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Figure S1: HPLC analysis with UV detection ( = 220 nm) of CD’ glucosylation reactions 

catalyzed by GH13 glucansucrases (panel A) and GH70 glucansucrases (panel B). Panel C: 

CD’ conversion degree in reactions catalyzed by GH70 glucansucrases (reaction conditions: 

30 °C, 146 mM Sucrose, 146 mM CD’, 24 h, 1U/mL of enzyme). DSR-S: Leuconostoc 

mesenteroides NRRL B-512F dextransucrase ; ASR : L. mesenteroides NRRL B-1355 

alternansucrase ; DSR-E: L. mesenteroides NRRL B-1299 dextransucrase; GBD-CD2: 

N(123)-glucan-binding domain-catalytic domain 2 (ΔN(123)-GBD-CD2) is a truncated form 

of the bifunctional glucansucrase DSR-E from L. mesenteroides NRRL B-1299 
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Figure S2: HPLC-MS analysis ( = 220 nm) of the CD’ glucosylation reaction catalyzed by 

GBD-CD2. 

 

 

Figure S3: Conversion rate of CD’ (2) into ECD’ (3) using GBD-CD2 at different 

[Sucrose]/[CD’] ratios and initial total dry mass. 

 
 

 

Scheme S1 Preparation of disaccharide acceptor 2. Reagents and conditions: a) TMSOTf, 

DCM, -15°C, 93%; b) MeONa, MeOH, 86%; c) TFA 50% aq., DCM, 95%  
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Experimental data  

- Enzymatic glucosylation 

o General methods 

Enzymes. Glucansucrases from families 13 and 70 were tested in acceptor reactions with 

sucrose as donor and CD’ (2) as acceptor. The selected enzymes from the Glycoside-

Hydrolase (GH) family 13 include the amylosucrases of Neisseria polysaccharea (NpAS)
1
 

and Deinococcus geothermalis (DgAS)
2
 and the sucrose hydrolase from Xanthomonas 

campestris pv. campestris (XcSH).
3
 In the GH family 70, the native dextransucrase from L. 

mesenteroides NRRL B-512F (DSR-S),
4
 one of its truncated recombinant form (DSR-S 

vardel 4N),
5
 the recombinant form of the alternansucrase from L. mesenteroides NRRL B-

1355 (ASR),
6
 the native dextransucrase from L. mesenteroides NRRL B-1299 (DSR-E), 

which possesses two catalytic domains (CD1 and CD2 showing  -1,6 linkage and -1,2 

specificity, respectively
7
 and the α-1,2-branching sucrase, a transglucosylase engineered from 

DSR-E (GBD-CD2)
8
 that catalyzes exclusively the α-1,2 transfer of the glucosyl moiety from 

sucrose onto α-1,6 dextran chains were assayed. 

 

Acceptor reaction assay.  Acceptor reactions were performed in 1 mL of mixture containing 

equimolar amounts of sucrose and CD’ (146 mM) in Tris-HCl 50 mM pH 7.5 for NpAS and 

XcSH assays, Tris-HCl 50 mM pH 8 for DgAS, sodium acetate buffer (AcONa) (20 mM, pH 

5.4) for ASR assays, in AcONa (50 mM, [CaCl2] = 0.5 g/L, pH 5.2) for DSR-S assays, in 

AcONa (20 mM, [CaCl2] = 0.5 g/L, pH 5.4) for DSR-E and GBD-CD2 assays using 1 U/mL 

of enzyme at 30 °C for 24 h. One unit is defined as the amount of enzyme that catalyzes the 

release of 1 µmol of fructose/min at 30 °C from 146 mM sucrose (for NpAS, DgAS and 

XcSH) or 292 mM sucrose for DSR-S, GBD-CD2, DSR-E and ASR. All reactions were 

stopped by heating at 95 °C for 5 min. The final mixture was centrifuged at 18000 g for 10 

min, filtered on a 0.22 µm membrane and diluted by 10 fold before HPLC analysis. To 

optimize the glucosylation reaction catalyzed by GBD-CD2, different initial molar 

sucrose/CD’ ratios varying from 1 to 15 and initial sugar dry mass values (DM) varying from 

75 to 425 g/L were assayed (Figure S2).  

 

HPLC analysis of the enzymatic reactions. The HPLC analysis device consisted of a Dionex 

P680 series pump, a shodex RI 101 series refractometer, a Dionex UVD 340 UV/Vis detector, 

and an autosampler HTC-PAL. An Aminex HPX-87K column (300 × 7.8 mm) was employed 

at 65 °C eluting with CH3CN/ultra-pure water (10:90, v/v). Glucose and fructose production 

and sucrose depletion were followed by RI detection. The conversion of CD’ (2) and the 

formation of ECD’ (3) were determined from their UV responses measured at  = 220 nm. 

Sensitivity was identical in the 205-220 nm wavelength range. 

 

Semi-preparative HPLC. ECD’ (3) was isolated by semi-preparative octadecyl reverse-phase 

chromatography column (250 × 10 mm, 4 µm) with MeOH:ultrapure water (30:70, v/v) at a 

constant rate of 2 mL/min. Detection was carried out with UV. The purity of the isolated 

compound was checked by analytical RP-HPLC.  
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LC-MS analyses. ESI-MS used a MSQ
®
 Plus Mass Spectrometer (Dionex - Thermoscientific) 

equipped with a source at 450 °C. Separation was achieved with a quadrupole and detection 

was in the positive mode.  

 

NMR analysis. Heteronuclear multiple bond correlation spectroscopy (HMBC) experiments 

were recorded on a Bruker Avance 400 spectrometer (proton frequency of 400.13 MHz and 
13

C frequency of 100.62 MHz) using the Bruker standard pulses program. The delay time for 

evolution of long-range 
13

C-
1
H couplings was set to 120 ms. Typical used parameters were 

1200 Hz spectral width for 
1
H and 22,130 Hz for 

13
C, 16 scans and 196 experiments were 

accumulated. Samples were analyzed at 300.3 K in 5 mm o.d. tubes. Chemical shifts are given 

using an external reference (d6-trimethylsilylpropionic acid, sodium salt). 

 

o Synthesis and characterization of ECD’ (3) 

Selecting a glucansucrase for CD’ glucosylation: Acceptor reactions were first carried out 

with an equimolar ratio of sucrose and CD’ (146 mM). Among the substrates, only CD’ 

absorbs in UV. After 24 h, the UV-HPLC profiles of the reaction mixtures obtained with GH 

family 13 enzymes (NpAS, DgAS and XcSH) showed only one single peak corresponding to 

CD’, indicating that none of these enzymes could glucosylate CD’(Figure S1-A). In contrast, 

an additional peak was observed on the profiles issued from the reactions catalyzed by the GH 

70 family enzymes (Figure S1-B). LC-MS analysis of CD’ glucosylation product synthesized 

by ASR, DSR-E and GBD-CD2 revealed a molecular weight of either 695.8 or 709.3 Da, 

corresponding to the ECD’ sodium and potassium adducts, respectively (Figure 3). Identical 

MS and NMR spectra were observed for the glucosylation product isolated from the three 

reactions indicating that the same compound was produced irrespective of the enzyme used. 

 

Optimization of ECD’ (3) production with GBD-CD2: The best conversion was obtained with 

GBD-CD2 (Figure S1-C), which was selected to further optimize ECD’ production by acting 

on temperature (20, 25 and 30 °C), reaction time (24 h and 48 h), total dry mass values from 

75 to 425 g/L), and [Suc]/[CD’] molar ratios (from 1 to 15). Preliminary experiments served 

to identify 30 °C as the best performing temperature and showed the absence of evolution 

post 24 h (data not shown). Adopting these conditions, we showed that CD’ conversion 

increased with the initial sucrose/CD’ ratio regardless of total dry mass values (Figure S2). 

Furthermore, for a given  [Suc]/[CD’] ratio, the increase of total dry mass value up to 350 g/L  

always favoured CD’ conversion. Overall, the highest CD’ conversion (94%) was obtained at 

initial [Suc]/[CD’] ratio of 12 and 350 g/L total dry mass. Preparative RP-HPLC of the crude 

material provided pure glucosylated CD’ (ECD’, 3) and unreacted CD’ (2). 

 

Gram synthesis and structural characterization of ECD’ (3) 

Allyl -D-glucopyranosyl-(1→4)--L-rhamnopyranosyl-(1→3)-2-deoxy-2-

trichloroacetamido--D-glucopyranoside (ECD’, 3). Sucrose (15.65 g, 45.7 mmol) was 

added to a solution of acceptor CD’ (1.94 g, 3.8 mmol) in sodium acetate buffer (AcONa, 20 

mM ; [CaCl2] = 0.5 g/L, pH 5.4, 50 mL) containing GBD-CD2 (1 U/mL). The mixture was 

gently stirred at 30 °C for 24 h. At this time, HPLC analysis indicated that conversion had 

reached 94%. Preparative HLPC of the crude mixture (H2O/MeOH, 100:0 → 70:30) furnished 
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a mixture of disaccharide CD’ and glucosylation product. The mixture was purified by 

column chromatography (DCM/MeOH 100:0 → 70:30) to give first the unreacted acceptor 

CD’ (140 mg, 0.27 mmol), then the enzymatic glucosylation product (2.22 g, 3.30 mmol, 

87%, corrected yield 94%) both as white amorphous solids. The product of enzymatic 

glucosylation, identified as being the ECD’ trisaccharide, was isolated as a white amorphous 

solid. Compound 3 had Rf = 0.51 (DCM/MeOH 70:30). [α]
24

D = + 8.7° (c 1.0, H2O). 
1
H NMR 

(D2O) δ5.98-5.88 (m, 1H, CH=CH2), 5.37-5.31 (m, Jtrans = 17.3 Hz, 1H, CH=CH2), 5.29-5.26 

(m, Jcis = 10.4 Hz, 1H, CH=CH2), 5.05 (d, J1,2 = 3.9 Hz, 1H, H-1E), 4.91 (br s, 1H, H-1C), 4.78 

(overlapped with D2O, 1H, H-1D), 4.40-4.35 (m, 1H, -OCH2All), 4.24-4.18 (m, 1H, -OCH2All), 

4.13 (dq, J4,5 = 9.6 Hz, 1H, H-5C), 4.03-3.95 (m, 2H, H-6aD, H-5E), 3.90-3.77 (m, 7H, H-2D, 

H-6bD, H-3D, H-6aE, H-6bE, H-2C, H-3C), 3.71 (pt, J = 9.3 Hz, 1H, H-3E), 3.61-3.56 (m, 2H, 

H-2E, H-4D), 3.54-3.45 (m, 3H, H-4E, H-4C, H-5D), 1.33 (d, J5,6 = 6.3 Hz, 3H, H-6C). 
13

C NMR 

(D2O) δ167.4 (CNTCA), 135.6 (CH=CH2), 121.3 (CH=CH2), 103.7 (C-1C, 
1
JCH = 170.3 Hz), 

102.3 (C-1E, 
1
JCH = 170.6 Hz), 101.6 (C-1D, 

1
JCH = 163.5 Hz), 94.2 (CCl3), 83.7 (2C, C-4C, C-

3D), 78.7 (C-5D), 75.3 (C-3E), 74.4 (C-5E), 74.1 (C-2E), 73.5 (C-2C), 73.4 (OCH2All), 71.9 (C-

4E), 71.6 (C-3C), 71.3 (C-4D), 70.7 (C-5C), 63.3 (C-6D), 62.7 (C-6E), 59.9 (C-2D), 19.3 (C-6C). 

HRMS (ESI
+
) m/z calcd for C23H36Cl3NO15Na [M+Na]

+
: 694.1048. Found: 694.1044. 

 

 

- Chemical synthesis 

Abbreviations. Ac: acetyl; anhydr.: Anhydrous; All: Allyl; Ar: Argon; CSA: Camphorsulfonic 

acid; DBU: 1,8-Diazabicyclo[5.4.0]undec-7-ene; DCE: 1,2-Dichloroethane; DCM: 

Dichloromethane; DMF: N,N-Dimethylformamide; DMP: 2,2-Dimethoxypropane; HR-ESI-

TOF-MS: High Resolution Electrospray Ionisation/Time-Of-Flight Mass Spectra; HR-

MALDI-TOF-MS: High Resolution Matrix-Assisted Laser Desorption-Ionisation/Time-Of-

Flight Mass Spectra; iPr: isopropylidene; [Ir]: 1,5-Cyclooctadiene-

bis(methyldiphenylphosphine)-iridium hexafluorophosphate; MS: Molecular sieves; NMR: 

Nuclear Magnetic Resonance; NTCA: trichloroacetamide; RP-HPLC: Reverse Phase High 

Performance Liquid Chromatography; pTSA: p-Toluenesulfonic acid; TFA: Trifluoroacetic 

acid; THF: Tetrahydrofuran; TLC: Thin-Layer Chromatography; TMSOTf: Trimethylsilyl 

trifluoromethanesulfonate.  

 

General. Reagents were purchased from Sigma-Aldrich, Fluka, Alfa Aesar or TCI Europe and 

were used as received. Solvents were obtained from VWR International and Carlo Erba and 

were used as received. Air and water sensitive reactions were performed in dried glassware 

under Ar. Anhydr. toluene, Et2O, DCE, THF, DMF, CH3CN, MeOH and pyridine were 

delivered on MS and were used as received. Sodium hydride (60% dispersion in mineral oil) 

was washed with anhydr. pentane under a stream of Ar before use. 4Å MS were activated 

before use by heating at 250°C under vacuum. Analytical TLC was performed with silica gel 

60 F254, 0.25 mm pre-coated TLC plates (Merck). Compounds were visualized using UV254 

and/or orcinol (1 mg·mL
-1

) in 10% aq. H2SO4 with charring. Flash column chromatography 

was carried out using silica gel (Merck, particle size 40-63 µm or 15-40 µm). NMR spectra 

were recorded at 303 K on a Bruker Avance spectrometer at 400 MHz (
1
H) and 100 MHz 

(
13

C) equipped with a BBO probe. Elucidations of chemical structures were based on 
1
H, 

COSY, DEPT-135, HSQC, 
13

C, 
13

C gated decoupling and HMBC experiments. Signals are 

reported as m (multiplet), s (singlet), d (doublet), t (triplet), pt (pseudo triplet), dd (doublet of 
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doublet), dq (doublet of quadruplet), br s (broad singlet), and coupling constants are reported 

in hertz (Hz). Spectra were recorded in CDCl3, CD3OD and D2O. Chemical shifts are reported 

in ppm () relative to residual solvent peak, CHCl3 in the case of CDCl3, MeOH in the case of 

CD3OD, HOD and 4,4-dimethyl-4-silapentane-1-sulfonic acid (DSS) in the case of D2O, at 

7.26/77.16, 3.31/49.0, and 4.79/0.0 ppm for the 
1
H and 

13
C spectra, respectively. Of the two 

magnetically non-equivalent geminal protons at C-6, the one resonating at lower field is 

denoted H-6a, and the one at higher field is denoted H-6b. Sugar residues are serially lettered 

according to the lettering of the repeating unit of the S. flexneri 2a O-specific polysaccharide 

and identified by a subscript in the listing of signal assignments. HR-ESI-TOF-MS were 

recorded on a WATERS QTOF Micromass instrument in the positive-ion electrospray 

ionisation (ESI
+
) mode. Solutions were prepared using 1:1 CH3CN/H2O containing 0.1% 

formic acid or MeOH/water containing 10 mM ammonium acetate in the case of sensitive 

compounds. HR-MALDI-TOF-MS were recorded on a 4800 MALDI TOF/TOF AB SCIEX 

instrument in the positive-ion reflector mode using 2,5-dihydroxybenzoic acid (DHB) in 

CH3CN/TFA (0.1%) as the matrix. Optical rotations were obtained using the sodium D line at 

ambient temperature on a Bellingham + Stanley Ltd. ADP220 polarimeter. Analytical RP-

HPLC ( = 215 nm) of the final product was carried out using an Aeris Peptide 3.6 µm 

C18 100 Å 2.1  100 mm analytical column, eluting with a 0-20% linear gradient of CH3CN in 

0.08% aq. TFA over 20 min at a flow rate of 0.3 mL·min
-1

. 

 

Allyl (2,3,4-tri-O-acetyl--L-rhamnopyranosyl)-(1→3)-2-deoxy-4,6-O-isopropylidene-2-

trichloroacetamido--D-glucopyranoside (S3). To a solution of the known acceptor
9
 S1 

(489 mg, 1.21 mmol) and the known donor
10

 S2 (665 mg, 1.53 mmol, 1.3 equiv.) in anhydr. 

DCM (12 mL) containing 4Å MS (530 mg), under Ar atmosphere and cooled to -15°C, was 

added TMSOTf (13 μL, 72 μmol, 0.06 equiv.). The reaction mixture was stirred 30 min then 

Et3N (50 µL) was added and the mixture was filtered over a pad of Celite and concentrated to 

dryness. Chromatography of the residue (cyclohexane-EtOAc, 90:10 → 80:20) afforded fully 

protected disaccharide S3 (760 mg, 1.12 mmol, 93%) as a white amorphous solid. Rf = 0.27 

(cyclohexane-EtOAc 70:30). [α]
24

D = - 30.9° (c 1.0; CHCl3). 
1
H NMR (CDCl3) 7.00 (d, 

JNH,2 = 7.2 Hz, 1H, NH), 5.88-5.78 (m, 1H, CH=CH2), 5.28-5.16 (m, 4H, CH=CH2, H-2C, H-

3C), 5.02 (pt, J = 9.7 Hz, 1H, H-4C), 5.01 (d, J1,2 = 8.3 Hz, 1H, H-1D), 4.79 (d, J1,2 = 1.5 Hz, 

1H, H-1C), 4.39 (pt, J = 9.4 Hz, 1H, H-3D), 4.33-4.28 (m, 1H, -OCH2All), 4.18 (dq, 1H, H-5C), 

4.08-4.03 (m, 1H, -OCH2All), 3.96 (dd, J6a,6b = 10.8 Hz, J5,6a = 5.4 Hz, 1H, H-6aD), 3.80 (pt, 

J5,6b = 10.8 Hz, 1H, H-6bD), 3.64 (pt, J = 9.4 Hz, 1H, H-4D), 3.40-3.34 (m, 2H, H-2D, H-5D), 

2.08 (s, 3H, HAc), 2.03 (s, 3H, HAc), 1.96 (s, 3H, HAc), 1.52 (s, 3H, HiPr), 1.41 (s, 3H, HiPr), 

1.17 (d, J5,6 = 6.3 Hz, 3H, H-6C). 
13

C NMR (CDCl3) 170.3, 170.0, 169.9 (3C, CAc), 162.2 

(CNTCA), 133.3 (CH=CH2), 118.3 (CH=CH2), 99.6 (CiPr), 98.3 (C-1C, 
1
JCH = 173.1 Hz), 98.2 

(C-1D, 
1
JCH = 165.2 Hz), 92.3 (CCl3), 75.2 (C-3D), 73.1 (C-4D), 71.0 (C-4C), 70.8 (-OCH2All), 

69.6 (C-3C), 69.4 (C-2C), 67.2 (C-5D), 66.6 (C-5C), 62.2 (C-6D), 60.0 (C-2D), 29.2 (CiPr), 20.9, 

20.8, 20.7 (3C, CAc), 19.3 (CiPr), 17.4 (C-6C). HRMS (ESI
+
) m/z calcd for C26H36Cl3NO13Na 

[M+Na]
+
: 698.1150. Found: 698.1158. 
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Allyl (-L-rhamnopyranosyl)-(1→3)-2-deoxy-4,6-O-isopropylidene-2-

trichloroacetamido--D-glucopyranoside (S4). To a solution of protected disaccharide S3 

(128 mg, 189 µmol) in anhydr. MeOH (3 mL) and under Ar atmosphere, was added MeONa 

(0.5 M, 115 µL, 58 µmol, 0.3 equiv.). The reaction mixture was stirred for 2 h, then quenched 

by addition of Dowex 50Wx8-200 and filtered over a pad of Celite. The solvent was removed 

under vacuum and the residue was purified by column chromatography (EtOAc) to give triol 

S4 (90 mg, 163 µmol, 86%) as a white amorphous solid. Rf = 0.45 (EtOAc). [α]
24

D = - 64.5° 

(c 1.0; CHCl3). 
1
H NMR (MeOD) 5.86-5.77 (m, 1H, CH=CH2), 5.25-5.19 (m, Jtrans = 17.3 

Hz, 1H, CH=CH2), 5.11-5.07 (m, Jcis = 10.5 Hz, 1H, CH=CH2), 4.79 (d, J1,2 = 1.5 Hz, 1H, H-

1C), 4.64-4.58 (m, 1H, H-1D), 4.26-4.21 (m, 1H, -OCH2All), 4.04-3.99 (m, 1H, -OCH2All), 3.93 

(dq, J4,5 = 9.6 Hz, 1H, H-5C), 3.88-3.82 (m, 3H, H-2D, H-3D, H-6aD), 3.78 (pt, J = 10.3 Hz, 

1H, H-6bD), 3.72 (dd, J2,3 = 3.3 Hz, 1H, H-2C), 3.64-3.60 (m, J4,5 = 9.4 Hz, 1H, H-4D), 3.58-

3.54 (m, 1H, H-3C), 3.29-3.24 (m, 2H, H-4C, H-5D), 1.49 (s, 3H, HiPr), 1.35 (s, 3H, HiPr), 1.17 

(d, J5,6 = 6.2 Hz, 3H, H-6C). 
13

C NMR (MeOD) 164.3 (CNTCA), 135.0 (CH=CH2), 117.5 

(CH=CH2), 102.5 (C-1C), 101.7 (C-1D), 100.8 (CiPr), 94.0 (CCl3), 78.2 (C-3D), 74.2 (C-4D), 

73.8 (C-4C), 72.3 (2C, C-2C, C-3C), 71.3 (-OCH2All), 69.7 (C-5C), 68.6 (C-5D), 63.1 (C-6D), 

59.4 (C-2D), 29.5 (CiPr), 19.3 (CiPr), 18.1 (C-6C). HRMS (ESI
+
) m/z calcd for 

C20H30Cl3NO10Na [M+Na]
+
: 572.0833. Found: 572.0805. 

 

Allyl (-L-rhamnopyranosyl)-(1→3)-2-deoxy-2-trichloroacetamido--D-glucopyranoside 

(2). To a solution of triol S4 (239 mg, 0.43 mmol) in DCM (10 mL) was added TFA (50% 

aq., 5 mL). The biphasic mixture was vigorously stirred for 30 min then repeatedly 

coevaporated with toluene. The residue was purified by column chromatography 

(EtOAc/MeOH, 98:2) to give pentaol 2 (208 mg, 0.41 mmol, 95%) as a white amorphous 

solid. Rf = 0.60 (DCM/MeOH 84:16). [α]
23

D = - 55.2° (c 1.0; H2O). 
1
H NMR (D2O) 6.03-

5.94 (m, 1H, CH=CH2), 5.42-5.36 (m, Jtrans = 17.3 Hz, 1H, CH=CH2), 5.35-5.31 (m, Jcis = 

10.4 Hz, 1H, CH=CH2), 4.96 (d, J1,2 = 1.6 Hz, 1H, H-1C), 4.84 (d, J1,2 = 8.3 Hz, 1H, H-1D), 

4.46-4.40 (m, 1H, -OCH2All), 4.29-4.24 (m, 1H, -OCH2All), 4.07 (dq, J4,5 = 9.8 Hz, 1H, H-5C), 

4.02 (dd, J6a,6b = 12.4 Hz, J5,6a = 2.0 Hz, 1H, H-6aD), 3.96-3.83 (m, 4H, H-2D, H-2C, H-6bD, 

H-3D), 3.80 (dd, J3,4 = 9.9 Hz, J2,3 = 3.4Hz, 1H, H-3C), 3.66-3.54 (m, 2H, H-4D, H-5D), 3.51 

(pt, 1H, H-4C), 1.30 (d, J5,6 = 6.3 Hz, 3H, H-6C). 
13

C NMR (D2O) 167.4 (CNTCA), 135.7 

(CH=CH2), 121.4 (CH=CH2), 103.9 (C-1C), 101.7 (C-1D), 94.2 (CCl3), 83.4 (C-3D), 78.7 (C-

5D), 74.5 (C-4C), 73.4 (-OCH2All), 73.3 (C-2C), 73.0 (C-3C), 71.6 (C-5C), 71.3 (C-4D), 63.4 (C-

6D), 60.0 (C-2D), 19.1 (C-6C). HRMS (ESI
+
) m/z calcd for C17H26Cl3NO10Na [M+Na]

+
: 

532.0520. Found: 532.0511. 

 

Allyl (2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-(1→4)-(2-O-acetyl--L-

rhamnopyranosyl)-(-(1→3)-4,6-di-O-benzyl-2-deoxy-2-trichloroacetamido--D-

glucopyranoside (5). To a solution of diol 4
*
 (826 mg, 0.68 mmol) in anhydr. CH3CN (680 

µL) and under Ar, were added trimethyl orthoacetate (260 µL, 2.04 mmol, 3.0 equiv.) and p-

TSA (5 mg, 0.03 mmol, 0.04 equiv.). The reaction mixture was stirred for 35 min then 80% 

aq. AcOH (0.7 mL) was added. The reaction mixture was stirred for another 25 min then it 

                                                 
*
 To be described elsewhere 
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was diluted with DCM (60 mL) and rapidly washed with cold water (1 × 10 mL) and brine (1 

× 10 mL). The aqueous phase was extracted with DCM (1 × 10 mL) and the combined 

organics were dried (Na2SO4), filtered and co-evaporated with toluene to give crude alcohol 5 

(802 mg, 0.64 mmol, 94%) as a white amorphous solid. Rf = 0.20 (cyclohexane/EtOAc 

70:30). [α]
24

D = + 7.8° (c 1.0, CHCl3). 
1
H NMR (CDCl3) δ7.40-7.23 (m, 29H, Ph, NH), 7.19-

7.16 (m, 2H, Ph), 5.97-5.88 (m, 1H, CH=CH2), 5.35-5.29 (m, Jtrans = 17.2 Hz, 1H, CH=CH2), 

5.26-5.20 (m, Jcis = 10.3 Hz, 1H, CH=CH2), 5.24 (bs, 1H, H-2C), 5.11 (bs, 1H, H-1C), 5.00 (d, 

J1,2 = 3.6 Hz, 1H, H-1E), 4.93 (d, J = 11.0 Hz, 1H, HBn), 4.86 (d, J = 10.9 Hz, 1H, HBn), 4.84-

4.48 (m, 11H, 10HBn, H-1D), 4.41-4.36 (m, 1H, -OCH2All), 4.22 (pt, J = 7.0 Hz, 1H, H-3D), 

4.13-4.05 (m, 3H, H-5E, OH, -OCH2All), 4.00-3.75 (m, 8H, H-4D, H-5D, H-6aD, H-6bD, H-2D, 

H-3E, H-3C, H-5C), 3.70-3.56 (m, 4H, H-4E, H-2E, H-6aE, H-6bE), 3.40 (pt, J = 9.0 Hz, 1H, H-

4C), 2.15 (s, 3H, HAc), 1.36 (d, J5,6 = 6.2 Hz, H-6C). 
13

C NMR (CDCl3) δ170.3 (CAc), 161.8 

(CNTCA), 138.7, 138.1, 138.0, 137.9, 137.6, 137.4 (6Cquat, Ph), 133.6 (CH=CH2), 128.6, 128.5, 

128.4, 128.1, 128.0, 127.9, 127.8, 127.7 (30C, Ph), 117.7 (CH=CH2), 99.2 (C-1E), 98.1 (C-

1D), 97.0 (C-1C), 92.4 (CCl3), 85.4 (C-4C), 81.7 (C-3E), 79.9 (C-2E), 77.8 (C-4E), 76.5 (C-4D), 

75.6 (CBn), 75.2 (C-3D), 75.1 (CBn), 74.3 (C-5D), 74.0, 73.6 (4C, CBn), 71.9 (C-2C), 71.4 (C-

5E), 70.0 (OCH2All), 69.2 (C-6E), 68.6 (C-6D), 68.3 (C-3C), 67.6 (C-5C), 55.4 (C-2D), 21.1 

(CAc), 17.8 (C-6C).HRMS (ESI
+
) m/z calcd for C67H74Cl3NO16Na [M+Na]

+
: 1276.3971. 

Found: 1276.4047. 

 

Allyl (3,4-di-O-benzyl-2-O-levulinoyl--L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-

benzyl--D-glucopyranosyl)-(1→4)]-(2-O-acetyl--L-rhamnopyranosyl)-(1→3)-4,6-di-O-

benzyl-2-deoxy-2-trichloroacetamido--D-glucopyranoside (7). To a solution of the crude 

acceptor 5 (505 mg, 402 µmol, 1.0 equiv.) and of the known rhamnosyl donor
11

 6 (280 mg, 

477 µmol, 1.2 equiv.) in anhydr. Et2O (8 mL) containing 4Å MS (500 mg), under Ar and 

cooled to -15 °C, was added TMSOTf (4 μL, 22 μmol, 0.05 equiv.). The reaction mixture was 

stirred for 40 min. Et3N (10 µL) was added and the mixture was filtered over a pad of Celite 

and concentrated to dryness. The residue was purified by column chromatography 

(Toluene/EtOAc, 90:10 → 80:20) to give tetrasaccharide 7 (580 mg, 345 µmol, 86%) as a 

white amorphous solid. Rf = 0.27 (Toluene/EtOAc 86:14). [α]
24

D = + 9.8° (c 1.0, CHCl3). 
1
H 

NMR (CDCl3) δ7.39-7.16 (m, 41H, Ph, NH), 5.95-5.85 (m, 1H, CH=CH2), 5.68 (bs, 1H, H-

2B), 5.31-5.26 (m, Jtrans = 17.3 Hz, 1H, CH=CH2), 5.21-5.17 (m, Jcis = 10.3 Hz, 1H, CH=CH2), 

5.14 (bs, 1H, H-2C), 5.07 (d, J1,2 = 2.4 Hz, 1H, H-1C), 4.97-4.40 (m, 19H, 16HBn, H-1D, H-1B, 

H-1E), 4.38-4.32 (m, 1H, -OCH2All), 4.26 (bt, 1H, H-3D), 4.10-4.05 (m, 1H, -OCH2All), 3.99-

3.69 (m, 14H, H-3C, H-3E, H-5E, H-5D, H-5C, H-4E, H-5B, H-3B, H-6aE, H-6bE, H-6aD, H-6bD, 

H-2D, H-4D), 3.48-3.43 (m, 2H, H-2E, H-4C), 3.38 (pt, J = 9.4 Hz, 1H, H-4B), 2.77-2.68 (m, 

4H, 2×CH2Lev), 2.18 (s, 3H, CH3Lev), 2.10 (s, 3H, HAc), 1.24 (d, J5,6 = 6.3 Hz, 3H, H-6B), 1.16 

(d, J5,6 = 6.2 Hz, 3H, H-6C). 
13

C NMR (partial, CDCl3) δ206.5 (CLev), 171.9 (CLev), 170.0 

(CAc), 161.8 (CNTCA), 138.8, 138.6, 138.5, 138.4, 138.3, 138.0, 137.5 (8Cquat, Ph), 133.7 

(CH=CH2), 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7, 127.6, 127.5, 

127.4 (40C, Ph), 117.8 (CH=CH2), 98.6 (C-1E), 97.9 (C-1D), 96.5 (C-1C), 92.4 (CCl3), 81.7 

(C-3E), 81.6 (C-2E), 79.9 (C-4B), 77.7 (C-4E), 77.0 (C-3B), 76.4 (C-4D), 75.6 (2C, CBn), 75.2 

(C-3D), 75.0 (CBn), 74.3 (C-5D), 73.9, 73.8, 73.5 (3C, CBn), 72.9 (CBn), 71.8 (C-5E), 71.6 (C-
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2C), 70.1 (2C, CBn, OCH2All), 69.2 (C-6D), 68.8 (C-5B), 68.6 (C-2B), 68.3 (C-6E), 68.0 (C-5C), 

56.3 (C-2D), 38.1 (CH2Lev), 30.0 (CH3Lev), 28.3 (CH2Lev), 21.2 (CAc), 18.5 (C-6C), 18.1 (C-6B). 

HRMS (ESI
+
) m/z calcd for C92H102Cl3NO22Na [M+Na]

+
: 1700.5857. Found: 1700.5919. 

 

Allyl (3,4-di-O-benzyl--L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-

glucopyranosyl)-(1→4)]-(2-O-acetyl--L-rhamnopyranosyl)-(1→3)-4,6-di-O-benzyl-2-

deoxy-2-trichloroacetamido--D-glucopyranoside (8). To a solution of tetrasaccharide 7 

(489 mg, 291 µmol) in anhydr. pyridine (3.6 mL), cooled to 0 °C and under Ar, were added 

AcOH (2.4 mL) and hydrazine hydrate (71 µL, 1.46 mmol, 5.0 equiv.), then the reaction 

mixture was allowed to warm to room temperature. After 70 min, cold water (15 mL) was 

added to the reaction mixture, which was then extracted with DCM (4 × 20 mL). The 

combined organics were dried (Na2SO4), filtered, evaporated and co-evaporated twice with 

toluene. The residue was purified by column chromatography (Toluene/EtOAc, 95:5 → 

85:15) to give alcohol 8 (423 mg, 267 µmol, 92%) as a white foam. Rf = 0.22 

(Toluene/EtOAc 86:14). [α]
24

D = - 6.1° (c 1.0, CHCl3). 
1
H NMR (CDCl3) δ7.39-7.13 (m, 

41H, Ph, NH), 5.94-5.84 (m, 1H, CH=CH2), 5.30-5.24 (m, Jtrans = 17.2 Hz, 1H, CH=CH2), 

5.19-5.16 (m, Jcis = 10.5 Hz, 1H, CH=CH2), 5.12 (bdd, J2,3 = 3.2 Hz, 1H, H-2C), 5.07 (d, J1,2 = 

2.0 Hz, 1H, H-1C), 5.00 (d, J1,2 = 3.0 Hz, 1H, H-1E), 4.96 (d, J1,2 = 1.7 Hz, 1H, H-1B), 4.89 (d, 

J = 11.0 Hz, 1H, HBn), 4.86-4.48 (m, 14H, HBn), 4.81 (d, J1,2 = 8.0 Hz, 1H, H-1D), 4.41 (d, J = 

12.1 Hz, 1H, HBn), 4.35-4.30 (m, 1H, -OCH2All), 4.28-4.24 (m, 2H, H-3D, H-2B), 4.09-4.03 

(m, 1H, -OCH2All), 3.97 (bdd, 1H, H-3C), 3.92-3.73 (m, 8H, H-4D, H-6aD, H-6bD, H-5D, H-5C, 

H-2D, H-3E, H-5E), 3.69-3.60 (m, 5H, H-4E, H-6aE, H-6bE, H-5B, H-3B), 3.56 (pt, J = 9.1 Hz, 

1H, H-4C), 3.51-3.44 (m, 2H, H-4B, H-2E), 2.73 (bs, 1H, OH), 2.07 (s, 3H, HAc), 1.26 (d, J5,6 = 

6.2 Hz, 3H, H-6B), 1.22 (d, J5,6 = 6.2 Hz, 3H, H-6C).
13

C NMR (CDCl3) δ169.9 (CAc), 161.6 

(CNTCA), 138.7, 138.6, 138.4, 138.2, 138.1, 137.9, 137.4 (8Cquat, Ph), 133.7 (CH=CH2), 128.6, 

128.5, 128.4, 128.3, 128.0, 127.9, 127.8, 127.7, 127.6 (40C, Ph), 117.8 (CH=CH2), 102.6 (C-

1B), 98.7 (C-1E), 97.7 (C-1D), 95.6 (C-1C), 92.4 (CCl3), 81.6 (C-3E), 81.2 (C-2E), 80.0 (C-4B), 

79.6 (C-4C), 79.2 (C-3B), 78.5 (C-3C), 77.7 (C-4E), 75.9 (C-4D), 75.6, 75.1, 74.9 (3C, CBn), 

74.0 (C-5D), 73.8, 73.7, 73.5 (3C, CBn), 73.2 (2C, C-3D, CBn), 72.5 (C-2C), 71.6 (CBn), 71.5 (C-

5E), 70.0 (OCH2All), 69.5 (C-6D), 68.6 (C-6E), 68.4 (C-5B), 68.3 (C-5C), 68.2 (C-2B), 54.9 (C-

2D), 21.0 (CAc), 18.6 (C-6C), 18.1 (C-6B). HRMS (ESI
+
) m/z calcd for C87H96Cl3NO20Na 

[M+Na]
+
: 1602.5490. Found: 1602.5555. 

 

Allyl (3,4-di-O-benzyl-2-O-levulinoyl--L-rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl--

L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-(1→4)]-(2-O-

acetyl--L-rhamnopyranosyl)-(1→3)-4,6-di-O-benzyl-2-deoxy-2-trichloroacetamido--D-

glucopyranoside (9). To a solution of the acceptor 8 (400 mg, 253 µmol, 1.0 equiv.) and the 

known rhamnosyl donor
11

 6 (191 mg, 325 µmol, 1.3 equiv.) in anhydr. Et2O (5 mL) 

containing 4Å MS (680 mg), under Ar and cooled to -15 °C, was added TMSOTf (3 μL, 17 

μmol, 0.07 equiv.). The reaction mixture was stirred for 1.5 h then allowed to warm to room 

temperature for 30 min, then Et3N (10 µL) was added and the mixture was filtered over a pad 

of Celite and concentrated to dryness. The residue was purified by column chromatography 

(Toluene/EtOAc, 95:5 → 85:15) to give pentasaccharide 9 (437 mg, 218 µmol, 86%) as a 
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white amorphous solid. Rf = 0.50 (Toluene/EtOAc 80:20). [α]
24

D = + 2.9° (c 1.0, CHCl3). 
1
H 

NMR (CDCl3) δ 7.36-7.13 (m, 51H, Ph, NH), 5.94-5.84 (m, 1H, CH=CH2), 5.56 (dd, J2,3 = 

3.0 Hz, J1,2 = 1.9 Hz, 1H, H-2A), 5.31-5.25 (m, Jtrans = 17.2 Hz, 1H, CH=CH2), 5.19-5.16 (m, 

Jcis = 10.5 Hz, 1H, CH=CH2), 5.14 (bs, 1H, H-2C), 5.08 (d, J1,2 = 2.4 Hz, H-1C), 5.06 (bs, 1H, 

H-1A), 4.94-4.78 (m, 8H, 5HBn, H-1B, H-1D, H-1E), 4.75-4.47 (m, 14H, HBn), 4.40-4.30 (m, 

4H, H-2B, H-3D, 1HBn, -OCH2All), 4.10-4.04 (m, 1H, -OCH2All), 3.97-3.37 (m, 20H, H-2D, H-

2E, H-3A, H-3B, H-3C, H-3E, H-4A, H-4B, H-4C, H-4D, H-4E, H-5A, H-5B, H-5C, H-5D, H-5E, H-

6aD, H-6bD, H-6aE, H-6bE), 2.68-2.47 (m, 4H, 2×CH2Lev), 2.09, 2.08 (s, 6H, CH3Lev, HAc), 

1.30, 1.19, 1.15 (d, J5,6 = 6.2 Hz, 9H, H-6A, H-6B, H-6C). 
13

C NMR (partial, CDCl3) δ206.1 

(CLev), 171.8 (CLev), 170.1 (CAc), 161.8 (CNTCA), 138.9, 138.8, 138.7, 138.6, 138.3, 138.2, 

138.1, 137.5 (10Cquat, Ph), 133.7 (CH=CH2), 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 

127.9, 127.8, 127.6, 127.5, 127.4 (50C, Ph), 117.9 (CH=CH2), 99.4 (C-1A), 97.9 (C-1E), 96.2 

(C-1C), 92.4 (CCl3), 56.6 (C-2D), 38.1 (CH2Lev), 29.8 (CH3Lev), 28.2 (CH2Lev), 21.2 (CAc), 18.7, 

18.4, 18.1 (3C, C-6A, C-6B, C-6C). HRMS (ESI
+
) m/z calcd for C112H124Cl3NO26Na [M+Na]

+
: 

2026.7374. Found: 2026.7920. 

 

(3,4-Di-O-benzyl-2-O-levulinoyl--L-rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-

rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-(1→4)]-(2-O-

acetyl--L-rhamnopyranosyl)-(1→3)-4,6-di-O-benzyl-2-deoxy-2-trichloroacetamido-/-

D-glucopyranose (10). 1,5-Cyclooctadiene-bis(methyldiphenylphosphine)-iridium 

hexafluorophosphate (3 mg, 3.5 µmol, 0.03 equiv.) was dissolved in anhydr. THF (2 mL) 

under Ar. Hydrogen was bubbled through the solution for 15 min, causing the color to change 

from red to yellow. The solution was degassed by complete evaporation of the solvent under 

vacuum. The activated iridium complex was dissolved under Ar in anhydr. THF (2 mL) then a 

solution pentasaccharide 9 (248 mg, 124 µmol) in anhydr. THF (3 mL) was added. The 

reaction mixture was stirred for 2.5 h at room temperature then a solution of iodine (98 mg, 

386 µmol, 3.1 equiv.) in THF/water (4.5 mL, 2:1) was added. After 4h20, the excess iodine 

was quenched by addition of a 10% sodium bisulphite aqueous solution (15 mL). The reaction 

mixture was partially concentrated under reduced pressure to remove the THF then the 

aqueous layer was extracted with DCM (3 × 20 mL). The combined organics were dried 

(Na2SO4), filtered and concentrated. Column chromatography of the residue (Toluene/EtOAc, 

85:15 → 80:20) gave hemiacetal 10 (227 mg, 115 µmol, 93%) as a white foam. Rf = 0.43 

(Toluene/EtOAc 75:25).  anomer: Rf = 0.26 (Toluene/EtOAc 75:25). 
1
H NMR (CDCl3) δ 

7.41-6.99 (m, 51H, Ph, NH), 5.60 (bs, 1H, H-2A), 5.25-4.37 (m, 26H, 20HBn, H-1A, H-1B, H-

1C, H-1D, H-1E, H-2C), 4.29-3.40 (m, 22H, H-2B, H-2D, H-2E, H-3A, H-3B, H-3C, H-3D, H-3E, 

H-4A, H-4B, H-4C, H-4D, H-4E, H-5A, H-5B, H-5C, H-5D, H-5E, H-6aD, H-6bD, H-6aE, H-6bE), 

2.72-2.57 (m, 4H, 2×CH2Lev), 2.13, 2.12 (bs, 6H, CH3Lev, HAc), 1.36-1.19 (m, 9H, H-6A, H-6B, 

H-6C). 
13

C NMR (partial, CDCl3) δ206.2 (CLev), 171.8 (CLev), 170.1, 170.0 (CAc), 162.6, 

161.7 (CNTCA), 138.8-127.3 (Ph), 99.3 (C-1A), 97.4 (C-1E), 96.5 (C-1C), 94.6, 91.3 (C-1D), 

92.5, 92.3 (CCl3), 58.2, 55.4 (C-2D), 38.1, 38.0 (CH2Lev), 29.8, 29.7 (CH3Lev), 28.2, 28.1 

(CH2Lev), 21.0 (CAc), 18.8, 18.7, 18.3, 18.2, 18.1, 18.0 (3C, C-6A, C-6B, C-6C). HRMS (ESI
+
) 

m/z calcd for C109H120Cl3NO26Na [M+Na]
+
: 1986.7062. Found: 1986.7177. 
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(3,4-Di-O-benzyl-2-O-levulinoyl-L-rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-

rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-(1→4)]-(2-O-

acetyl--L-rhamnopyranosyl)-(1→3)-4,6-di-O-benzyl-2-deoxy-2-trichloroacetamido-/-

D-glucopyranosyl N-(phenyl)trifluoroacetimidate (11). To a solution of hemiacetal 10 (352 

mg, 179 µmol) in acetone (4.5 mL) and under Ar were added first cesium carbonate (68 mg, 

209 µmol, 1.2 equiv.), then 2,2,2-trifluoro-N-(phenyl)acetimidoyl chloride (74 mg, 357 µmol, 

2.0 equiv.). After 2 h, volatiles were evaporated and the residue was purified by flash 

chromatography (Toluene/EtOAc, 98:2 → 85:15) to give imidate 11 (316 mg, 148 µmol, 

83%) as a white foam. NMR data indicated that donor 11 was present as a 1:0.3 mix with the 

corresponding oxazoline. Compound 11 had Rf = 0.63 (Toluene/EtOAc 85:15). 
1
H NMR 

(CDCl3) δ 7.36-7.10 (m, 53H, Ph), 6.88 (d, JNH,2 = 8.5 Hz, 1H, NH), 6.77 (d, J = 7.4 Hz, 2H, 

Ph), 6.41 (br s, 1H, H-1D), 5.54 (dd, J1,2 = 1.8 Hz, J2,3 = 3.0 Hz, 1H, H-2A), 5.17 (bs, 1H, H-

1C), 5.12 (m, 1H, H-2C), 5.05 (d, 1H, H-1A), 4.95-4.34 (m, 24H, 20HBn, H-1B, H-1E, H-2B, H-

2D), 4.16 (pt, J2,3 = J3,4 = 9.3 Hz, 1H, H-3D), 4.00-3.27 (m, 19H, H-2E, H-3A, H-3B, H-3C, H-

3E, H-4A, H-4B, H-4C, H-4D, H-4E, H-5A, H-5B, H-5C, H-5D, H-5E, H-6aD, H-6bD, H-6aE, H-

6bE), 2.67-2.51 (m, 4H, 2×CH2Lev), 2.10 (bs 3H, CH3Lev), 2.08 (s, 3H, HAc), 1.30-1.18 (m, 9H, 

H-6A, H-6B, H-6C). 
13

C NMR (partial, CDCl3) δ206.2 (CLev), 171.8 (CLev), 170.1 (CAc), 163.0 

(C=NPh), 161.9 (CNTCA), 143.1, 138.9-127.5, 119.4 (Ph), 99.5 (C-1A), 97.2 (C-1C), 92.3 

(CCl3), 81.7 (C-3E), 76.0 (C-3D), 72.0 (C-2C), 69.5 (C-2A), 54.5 (C-2D), 38.2 (CH2Lev), 29.9 

(CH3Lev), 28.3 (CH2Lev), 21.1 (CAc), 18.4, 18.3, 18.1 (3C, C-6A, C-6B, C-6C). HRMS (ESI
+
) 

m/z calcd for C117H128Cl3F3N3O26 [M+NH4]
+
: 2152.7803. Found: 2152.4663, 

C109H122Cl3N2O25 [M-HOC(NPh)CF3+NH4]
+
: 1963.7402. Found: 1963.6669, 

C110H126Cl3N2O26 [M-OC(NPh)CF3+OMe+NH4]
+
: 1995.7665. Found: 1995.6724. 

 

2-Azidoethyl (3,4-di-O-benzyl-2-O-levulinoyl-L-rhamnopyranosyl)-(1→2)-(3,4-di-O-

benzyl--L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-

(1→4)]-(2-O-acetyl--L-rhamnopyranosyl)-(1→3)-4,6-di-O-benzyl-2-deoxy-2-

trichloroacetamido--D-glucopyranoside (12). A solution of donor 11 (53 mg, 27 µmol) 

and azidoethanol (100 µL, 121 mg, 1.39 mmol) in anhydr. toluene (4 mL) containing 4Å MS 

(140 mg) was stirred under Ar for 30 min. After cooling to -10 °C, TMSOTf (0.3 μL, 0.05 

equiv.) was added. The reaction mixture was stirred for 1h at this temperature, then Et3N (10 

µL) was added and the mixture was filtered over a pad of Celite and concentrated to dryness. 

The residue was purified by column chromatography (Toluene/EtOAc, 100:0 → 85:15) to 

give azide 12 (41 mg, 20 µmol, 81%) as a white foam. Rf = 0.41 (Toluene/EtOAc 80:20). 

[α]
24

D = + 3.0° (c 1.0, CHCl3). 
1
H NMR (CDCl3) δ 7.38-7.15 (m, 51H, Ph, NH), 5.58 (dd, J2,3 

= 2.8 Hz, J1,2 = 1.9 Hz, 1H, H-2A), 5.17 (bs, 1H, H-2C), 5.11 (d, J1,2 = 2.3 Hz, 1H, H-1C), 5.09 

(bs, 1H, H-1A), 4.97-4.91 (m, 5H, 2HBn, H-1B, H-1D, H-1E), 4.85-4.35 (m, 20H, 18HBn, H-2B, 

H-3D), 4.04-3.34 (m, 24H, H-2D, H-2E, H-3A, H-3B, H-3C, H-3E, H-4A, H-4B, H-4C, H-4D, H-

4E, H-5A, H-5B, H-5C, H-5D, H-5E, H-6aD, H-6bD, H-6aE, H-6bE, -OCH2CH2N3), 2.70-2.52 (m, 

4H, 2×CH2Lev), 2.11 (bs, 6H, CH3Lev, HAc), 1.33, 1.22, 1.18 (d, J5,6 = 6.2 Hz, 9H, H-6A, H-6B, 

H-6C). 
13

C NMR (partial, CDCl3) δ206.1 (CLev), 171.7 (CLev), 170.0 (CAc), 161.9 (CNTCA), 

138.8-127.3 (Ph), 99.3 (C-1A), 98.8, 98.4 (2C, C-1D, C-1E), 96.1 (C-1C), 92.3 (CCl3), 56.7 (C-

2D), 50.7 (CH2N3), 38.1 (CH2Lev), 29.8 (CH3Lev), 28.1 (CH2Lev), 21.1 (CAc), 18.6, 18.3, 18.1 
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(3C, C-6A, C-6B, C-6C). HRMS (ESI
+
) m/z calcd for C111H123Cl3N4O26Na [M+Na]

+
: 

2055.7338. Found: 2055.7261. 

 

2-Azidoethyl (3,4-di-O-benzyl--L-rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-

rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-(1→4)]-(2-O-

acetyl--L-rhamnopyranosyl)-(1→3)-4,6-di-O-benzyl-2-deoxy-2-trichloroacetamido--D-

glucopyranoside (13). To a solution of pentasaccharide 12 (1.36 g, 0.67 mmol) in anhydr. 

pyridine (8.0 mL), cooled to 0 °C and under Ar, were added acetic acid (5.3 mL) and 

hydrazine hydrate (160 µL, 3.29 mmol, 4.9 equiv.), then the reaction mixture was allowed to 

warm to room temperature. After 1h30, cold water (25 mL) was added to the reaction 

mixture, which was then extracted with DCM (3 × 60 mL). The combined organics were 

dried (Na2SO4), filtered, evaporated and co-evaporated twice with Toluene. The residue was 

purified by column chromatography (Toluene/EtOAc, 92:8 → 85:15) to give alcohol 13 (1.16 

g, 0.60 mmol, 90%) as a white foam. Rf = 0.35 (Toluene/EtOAc 80:20). [α]
24

D = - 0.9° (c 1.0, 

CHCl3). 
1
H NMR (CDCl3) δ 7.42-7.18 (m, 51H, Ph, NH), 5.19 (bs, 1H, H-2C), 5.15-5.13 (m, 

2H, H-1A, H-1C), 5.01 (bs, 1H, H-1B), 4.98-4.43 (m, 23H, 20HBn, H-1D, H-1E, H-2B), 4.37 (bt, 

1H, H-3D), 4.17 (dd, J2,3 = 3.0, J1,2 = 1.7 Hz, H-2A), 4.05-3.35 (m, 24H, H-2D, H-2E, H-3A, H-

3B, H-3C, H-3E, H-4A, H-4B, H-4C, H-4D, H-4E, H-5A, H-5B, H-5C, H-5D, H-5E, H-6aD, H-6bD, 

H-6aE, H-6bE, -OCH2CH2N3), 2.34 (bs, 1H, OH), 2.12 (s, 3H, HAc), 1.33, 1.26, 1.21 (d, J5,6 = 

6.2 Hz, 9H, H-6A, H-6B, H-6C). 
13

C NMR (partial, CDCl3) δ170.1 (CAc), 161.9 (CNTCA), 

138.9-127.4 (Ph), 101.1 (2C, C-1A, C-1B), 98.9, 98.4 (2C, C-1D, C-1E), 96.1 (C-1C), 92.4 

(CCl3), 56.5 (C-2D), 50.8 (CH2N3), 21.1 (CAc), 18.7, 18.3, 18.2 (3C, C-6A, C-6B, C-6C). 

HRMS (ESI
+
) m/z calcd for C106H117Cl3N4O24Na [M+Na]

+
: 1957.7021. Found: 1957.7002. 

 

2-Azidoethyl (3,4-di-O-benzyl-2-O-levulinoyl-L-rhamnopyranosyl)-(1→2)-(3,4-di-O-

benzyl--L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-

(1→4)]-(2-O-acetyl--L-rhamnopyranosyl)-(1→3)-(4,6-di-O-benzyl-2-deoxy-2-

trichloroacetamido--D-glucopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-

rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-

O-benzyl--D-glucopyranosyl)-(1→4)]-(2-O-acetyl--L-rhamnopyranosyl)-(1→3)-(4,6-di-

O-benzyl-2-deoxy-2-trichloroacetamido--D-glucopyranoside (14). A solution of acceptor 

13 (81 mg, 42 µmol, 1.2 equiv.) and donor 11 (74 mg, 35µmol, 1.0 equiv.) in anhydr. toluene 

(2 mL) containing 4Å MS (100 mg), under Ar was stirred at room temperature for 15 min. 

After cooling to -10 °C for 15 min, TMSOTf (1.3 μL, 0.2 equiv.) was added. The reaction 

mixture was stirred at 0 °C for 1 h. Et3N (10 µL) was added and the mixture was filtered over 

a pad of Celite and concentrated to dryness. The residue was purified by column 

chromatography (Toluene/EtOAc, 100:0 → 85:15) to give the expected decasaccharide 14 

(111 mg, 29 µmol, 82%) as a white foam. Rf = 0.27 (Toluene/EtOAc 86:14). [α]
24

D = + 4.9° 

(c 1.0, CHCl3). 
1
H NMR (CDCl3) δ 7.35-6.95 (m, 102H, Ph, NH), 5.56 (bs, 1H, H-2A), 5.12-

5.07 (m, 5H, H-1A’, H-1C, H-1C’, H-2C, H-2C’), 5.03 (br s, 1H, H-1A), 4.96-4.17 (m, 51H, 

40HBn, H-1B, H-1B’, H-1D, H-1D’, H-1E, H-1E’, H-2A’, H-2B, H-2B’, H-3D, H-3D’), 4.00-3.31 (m, 

44H, H-2D, H-2D’, H-2E, H-2E’, H-3A, H-3A’, H-3B, H-3B’, H-3C, H-3C’, H-3E, H-3E’, H-4A, H-

4A’, H-4B, H-4B’, H-4C, H-4C’, H-4D, H-4D’, H-4E, H-4E’, H-5A, H-5A’, H-5B, H-5B’, H-5C, H-
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5C’, H-5D, H-5D’, H-5E, H-5E’, H-6aD, H-6aD’, H-6bD, H-6bD’, H-6aE, H-6aE’, H-6bE, H-6bE’, -

OCH2CH2N3), 2.66-2.50 (m, 4H, 2×CH2Lev), 2.09 (s 3H, CH3Lev), 2.07 (s, 6H, HAc), 1.32-1.11 

(m, 18H, H-6A, H-6B, H-6C, H-6A’, H-6B’, H-6C’). 
13

C NMR (partial, CDCl3) δ 206.1 (CLev), 

171.8 (CLev), 170.1 (2C, CAc), 161.9 (CNTCA), 161.4 (CNTCA), 139.1-127.2 (Ph), 100.2 (2C, C-

1B, C-1B’), 99.5 (C-1A), 96.3 (2C, C-1C, C-1C’), 92.7 (CCl3), 92.4 (CCl3), 58.7 (C-2D), 56.9 (C-

2D’), 50.8 (CH2N3), 38.2 (CH2Lev), 29.8 (CH3Lev), 28.2 (CH2Lev), 21.1 (2C, CAc), 18.8-18.1 

(6C, C-6A, C-6B, C-6C, C-6A’, C-6B’, C-6C’). HRMS (MALDI
+
) m/z calcd for 

C215H235Cl6N5O49Na [M+Na]
+
: 3903.4080. Found: 3803.3596, C215H235Cl6N5O49K [M+K]

+
: 

3919.5012. Found: 3919.4165. 

 

2-Azidoethyl (3,4-di-O-benzyl--L-rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-

rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-(1→4)]-(2-O-

acetyl--L-rhamnopyranosyl)-(1→3)-(4,6-di-O-benzyl-2-deoxy-2-trichloroacetamido--

D-glucopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-rhamnopyranosyl)-(1→2)-(3,4-di-O-

benzyl--L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-

(1→4)]-(2-O-acetyl--L-rhamnopyranosyl)-(1→3)-(4,6-di-O-benzyl-2-deoxy-2-

trichloroacetamido--D-glucopyranoside (15). The fully protected 14 (94 mg, 24 µmol, 1.0 

equiv.) was dissolved under Ar in anhydr. pyridine (1.0 mL), cooled to 0 °C, and acetic acid 

(260 µL) followed by hydrazine hydrate (9.2 mg, 7.0 equiv.) were added. The reaction 

mixture was allowed to warm to room temperature and stirred for 1 h. Cold water (10 mL) 

was added to the reaction mixture, which was then extracted with DCM (3 × 10 mL). The 

combined organics were dried (Na2SO4), filtered, evaporated and co-evaporated twice with 

toluene. The residue was purified by column chromatography (Toluene/EtOAc, 100:0 → 

85:15) to give alcohol 15 (81 mg, 22 µmol, 89%) as a white foam. Rf = 0.39 (Toluene/EtOAc 

82:18). [α]
24

D = + 4.0° (c 1.0, CHCl3). 
1
H NMR (CDCl3) δ 7.44-7.01 (m, 102H, Ph, NH), 

5.21-5.16 (m, 6H, H-1A, H-1A’, H-1C, H-1C’, H-2C, H-2C’), 5.07-4.21 (m, 52H, 40HBn, H-1B, 

H-1B’, H-1D, H-1D’, H-1E, H-1E’, H-2A, H-2A’, H-2B, H-2B’, H-3D, H-3D’), 4.07-3.38 (m, 44H, 

H-2D, H-2D’, H-2E, H-2E’, H-3A, H-3A’, H-3B, H-3B’, H-3C, H-3C’, H-3E, H-3E’, H-4A, H-4A’, H-

4B, H-4B’, H-4C, H-4C’, H-4D, H-4D’, H-4E, H-4E’, H-5A, H-5A’, H-5B, H-5B’, H-5C, H-5C’, H-

5D, H-5D’, H-5E, H-5E’, H-6aD, H-6aD’, H-6bD, H-6bD’, H-6aE, H-6aE’, H-6bE, H-6bE’, -

OCH2CH2N3), 2.15 (s, 6H, HAc), 1.40-1.20 (m, 18H, H-6A, H-6B, H-6C, H-6A’, H-6B’, H-6C’). 
13

C NMR (partial, CDCl3) δ170.0 (2C, CAc), 161.9 (CNTCA), 161.3 (CNTCA), 139.1-127.2 (Ph), 

101.1 (2C, C-1A, C-1A’), 96.3 (2C, C-1C, C-1C’), 100.2 (2C, C-1B, C-1B’), 98.9, 98.5 (4C, C-

1D, C-1D’, C-1E, C-1E’), 92.7 (CCl3), 92.4 (CCl3), 58.7 (C-2D), 56.8 (C-2D’), 50.7 (CH2N3), 

21.1 (2C, CAc), 18.8-18.1 (6C, C-6A, C-6B, C-6C, C-6A’, C-6B’, C-6C’). HRMS (MALDI
+
) m/z 

calcd for C210H229Cl6N5O47Na [M+Na]
+
: 3806.3745. Found: 3806.0535, C210H229Cl6N5O47K 

[M+K]
+
: 3822.3484. Found: 3822.0601. 

 

2-Azidoethyl (3,4-di-O-benzyl-2-O-levulinoyl--L-rhamnopyranosyl)-(1→2)-(3,4-di-O-

benzyl--L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-

(1→4)]-(2-O-acetyl--L-rhamnopyranosyl)-(1→3)-(4,6-di-O-benzyl-2-deoxy-2-

trichloroacetamido--D-glucopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-

rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-
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O-benzyl--D-glucopyranosyl)-(1→4)]-(2-O-acetyl--L-rhamnopyranosyl)-(1→3)-(4,6-di-

O-benzyl-2-deoxy-2-trichloroacetamido--D-glucopyranosyl)-(1→2)-(3,4-di-O-benzyl--

L-rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-rhamnopyranosyl)-(1→3)-[2,3,4,6-

tetra-O-benzyl--D-glucopyranosyl)-(1→4)]-(2-O-acetyl--L-rhamnopyranosyl)-(1→3)-

4,6-di-O-benzyl-2-deoxy-2-trichloroacetamido--D-glucopyranoside (16). To a solution of 

acceptor 15 (103 mg, 27 µmol, 1.0 equiv.) and donor 11 (87 mg, 41 µmol, 1.5 equiv.) in 

anhydr. toluene (1.5 mL) containing 4Å MS (160 mg), under Ar at -30 °C, was added 

TMSOTf (1.0 μL, 5.5 μmol, 0.2 equiv.). The reaction mixture was stirred at -30 °C for 1 h, 

then at room temperature for 15 min. Et3N was added and the mixture was filtered over a pad 

of Celite and concentrated to dryness. The residue was purified by flash chromatography 

(Toluene/EtOAc, 100:0 → 85:15) to give pentadecasaccharide 16 (121 mg, 21 µmol, 78%) as 

a white foam. Rf = 0.51 (Toluene/EtOAc 85:15). [α]
24

D = + 3.5° (c 1.0, CHCl3). 
1
H NMR 

(CDCl3) δ 7.40-7.04 (m, 153H, Ph, NH), 5.54 (bs, 1H, H-2A), 5.14-5.00 (m, 9H, H-1A, H-1A’, 

H-1A”, H-1C, H-1C’, H-1C”, H-2C, H-2C’, H-2C”), 4.93-4.12 (m, 75H, 60HBn, H-1B, H-1B’, H-

1B”, H-1D, H-1D’, H-1D”, H-1E, H-1E’, H-1E”, H-2B, H-2B’, H-2B”, H-3D, H-3D’, H-3D”), 4.00-

3.27 (m, 64H, H-2D, H-2D’, H-2D”, H-2E, H-2E’, H-2E”, H-3A, H-3A’, H-3A”, H-3B, H-3B’, H-3B”, 

H-3C, H-3C’, H-3C”, H-3E, H-3E’, H-3E”, H-4A, H-4A’, H-4A”, H-4B, H-4B’, H-4B”, H-4C, H-4C’, 

H-4C”, H-4D, H-4D’, H-4D”, H-4E, H-4E’, H-4E”, H-5A, H-5A’, H-5A”, H-5B, H-5B’, H-5B”, H-5C, 

H-5C’, H-5C”, H-5D, H-5D’, H-5D”, H-5E, H-5E’, H-5E”, H-6aD, H-6aD’, H-6aD”, H-6bD, H-6bD’, 

H-6bD”, H-6aE, H-6aE’, H-6aE”, H-6bE, H-6bE’, H-6bE”, -OCH2CH2N3), 2.65-2.50 (m, 4H, 

2×CH2Lev), 2.06 (s, 6H, HAc), 2.04 (s, 3H, HAc), 1.33-1.16 (m, 27H, H-6A, H-6B, H-6C, H-6A’, 

H-6B’, H-6C’, H-6A”, H-6B”, H-6C”). 
13

C NMR (partial, CDCl3) δ206.1 (CLev), 171.8 (CLev), 

170.1 (3C, CAc), 161.9 (CNTCA), 161.4 (CNTCA), 161.3 (CNTCA), 139.1-127.3 (Ph), 92.7 (2C, 

CCl3), 92.4 (CCl3), 69.5 (C-2A), 58.7 (2C, C-2D, C-2D’), 56.8 (C-2D”), 50.7 (CH2N3), 38.2 

(CH2Lev), 29.9 (CH3Lev), 28.2 (CH2Lev), 21.1 (3C, CAc), 18.8-18.1 (9C, C-6A, C-6B, C-6C, C-

6A’, C-6B’, C-6C’, C-6A”, C-6B”, C-6C”). HRMS (MALDI
+
) m/z calcd for C319H347Cl9N6O72Na 

[M+Na]
+
: 5752.0806. Found: 5752.4351, C319H347Cl9N6O72K [M+K]

+
: 5767.0508. Found: 

5767.5322. 

 

2-Azidoethyl (3,4-di-O-benzyl--L-rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-

rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-(1→4)]--L-

rhamnopyranosyl-(1→3)-(4,6-di-O-benzyl-2-deoxy-2-trichloroacetamido--D-

glucopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl-

-L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-(1→4)]--L-

rhamnopyranosyl-(1→3)-(4,6-di-O-benzyl-2-deoxy-2-trichloroacetamido--D-

glucopyranosyl)-(1→2)-(3,4-di-O-benzyl--L-rhamnopyranosyl)-(1→2)-(3,4-di-O-benzyl-

-L-rhamnopyranosyl)-(1→3)-[2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-(1→4)]--L-

rhamnopyranosyl-(1→3)-4,6-di-O-benzyl-2-deoxy-2-trichloroacetamido--D-

glucopyranoside (17). To a solution of the fully protected pentadecasaccharide 16 (105 mg, 

18 µmol, 1.0 equiv.) in MeOH/DCM (4:3, 7 mL) was added methanolic sodium methoxide 

(25% w/w, 200 µL) and the mixture was stirred at 60 °C for 3 h, and then at room temperature 

overnight. Dowex 50Wx8-200 (H
+
 form) was added. The suspension was filtered over a pad 

of Celite, and the filtrate was concentrated to dryness. The residue was purified by flash 



16 

 

chromatography (Toluene/EtOAc 100:0 → 81:15) to give tetraol 17 (73 mg, 13.3 µmol, 74%) 

as a white foam. Rf = 0.34 (Toluene/EtOAc 85:15). [α]
24

D = - 7.2° (c 1.0, CHCl3). 
1
H NMR 

(CDCl3) δ 7.43-6.92 (m, 153H, Ph, NH), 5.54 (bs, 1H, H-2A), 5.19-4.12 (m, 81H, 60HBn, H-

1A, H-1A’, H-1A”, H-1B, H-1B’, H-1B”, H-1C, H-1C’, H-1C”, H-1D, H-1D’, H-1D”, H-1E, H-1E’, H-

1E”, H-2C, H-2C’, H-2C”, H-3D, H-3D’, H-3D”), 4.00-3.27 (m, 67H, H-2B, H-2B’, H-2B”, H-2D, 

H-2D’, H-2D”, H-2E, H-2E’, H-2E”, H-3A, H-3A’, H-3A”, H-3B, H-3B’, H-3B”, H-3C, H-3C’, H-3C”, 

H-3E, H-3E’, H-3E”, H-4A, H-4A’, H-4A”, H-4B, H-4B’, H-4B”, H-4C, H-4C’, H-4C”, H-4D, H-4D’, 

H-4D”, H-4E, H-4E’, H-4E”, H-5A, H-5A’, H-5A”, H-5B, H-5B’, H-5B”, H-5C, H-5C’, H-5C”, H-5D, 

H-5D’, H-5D”, H-5E, H-5E’, H-5E”, H-6aD, H-6aD’, H-6aD”, H-6bD, H-6bD’, H-6bD”, H-6aE, H-

6aE’, H-6aE”, H-6bE, H-6bE’, H-6bE”, -OCH2CH2N3), 1.32-1.03 (m, 27H, H-6A, H-6B, H-6C, H-

6A’, H-6B’, H-6C’, H-6A”, H-6B”, H-6C”). 
13

C NMR (partial, CDCl3) δCNTCA),161.9 (2C, 

CNTCA), 139.0-127.3 (Ph), 92.6 (2C, CCl3), 92.5 (CCl3), 50.9 (CH2N3), 18.6-18.3 (9C, C-6A, 

C-6B, C-6C, C-6A’, C-6B’, C-6C’, C-6A”, C-6B”, C-6C”). HRMS (MALDI
+
) m/z calcd for 

C308H335Cl9N6O67Na [M+Na]
+
: 5527.0088. Found: 5527.5210. 

 

2-Aminoethyl -L-rhamnopyranosyl-(1→2)--L-rhamnopyranosyl-(1→3)-[-D-

glucopyranosyl-(1→4)]--L-rhamnopyranosyl-(1→3)-2-acetamido-2-deoxy--D-

glucopyranosyl-(1→2)--L-rhamnopyranosyl-(1→2)--L-rhamnopyranosyl-(1→3)-[-D-

glucopyranosyl-(1→4)]--L-rhamnopyranosyl-(1→3)-2-acetamido-2-deoxy--D-

glucopyranosyl-(1→2)--L-rhamnopyranosyl-(1→2)--L-rhamnopyranosyl-(1→3)-[-D-

glucopyranosyl-(1→4)]--L-rhamnopyranosyl-(1→3)-2-acetamido-2-deoxy--D-

glucopyranoside (1). To a degassed solution of pentadecasaccharide 17 (53 mg, 9.6 µmol) in 

tBuOH/DCM/water (7/1/1, 5.0 mL), was added Pd/C (52 mg) and the suspension was stirred 

for 4 days under a hydrogen atmosphere. After this time, RP-HPLC analysis of the reaction 

mixture revealed a peak with a retention time corresponding to that of the target 

pentadecasaccharide 1, albeit as a minor peak. The suspension was filtered and the crude 

material was dissolved in tBuOH/water (1/1, 5.0 mL). Pd/C (23 mg) was added and the 

suspension was stirred for a day under a hydrogen atmosphere. After this time, RP-HPLC 

analysis of the reaction mixture revealed the absence of any major progress. Pd(OH)2/C (25 

mg) was added and the suspension was stirred for 3 more days, at which time RP-HPLC 

analysis of the reaction mixture indicated that most of the intermediates had been converted 

into the target pentadecasaccharide 1, an observation that was supported by MS analysis. The 

suspension was filtered over a 0.2 µm filter. Evaporation of the volatiles, freeze-drying and 

purification of the residue by RP-HPLC ( = 215 nm) using a Kromasil 5 μm C18 100 Å 10 × 

250 mm semi-preparative column eluting with a 0-20% linear gradient of CH3CN in 0.08% 

aq. TFA over 20 min at a flow rate of 5.5 mL•min
-1

, gave the known pentadecasaccharide 1 

(12.6 mg, 5.1 µmol, 52%) as a white powder following repeated freeze-drying. NMR data 

obtained for the fully deprotected aminoethyl glycoside 1 were identical to those of a 

reference compound prepared by chemical synthesis.
12

 In addition, compound 1 had [α]
24

D = - 

10.0° (c 1.0, water). HRMS (MALDI
+
) m/z calcd for C98H166N4O67Na [M+Na]

+
: 2493.9602. 

Found: 2493.8005, C98H166N4O67K [M+K]
+
: 2509.9343. Found: 2509.7732. RP-HPLC ( = 

215 nm): tR = 6.40 min. 
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	Spectres RMN-ChemCom2014-Sent.pdf
	Compound S3
	S3 - Proton
	S3 - COSY
	S3 - DEPT
	S3 - HSQC
	S3 - Carbone

	Compound S4
	S4 - Proton
	S4 - COSY
	S4 - DEPT
	S4 - HSQC
	S4 - Carbone

	Compound 2
	2 - Proton
	2 - COSY
	2 - DEPT
	2 - HSQC
	2 - Carbone
	2 - HMBC

	Compound 3
	3 - Proton
	3- COSY
	3 - DEPT
	3 - HSQC
	3 - Carbone

	Compound 4
	4 - Proton
	4 - COSY
	4 - DEPT
	4 - HSQC
	4 - Carbone

	Compound 5
	5 - Proton
	5 - COSY
	5 - DEPT
	5 - HSQC
	5 - Carbone

	Compound 7
	7 - Proton
	7 - COSY
	7 - DEPT
	7 - HSQC
	7 - Carbone
	7 - HMBC

	Compound 8
	8 - Proton
	8 - COSY
	8 - DEPT
	8 - HSQC
	8 - Carbone
	8 - HMBC

	Compound 9
	9 - Proton
	9 - COSY
	9 - DEPT
	9 - HSQC
	9 - Carbone
	9 - HMBC

	Compound 10
	10 - Proton
	10 - COSY
	10 - DEPT
	10 - HSQC
	10 - Carbone

	Compound 11
	11 - Proton
	11 - COSY
	11 - DEPT
	11 - HSQC
	11 - Carbone
	11 - HMBC

	Compound 12
	12 - Proton
	12 - COSY
	12 - DEPT
	12 - HSQC
	12 - Carbone
	12 - HMBC

	Compound 13
	13 - Proton
	13 - COSY
	13 - DEPT
	13 - HSQC
	13 - Carbone
	13 - HMBC

	Compound 14
	14 - Proton
	14 - COSY
	14 - DEPT
	14 - HSQC
	14 - Carbone
	14 - HMBC

	Compound 15
	15 - Proton
	15 - COSY
	15 - DEPT
	15 - HSQC
	15 - Carbone
	15 - HMBC

	Compound 16
	16 - Proton
	16 - COSY
	16 - DEPT
	16 - HSQC
	16 - Carbone
	16 - HMBC

	Compound 17
	17 - Proton
	17 - COSY
	17 - DEPT
	17 - HSQC
	17 - Carbone



