4Å) were activated at 170–200 °C for 2–3 h under vacuo prior to application. 

Analytical thin layer chromatography was developed on a silica gel 60 F plate (Merck). HPLC was performed 

on a Recycling Preparative HPLC system (LaboACE LC-5060) equipped with a UV detector (Japan 

Analytical Industry Co., Ltd., Tokyo, Japan). The gel permeation column for HPLC (JAIGEL-HR) was a 

product of Japan Analytical Industry Co., Ltd. Gel permeation chromatography for the preparative scale was 

performed on a SX-1 (Bio-Rad) column (100 mm φ × 800 mm). NMR spectra were recorded with a JEOL 

ECS-400 and an ECA-600 spectrometer. 1H NMR spectra were referenced to TMS at 0.00 ppm. 13C NMR 

spectra were referenced to the central peak of CDCl3 at 77.0 ppm. Assignments were made by standard pfg 

COSY, pfg TOCSY and pfg HSQC spectra. MALDI-TOF MS was recorded in the high-resolution mode with 

positive ion mode on an AXIMA-Performance (Shimadzu, Kyoto, Japan).  

 

4.2 General procedures 

4.2.1. One-pot mannosylation using 1  

The thiophenyl mannoside 1 (50.0 mg, 0.112 mmol) and N–iodosuccinimide (1.0 eq, 25 mg, 0.112 mmol) in 3 

mL of CH2Cl2 were stirred at –78 °C in the presence of MS 4A. Then, trifluoromethane sulfonic acid (3 µL, 

34 µmol) was added. The reaction mixture was stirred at –78 °C for 4 hours. The reaction was added to 

triethylamine. The mixture was then diluted with EtOAc and filtered using Celite. The filtrate was washed 

with saturated aqueous (sat. aq) Na2S2O3, sat. aq NaHCO3, sat. aq NaCl, and dried over MgSO4. The organic 



 

 

layer was filtered and concentrated in vacuo. The resultant residue was purified by HPLC and fitted on a gel 

filtration column (JAIGEL-2HR and 2.5 HR) to obtain mannobiose Man2 (13.9 mg, 28%), mannotriose Man3 

(11.3mg, 23%), mannotetraose Man4 (3.7 mg, 7.4%), mannopentaose Man5 (2.6 mg, 5.2%), mannohexose 

Man6 (1.1 mg, 2.2%), mannoheptaose Man7 (0.1 mg, 0.1%) and mannooctaose Man8 (trace), respectively. 

 

Phenyl 

4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-1-thio-α-D-ma

nnopyranoside (Man2) 

 Rf= 0.36 (Toluene/AcOEt =6/1, v/v); 1H-NMR (600 MHz, CDCl3): δ 7.46-7.27 (m, 15H; aromatic 

H), 5.46, 5.56 (2s, 2H; PhCH), 5.33 (bs, 1H; H-1I), 5.43 (dd, 1H, J2,3 = 3.0 Hz, J3,4 = 9.6 Hz; H-3II), 5.36 (dd, 

1H, J2,3 = 3.0 Hz, J3,4 = 10.2 Hz; H-3I), 4.97 (d, 1H, J1,2 = 1.2 Hz; H-1II), 4.42 (dd, 1H, J1,2 = 1.2 Hz, J2, OH = 

3.0 Hz; H-2I), 4.37 (td, 1H, J4,5 = J5,6a = 10.2 Hz, J5,6e = 5.4 Hz; H-5I), 4.24 (m, 2H, H-2II, H-6I), 4.19 (t, 1H, 

J3,4 = J4,5 = 10.2 Hz; H-4I), 4.10(m, 2H; H-4II, H-6II), 4.01 (td, 1H, J4,5 = J5,6a = 9.6 Hz, J5,6e = 4.8 Hz; H-5II), 

3.90 (t, 1H, J5,6a = 10.2 Hz; H-6aI), 3.78 (t, 1H, J5,6a = 10.2 Hz; H-6II), 2.11 (bs, 1H; OH), 1.26, 1.23 ppm (2s, 

18H; COC(CH3)3). ; 
13C NMR (150 MHz, CDCl3): δ 177.63, 177.49 (2C; CO), 137.33-125.85 (aromatic C), 

102.82 (C-1I), 104.41, 101.37 (2C, PhCH), 88.32 (C-1I), 79.24 (C-2I), 76.24 (C-4I), 76.10 (C-4II), 70.31 (C-3II), 

70.17 (C-3I), 70.17 (C-2II), 68.47 (2C; C-6I, C-6II), 65.57 (C-5I), 64.42 (C-5II), 39.23, 39.08 (2C; COC(CH3)3), 

27.25, 27.17 (2C; COC(CH3)3) ppm.; 1JCH(I)= 173 Hz, 1JCH(II)= 177 Hz,; MALDI-TOF MS: m/z calcd for 

C42H50O12Na+: 801.292 [M+Na]+; found: 801.289. 

 

Phenyl 

4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopy

ranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-1-thio-α-D-mannopyranoside (Man3) 

 Rf= 0.49 (Toluene/AcOEt =6/1, v/v); 1H-NMR (600 MHz, CDCl3): δ 7.48-7.27 (m, 20H; aromatic 

H), 5.64, 5.61, 5.58 (3s, 3H; PhCH), 5.57 (d, 1H; J1,2 = 1.2 Hz; H-1I), 5.40 (m, 2H; H-3II, H-3III ), 5.23 (dd, 1H, 

J2,3 = 3.6 Hz, J3,4 = 10.8 Hz; H-3I) 4.92 (d, 1H, J1,2 = 1.2 Hz; H-1II), 4.88 (d, 1H, J1,2 = 1.8 Hz; H-1III ), 4.43 (dd, 



 

 

1H, J1,2 = 1.2 Hz, J2,OH = 3.0 Hz; H-2I), 4.39 (td, 1H, J4,5 = 4.8 Hz, J5,6a = J5,6e = 9.6 Hz; H-5I), 4.23 (m, 3H; 

H-6I, H-2III , H-6III ), 4.14 (m, 4H; H-4I, H-2II, H-4II, H-4III ), 3.98 (m, 3H; H-5II, H-6II, H-5III ), 3.90 (t, 1H, J5,6a = 

10.2 Hz; H-6I), 3.81 (m, 2H; H-6II, H-6III ), 2.13 (d, 1H, J2,OH = 3.6 Hz; OH), 1.27, 1.24, 1.23 (3s, COC(CH3)3) 

ppm.; 13C NMR (150 MHz, CDCl3): δ 177.90, 177.81, 177.50 (3C; CO), 137.35-125.61 (aromatic C), 102.92, 

102.85 (2C; C-1II, C-1III ), 101.39, 101.22 (3C; PhCH), 88.62 (C-1I), 81.16 (C-2I), 77.90, 76.17, 76.00 (4C; 

H-4I, H-2II, H-4II, H-4III ), 70.28, 70.00, 69.84 (3C; C-3I, C-3II, C-3III ), 68.49, 68.38, 68.22 (3C; C-6I, C-6II, 

C-6III ), 65.47 (C-5I), 64.58, 64.53 (2C; C-5II, C-5III ), 39.25, 39.13, 39.10 (3C; COC(CH3)3), 27.25, 27.23, 

27.17 (3C, COC(CH3)3) ppm. ;1JCH(I) = 173 Hz, 1JCH(II) = 175 Hz, 1JCH(III) = 173 Hz; MALDI-TOF MS: m/z 

calcd for C60H72O18Na+: 1135.434 [M+Na]+; found: 1135.444. 

 

Phenyl 

4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopy

ranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)- 

4,6-O-benzylidene-3-O-pivaloyl-1-thio-α-D-mannopyranoside (Man4) 

 Rf= 0.49 (Toluene/AcOEt =6/1, v/v); 1H-NMR (600 MHz, CDCl3): δ 7.48-7.28 (m, 25H; aromatic 

H), 5.64, 5.63, 5.62, 5.61 (4s, 4H; PhCH), 5.51 (d, 1H; J1,2 = 1.2 Hz; H-1I), 5.41 (dd, 1H, J2,3 = 3.0 Hz, J3,4 = 

9.6 Hz; H-3), 5.36 (dd, 1H, J2,3 = 3.0 Hz, J3,4 = 10.2 Hz; H-3), 5.26 (dd, 1H, J2,3 = 3.6 Hz, J3,4 = 10.8 Hz; H-3), 

5.24 (dd, 1H, J2,3 = 3.0 Hz, J3,4 = 10.8 Hz; H-3), 4.91 (d, 1H, J1,2 = 1.8 Hz; H-1), 4.85 (d, 1H, J1,2 = 1.2 Hz; 

H-1), 4.79 (d, 1H, J1,2 =1.8 Hz; H-1IV), 4.39 (td, 1H, J5,6e = 4.8 Hz, J5,6a = J6a, 6e = 9.6 Hz; H-5I), 4.36 (dd, 1H, 

J2,OH =3.6 Hz, J1,2 =1.2 Hz; H-2I), 4.12 (m, 10H), 3.91 (m, 8H) 1.23 (s, 9H; COC(CH3)3), 1.24 (s, 18H; 

COC(CH3)3), 1.73 (s, 9H; COC(CH3)3) ppm.; 13C NMR (150 MHz, CDCl3): δ 178.33, 178.04, 177.90, 177.59 

(4C; CO), 137.34-125.86 (aromatic C), 103.18, 103.03 (3C, C-1II, III, IV ), 101.36, 101.26, 101.19 (4C, PhCH), 

88.75 (C-1I), 81.56 (C-2I) 79.80, 77.99, 76.23, 75.90, 75.78, 70.31, 69.91, 69.78, 69.67, 68.48, 68.24, 68.14, 

68.04, 65.41 (C-5I), 64.66, 64.55, 64.38, 39.26, 39.21, 39.15, 39.07 (4C, COC(CH3)3), 27.26, 27.24, 27.18, 

26.93 (4C, COC(CH3)3) ppm.; 1JCH(I) = 172 Hz, 1JCH(II, III, IV) = 176 Hz, 176 Hz, 176 Hz; MALDI-TOF 

MS: m/z calcd for C78H94O24Na+: 1469.575 [M+Na]+; found: 1469.934. 



 

 

 

Phenyl 

4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopy

ranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)- 

4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)- 

4,6-O-benzylidene-3-O-pivaloyl-1-thio-α-D-mannopyranoside (Man5) 

 Rf= 0.49 (Toluene/AcOEt =6/1, v/v); 1H-NMR (600 MHz, CDCl3): δ 7.49-7.27 (m, 30H; aromatic 

H), 5.64, 5.63, 5.63, 5.62 (4s, 4H; PhCH), 5.49 (d, 1H; J1,2 = 1.2 Hz; H-1I), 5.41 (dd, 1H, J2,3 = 3.0 Hz, J3,4 = 

9.6 Hz; H-3), 5.33 (dd, 1H, J2,3 = 3.6 Hz, J3,4 = 10.8 Hz; H-3), 5.28 (dd, 1H, J2,3 = 3.6 Hz, J3,4 = 10.8 Hz; H-3), 

5.21 (m, 3H, H-3), 4.85 (d, 1H, J1,2 = 1.2 Hz; H-1), 4.83 (d, 1H, J1,2 = 1.2 Hz; H-1), 4.82 (bs, 1H; H-1), 4.78 (d, 

1H, J1,2 = 0.6 Hz; H-1), 4.39 (m, 2H; H-2I, H-5I), 4.01 (m, 23H), 1.27, 1.25, 1.20, 1.19 (5s, 45H; COC(CH3)3) 

ppm.; 13C NMR (150 MHz, CDCl3): δ 178.48, 178.45, 178.08, 177.97, 177.65(5C; CO), 137.34-125.86 

(aromatic C), 103.28, 103.21 (4C, C-1II, III, IV, V ), 101.38, 101.23, 101.16, 101.11 (5C, PhCH), 88.81 (C-1I), 

81.62 (C-2I), 80.18, 79.65, 78.16, 77.15, 76.18, 75.87, 75.83, 75.73, 75.60, 70.30, 69.91, 69.85, 69.56, 68.48, 

68.18, 68.08, 67.96, 67.75, 65.40, 64.62, 64.55, 64.42, 64.31, 39.27, 39.23, 39.15, 39.08 (5C, COC(CH3)3), 

27.26, 27.23, 27.17, 26.92 (15C, COC(CH3)3) ppm.; 1JCH(I) = 172 Hz, 1JCH(II, III, IV, V) = 179 Hz, 179 Hz, 

179 Hz, 179 Hz; MALDI-TOF MS: m/z calcd for C96H116O30Na+: 1803.716 [M+Na]+; found: 1803.570. 

 

Phenyl 

4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopy

ranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloy

l-α-D-mannopyranosyl-(1→2)- 

4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-1-thio-α-D-ma

nnopyranoside (Man6) 

 Rf= 0.49 (Toluene/AcOEt =6/1, v/v); 1H-NMR (600 MHz, CDCl3): δ 7.49-7.28 (m, 35H; aromatic 

H), 5.64, 5.63, 5.62, 5.61, 5.59, 5.58 (6s, 6H; PhCH), 5.48 (d, 1H; J1,2 = 1.2 Hz; H-1I), 5.41 (dd, 1H, J2,3 = 3.0 



 

 

Hz, J3,4 = 10.2 Hz; H-3), 5.32 (dd, 1H, J2,3 = 3.6 Hz, J3,4 = 10.8 Hz; H-3), 5.22 (m, 4H; H-3), 4.82, 4.81, 4.76 

(bs, 5H; H-1II,III, IV, V,VI ), 4.39 (m, 2H; H-2I, H-5I), 4.04 (m, 28H), 1.28, 1.25, 1.25, 1.21, 1.20, 1.19 (6s, 54H; 

COC(CH3)3) ppm.; 13C NMR (150 MHz, CDCl3): δ 178.51, 178.08, 178.03, 177.65, 177.65 (6C; CO), 

137.33-125.85 (aromatic C), 103.29, 103.25 (5C, C-1II, III, IV, V, VI ), 101.37, 101.19, 101.07, (6C, PhCH), 88.80 

(C-1I), 81.71 (C-2I), 80.14, 79.96, 79.63, 78.12, 76.18, 75.83, 75.69, 75.53, 70.30, 69.91, 69.87, 69.83, 69.62, 

69.53, 69.50, 68.47, 68.17, 68.03, 67.92, 67.69, 65.35, 64.55, 64.40, 64.33, 69.30, 39.27, 39.22, 39.15, 39.07, 

(6C, COC(CH3)3), 27.26, 27.22, 27.17, 26.889 (18C, COC(CH3)3) ppm.; 1JCH(I) = 173 Hz, 1JCH(II, III, IV, V) = 

176 Hz, 176 Hz, 176 Hz, 176 Hz., 176 Hz; MALDI-TOF MS: m/z calcd for C114H138O36Na+: 2137.858 

[M+Na]+; found: 2137.489. 

 

Phenyl 

4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopy

ranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloy

l-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)- 

4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)- 

4,6-O-benzylidene-3-O-pivaloyl-1-thio-α-D-mannopyranoside (Man7) 

 Rf= 0.49 (Toluene/AcOEt =6/1, v/v); 1H-NMR (600 MHz, CDCl3): δ 7.49-7.23 (m, 40H; aromatic 

H), 5.60 (m, 7H; PhCH), 5.48 (s,1H; H-1I), 5.41 (dd, 1H, J2,3 = 3.6 Hz, J3,4 = 10.8 Hz; H-3), 5.25 (m, 6H; H-3), 

4.80 (m, 6H; H-1II-IVII ), 4.39 (m, 2H), 4.04 (m, 33H), 1.23 (7s, 63H; COC(CH3)3) ppm.; MALDI-TOF MS: m/z 

calcd for C132H160O42Na+: 2472.000 [M+Na]+; found: 2471.963. 

 

Phenyl 

4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopy

ranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloy

l-α-D-mannopyranosyl-(1→2)-4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)-4,6-O-benzylide



 

 

ne-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)- 4,6-O-benzylidene-3-O-pivaloyl-α-D-mannopyranosyl-(1→2)- 

4,6-O-benzylidene-3-O-pivaloyl-1-thio-α-D-mannopyranoside (Man8) 

 Rf= 0.49 (Toluene/AcOEt =6/1, v/v); 1H-NMR (600 MHz, CDCl3): δ 7.49-7.23 (m, 45H; aromatic 

H), 5.60 (m, 8H; PhCH), 5.50 (s,1H; H-1I), 5.41 (dd, 1H, J2,3 = 3.6 Hz, J3,4 = 10.2 Hz; H-3), 5.26 (m, 7H; H-3), 

4.87 (m, 7H; H-1II-IVIII), 4.39 (m, 2H), 4.04 (m, 38H), 1.23 (8s, 72H; COC(CH3)3) ppm.; MALDI-TOF MS: 

m/z calcd for C150H186O48Na+: 2806.141 [M+Na]+; found: 2806.439. 

 

4.2.2. Synthesis of mannobiose 

The thiophenyl mannoside 1 (50 mg, 0.112 mmol) and NIS (0.5 eq, 13 mg, 0.056 mmol) in 3 mL of CH2Cl2 

were stirred at –78 °C in the presence of MS 4A. Then TfOH (3 µL, 34 µmol) was added. The reaction 

mixture was stirred at –78 °C for 5 hours and triethylamine was added. The reaction mixture was diluted with 

EtOAc and filtered using Celite. The filtrate was washed with sat. aq Na2S2O3, sat. aq NaHCO3, sat. aq NaCl, 

and dried over MgSO4. The organic layer was filtered and concentrated in vacuo. The organic solvent was 

evaporated under vacuum. The resultant residue was purified by HPLC and fitted on a gel filtration column 

(JAIGEL-HR) to provide mannobiose Man2 (23.9 mg) in 48% yield. 

 

4.2.3. Large-scale synthesis of mannobiose and mannotriose 

The thiophenyl mannoside 1 (1.0 g, 2.24 mmol) and NIS (1 eq, 500 mg, 2.24 mmol) in 30 mL of CH2Cl2 were 

stirred at –78 °C in the presence of MS 4A. TfOH (60 µL, 680 µmol) was slowly added. The reaction mixture 

was further stirred at –78 °C for 4 hours. The reaction mixture was added triethylamine and stirred at –78 °C 

for 1 day. The reaction mixture was diluted with EtOAc and filtered using Celite. The filtrate was washed with 

sat. aq Na2S2O3, sat. aq NaHCO3, sat. aq NaCl, and dried over MgSO4. The organic layer was filtered and 

concentrated in vacuo. The resultant residue was applied to gel filtration chromatography (SX1, toluene) to 

obtain mannobiose Man2 (316 mg, 32%) and mannotriose (278 mg, 28%) mannotetraoase Man4 (45 mg, 

4.5%), mannopentaose Man5 (40 mg, 4.0%), mannohexose Man6 (17 mg, 1.7%), mannoheptaose Man7 (5.2 

mg, 0.5%) and mannooctaose Man8 (5.1 mg, 0.5%), respectively. 



 

 

 

4.2.4. One-pot mannosylation using 2 

The thiophenyl mannoside 2 (101 mg, 0.224 mmol) and NIS (50 mg, 0.244 mmol) in 6 mL of CH2Cl2 were 

stirred at –78 °C in the presence of MS 4A. Then TfOH (6 µL, 0.067 mmol) was added. The reaction was 

stirred at –78 °C for 49 h. The reaction mixture was added to triethylamine. The mixture was diluted with 

EtOAc and filtered using Celite. The filtrate was washed with sat. aq Na2S2O3, sat. aq NaHCO3, sat. aq NaCl, 

and dried over MgSO4. The organic layer was filtered and concentrated in vacuo. The resultant residue was 

purified by HPLC and fitted on a gel filtration column (JAIGEL-2HR and 2.5 HR) obtaining 3-BnMan2, 

3-BnMan3, and 3-BnMan4. Each fraction was purified by silica-gel column chromatography receiving 

mannobiose derivative Manα1-2Man (2.0 mg, 1.1%), mannobiose derivative Manβ1-2Man (12 mg, 6.6%), 

mannotriose derivative Manβ1-2Manα1-2Man (5.8 mg, 2.3%), mannotriose derivative 

Manβ1-2Manβ1-2Man (5.5 mg, 2.2%), and Man-NS (39 mg, 40%), respectively. 

 

Phenyl 

3-O-benzyl-4,6-O-benzylidene-β-D-mannopyranyl-(1-2)-3-O-benzyl-4,6-O-benzylidene-1-thio-α-D-mannopyr

anoside (Manβ1-2Man) 

 Rf= 0.29 (Toluene/AcOEt =5/1, v/v); 1H-NMR (600 MHz, CDCl3): δ 7.52-7.24 (25H; aromatic H), 

5.55 (s, 1H; PhCH), 5.49 (d, 1H, J1,2 = 1.2 Hz; H-1I), 5.47 (s, 1H; PhCH), 4.80 (m, 4H; PhCH2), 4.73 (d, 1H; 

J1,2 = 0.6 Hz; H-1II), 4.62 (bd, 1H, J1,2 = 2.4 Hz; H-2I), 4.27 (m, 3H; H-5I, H-4II, H-6II), 4.19 (m, 2H; H-4I, 

H-6I), 4.15 (bd, 1H, J1,2 = 3.0 Hz; H-2II), 3.98 (dd, 1H, J2,3 = 3.0 Hz, J3,4 = 9.6 Hz; H-3I), 3.77 (m, 2H; H-6I, 

H-6II), 3.68 (dd, 1H, J2,3 =3.6 Hz, J3,4 = 9.0 Hz; H-3II), 3.39 (td, 1H, J5,6e = 4.8 Hz, J4,5 = J5,6a = 9.6 Hz; H-5II), 

3.16 (bs, 1H; OH) ppm.; 13C NMR (150 MHz, CDCl3): δ138.17-126.12 (aromatic C), 101.62 (PhCH), 101.43 

(PhCH), 97.62 (C-1II), 86.69 (C-1I), 78.75 (C-4I), 78.63 (C-4II), 76.24 (C-3II), 74.63 (C-3I), 74.54 (C-2I), 72.64 

(PhCH2), 72.52 (PhCH2), 69.65 (C-2II), 68.74(C-6II), 68.47 (C-6I), 66.96 (C-5II), 65.36 (C-5I) ppm.; 

MALDI-TOF MS: m/z calcd for C46H46O10SNa+: 813.270 [M+Na]+; found: 813.264. NMR data are in 

accordance with those published previously [16].  



 

 

 

Phenyl 

3-O-benzyl-4,6-O-benzylidene-α-D-mannopyranyl-(1-2)-3-O-benzyl-4,6-O-benzylidene-1-thio-α-D-mannopyr

anoside (Manα1-2Man) 

 Rf= 0.50 (Toluene/AcOEt =5/1, v/v); 1H-NMR (600 MHz, CDCl3) δ 7.53-7.22 (m, 15H), 5.63 (s, 

2H; PhCH), 5.60 (s, 2H; H-1I, H-1II), 4.88 (m, 2H; PhCH2), 4.76-4.69 (m, 2H; PhCH2), 4.22 (m, 8H), 4.00 (m, 

2H), 3.85 (m, 3H) ppm.; 13C-NMR (150 MHz, CDCl3) δ 138.1-126.1 (aromatic C), 101.72 (PhCH, PhCH, 

C-1II), 10157 (C-1I), 87.85, 79.08, 78.73, 77.33, 77.11, 76.90, 75.78, 73.30, 71.50, 68.62, 64.64 ppm. ; 

MALDI-TOF MS: m/z calcd for C46H46O10SNa+: 813.270 [M+Na]+; found: 813.453. 

 

Phenyl 

3-O-benzyl-4,6-O-benzylidene-β-D-mannopyranyl-(1-2)-3-O-benzyl-4,6-O-benzylidene-α-D-mannopyranyl-(

1-2)-3-O-benzyl-4,6-O-benzylidene-1-thio-α-D-mannopyranoside (Manβ1-2Manα1-2Man) 

 Rf= 0.41 (Toluene/AcOEt =6/1, v/v); 1H-NMR (600 MHz, CDCl3): δ 7.51-7.04 (m, 30H; aromatic 

H), 5.64 (s, 1H; PhCH), 5.62 (bs,1H; H-1II), 5.60 (s, 1H; PhCH), 5.51 (bs, 1H; H-1I), 5.28 (s, 1H; PhCH), 4.76 

(m, 5H, PhCH2), 4.59 (d, 1H, J1,2 = 0.6 Hz; H-1III ), 4.48 (m, 2H; H-2I, PhCH2), 4.41 (dd, 1H, J6a,6e = 5.4 Hz, 

J5,6 = 10.2 Hz; H-6II), 4.29 (m, 8H; H-4I, H-5I, H-2II, H-4II, H-5II, H-2III , H-4III , H-6III ), 3.99 (dd, 1H, J6a,6e = 4.8 

Hz, J5,6a = 10.8 Hz; H-6I), 3.88 (m, 4H, H-3I, H-6I, H-3II, H-6II), 3.78 (t, 1H, J5,6a = J6a,6e = 10.2 Hz; H-6III ), 

3.69 (dd, 1H; J2,3 = 2.4 Hz, J3,4 = 9.6 Hz; H-3III ), 3.34 (td, 1H, J5,6e = 4.8 Hz, J4,5 =J5,6a = 9.6 Hz; H-5III ), 2.36 (s, 

1H; OH) ppm.; 13C NMR (150 MHz, CDCl3): δ 138.89-125.94 (aromatic C), 101.78, 101.64, 100.59 (C-1II), 

100.22, 99.26 (C-1III ), 86.88 (C-1I), 79.26, 78.68, 78.62, 77.52, 75.94, 74.37, 73.52 (PhCH2), 72.99 (PhCH2), 

72.34, 71.04 (PhCH2), 70.40, 68.77 (C-6), 68.41 (C-6), 67.77 (C-5III ), 67.66 (C-6), 65.65, 63.66 ppm.;1JCH(I) = 

168 Hz, 1JCH(II) = 168 Hz, 1JCH(III) = 168 Hz; MALDI-TOF MS: m/z calcd for C66H66O15SNa+: 1153.402 

[M+Na]+; found: 1153.411. 

 



 

 

Phenyl 

3-O-benzyl-4,6-O-benzylidene-β-D-mannopyranyl-(1-2)-3-O-benzyl-4,6-O-benzylidene-β-D-mannopyranyl-(

1-2)-3-O-benzyl-4,6-O-benzylidene-1-thio-α-D-mannopyranoside (Manβ1-2Manβ1-2Man) 

 Rf= 0.29 (Toluene/AcOEt = 5/1, v/v); 1H-NMR (600 MHz, CDCl3): δ 7.50-7.14 (m, 30H; aromatic 

H), 5.59, 5.58, 5.53 (3s, 3H; PhCH), 5.49 (d, 1H; J1,2 = 1.2 Hz; H-1I), 5.08 (s, 1H; H-1II), 4.68 (m, 7H; PhCH2, 

H-1III ) 4.54 (dd, 1H, J1,2 = 1.2 Hz, J2, OH = 3.6 Hz; H-2I), 4.88 (d, 1H, J1,2 = 1.8 Hz; H-1III ), 4.43 (dd, 1H, J1,2 = 

1.2 Hz, J2,OH = 3.0 Hz; H-2I), 4.28 (m, 8H; H-5I, H-6I, H-2II, H-4II, H-6III , H-2III , H-4III , H-6III ), 3.96 (m, 4H; 

H-3I, H-4I, H-6II, H-6III ), 3.75 (t, 1H, J3,4 = J4,5 = 9.6 Hz; H-4I), 3.66 (dd, 1H, J2,3 = 3.0 Hz, J3,4 = 9.6 Hz; 

H-3III ), 3.53 (dd, 1H, J2,3 = 3.0 Hz, J3,4 = 9.0 Hz; H-3II), 3.40 (td, 1H, J5,6e = 4.8 Hz, J4,5 =J5,6a = 9.6 Hz; H-5III ), 

3.34 (td, 1H, J5,6e = 4.8 Hz, J4,5 =J5,6a = 9.6 Hz; H-5II) 2.35 (s, 1H; OH) ppm.;13C NMR (150 MHz, CDCl3): δ 

138.23-126.12 (aromatic C), 101.94, 101.62, 101.50, 100.95 (C-1II), 98.40 (C-1III ), 85.76 (C-1I), 78.86, 78.37, 

78.12, 77.55, 76.21, 75.06, 74.08, 74.00, 72.33 (PhCH2), 71.81 (PhCH2), 71.71 (PhCH2), 69.00, 68.83, 67.80 

(C-5II), 67.38 (C-5III ), 65.28 ppm.;1JCH(I) = 168 Hz, 1JCH(II) = 163 Hz, 1JCH(III) = 156 Hz ; MALDI-TOF MS: 

m/z calcd for C66H66O15SNa+: 1153.402 [M+Na]+; found: 1153.417. 

 

3-O-benzyl-4,6-O-benzylidene-1-N-succinimido-D-mannopyranose (Man-NS) 

 1H-NMR (400 MHz, CDCl3) δ 7.51-7.29 (m, 30H), 6.74 (s, 1H), 6.59 (s, 1H), 5.61 (d, J = 8.0 Hz, 

3H), 5.32 (d, J = 3.0 Hz, 2H), 5.28 (d, J = 3.0 Hz, 1H), 4.93 (m, 2H), 4.83 (m, 2H), 4.31 (m, 4H), 4.24 (d, 

1H),4.09 (m, 3H), 3.81 (m, 5H), 3.34 (m, 2H), 2.52 (m, 11H), 1.59 (s, 5H) ppm.; MALDI-TOF MS: m/z calcd 

for C24H25O7NNa+: 462.152 [M+Na]+; found: 462.064. 
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Figure 1. A: Structure of high-mannose type sugar chain, B: Synthetic scheme of oligomannosie derivatives 

and putative mechanism for the stereo-selective glycosylation via (a) C-2 hydroxyl group assisted 

epoxide-like intermediate, or (b) remote participation from the C-3 position of the pivaloyl group.  

  



 

 

 

Figure 2. A: One-pot reaction with mannose derivative 1 (Regents and conditions; NIS, TfOH, CH
2
Cl

2
, -78 

o
C), B: MALDI TOF MS spectra of the reaction mixture, C: HPLC chromatogram of the reaction mixture 

(conditions; column; JAIGEL2HR-2.5HR, flow rate; 10 mL/min, solvent; chloroform, detection; UV 254 nm), 

D: NMR spectra (CDCl
3
).  



 

 

 

 

Figure 3. A: One-pot reaction with mannose derivative 2 (Regents and conditions; NIS, TfOH, 

CH
2
Cl

2
, -78 

o
C), B: MALDI TOF MS spectra of the reaction mixture, C: HPLC chromatogram of the 

reaction mixture (conditions; column; JAIGEL2HR-2.5HR, flow rate; 10 mL/min, solvent; 

chloroform, detection; UV 254 nm), D: NMR spectra (CDCl
3
). 



Highlights 

 

• α(1,2)-linked oligomannoside derivatives were synthesized using a one-pot method 

 

• The mannosylation exclusively generated α-mannoside linkages 

 

• α(1,2)-linked mannobiose and mannotriose derivatives were also easily prepared 

 

• The α-directing effect was caused by the remote pivaloyl group in C-3 position 
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