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The following pages contains representative experimental protocols, data and spectra.

1. Synthetic procedures for compounds 4, 5, 10, 11, 12, 13, 14 and 15

All the chemicals used were purchased from commercial sources without further purification. All 

reactions were monitored by TLC on Merck silica gel plates 60F254. Silica gel 60 (particle size 

0.035-0.070 mm) was used for column chromatography. 1H NMR spectra were recorded at 400 MHz 

and 13C spectra at 100 MHz respectively on Bruker DPX spectrometers. Mass spectra (MS) were 

recorded using a Micromass Platform II spectrometer using an electro spray ionization source or via the 

EPSRC National Mass Spectrometry Service (Swansea). ESI spectra and isotope patterns for 

compounds with mass > 1000 are included with the NMR data. High resolution data are for the 

monoisotopic mass. Infrared spectra were obtained by using a Bruker Alpha instrument. Melting points 

were determined using Stuart Scientific SMP10 apparatus and are uncorrected. Optical rotations were 

obtained using an AA-1000 polarimeter. Elemental analyses were performed by Micro Analytical 

Laboratory, School of Chemistry, The University of Manchester. ESI MS conditions for final saccharide 

compounds: prior to MS, the sample for analysis was salt counterion switched from Na+ to NH4+ using 

Amberlite IRC86-H+ resin (pretreated with 5% aqueous NH4OH solution). 

N1-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)ethane-1,2-diamine (4)

To a stirring solution of N-Boc ethylenediamine (180 µL, 1.14 mmol) and sodium hydrogen carbonate 

(239 mg, 2.08 mmol) in THF/EtOH (1:1, 2.0 mL) at 0 oC a solution of NBD-chloride (190mg, 0.95 
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mmol) in THF/EtOH (1:1, 2 mL) was added over 15 minutes.  The reaction mixture was stirred at room 

temperature for 12 hours and then poured onto water. The aqueous layer was extracted with DCM (2 x 

20 mL). The organic phases were combined, washed with brine, dried (MgSO4), concentrated in vacuo 

and purified by silica gel flash chromatography eluting with DCM/MeOH, 2:1+5%NH4OH to yield N-

BOC protected 4 as a yellow/brown solid (266 mg, 0.82 mmol, 87%). Rf = 0.56 (DCM/MeOH, 9:1). 

Hydrochloric acid (240 µL, 3M) was added to a stirring solution of N-BOC protected 4 (226 mg, 0.70 

mmol) in THF (3 mL) at 60 oC and the mixture was stirred for 4.5 hours, whereupon the reaction was 

shown to be complete by TLC analysis (DCM/MeOH, 9/1).  The solution was concentrated in vacuo to 

yield 4 (150 mg, 0.67 mmol, 83%) as a yellow/brown solid. Mp: 236-238 oC; HRMS (TOF) m/z calcd 

for C8H10N5O3 [M+H]+ 224.0779, found 224.0789. Other analytical data matched those reported 

previously.1

N-(6-aminohexyl)-4-(pyren-4-yl)butanamide hydrochloride (5)

Under an inert nitrogen atmosphere tert-butyl-N-(6-amino-hexyl)carbamate hydrochloride (228 mg, 0.90 

mmol), 1-pyrenebutyric acid (216 mg, 0.75 mmol), TBTU (362 mg, 1.13 mmol) and DIPEA (392 µL, 

2.25 mmol) were dissolved in anhydrous DMF (4 mL) and the mixture was stirred at 50 oC for 23 hours 

whereupon the reaction was shown to be complete by TLC analysis.  The solution was diluted with 

diethyl ether (25 mL) and washed with water (5 x 10 mL). The organic phase was dried (MgSO4) and 

concentrated in vacuo. The product was purified by silica gel flash chromatography eluting with EtOAc/

hexane, 2/1) to yield N-BOC pyrene derivative 5 as an off- white solid (90 mg, 0.18 mmol, 25%). Rf  = 

0.61(EtOAc/hexane, 3:1). Hydrochloric acid (147 µL,  3M) was added to a stirring solution of N-BOC 

pyrene derivative 5 (85 mg,  0.18 mmol) in THF (2.0 mL) at 60 oC and the mixture was stirred for 4 

hours whereupon the reaction was shown to be complete by TLC analysis (EtOAc/hexane, 2:1). The 

mixture was concentrated in vacuo to reveal 5 (70 mg, 0.18 mmol, 95%) as a white solid.  Mp: 228-231 

ºC; LRMS (ESI+) m/z 387.0 [M+H]+. Other analytical data matched those reported previously.2

Phenyl-4-O-allyl-2-azido-2-deoxy-3,6-di-O-benzyl-1-thio-α-D-glucopyranoside (10)

Thioglycoside 118 (485 mg, 1.0 mmol) and sodium hydride (34 mg, 1.2 mmol, 60% dispersion in oil) 

were dissolved in dry DMF (10 mL) under nitrogen and the solution stirred at 0 °C for 30 minutes. Allyl 

bromide (132 µL,  1.5 mmol) was added to the stirring solution, the reaction temperature was then raised 

to 50 °C and stirred for 1 hour. Addition of water (5 mL) caused simultaneous quenching of remaining 

sodium hydride as well as precipitation of the allylated sugar from the reaction mixture. The product 
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was filtered and the filtrate extracted with DCM (30 mL) then washed with water (4 x 15 mL). The 

organic phase was dried (MgSO4), filtered and solvents removed in vacuo to yield 10 as a white solid 

(41 mg). This was combined with the previously precipitated material (466 mg) to give an overall yield 

of 10 (507 mg, 0.98 mmol, 97%). mp 94-96 °C; [α]D +154.2 (c = 10.0, DCM); 1H NMR (CDCl3, 

400MHz)	  δ	  7.52-7.26 (m, 15H, ArH), 5.80-5.70 (ddt, J = 17.2, 10.4, 5.6 Hz, 1H, H8), 5.60 (d, J = 5.6 

Hz, 1H, H1), 5.21 (ddd, J = 17.2, 3.2, 1.6 Hz, 1H, H9a),  5.14 (ddd, 1H, J = 10.4, 2.8, 1.2 Hz, H9b), 4.90 

(d, J = 10.4 Hz, 1H, CH2Ar), 4.87 (d, J = 10.8 Hz, 1H, CH2Ar), 4.63 (d, J = 12.0 Hz, 1H, CH2Ar), 4.87 

(d, J = 12.0 Hz, 1H, CH2Ar), 4.32 (ddd, 1H, J = 10.0, 3.6, 2.0 Hz, 1H, H5), 4.27 (ddt,  1H, J = 12.4, 5.6, 

1.6 Hz, H7a),  4.02 (ddt, J = 12.0,  5.6, 1.2 Hz, 1H, H7b), 3.91 (dd, J = 10.4, 5.2 Hz, 1H, H2), 3.80-3.74 (m, 

2H, H3, H6a), 3.66-3.63 (m, 1H, H6b), 3.62 (dd, J = 7.6, 6.4 Hz, 1H, H4); 13C NMR (100 MHz; CDCl3) δ 

137.8,  137.7, 134.4, 132.0, 129.1, 128.5, 128.4, 128.2, 128.0, 127.9, 127.8, 127.7, 117.1,  87.2, 81.7, 

78.1,  75.8, 73.9, 73.5, 71.8, 68.3,  63.9; MS ES [M+Na]+ m/z 540.0; HRMS (TOF+) m/z calcd for 

C29H31N3O4SNa 540.1927, found 540.1919; IR (neat) νmax 2923, 2853, 2105; Elemental analysis: calcd 

for C29H31N3O4S. C 67.3; H 6.0; N 8.1, found C 67.1; H 6.2; N 8.2.

Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S/R)-2,3-dihydroxypropoxy]-1-thio-α-D-

glucopyranoside (11)

The allylated glucosamine derivative 10 (500 mg, 0.97 mmol) was dissolved in an ice-cooled mixture of 

acetone:water (9:1, 5 mL). NMO (180 mg, 1.54 mmol) and osmium tetroxide (316 µL, 2.5 mol% in 

tBuOH) was added to the solution and the mixture stirred for 8 hours at 0 °C warming to room 

temperature. The reaction was quenched with 10% aqueous sodium thiosulfate (5 mL) followed by 

extraction of the product into DCM (3 x 60 mL). The combined organics were dried (MgSO4), filtered 

and evaporated in vacuo to yield 11 (521 mg, 0.95 mmol, 98 %) as a white crystalline solid. Rf 

(hexane:EtOAc, 1:1) 0.24; 1H NMR (400 MHz, CDCl3) δ 7.50-7.48 (m, 2H, ArH), 7.44-7.27 (m, 2H, 

ArH), 5.98 (d, J = 5.2 Hz, 1H, H1), 4.94 (d, J = 10.4 Hz, 1H, CH2Ar), 4.81 (d,  J = 10.8 Hz, 1H, CH2Ar), 

4.63 (d,  J = 12.0 Hz, 1H, CH2Ar), 4.46 (d, J = 12.0 Hz, 1H, CH2Ar), 4.30- 4.24 (m, 1H, H5),  3.92 (dd, J 

= 10.0, 5.2 Hz, 1H, H2), 3.82-3.40 (m, 9H, H3, H4, H6ab, H7  H8,  H9),  2.87 (d, J = 4.4 Hz, 1H, OH, 

C8major), 2.69 (d, J = 5.2 Hz, 1H, OH, C8minor), 1.86 (dd, J = 6.8,  5.2 Hz, 1H, OH, C9major), 1.84 (dd, J = 

7.2,  5.2 Hz, 1H, OH, C9minor); 13C NMR (100 MHz; CDCl3) δ 137.5, 137.4, 137.2, 133.3, 132.0, 132.0, 

129.1,  128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.1, 127.9, 127.7, 87.2, 81.6, 78.8, 78.7, 75.9, 75.8, 

74.3,  73.6, 73.6, 71.7, 71.6, 71.2, 71.1,  68.3, 68.2, 64.3, 64.2, 63.6, 63.5; IR (neat) νmax 3422, 3061, 
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3031, 2922, 2869, 2104, 1045; MS ES [M+Na]+ m/z 574.0; HRMS (TOF+) m/z calcd for 

C29H33N3O6SNa 574.1982, found 574.1981.

Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S/R)-2,3-bis(benzyloxy)propoxy]-1-thio-α-‐D-

glucopyranoside (12)

To a solution of 11 (742 mg, 1.34 mmol) in anhydrous DMF (10 mL) was added sodium hydride (83.5 

mg, 2.09 mmol, 60% dispersion in oil) and the mixture was stirred for 20 minutes at room temperature. 

Benzyl bromide (480 µL, 4.0 mmol) was added and the reaction left to stir for 90 minutes at room 

temperature. The mixture was diluted with chloroform (80 mL), washed with water (4 x 20 mL) and 

then brine (20 mL). The organics were dried (MgSO4), filtered and solvents removed in vacuo to give 

the crude product as a yellow gum. Purification by silica gel flash chromatography eluting with hexane/

EtOAc, 5/1, 4/1 furnished 12 (757 mg, 1.04 mmol, 77%).  1H NMR (400 MHz, CDCl3) δ 7.60-7.58 (m, 

2H, ArH), 7.47-7.44 (m, 2H, ArH), 7.40-7.30 (m, 21H, ArH), 5.65 (d, J = 5.2 Hz, 1H, H1), 4.98-4.89 (m, 

2H, CH2Ar), 4.74-4.64 (m, 2H, CH2Ar), 4.58-4.45 (m, 4H, CH2Ar),  4.42-4.37 (m, 1H, H5), 4.11-4.06 

(m, 1H, H8), 3.96 (dd, J = 10.4, 5.6 Hz, 1H, H2), 3.86-3.70 (m, 5H, H3,  H4,  H6a,  H7), 3.67-3.59 (m, 3H, 

H6a,  H9); 13C NMR (100 MHz; CDCl3) δ 138.5, 138.4, 138.1, 138.0, 137.9, 137.7, 137.6, 133.6, 133.5, 

132.1,  132.0, 129.1, 128.5, 128.4, 128.3, 128.2, 128.1, 127.9, 127.8,  127.7, 127.6, 87.2, 81.62, 81.56, 

78.8,  78.7, 77.5,  77.3, 77.2,  75.6, 73.4,  73.3, 73.2,  72.4, 72.3, 71.8, 71.8, 70.0, 69.8, 68.4, 64.0, 63.9; MS 

ES [M+Na]+ m/z 554.3; HRMS (FTMS-NSI+) m/z calcd for C43H49N4O6S1 [M+NH4]+ 749.3367, found 

749.3368; IR (neat) νmax 3061, 3029, 2864, 2104, 1088. 

Phenyl-‐2-‐azido-‐2-‐deoxy-‐3,6-‐di-‐O-‐benzyl-‐4-‐O-‐[(S)-‐2,3-‐bis(benzyloxy)propoxy]-‐1-‐thio-‐α-‐D-‐

glucopyranoside	  (15)

To	  1	  (611	  mg,	  1.28	  mmol)	  was	  added	  dry	  THF	  (10	  mL)	  under	  N2	  and	  the	  solution	  cooled	  to	  0	  oC.	  NaH	  (60%	  in	  

mineral	  oil)	   (76.0	  mg,	  1.9	  mmol)	  was	  added	   in	  two	  portions	  over	  30	  min.	  while	  being	   kept	   under	  N2.	  1322	  

(600	  mg,	  1.41	  mmol)	   in	  dry	  THF	  (5	  mL)	  was	  then	  added	  dropwise	  and	  the	  suspension	  allowed	  to	  warm	  to	  RT	  

and	   heated	  at	  50	   oC	   overnight.	  TLC	  analysis	  (4/1,	  hexane/EtOAc)	   showed	  the	   reaction	  to	  be	  complete	   and	  

quenching	  was	  effected	  with	  aqueous	  NaHCO3	  (1	  mL).	  The	  solution	  was	  partitioned	  between	  EtOAc	  and	  H2O.	  

The	   layers	  were	  separated	  and	   the	  organic	  phase	  washed	  with	  1M	  HCl,	  H2O,	   saturated	  aqueous	  NaCl,	  dried	  

(MgSO4),	   Viltered	  and	   evaporated.	   The	   crude	   product	   was	  puriVied	   twice	   by	   Vlash	  column	   chromatography	  

(EtOAc/hexane	  gradient	  1:10,	  1:8,	  then	  DCM/Ether	  gradient	  99:1)	  yielding	  15	  (115	  mg,	  0.16	  mmol,	  21%)	  as	  
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a	  clear	  oil.	  Rf	   0.40	  (EtOAc/hexane,	  1:4);	  []D	   -‐19.4	   (c	  =	  0.7,	  DCM);	  1H	  NMR	  (400	  MHz;	  CDCl3) δ 7.44-7.39 (m, 

2H,  ArH),	  7.30-‐7.25	  (m,	  2H,	  ArH),	  7.25-‐7.11	  (m,	  21H,	  ArH),	  5.48	  (d,	  J	  =	  5.3	  Hz,	  1H,	  H1),	  4.80	  (d,	  J	  =	  10.6	  Hz,	  1H,	  

CH2Ar),	  4.76	  (d,	  J	  =	  10.6	  Hz,	  1H,	  CH2Ar),	  4.55	  (d,	  J	  =	  11.9	  Hz,	  1H,	  CH2Ar),	  4.51	  (d,	  J	  =	  11.9	  Hz,	  1H,	  CH2Ar),	  4.39	  

(s,	  2H,	  CH2Ar),	  4.35	  (d,	  J	  =	  12.0	  Hz,	  1H,	  CH2Ar),	  4.28	  (d,	  J 	  =	  12.0	  Hz,	  1H,	  CH2Ar),	  4.23	  (ddd,	  J	  =	  9.9,	  3.8,	  1.7	  Hz,	  

1H,	  H5),	  3.94-‐3.91	  (m,	  1H,	  CH2CH[OBn]CH2OBn),	  3.79	  (dd,	  J	  =	  10.3,	  5.3	  Hz,	  1H,	  H2),	  3.69-‐3.63	  (m,	  2H,	  H3,	  H4),	  

3.63-‐3.52	  (m,	  3H,	  H6A,	  CH2CH[OBn]CH2OBn),	  3.49-‐3.41	  (m,	  3H,	  H6B,	  CH2CH[OBn]CH2OBn);	  13C	  NMR	  (100	  MHz;	  

CDCl3) δ 138.6, 138.1, 138.0, 137.8, 133.7, 132.1,  129.1, 128.5, 128.4, 128.3, 128.2,  127.9, 127.8, 127.7, 

127.6,  87.3,  81.6, 78.9, 77.4, 75.6, 73.5, 73.4, 73.3, 72.5, 71.9, 69.8, 68.5, 64.0;	  MS	   ES	   [M+Na]+	  m/z	  

754.0;	  HRMS	  (ES-‐TOF+)	  m/z	  calcd	  for	  C43H45N3O6SNa	  [M+Na]+	  754.2921,	  found	  754.2918.

1-O-p-toluene-sulfonyl-(S)-2,3-di-O-benzylglycerol (13)

(S)-2,3-Di-O-benzyloxypropanol (700 mg, 2.57 mmol) was dissolved in dry DCM (10 mL) under 

nitrogen. To this stirred pale yellow solution was added Et3N (522 µL, 3.5 mmol), p-TsCl (540 mg, 2.83 

mmol) and DMAP (16.0 mg, 0.13 mmol).  Stirring was continued at room temperature for 24 h 

whereupon TLC analysis indicated no starting material remained. DCM (10 mL) was added and the 

organics washed with 1M HCl, H2O, saturated aqueous NaCl, dried (MgSO4), filtered and evaporated. 

The crude material was then purified by silica gel flash chromatography eluting with hexane/EtOAc, 

8/1, 4/1 to yield 13 (680 mg, 1.60 mmol, 62%) as clear oil. Rf = 0.75 (hexane/EtOAc, 2/1); 1H NMR 

(400 MHz; CDCl3) δ 7.80-7.78 (m, 2H, ArH), 7.36-7.26 (m, 12H, ArH), 4.59 (s,  2H, CH2Ar),  4.49 (s, 

2H, CH2Ar), 4.24 (dd, J = 10.4, 4.2 Hz, 1H, CH2OTs), 4.14 (dd, J = 10.4, 5.8 Hz, 1H, CH2OTs), 

3.82-3.80 (m, 1H, CHOBn), 3.54 (dd, J = 5.2, 0.7 Hz, 2H, CH2OBn), 2.44 (s, 3H, ArCH3); MS ES [M

+Na]+ m/z 449.0; HRMS (ES-TOF+) m/z calcd for C24H26O5NaS [M+Na]+ 449.1393, found 449.1390. 

Other analytical data matched those previously reported.3

1-O-trifluoromethanesulfonyl-(S)-2,3-di-O-benzyl-glycerol (14) 

(S)-2,3-Di-O-benzyloxypropanol (3.0 g, 11.0 mmol) was dissolved in dry DCM (25 mL) under nitrogen. 

To this stirred pale yellow solution was added lutidine (2.10 mL, 17.6 mmol) and Tf2O (2.80 mL, 16.5 

mmol) at 0 ºC. Stirring was continued for 1 h whereupon TLC analysis indicated no starting material 

remained. The volume of DCM was reduced to ca 5 mL in vacuo, the material loaded onto a short silica 

plug and eluted with hexane/EtOAc, 20/1 to yield 14 (4.40 g, 11.0 mmol, quant.) as clear oil.  Rf = 0.85 

(hexane/EtOAc, 3/1); 1H NMR (400 MHz; CDCl3) δ 7.41-7.32 (m, 10H, ArH), 4.71-4.60 (m, 4H, 

CH2Ar, CH2OTf), 4.59-4.52 (m, 2H, CH2Ar),  3.93-3.88 (m, 1H, CH), 3.65-3.56 (m, 2H, CH2OBn). The 
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material was stored under nitrogen in a freezer until use. Other analytical data matched those previously 

reported.4
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D-mannitol (5.0 g, 27.4 mmol) and In(OTf)3 (462 mg, 0.82 mmol) were suspended in acetone (50 mL) 

at RT under air. The suspension was heated to 65 oC for 3 h whereupon the suspension became clear. 

TLC analysis (DCM/MeOH, 4/1) showed the reaction to be complete and the solvent was removed in 

vacuo. The resulting white paste was dissolved in DCM (200 mL) and washed with water (50 mL). The 

organic phase was dried (MgSO4), filtered and stripped to a clear oil which solidified upon high vacuum 

removal of final solvent traces to give the tris-dimethylacetal product (6.48 g, 21.5 mmol, 78%) as a 

while solid. 

Tris-dimethylacetal-D-mannitol derivative (4.4 g, 14.6 mmol) was dissolved in MeOH (50 mL) at RT 

under air. 0.5M H2SO4 (5 mL) was added and the solution heated at 40 oC for 2 h. TLC analysis 

(hexane/EtOAc, 3/1) showed no starting material remained and the reaction was cooled to RT, 

neutralized to pH = 8 with 1M NaOH, the suspension filtered and solvent removed in vacuo. The crude 

oil was then purified by silica gel flash chromatography eluting with DCM/MeOH, 9/1 to furnish the 

product tetra-ol (2.18 g, 9.8 mmol, 67%) was a white solid.

Tetra-ol derivative (2.20 g, 9.9 mmol) was dissolved in dry THF (50 mL) at RT under N2. The solution 

was cooled to 0 oC in an ice bath and NaH (1.98 g,  50.0 mmol, 60% in mineral oil) added portionwise 

over 15 minutes. The suspension was stirred at 0 oC for 30 minutes, BnBr (11.8 mL, 99.1 mmol) and 

TBAI (3.66 g, 9.91 mmol) were then added and the solution warmed to RT and stirred overnight.  TLC 

analysis (DCM/MeOH, 4/1) showed no starting material and one product spot. The reaction solution was 

cooled once again to 0 oC and quenched with water (10 mL). This solution was then poured onto diethyl 

ether (100 mL) and the layers separated.  The aqueous phase was extracted with diethyl ether (3 x 20 
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mL), the organics combined, dried (MgSO4), filtered and stripped to a brown oil. This crude material 

was then purified by silica gel flash chromatography eluting firstly with hexane/EtOAc, 6/1 and then 

with hexane/diethyl ether, 4/1 to give the tetrabenzylated product (5.42 g, 9.30 mmol, 93%) as a pale 

pink oil.

The tetrabenzylated-D-mannitol derivative (4.24 g, 7.3 mmol) was suspended in 60% aq. AcOH (40 mL) 

and heated to reflux overnight. TLC analysis (hexane/EtOAc, 4/1) showed no starting material and one 

product spot. The solvent was removed in vacuo azeotroping with toluene (2 x 100 mL) to give the 

crude material as a yellow oil which was purified by silica gel flash chromatography, eluting with 

hexane/EtOAc, 4/1, 2/1 to give the product 3,4-diol (2.85 g, 5.25 mmol, 72%) as a clear oil.

The D-mannitol-3,4-diol (2.70 g, 4.98 mmol) was dissolved in MeOH (50 mL) and cooled to 0 oC. 

NaIO4 (1.20 g, 5.63 mmol) was added and the thick white suspension stirred vigorously for 30 minutes, 

filtered through Celite, washing with MeOH (25 mL) and then re-cooled to 0 oC whereupon NaBH4 (259 

mg, 4.48 mmol) was added and the suspension stirred for a further 2 h at 0 oC. TLC analysis (hexane/

EtOAc, 3/1) showed a spot that matched the commercially available material and the reaction was 

quenched at 0 oC with glacial acetic acid. The suspension was filtered through Celite and the majority of 

the MeOH removed in vacuo. The residue was partitioned between EtOAc (100 mL) and brine (25 mL). 

The layers were separated and the organics extracted with EtOAc (3 a 25 mL), combined, dried 

(MgSO4), filtered and solvent removed in vacuo to give the crude material as a yellow oil. This was 

purified by silica gel flash chromatography eluting with hexane/EtOAc, 4/1 to give (S)-2,3-

dibenzyoxy-1-propanol (1.86 g, 6.8 mmol, 69%) as a clear oil. 1H NMR and optical rotation data 

matched those available from a commercial supplier (Sigma Aldrich).
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Phenyl 2-azido-3,6-di-O-benzyl-4-O-acetoxyethyl-2-deoxy-1-thio-α-D-glucopyranoside (α-2)

400 M
H

z, C
D

C
l3

1H NMR

2. Spectral Data: 1H, 13C, COSY, HMQC/HSQC NMR and MS data for compounds 2-27
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Phenyl 2-azido-3,6-di-O-benzyl-4-O-acetoxyethyl-2-deoxy-1-thio-α-D-glucopyranoside (α-2)
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Phenyl 2-azido-3,6-di-O-benzyl-4-O-acetoxy-2-deoxy-1-thio-α-D-glucopyranoside (α-3)

400 M
H

z, C
D

C
l3

1H NMR

2.02
2.02

2
2

1.03
1.03

1.01
1.01

1.99
1.99

0.982
0.982

1.02
1.02

1.01
1.01

1
1

1
1

13.4
13.4

2.05
2.05

2.2
2.22.4

2.42.6
2.62.8

2.83.0
3.03.2

3.23.4
3.43.6

3.63.8
3.84.0

4.04.2
4.24.4

4.44.6
4.64.8

4.85.0
5.05.2

5.25.4
5.45.6

5.65.8
5.86.0

6.06.2
6.26.4

6.46.6
6.66.8

6.87.0
7.07.2

7.27.4
7.47.6

7.67.8
7.88.0

8.08.2
8.28.4

8.48.6
8.68.8

8.8ppm
ppm

-20.689

3.508
3.531
3.537
3.543
3.555
3.565
3.571
3.700
3.711
3.725
3.730
3.738
3.748
3.822
3.836
3.848
3.862
4.059
4.101
4.231
4.274
4.283
4.294
4.301
4.307
4.340
4.370

4.521
4.551

4.707
4.733

4.867
4.894

5.514
5.527

7.164
7.191
7.198
7.202
7.209
7.226
7.240
7.243
7.278
7.280
7.294
7.297
7.390
7.396
7.405

O
OBnO

N
3SPh

O
Bn

H
O

O



12

100 M
H

z, C
D

C
l3

Phenyl 2-azido-3,6-di-O-benzyl-4-O-acetoxy-2-deoxy-1-thio-α-D-glucopyranoside (α-3)

13C NMR
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Phenyl 2-azido-3,6-di-O-benzyl-4-O-acetoxy-2-deoxy-1-thio-α-D-glucopyranoside (α-3)
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Phenyl 2-azido-3,6-di-O-benzyl-4-O-acetoxy-2-deoxy-1-thio-α-D-glucopyranoside (α-3)
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NBD-D-GlcN derivative (6)
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NBD-D-GlcN derivative (6)
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NBD-D-GlcN derivative (6)
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NBD-D-GlcN derivative (6)
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NBD-D-GlcN derivative (6)

UV Spectrum

Fluorescence Spectrum
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Pyrene-D-GlcN derivative (7)
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Pyrene-D-GlcN derivative (7)

13C NMR

100 M
H

z, C
D

C
l3

10
1020

2030
3040

4050
5060

6070
7080

8090
90100

100110
110120

120130
130140

140150
150160

160170
170180

180ppm
ppm

-299.340

26.148
27.525
29.453

32.817

36.121
38.445
39.169

64.167

68.274

71.463

73.606

75.898

78.320

81.046

87.164

123.439
124.817
124.953
124.990
125.904
126.751
127.406
127.518
127.888
127.904
127.951
128.316
128.343
128.489
128.681
128.791
129.211
129.941
130.910
131.422
132.036
132.125
133.122
135.925
136.866
137.277

169.149

172.695

NH

O
OBnO

N
3SPh

O
Bn

H
N

O

3

O

3



22

Pyrene-D-GlcN derivative (7)
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Pyrene-D-GlcN derivative (7)
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Pyrene-D-GlcN derivative (7)

UV Spectrum

Fluorescence Spectrum



25

Phenyl-4-O-allyl-2-azido-2-deoxy-3,6-di-O-benzyl-1-thio-α-D-glucopyranoside (10)
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Phenyl-4-O-allyl-2-azido-2-deoxy-3,6-di-O-benzyl-1-thio-α-D-glucopyranoside (10)

13C NMR
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Phenyl-4-O-allyl-2-azido-2-deoxy-3,6-di-O-benzyl-1-thio-α-D-glucopyranoside (10)
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S/R)-2,3-dihydroxypropoxy]-1-thio-α-D-glucopyranoside (11)
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0.657

0.657
1.06

1.06 1.99
1.992.02

2.02
4.2

4.21.04
1.04

1.05
1.05
1.03

1.03
1.03

1.03
1.02

1.02
1.01

1.01
1

1
13
132.04

2.04

1
12

23
34

45
56

67
78

89
9ppm

ppm
-20.689

4.251
4.252
4.255
4.260
4.261
4.262
4.262
4.263
4.264
4.269
4.274
4.275
4.278
4.279
4.280
4.283
4.285
4.285
4.287
4.291
4.294
4.299
4.299
4.300
4.301
4.302
4.305
4.306
4.307
4.309
4.449
4.453
4.479
4.483
4.625
4.654
4.804
4.831
4.935
4.961
5.595
5.599
5.608
5.613
7.264
7.279
7.285
7.291
7.293
7.297
7.302
7.305
7.307
7.312
7.313
7.318
7.323
7.329
7.340
7.345
7.346
7.349
7.353
7.360
7.363
7.366
7.369
7.380
7.383
7.385
7.398
7.401
7.404
7.416
7.420
7.423
7.436
7.440
7.445
7.484
7.488
7.492
7.494
7.497
7.501
7.504
7.507
7.508
7.510
7.512
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O

O
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n
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n
O

N
3

S
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h

O
H

H
O

1
2

3

4

5

6

7

8

9
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OBn
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N
3SPh

OH

HO
1

2

3

4

5

6
7

8

9
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S/R)-2,3-dihydroxypropoxy]-1-thio-α-D-glucopyranoside (11)

13C NMR

100 M
H

z, C
D

C
l3

55
5560

6065
6570

7075
7580

8085
8590

9095
95100

100105
105110

110115
115120

120125
125130

130135
135140

140ppm
-299.340

63.493
63.601
64.219
64.305

68.206
68.327

71.084
71.212
71.604
71.699

73.577
73.603
74.335

75.788
75.897

78.778
78.793

81.580

87.216

127.764
127.914
128.134
128.151
128.243
128.289
128.352
128.434
128.461
128.610
129.145

132.033
132.061

137.223
137.414
137.543

O

O
Bn

OBnO

N
3SPh

O
H

HO
1

2

3

4

5

6
7

8

9
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S/R)-2,3-dihydroxypropoxy]-1-thio-α-D-glucopyranoside (11)

400 M
H

z, C
D

C
l3

HMQC

0
010

1020
2030

3040
4050

5060
6070

7080
8090

90100
100110

110120
120130

130140
140150

150ppm
ppm

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

O

O
Bn

OBnO

N
3SPh

O
H

HO
1

2

3

4

5

6
7

8

9
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S/R)-2,3-bis(benzyloxy)propoxy]-1-thio-α-D-glucopyranoside (12)

400 M
H

z, C
D

C
l3

1H NMR

3.02
3.02

5.29
5.29

1.03
1.03

1
1

1.05
1.05

4.16
4.16

2.17
2.17

2.12
2.12

1.01
1.01

21.6
21.6

2.06
2.06

1.99
1.99

3.0
3.03.2

3.23.4
3.43.6

3.63.8
3.84.0

4.04.2
4.24.4

4.44.6
4.64.8

4.85.0
5.05.2

5.25.4
5.45.6

5.65.8
5.86.0

6.06.2
6.26.4

6.46.6
6.66.8

6.87.0
7.07.2

7.27.4
7.47.6

7.67.8
7.88.0

8.08.2
8.28.4

8.48.6
8.6ppm

-20.689

3.596
3.600
3.612
3.630
3.636
3.639
3.644
3.647
3.661
3.674
3.705
3.710
3.717
3.732
3.739
3.744
3.754
3.761
3.767
3.780
3.786
3.790
3.804
3.816
3.828
3.838
3.845
3.855
3.864
3.942
3.956
3.968
3.982
4.062
4.074
4.085
4.089
4.097
4.105
4.111
4.372
4.376
4.381
4.386
4.392
4.396
4.400
4.406
4.411
4.420
4.450
4.468
4.480
4.497
4.525
4.555
4.567
4.577
4.584
4.648
4.664
4.678
4.694
4.699
4.711
4.728
4.741
4.894
4.920
4.946
4.952
4.962
4.978
4.989
5.300
5.647
5.660

7.276
7.303
7.320
7.322
7.326
7.328
7.334
7.337
7.340
7.343
7.344
7.351
7.355
7.360
7.369
7.375
7.382
7.389
7.393
7.397
7.404
7.442
7.446
7.454
7.458
7.473
7.478
7.583
7.589
7.596
7.599
7.602
7.606
7.607

ON
3
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nO
O

O
Bn

B
nO

O
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n
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9
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5
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S/R)-2,3-bis(benzyloxy)propoxy]-1-thio-α-D-glucopyranoside (12)

13C NMR

100 M
H

z, C
D

C
l3

50
5055

5560
6065

6570
7075

7580
8085

8590
9095

95100
100105

105110
110115

115120
120125

125130
130135

135140
140145

145ppm
ppm

-299.340

64.000
64.026
65.320
65.767

68.517
69.870
70.070
71.908
71.944
72.197
72.344
72.481
72.907
73.322
73.378
73.509
73.559
75.609

78.846
78.877

81.618
81.676

87.300

126.398
127.028
127.256
127.666
127.691
127.726
127.814
127.877
127.935
127.975
128.186
128.317
128.396
128.455
128.471
128.499
128.543
128.571
128.617
128.672
128.720
128.743
128.875
128.911
129.121
129.146
129.182
129.851
132.098
132.171
133.605
133.685
137.788
137.847
137.871
138.072
138.089
138.182
138.245
138.364
138.572
138.621
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-1-thio-α-D-glucopyranoside (15)

400 M
H

z, C
D

C
l3

1H NMR

2.91
2.91

2.89
2.89

2.16
2.16

1.04
1.04

1.02
1.020.958

0.958

1.01
1.01

1.02
1.02 0.848

0.8481.79
1.79

1.93
1.93

2.06
2.06

1
1

22.9
22.9

2.11
2.11

2.18
2.18

2.5
2.53.0

3.03.5
3.54.0

4.04.5
4.55.0

5.05.5
5.56.0

6.06.5
6.57.0

7.07.5
7.5ppm

ppm
-20.689

3.433
3.436
3.440
3.462
3.465
3.487
3.537
3.541
3.768
3.781
3.793
3.807

4.274
4.304
4.349
4.379
4.391
4.488
4.518
4.535
4.565

4.744
4.770
4.787
4.814

5.470
5.483

7.135
7.139
7.144
7.150
7.156
7.158
7.161
7.167
7.169
7.179
7.189
7.192
7.195
7.199
7.201
7.207
7.212
7.217
7.220
7.222
7.224
7.266
7.270
7.285
7.290
7.407
7.411
7.413
7.420
7.423
7.431

O
OBnO

N
3SPh

O
Bn

BnO
O

Bn
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43 H

45 N
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M
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60
6070

7080
8090

90100
100110

110120
120130

130140
140ppm

ppm
-299.340

63.987

68.497
69.850

71.926
72.481
73.316
73.504
73.560
75.636

77.372
78.865

81.627

87.305

127.668
127.731
127.760
127.822
127.847
127.950
128.196
128.380
128.406
128.471
128.507
128.553
129.147
132.079
133.669

137.825
138.072
138.174
138.556

O
OBnO

N
3SPh

O
Bn

BnO
O

Bn
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M
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-1-thio-α-D-glucopyranoside (15)

13C NMR

100 M
H

z, C
D

C
l3
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-1-thio-α-D-glucopyranoside (15)

3.4
3.43.6

3.63.8
3.84.0

4.04.2
4.24.4

4.44.6
4.64.8

4.85.0
5.05.2

5.25.4
5.45.6

5.65.8
5.8ppm

ppm

3.0

3.5

4.0

4.5

5.0

5.5

6.0

O
OBnO

N
3SPh

O
Bn

BnO
O

Bn

Chem
ical Form

ula: C
43 H

45 N
3 O

6 S
M

olecular W
eight: 731.8989

COSY

400 M
H

z, C
D

C
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-1-thio-β-D-glucopyranoside (17)

400 M
H

z, C
D

C
l3

1H NMR

11

3.35
3.35 2.14

2.14

3.2
3.2 1.02

1.02

1.12
1.12

1.06
1.06

4.42
4.42

2.34
2.34

2.22
2.22

26.8
26.8

2.19
2.19

2.5
2.53.0

3.03.5
3.54.0

4.04.5
4.55.0

5.05.5
5.56.0

6.06.5
6.57.0

7.07.5
7.58.0

8.0ppm
ppm

-20.689

3.195
3.218
3.220
3.243
3.316
3.337
3.344
3.345
3.347
3.352
3.375
3.439
3.445
3.451
3.577
3.647
3.695
3.698
3.722
3.725
3.876
3.891
3.906
3.921

4.306
4.331
4.377
4.409
4.415
4.445
4.488
4.517
4.536
4.566
4.711
4.737
4.748
4.775

7.145
7.162
7.167
7.173
7.177
7.181
7.183
7.186
7.189
7.191
7.198
7.206
7.211
7.215
7.220
7.222
7.229
7.234
7.236
7.241
7.248
7.254
7.256
7.270
7.503
7.507
7.520
7.524
7.527

O
OBnO

N
3

SPh

O
Bn

BnO
O

Bn
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3 O
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M
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-1-thio-β-D-glucopyranoside (17)

13C NMR

100 M
H

z, C
D

C
l3

60
6070

7080
8090

90100
100110

110120
120130

130140
140150

150ppm
-299.340

64.907

68.803
69.839

72.432
73.281
73.396
73.504
75.787
77.341
78.162
79.413

84.877
85.865

127.530
127.612
127.695
127.722
127.777
127.804
128.022
128.270
128.425
128.516
128.583
129.085
131.248
133.679

137.750
138.162
138.446
138.519

O
OBnO

N
3

SPh

O
Bn

BnO
O

Bn
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M
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38

Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-1-thio-β-D-glucopyranoside (17)

COSY

400 M
H

z, C
D

C
l3

3.1
3.13.2

3.23.3
3.33.4

3.43.5
3.53.6

3.63.7
3.73.8

3.83.9
3.94.0

4.04.1
4.14.2

4.24.3
4.34.4

4.44.5
4.54.6

4.64.7
4.74.8

4.84.9
4.95.0

5.05.1
5.15.2

5.2ppm
ppm

2.8

3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

O
OBnO

N
3

SPh

O
Bn

BnO
O

Bn
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ical Form

ula: C
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3 O

6 S
M
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Phenyl-2-azido-2-deoxy-3,6-di-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-1-thio-β-D-glucopyranoside (17)

400 M
H

z, C
D

C
l3

HMQC55
5560

6065
6570

7075
7580

8085
8590

9095
95ppm

ppm

2.6

2.8

3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

O
OBnO

N
3

SPh

O
Bn

BnO
O

Bn

Chem
ical Form

ula: C
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45 N
3 O
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M
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Phenyl-2-azido-2-deoxy-3-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-6-O-benzoyl-1-thio-β-D-glucopyranoside (18)

400 M
H

z, C
D

C
l3

1H NMR

0.712
0.712

0.743
0.743

0.78
0.78

2.81
2.81

1.88
1.88

1
1

1.66
1.66

1.88
1.88

1.94
1.94

2.62
2.62

1.76
1.76

15.8
15.8

2.6
2.6

0.764
0.764

1.63
1.63

3.0
3.03.2

3.23.4
3.43.6

3.63.8
3.84.0

4.04.2
4.24.4

4.44.6
4.64.8

4.85.0
5.05.2

5.25.4
5.45.6

5.65.8
5.86.0

6.06.2
6.26.4

6.46.6
6.66.8

6.87.0
7.07.2

7.27.4
7.47.6

7.67.8
7.88.0

8.08.2
8.28.4

8.4ppm
ppm

-20.689

3.179
3.202
3.204
3.228
3.326
3.349
3.391
3.414
3.437
3.470
3.483
3.492
3.503
3.544
3.582
3.595
3.610
3.616
3.622
3.636

3.975
3.990
3.993

4.306
4.316
4.336
4.341
4.347
4.373
4.403
4.412
4.442
4.499
4.529
4.546
4.576
4.703
4.708
4.726
4.733
4.738
4.752
4.755
4.781

6.983
6.985
7.003
7.023
7.127
7.130
7.141
7.146
7.150
7.152
7.159
7.164
7.168
7.171
7.200
7.206
7.211
7.214
7.216
7.217
7.222
7.224
7.245
7.251
7.260
7.289
7.374
7.375
7.391
7.394
7.395
7.414
7.432
7.435
7.451
7.453
7.455
7.456
7.524
7.543
7.944
7.947
7.961
7.962
7.965
7.967
7.968

O
OBnO

N
3

SPh
BzO

BnO
O
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Phenyl-2-azido-2-deoxy-3-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-6-O-benzoyl-1-thio-β-D-glucopyranoside (18)

13C NMR

100 M
H

z, C
D

C
l3

60
6070

7080
8090

90100
100110

110120
120130

130140
140150

150160
160170

170ppm
ppm

-299.340

63.061

64.777

69.543

72.481
73.534

75.982
77.272
77.395
78.380

84.747
85.552

127.758
127.777
127.795
127.867
128.210
128.458
128.509
128.628
128.700
129.023
129.868
130.014
130.517
133.352
134.218

137.521
138.120
138.419

165.989

O
OBnO

N
3

SPh
BzO

BnO
O

Bn
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Phenyl-2-azido-2-deoxy-3-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-6-O-benzoyl-1-thio-β-D-glucopyranoside (18)

COSY

400 M
H

z, C
D

C
l3

3.1
3.13.2

3.23.3
3.33.4

3.43.5
3.53.6

3.63.7
3.73.8

3.83.9
3.94.0

4.04.1
4.14.2

4.24.3
4.34.4

4.44.5
4.54.6

4.64.7
4.74.8

4.84.9
4.95.0

5.0ppm
ppm

2.8

2.9

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.0

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5.0

5.1

5.2

O
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3
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Phenyl-2-azido-2-deoxy-3-O-benzyl-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-6-O-benzoyl-1-thio-β-D-glucopyranoside (18)

400 M
H

z, C
D

C
l3

HMQC

59
5960

6061
6162

6263
6364

6465
6566

6667
6768

6869
6970

7071
7172

7273
7374

7475
7576

7677
7778

7879
7980

8081
8182

8283
8384

8485
8586

8687
8788

88ppm
ppm

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.0
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4.2

4.3

4.4

4.5

4.6

4.7

4.8
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5.0

O
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3
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2-Azido-3,6-di-O-benzyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-αβ-D-glucopyranose 

400 M
H

z, C
D

C
l3

1H NMR

9.279.27
7.64

7.64
3.65

3.65
6.66

6.66
4.19

4.19
3.44

3.44
1

1
34.834.8

3.0
3.03.5

3.54.0
4.04.5

4.55.0
5.05.5

5.56.0
6.06.5

6.57.0
7.07.5

7.5ppm
ppm
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N
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BnO
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2-Azido-3,6-di-O-benzyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-αβ-D-glucopyranose 

COSY

400 M
H

z, C
D

C
l3

3.0
3.03.2

3.23.4
3.43.6

3.63.8
3.84.0

4.04.2
4.24.4

4.44.6
4.64.8

4.85.0
5.05.2

5.25.4
5.45.6

5.6ppm
ppm

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

O
OBnO

N
3O

H

BnO
BnO

O
Bn

Chem
ical Form

ula: C
37 H

41 N
3 O

7
M

olecular W
eight: 639.7373
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2-Azido-3,6-di-O-benzyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-1-O-trichloroacetimidate-αβ-D-glucopyranoside 

400 M
H

z, C
D

C
l3

1H NMR

3.23
3.23

7.21
7.21

3.46
3.46

4.92
4.92

2.6
2.6

2.49
2.49

0.205
0.205

1
1

25.7
25.7

1.24
1.24

3.0
3.03.5

3.54.0
4.04.5

4.55.0
5.05.5

5.56.0
6.06.5

6.57.0
7.07.5

7.58.0
8.08.5

8.59.0
9.09.5

9.5ppm
-20.689

3.432
3.433
3.434
3.437
3.438
3.443
3.450
3.456
3.462
3.543
3.548
3.557
3.564
3.568
3.571
3.574
3.583
3.588
3.592
3.602
3.605
3.606
3.608
3.610
3.612
3.614
3.621
3.624
3.630
3.631
3.639
3.650
3.653
3.655
3.663
3.683
3.691
3.828
3.829
3.834
3.835
3.857
3.859
3.889
3.912
3.915
3.938
3.943
3.948
3.964
4.329
4.359
4.385
4.414
4.491
4.521
4.546
4.576
4.750
4.776
4.862
4.889
5.508
5.529
6.322
6.331

7.160
7.169
7.172
7.177
7.185
7.197
7.199
7.205
7.211
7.215
7.223
7.231
7.233
7.234
7.247
7.251
7.252
7.281
7.285

8.630

O
OBnO

N
3O

O
Bn

BnO
O

Bn

CCl3 NH Chem
ical Form

ula: C
39 H

41 Cl3 N
4 O

7
M

olecular W
eight: 784.1244
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Methyl (phenyl 4-O-(2-azido-3,6-di-O-benzyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-glucopyranosyl)-2-O-benzoyl-3-O-benzyl-1-

thio-α-L-idopyranoside)-uronate (20)

400 M
H

z, C
D

C
l3

1H NMR

11

3.15
3.150.972

0.972

2.8
2.81.05

1.05 2.95
2.951.07

1.07 1.97
1.97

1.08
1.08

0.987
0.987

1.03
1.03 0.969

0.969

2.29
2.29 2.09

2.09

2.19
2.19 1.03

1.031.09
1.09

1.01
1.01

1.04
1.04 1.07

1.07

1.06
1.06

2.03
2.03

28.7
28.7 4.44

4.442.28
2.28 2.31

2.31

2.11
2.11

2.5
2.53.0

3.03.5
3.54.0

4.04.5
4.55.0

5.05.5
5.56.0

6.06.5
6.57.0

7.07.5
7.58.0

8.08.5
8.5ppm

ppm
-20.689

3.119
3.128
3.144
3.153
3.344
3.366
3.375
3.378
3.384
3.387
3.400
3.412
3.425
3.484
3.493
3.506
3.511
3.516
3.531
3.538
3.543
3.607
3.618
3.624
3.645
3.651
3.797
3.805
3.821
3.830
3.971
4.112
4.116
4.126
4.164
4.190
4.311
4.340
4.352
4.382
4.426
4.481
4.510
4.524
4.554
4.605
4.614
4.675
4.704
4.899
4.929
5.291
5.296
5.351

5.718

O

O
SPh

O
Bz

M
eO O

O
Bn

O
OBnO

N
3

BnO
BnO

O
Bn

Chem
ical Form

ula: C
64 H

65 N
3 O

13 S
M

olecular W
eight: 1116.2782
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Methyl (phenyl 4-O-(2-azido-3,6-di-O-benzyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-glucopyranosyl)-2-O-benzoyl-3-O-

benzyl-1-thio-α-L-idopyranoside)-uronate (20)
13C NMR

100 M
H

z, C
D

C
l3

50
5060

6070
7080

8090
90100

100110
110120

120130
130140

140150
150160

160170
170ppm

ppm
-299.340

52.327

63.636
67.601
68.423
69.162
70.143
71.578
72.195
72.399
72.751
73.111
73.320
73.437
74.578
77.410
77.606
78.035
79.954

87.006

100.387

127.549
127.600
127.653
127.681
127.810
127.941
128.168
128.290
128.314
128.343
128.451
128.535
128.820
129.119
129.539
130.030
131.520
133.447
135.385
137.094
137.889
137.944
138.172
138.593

165.596

169.269

O

O
SPh

O
Bz

M
eO O

O
Bn

O
OBnO

N
3

BnO
BnO

O
Bn

Chem
ical Form

ula: C
64 H

65 N
3 O

13 S
M

olecular W
eight: 1116.2782
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Methyl (phenyl 4-O-(2-azido-3,6-di-O-benzyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-glucopyranosyl)-2-O-benzoyl-3-O-benzyl-1-

thio-α-L-idopyranoside)-uronate (20)

COSY
400 M

H
z, C

D
C

l3

3.0
3.03.2

3.23.4
3.43.6

3.63.8
3.84.0

4.04.2
4.24.4

4.44.6
4.64.8

4.85.0
5.05.2

5.25.4
5.45.6

5.65.8
5.86.0

6.0ppm
ppm

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

O

O
SPh

O
Bz

M
eO O

O
Bn

O
OBnO

N
3

BnO
BnO

O
Bn

Chem
ical Form

ula: C
64 H

65 N
3 O

13 S
M

olecular W
eight: 1116.2782
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Methyl (phenyl 4-O-(2-azido-3,6-di-O-benzyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-glucopyranosyl)-2-O-benzoyl-3-O-

benzyl-1-thio-α-L-idopyranoside)-uronate (20)

400 M
H

z, C
D

C
l3

HMQC50
5060

6070
7080

8090
90100

100110
110ppm

ppm

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

O

O
SPh

O
Bz

M
eO O

O
Bn

O
OBnO

N
3

BnO
BnO

O
Bn

Chem
ical Form

ula: C
64 H

65 N
3 O

13 S
M

olecular W
eight: 1116.2782
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Methyl (phenyl 4-O-(2-azido-3,6-di-O-benzyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-glucopyranosyl)-2-

O-benzoyl-3-O-benzyl-1-thio-α-L-idopyranoside)-uronate (20) 
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Methyl (phenyl 4-O-(2-azido-3,6-di-O-benzyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-glucopyranosyl)-2-O-benzoyl-3-O-

benzyl-1-thio-α-L-idopyranoside)-uronate (20)
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2-Azido-3-O-benzyl-6-O-benzoyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-αβ-D-glucopyranose 

400 M
H

z, C
D

C
l3

1H NMR

1
1

2.81
2.81

6.43
6.43

3.15
3.15

1
1

3.85
3.85

1.01
1.01

4.87
4.87

3.72
3.72

1.81
1.81

3.06
3.06

1.03
1.03

30.830.8

1.97
1.97

3.5
3.5

2.8
2.83.0

3.03.2
3.23.4

3.43.6
3.63.8

3.84.0
4.04.2

4.24.4
4.44.6

4.64.8
4.85.0

5.05.2
5.25.4

5.45.6
5.65.8

5.86.0
6.06.2

6.26.4
6.46.6

6.66.8
6.87.0

7.07.2
7.27.4

7.47.6
7.67.8

7.88.0
8.08.2

8.2ppm

O
OBnO

N
3O

H

BzO
BnO

O
Bn

Chem
ical Form

ula: C
37 H

39 N
3 O

8
M

olecular W
eight: 653.7209
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2-Azido-3-O-benzyl-6-O-benzoyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-αβ-D-glucopyranose 

COSY

400 M
H

z, C
D

C
l3

2.9
2.93.0

3.03.1
3.13.2

3.23.3
3.33.4

3.43.5
3.53.6

3.63.7
3.73.8

3.83.9
3.94.0

4.04.1
4.14.2

4.24.3
4.34.4

4.44.5
4.54.6

4.64.7
4.74.8

4.84.9
4.95.0

5.05.1
5.15.2

5.25.3
5.35.4

5.45.5
5.55.6

5.6ppm
ppm

2.6

2.8

3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

6.0

O
OBnO

N
3O

H

BzO
BnO

O
Bn

Chem
ical Form

ula: C
37 H

39 N
3 O

8
M

olecular W
eight: 653.7209
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2-Azido-3-O-benzyl-6-O-benzoyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-1-O-trichloroacetimidate-αβ-D-glucopyranoside 

400 M
H

z, C
D

C
l3

1H NMR

3.23
3.23 1.12

1.12

2.01
2.01

1.14
1.14

2.93
2.93

2.32
2.32

3.18
3.18

3.23
3.23

2.18
2.18

0.0359
0.0359

1
1

14.8
14.8

2.08
2.08 2.25

2.25

1.13
1.13

2.16
2.16

1.06
1.06

3.0
3.03.5

3.54.0
4.04.5

4.55.0
5.05.5

5.56.0
6.06.5

6.57.0
7.07.5

7.58.0
8.08.5

8.59.0
9.0ppm

ppm
-20.689

3.494
3.501
3.507
3.513
3.518
3.541
3.544
3.566
3.578
3.587
3.604
3.613
3.628
3.644
3.655
3.661
3.932
3.954
3.958
3.980
4.024
4.038
4.042
4.053
4.059
4.064
4.077
4.346
4.357
4.377
4.388
4.407
4.419
4.449
4.500
4.530
4.555
4.562
4.567
4.585
4.592
4.597
4.780
4.806
4.864
4.890

5.505
5.528

6.323
6.332

7.156
7.157
7.161
7.165
7.168
7.182
7.185
7.199
7.204
7.206
7.210
7.212
7.217
7.222
7.227
7.235
7.238
7.240
7.241
7.243
7.250
7.296
7.301
7.309
7.311
7.313
7.320
7.336
7.338
7.353
7.356
7.357
7.372
7.376
7.477
7.495
7.497
7.514
7.908
7.911
7.916
7.925
7.926
7.929
7.931
7.932

8.655

O
OBnO

N
3O

BzO
BnO

O
Bn

Chem
ical Form

ula: C
39 H

39 Cl3 N
4 O

8
M

olecular W
eight: 798.1080
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Methyl (phenyl 4-O-(2-azido-3-O-benzyl-6-O-benzoyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-glucopyranosyl)-2-O-benzoyl-3-O-
benzyl-1-thio-α-L-idopyranoside)-uronate (21)

400 M
H

z, C
D

C
l3

1H NMR

0.787
0.787

1.9
1.9

1.81
1.81

1.99
1.99

3.75
3.75

1.88
1.88

1.01
1.01

1.9
1.9

0.927
0.927

3.96
3.96

1.03
1.03

1.95
1.95

0.987
0.987

1.98
1.98

0.936
0.936

1.73
1.73

2.24
2.24

20.3
20.3

6.15
6.15 1.95

1.95

3.38
3.38

2.26
2.26

2.04
2.04

3.0
3.03.2

3.23.4
3.43.6

3.63.8
3.84.0

4.04.2
4.24.4

4.44.6
4.64.8

4.85.0
5.05.2

5.25.4
5.45.6

5.65.8
5.86.0

6.06.2
6.26.4

6.46.6
6.66.8

6.87.0
7.07.2

7.27.4
7.47.6

7.67.8
7.88.0

8.08.2
8.28.4

8.4ppm
-20.689

3.210
3.219
3.219
3.235
3.244
3.435
3.458
3.481
3.496
3.520
3.521
3.543
3.598
3.604
3.605
3.611
3.668
3.669
3.681
3.687
3.688
3.689
3.691
3.699
3.701
3.703
3.704
3.711
3.712
3.724
3.725
3.726
3.805
3.812
3.813
3.823
3.997
3.998
4.001
4.005
4.011
4.012
4.013
4.020
4.021
4.040
4.042
4.044
4.046
4.047
4.098
4.103
4.103
4.212
4.230
4.237
4.409
4.415
4.439
4.446
4.489
4.520
4.531
4.562
4.584
4.614
4.622
4.631
4.660
4.661
4.709
4.717
4.769
4.774
4.777
4.800
4.806
5.003
5.032

5.423
5.427
5.451
5.451

5.838

7.134
7.135
7.137
7.140
7.143
7.148
7.149
7.152
7.154
7.193
7.195
7.207
7.208
7.213
7.249
7.257
7.266
7.279
7.284
7.299
7.332
7.344
7.345
7.346
7.350
7.356
7.357
7.359
7.361
7.361
7.367
7.393
7.408
7.412
7.425
7.432
7.443
7.449
7.452
7.492
7.509
7.510
7.573
7.590
8.006
8.009
8.027

8.164
8.182
8.185

O

O
SPh

O
Bz

M
eO O

O
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O
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Methyl (phenyl 4-O-(2-azido-3-O-benzyl-6-O-benzoyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-glucopyranosyl)-2-O-benzoyl-3-
O-benzyl-1-thio-α-L-idopyranoside)-uronate (21)

13C NMR

100 M
H

z, C
D

C
l3

40
4050

5060
6070

7080
8090

90100
100110

110120
120130

130140
140150

150160
160170

170ppm
ppm

-299.340

50.292

61.560

66.130
67.077
67.526
68.137
69.847
70.220
70.519
71.108
71.247
72.509

76.472
77.714

84.845

97.923

123.135
125.412
125.430
125.472
125.576
125.767
125.966
126.050
126.159
126.204
126.285
126.322
126.647
126.853
126.935
127.420
127.794
127.838
129.236
130.916
131.239
133.224
134.873
135.411
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benzyl-1-thio-α-L-idopyranoside)-uronate (21)
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Methyl (phenyl 4-O-(2-azido-3-O-benzyl-6-O-benzoyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-glucopyranosyl)-2-O-
benzoyl-3-O-benzyl-1-thio-α-L-idopyranoside)-uronate (21)
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Methyl (phenyl 4-O-(2-azido-3-O-benzyl-6-O-benzoyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-
glucopyranosyl)-2-O-benzoyl-3-O-benzyl-1-thio-α-L-idopyranoside)-uronate (21)
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Methyl (phenyl 4-O-(2-azido-3-O-benzyl-6-O-benzoyl-2-deoxy-4-O-[(S)-2,3-bis(benzyloxy)propoxy]-α-D-glucopyranosyl)-2-O-
benzoyl-3-O-benzyl-1-thio-α-L-idopyranoside)-uronate (21)
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Decasaccharide 25
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z, C
D

C
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Decasaccharide 25

13C NMR
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COSY
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Decasaccharide 25
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Decasaccharide 25
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Decasaccharide 25- ESI MS
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Decasaccharide 25-ESI MS Isotope Pattern
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Dodecasaccharide 24
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Dodecasaccharide 24

13C NMR
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COSY
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Dodecasaccharide 24

400 M
H

z, C
D

C
l3

HSQC

35
3540

4045
4550

5055
5560

6065
6570

7075
7580

8085
8590

9095
95100

100105
105110

110115
115ppm

ppm

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

O O
Bz

O

M
eO

2 C
O
Bn

O
O

BnO
N
3

O
Bn

O
M
e

6

BnO
O
Bn



72

Dodecasaccharide 24 - MALDI MS and isotope pattern

                                            EPSRC National Mass Spectrometry Service Centre (NMSSC), Swansea
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Decasaccharide Saponification 
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Decasaccharide Saponification
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Decasaccharide Saponification- ESI MS
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Decasaccharide Saponification-ESI MS Isotope Pattern
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Dodecasaccharide Saponification
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Dodecasaccharide Saponification
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Dodecasaccharide Saponification- ESI MS
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Dodecasaccharide Saponification-ESI MS Isotope Pattern
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Decasaccharide hydrogenation 
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Decasaccharide hydrogenation- ESI MS
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Dodecasaccharide hydrogenation
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Dodecasaccharide hydrogenation- ESI MS
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Dodecasaccharide hydrogenation- ESI MS isotope patterns

GM_311-1  MW=2610? EPSRC National Centre Swansea Gavin Miller
(H2O)/MeOH + DEA LTQ Orbitrap XL 29/01/2013 11:19:47
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Theoretical Isotope Model: [M - 5H] 5-
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520.8752
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521.2754

521.4753

521.6755
521.8756

522.0758

NL:
6.91E5

MANGAR245-OV-HNESN#6-
10  RT: 0.33-0.44  AV: 5 T: 
FTMS - p NSI Full ms 
[120.00-2000.00] 

NL:
6.01E3

C76 H119 N6 O81 S 6: 
C76 H119 N6 O81 S 6

p (gss, s /p:40) Chrg -5
R: 100000 Res .Pwr . @FWHM

GM_311-1  MW=2610? EPSRC National Centre Swansea Gavin Miller
(H2O)/MeOH + DEA LTQ Orbitrap XL 29/01/2013 11:19:47
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FTMS - p NSI Full ms 
[120.00-2000.00] 

NL:
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C76 H118 N6 O81 S 6: 
C76 H118 N6 O81 S 6

p (gss, s /p:40) Chrg -6
R: 100000 Res .Pwr . @FWHM
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Dodecasaccharide N-sulfation
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Dodecasaccharide N-sulfation- ESI MS
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Dodecasaccharide N-sulfation- ESI MS isotope patterns

GM_329-3  MW=3090? EPSRC National Facility Swansea Gavin Miller
(H2O)/MeOH + DEA LTQ Orbitrap XL 16/05/2013 10:19:11

SM: 7G
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NL:
1.36E5

MANGAR283-OV-HNESN#1-7  
RT: 0.20-0.68  AV: 7 T: FTMS - 
p NSI Full ms [120.00-2000.00] 

NL:
4.83E3

C76 H117 N6 O99 S 12: 
C76 H117 N6 O99 S 12

p (gss, s /p:40) Chrg -7
R: 100000 Res .Pwr . @FWHM

GM_329-3  MW=3090? EPSRC National Facility Swansea Gavin Miller
(H2O)/MeOH + DEA LTQ Orbitrap XL 16/05/2013 10:19:11
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RT: 0.20-0.68  AV: 7 T: FTMS - 
p NSI Full ms [120.00-2000.00] 

NL:
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C76 H118 N6 O99 S 12: 
C76 H118 N6 O99 S 12

p (gss, s /p:40) Chrg -6
R: 100000 Res .Pwr . @FWHM
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Decasaccharide periodate cleavage product 27
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Decasaccharide periodate cleavage product 27- ESI MS

GM_260  MW=3302? EPSRC National Centre Swansea Gavin Miller
(H2O?/MeCN)/H2O/MeCN +DEA LTQ Orbitrap XL 10/02/2012 15:59:21
MANGAR131-OM-HNESN #5-10 RT: 0.30-0.45 AV: 6 SM: 7G NL: 2.59E5
T: FTMS - p NSI Full ms [120.00-2000.00]

360 370 380 390 400 410 420 430 440 450
m/z

0
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100

Re
la

tiv
e 

Ab
un

da
nc

e

425.5115
z=6

364.5797
z=7

429.1742
z=6 439.0038

z=6376.0022
z=7

408.8469
z=6391.5076

z=6
432.0030

z=6
415.0152

z=6

422.1735
z=6

403.0093
z=6

368.0061
z=7

442.4998
z=6

GM_260  MW=3302? EPSRC National Centre Swansea Gavin Miller
(H2O?/MeCN)/H2O/MeCN +DEA LTQ Orbitrap XL 10/02/2012 15:59:21
MANGAR131-OM-HNESN #5-10 RT: 0.30-0.45 AV: 6 SM: 7G NL: 3.37E5
T: FTMS - p NSI Full ms [120.00-2000.00]
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Dodecasaccharide periodate cleavage product 26
800 M
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Dodecasaccharide periodate cleavage product 26
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Dodecasaccharide periodate cleavage product 26- ESI MS

GM_340-1.1  MW=3058? EPSRC National Centre Swansea Gavin Miller
(H2O)/MeOH + DEA LTQ Orbitrap XL 04/04/2013 10:43:31

MANGAR278-OV-HNESN #1-6 RT: 0.21-0.35 AV: 3 SM: 7G NL: 8.03E4
T: FTMS - p NSI Full ms [200.00-4000.00]
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GM_340-1.1  MW=3058? EPSRC National Centre Swansea Gavin Miller
(H2O)/MeOH + DEA LTQ Orbitrap XL 04/04/2013 10:43:31
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MANGAR278-OV-HNESN#1-6  
RT: 0.21-0.35  AV: 3 T: FTMS - 
p NSI Full ms [200.00-4000.00] 

NL:
4.84E3

C75 H112 N6 O98 S 12: 
C75 H112 N6 O98 S 12

p (gss, s /p:40) Chrg -8
R: 100000 Res .Pwr . @FWHM


