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Abstract: Glucosamine-6P (GlcN-6P) synthase catalyzes the
first committed step in the biosynthetic pathway leading to the
formation of UDP-GlcNAc, a sugar nucleotide precursor provid-
ing D-glucosamine for the formation of chitin and manoproteins.
2-Amino-2,6-dideoxy-D-glucitol-6-sulfonic acid is an analog of 2-
amino-2-deoxy-D-glucitol 6-phosphate (GlcN-ol-6-P), a known
inhibitor of GlcN-6-P synthase, in which the phosphate group of
the latter is replaced with a sulfonate function. The compound
obtained is a potential antifungal agent.

1. Introduction

Emerging challenge of systemic fungal infections, especially in immunocompromised
patients and a limited repertoire of effective antifungals stimulate a quest for novel
targets and drug candidates. Enzymes involved in biosynthesis of the fungal cell
wall components are of a special interest in this respect. Glucosamine-6P (GlcN-6P)
synthase catalyzes the first step in the biosynthetic pathway leading to the forma-
tion of UDP-GlcNAc, a sugar nucleotide precursor providing D-glucosamine for the
formation of chitin and manoproteins. The enzyme was proposed as a target for anti-
fungal chemotherapy and a search for its selective inhibitors as potential antifungals
has been continued. 2-Amino-2-deoxy-D-glucitol-6P (ADGP) and 2-amino-2-deoxy-
D-mannitol-6P (ADMP) are known as one of strongest inhibitors of fungal GlcN-6P
synthase (Melcer et al., 2007). On the other hand, inhibitory properties of a sul-
fonate analogue of Glc-6P were also reported (Sacoman and Hollingsworth, 2011).
To achieve this, 2-amino-2,6-dideoxy-D-glucitol-6-sulfonic acid an analog of ADGP
in which the phosphate group is replaced with a sulfonate group was synthesized as
a potential antifungal.
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2. Results and discussion

The consecutive steps of synthesis are shown in Figure 1. An initial substrate in the
proposed strategy was the commercially available N -acetyl-D-glucosamine 1. Steps
leading to the intermediate 5 were modified in comparison to those reported previ-
ously (Sacoman and Hollingsworth, 2011). The hydroxyl group on C1 atom of 1 was
protected by benzyl group to form an acetal and thus a stable benzyl 2-acetamido-
2,6-dideoxy-D-glucopiranoside 2 was obtained. In this reaction, an anhydrous benzyl
alcohol saturated HCl at 50◦C–60◦C was used. In the next step, 2 was converted
into 3 using tetrabromomethane in pyridine and triphenylophosphine. Under these
conditions a bromine atom replaced the hydroxyl group at C6. Compound 3 was
isolated as a salt in the form of white needles with a 20% yield.

In the next stage of the synthesis, an intermediate 4 containing a sulfonic group
on C6 was obtained. In this reaction, bromine was replaced by the sulfonic group de-
rived from sodium sulfite. The acetyl group was subsequently removed from 4 upon
treatment with hydrazine and the benzyl group by hydrogenolysis in the presence of
Pd/C. In this way, the 2-amino-2,6-dideoxy-6-sulfo-D-glucopiranose 5 was formed. In
the last stage of the synthesis, intermediate 5 was reduced with sodium borohydride
to give the expected 2-amino-2,6-dideoxy-D-glucitol-6-sulfonic acid 6. The structure
of the final product and the intermediates was confirmed by NMR spectroscopy, in-
cluding the 1H - 1H correlation experiments and MS-ESI.

Fig. 1. A synthetic route to 2-amino-2,6-dideoxy-D-glucitol-6-sulfonic acid 6
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3. Experimental section

All solvents and reagents were used as obtained from the commercial sources. 1H
NMR spectra were obtained at 500 MHz (Varian Unity Plus), and the deuteriated
solvents were used as internal lock. Melting points were determined on a melting
point apparatus equipped with thermometer and were uncorrected. Column chro-
matography was carried out in silica gel 0.040-0.063 mm. The mass spectra analyses
were carried out using the Agilent Technologies 6540 UHD Accurate-Mass Q-TOF
LC/MS mass spectrometer.
Benzyl 2-acetamido-D-glucopiranoside (2) – was prepared from N -acetyl-

D-glucosamine 1 according to the method reported by Janiak et al. (2003) in 54%
yield; mp 179-181◦C (2×EtOH) (lit. mp 183-184◦C); [α]25D + 134 (c1, EtOH) ( lit.
[α]25D +104 (c1, EtOH), 1H NMR (MeOD-d1) d [ppm]: 1.95 (s, 3H, CH3CO), 3.37 (t,
J=9.1 Hz, 1H, C4), 3.66- 3.72 (m, J=3.6 and 11.6 Hz, 3H, C5, C3, C6’), 3,82 (dd,
J=10.6 Hz, 1H C6), 3.88 (dt, J=10.6 and 3.3 Hz, 1H, C2), 4.49 and 4.76 (AB, 2×d,
2H, CH2-Ph), 4.87 (d, J=3.6Hz, 1H, C1), 7.27-7.39 (m, 5H, C6H5), 8.03 (d, J=8.2
Hz, NH)
Benzyl 2-acetamido-6-bromo-2,6-dideoxy-D-glucopiranoside (3) – To the

ice-cold, stirred solution of in 15.1 g (57.19 mmol) triphenylphosphine in pyridine (180
mL), benzyl 2-acetamidopiranoside 2 (4.5 g, 14.45 mmol) and tetrabromomethane (9.6
g, 28.94 mmol) were added. The reaction mixture was stirred under reflux (60–65◦C)
for 45 min. The solvent was evaporated in vacuo and the residue was treated with
toluene (3×70 mL). The mixture was shaken vigorously and the organic layer was
separated.

The crude product was purified by column chromatography on silica gel eluted
with chloroform and chloroform: metanol 60:1 v/v. The final product 3 was crys-
tallised from chloroform as white needles: 0.98 g (yield 19.75%) mp 178-179◦C (lit.
mp 184-185◦C); (Galemmo and Horton, 1983); [α]25D + 175 (c1, MeOH) (lit. [α]25D
+100 (c1, MeOH)) (Galemmo and Horton, 1983).

1H NMR (DMSO-d6) d [ppm]: 1.82 (s, 3H, CH3CO), 3.15(q, J=11.2 Hz, 1H, C2),
3.61 and 3.63 (2×m, 2H, C6), 3,64 (d, J=8.8 Hz, 1H, C5), 4.45 (d, J=12.7 Hz, 1H,
C4), 4.67 (d, J=12.2 Hz, 1H, C3), 4.70 (AB, 2×d, 2H, CH2-Ph), 4.73 (d, J=3.9 Hz,
1H, C1), 4.89 (d, J=6.3 Hz, 1H, C3-OH), 5.37 (d, J=5.9 Hz, 1H, C4-OH) 7.27-7.39
(m, 5H, C6H5), 7.88 (d, J=8.3 Hz, 1H, NH).

MS-ESI: m/z [M]+ calcd for C15H20BrNO5: 374.2270; found 374.0573 [M]+;
376.0573 [M+2]+.
Benzyl 2-acetamido-2,6-dideoxy-6-sulfo-D-glucopiranoside (4) – The mag-

netically stirred solution of benzyl 2-acetamido-6-bromo-2,6-dideoxy-D-glucopiranoside
3 (400 mg, 1.07 mmol) in 6 mL water was heated (80◦C) under reflux for 3 h. To
the resulting mixture 500 mg ( 3.97 mmol) of Na2SO3 were added, and heating was
continued for 4 h. The mixture was concentrated and purified by chromatography on
the Amberlite IRA 400 (OH−) eluted with 3% aq. HCl, to give the compound 4 as a
pale yellow oil, with 43% yield (170 mg). Rf (AcOEt:AcOH:MeOH=10:3:1 v/v) 0.12.

1H NMR (D2O) d [ppm]: 1.76 (s, 3H, CH3CO), 2.94 (q, J=24.9 Hz, 1H, C2), 3.14
(t, J=19.04 Hz, 2H, C6), 3.22 (d, J=14.16 Hz, 1H C5), 3.54 (t, J=13.2 Hz, 1H, C4),
3.70 and 4.68 (AB, 2×d, J=3.42 Hz, 2H, CH2Ph), 4.01(t, J=19.53 Hz, 1H, C3), 4.31
(d, J=11.23 Hz, 1H, C1), 7.19-7.26 (m, 5H, C6H5).
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MS-ESI: m/z [M]+calcd for C15H21NSO8: 375.3941; found 376.1084 [M+1]+.
2-Amino-2,6-dideoxy-6-sulfo-D-glucopiranose (5) – To the stirred solution

of benzyl 2-acetamido-2,6-dideoxy-6-sulfo-D-glucopiranoside 4 (170 mg, 0.4 mmol) in
absolute ethanol (10 mL), the 98% solution of hydrazine hydrate (0.51 mL, 0.016 mol)
was added. The mixture was heated (80◦C) under reflux for 3 h. The mixture was
concentrated and purified by chromatography on the Amberlite IRA 400 (OH−) eluted
with 3% aq. HCl to give the benzyl 2-amino-2,6-dideoxy-6-sulfo-D-glucopiranoside.
To the solution of the obtained compound in cyclohexene (10 mL), 100 mg of 10%
Pd/C was added. The mixture was refluxed overnight. The desired product (100 mg)
was obtained after filtration and evaporation of the solvent, with 91% yield.

MS-ESI: m/z [M]+ calcd for C13H19NSO7: 242.0334; found 243.0345 [M+1]+.
2-Amino-2,6-dideoxy-D-glucitol-6-sulfonic acid (6) – To the solution con-

taining compound 5 100 mg (0.4 mmol) in 5 mL ethanol, 300 mg (7.9 mmol) of
NaBH4 were added and the resulting mixture was stirred vigorously for 1 h at room
temperature. The product was obtained as a solid.

MS-ESI: m/z [M]+ calcd for C6H15NSO7: 245.2508; found 246.2518 [M+1]+.
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