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Céline Falentin, Daniel Beaupère, Gilles Demailly, Imane Stasik *
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The non-natural enantiomer of polyoxamic acid (1) and 3,4-diepipolyoxamic acid (2) was synthesized in
four steps from D-lyxono-1,4-lactone (4). Regioselective bromination of unprotected D-lyxono-1,4-lactone
with HBr/AcOH led to 2-bromo-2-deoxy-D-xylono-1,4-lactone (5). This intermediate was treated with
NaN3 to give 2-azido-2-deoxy-D-lyxono and xylono-1,4-lactones. Saponification of the obtained 2-azido
derivatives gave the corresponding 2-azido-2-deoxyaldonic acids salt which, after neutralization fol-
lowed by reduction, led to the expected compounds: (�)-polyoxamic acid (3) and 3,4-diepipolyoxamic
acid (2) in 38% and 29% overall yields.

� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Polyoxins1 are a group of unusual peptidyl nucleosidic antibi-
otics isolated from the culture broths of Streptomyces cacoi var.
asoensis. They have been characterized by Isono and co-workers
about 40 years ago.1e The polyoxins incorporate carbamoylated
polyoxamic acid linked to the sugar moiety by an amide bond. They
act against the pathogenic fungus that causes the sheath blight
disease of the rice plant by inhibiting membrane bound enzyme
chitin synthase.2 They are also therapeutically useful against Can-
dida albicans, a fungal pathogen that affects humans.3 Saponifica-
tion of polyoxins results in several products, one of which has been
identified as (þ)-polyoxamic acid (1) (Fig. 1).

The sphingofungins (Fig. 2) are a new family of antifungal
agents, isolated by Merck group in 1992.4a They inhibit ser-
inepalmitoyl transferase,4 also consist of 3,4-diepipolyoxamic acid
2 head groups.

Interests in the field of chemistry and biology have led to the
development of a number of syntheses of polyoxamic acid and its
isomers, such as its non-natural enantiomer (3) or its stereoisomer
3,4-diepipolyoxamic acid (2)5 (Fig. 1) over the past 20 years. A va-
riety of chemical syntheses are based on the use of chiral auxiliaries
or on carbohydrate chemistry.6 However, most of them involve
a large number of steps and, therefore, a practical short route to
these amino acids still remains of interest.

Herein, we describe a concise synthetic route to polyhydroxy
amino acids: 3,4-diepipolyoxamic acid (2) and (�)-polyoxamic acid
x: þ33 3 22 82 75 60.
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(3), from unprotected D-lyxono-1,4-lactone (4), in four steps
(Scheme 1).

2. Results and discussion

D-Lyxono-1,4-lactone was used as the key starting material for
the synthesis of 3,4-diepipolyoxamic acid (2) and (�)-polyoxamic
acid (3). For the synthesis of D-lyxono-1,4-lactone, which was not
commercially available like other aldopentonolactones of the
D-series, we oxidized D-lyxose, using a modified procedure, and
obtained the title product, which was isolated in quantitative yield
(bromine water in the presence of sodium hydrogencarbonate).7

The selective bromination of D-lyxolono-1,4-lactone (4) using
HBr in acetic acid (HBA) gave the 2-bromo-2-deoxy-D-xylono-1,4-
lactone (5) (90%), contaminated with a small amount of 2,5-
dibromo derivative (10%).

When 2-bromo-2-deoxy-D-xylono-1,4-lactone (5) was treated,
in the same conditions as the ones we have used for azidation
of hexono or pentonolactones, with sodium or lithium azide in
N,N-dimethylformamide,7,8 a complex mixture was obtained. NMR
HO CO2H

NH2OH
(-)-Polyoxamic acid (3)

Figure 1.
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analysis showed that this mixture contains predominantly four
compounds: the compound 5, its 2-epimer, 2-azido-2-deoxy-D-
lyxono-1,4-lactone (6) and 2-azido-2-deoxy-D-xylono-1,4-lactone
(7). We had previously observed such epimerisation, due to C-2
and C-3 configuration, during azidation and thioetherification of
5-bromo-5-deoxy-D-ribono-1,4-lactone.8,9 However, treatment of
2-bromo-2-deoxy-D-xylono-1,4-lactone (5) with sodium azide in
acetone or acetonitrile gave 1:1 mixture of (6) and (7). The obtained
residue was chromatographed on silica gel to yield the pure isomers
6 and 7 in 32% and 42% yields, respectively.

When 2-azido-2-deoxy-D-lyxono-1,4-lactone (6) was treated
with NaOH (1 equiv), in EtOH/water at room temperature for 1 h,
a partial epimerization at the level of position 2 takes place and
mixture (1:1) of 2-azido-2-deoxy-D-lyxonic acid sodium salt and
2-azido-2-deoxy-D-xylonic acid sodium salt was obtained in
quantitative overall yield. When saponification of 6 was per-
formed with LiOH instead of NaOH, 2-azido-2-deoxy-D-lyxonic
acid lithium salt was obtained as the only product as seen from
the 13C NMR spectrum.

Treatment with acidic resin (Amberlite IR-120Hþ) of 2-azido-
2-deoxy-D-lyxonic acid lithium salt gave 2-azido-2-deoxy-D-lyx-
onic acid (8). Catalytic hydrogenation of 8 over palladium on
charcoal (10%), in water at room temperature for 2 h, produced
after filtration and concentration the desired 3,4-diepipolyoxamic
acid (2).

Treatment of 2-azido-2-deoxy-D-xylono-1,4-lactone (7) with
LiOH as in the case of 6 followed by addition of the acidic resin
afforded 2-azido-2-deoxy-D-xylonic acid (9) in quantitative yield.
Catalytic hydrogenation of 9 gave the target product (�)-poly-
oxamic acid (3) in quantitative yield.

In summary, we have reported a rapid and direct synthesis of
non-natural enantiomer of polyoxamic acid (3) and 3,4-di-
epipolyoxamic acid (2), which was synthesized in four steps in 38%
and 29% overall yields, respectively, from D-lyxono-1,4-lactone.
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Scheme 1. Reagents and conditions: (i) HBr/AcOH, rt, 90%; (ii) NaN3, CH3CN, 95 �C, 6 h, 80%
2 h, 100%.
3. Experimental

3.1. General

Melting points were determined on a Büchi 535 apparatus and
are uncorrected. Optical rotations were measured with a JASCO
DIP-370 digital polarimeter, using a sodium lamp (l¼589 nm) at
20 �C. 1H and 13C NMR spectra were recorded in D2O or in DMSO-d6

on a Bruker 300 MHz spectrometer; Me4Si was used as an internal
standard. Mass spectra were recorded on a Q-TOF Global mass
spectrometer in ESI mode. Thin-layer chromatography (TLC) was
performed on E. Merck glass plates silica gel sheets (Silica Gel F254)
and stained with cerium molybdate acid/aq H2SO4 solution. Col-
umn chromatography was carried out on silica gel (E. Merck 230–
400 mesh). All solvents were purified in a conventional manner.

3.1.1. D-Lyxono-1,4-lactone (4)
To a solution of D-lyxose (3 g, 20 mmol) and sodium hydro-

gencarbonate (5.96 g, 30 mmol) in distilled water (25 mL) cooled at
0 �C, bromine (3�0.38 mL, 22 mmol) was added at 20 min interval.
The reaction mixture was stirred at this temperature for 1 h and
then for 3 h at room temperature. Sodium thiosulfate was added to
destroy the excess of bromine. The solvent was removed in vacuo to
give white solid. The white solid was extracted twice by boiling
acetone (250 mL). The mixture was filtered and the filtrate was
concentrated in vacuo to give quantitatively 4 as colourless oil;
[a]D

20 þ76 (c 1.4, MeOH); lit.10 [a]D
20 þ72.9 (c 4, H2O); 1H NMR

(300 MHz, DMSO-d6) d 4.42 (d, 1H, J¼4.7 Hz), 4.30 (m, 1H), 4.20 (dd,
1H, J¼3.0 Hz), 3.67 (dd, 1H, J¼7.1 Hz), 3.59 (dd, 1H, J¼12 Hz); 13C
NMR (75 MHz, DMSO-d6) d 176.1, 80.4, 70.3, 68.9, 59.3; ESIMS: m/z
calcd [MþNa]þ for C5H8O5: 171, found: 171.

3.1.2. 2-Bromo-2-deoxy-D-xylono-1,4-lactone (5)
A solution of D-Lyxono-1,4-lactone (500 mg, 3.38 mmol) in HBA

(5 mL) was kept for 1 h at room temperature. Methanol (10 mL) was
then added and the solution was kept overnight and then con-
centrated. The resulting syrup was dissolved in chloroform (20 mL)
and the solution was extracted with water (6�10 mL). The com-
bined extracts were concentrated. Flash chromatography (EtOAc/
cyclohexane, 1:1) gave 2-bromo-2-deoxy-D-xylono-1,4-lactone (5)
(660 mg, 90%) as white solid; [a]D

20 þ36 (c 0.22, water); mp 80–
82 �C; lit.11 [a]D

20 þ26 (c 2.5, AcOEt); mp 86.5–87.5 �C; 1H NMR
(300 MHz, DMSO-d6): d 4.62 (q, 1H, J¼8.8 Hz), 4.52 (d, 1H,
J¼4.5 Hz,), 4.48 (t, 1H, J¼4.8 Hz), 3.70 (m, 2H); 13C NMR (75 MHz,
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DMSO-d6): d 171.9, 82.9, 73.8, 58.7, 44.3; ESIMS: m/z calcd [MþNa]þ

for C5H7BrO4: 234, found: 234.

3.1.3. 2-Azido-2-deoxy-D-lyxono (6) and 2-azido-2-deoxy-D-
xylono-1,4-lactone (7)

To a solution of 2-bromo-2-deoxy-D-xylono-1,4-lactone (5)
(930 mg, 14.3 mmol) in CH3CN (10 mL) was added NaN3 (582 mg,
8.95 mmoL). The mixture was refluxed for 6 h. Filtration and con-
centration gave a residue, which was chromatographed (EtOAc/
cyclohexane, 4:6) to give the lyxo isomer (6) (240 mg, 32%) as col-
ourless oil; [a]D

20þ38 (c 0.25, water); 1H NMR (300 MHz, D2O):
d 4.79 (dd, 1H, J¼4.8 Hz), 4.65 (d, 1H, J¼3.0 Hz), 4.61 (m, 1H), 3.86 (t,
2H, J¼6.5 Hz); 13C NMR (75 MHz, D2O): d 174.7, 82.9, 69.9, 62.2,
59.5; ESIMS: m/z calcd [MþNa]þ for C5H7N3O4: 196, found: 196. The
xylo isomer (7) was then isolated (320 mg, 42%) as colourless solid;
[a]D

20 þ142 (c 0.22, water); mp 80–82 �C; lit.12 mp 80–82 �C; 1H
NMR (300 MHz, D2O): d 4.77 (d, 1H, J¼8.6 Hz), 4.70 (ddd, 1H,
J¼4.6 Hz), 4.60 (dd, 1H, J¼7.7 Hz), 3.91 (t, 2H, J¼3.0 Hz); 13C NMR
(75 MHz, D2O): d 174.2, 81.2, 71.5, 63.1, 58.7; ESIMS: m/z calcd
[MþNa]þ for C5H7N3O4: 196, found: 196.

3.1.4. General procedure for the preparation of 2-azido-2-deoxy-D-
lyxonic acid (8) and 2-azido-2-deoxy-D-xylonic acid (9)

To a solution of 2-azido-2-deoxy-D-pentonolactones (6 or 7)
(210 mg, 1.21 mmol) in 3:1 EtOH/water (2 mL) was added LiOH
(1 equiv). The reaction mixture was stirred at room temperature for
1 h and EtOH (2 mL) was added. The suspension was filtered and
the obtained white solid was washed with 3:1 EtOH/water (2 mL)
to give the desired 2-azido-2-deoxy-D-aldonic acid lithium salt. A
solution of the obtained 2-azido-2-deoxy-D-pentanoic acid lithium
salt in water was treated with Amberlite IR-120Hþ. The suspension
was stirred for 5 min at room temperature, the resin was filtered off
and the filtrate was concentrated under diminished pressure to
give the desired azido acid 8 or 9.

3.1.4.1. 2-Azido-2-deoxy-D-lyxonic acid (8). Yield 250 mg, 100%;
white solid; [a]D

20 þ17 (c 0.34, water); mp 120–125 �C; 1H NMR
(300 MHz, D2O): d 3.93 (d, 1H, J¼3.2 Hz), 3.71 (dd, 1H, J¼4.0 Hz),
3.64 (m, 1H), d 3.57 (m, 2H); 13C NMR (75 MHz, D2O): d 175.2, 72.4,
72.2, 66.4, 62.5; ESIMS: m/z calcd [MþNa]þ for C5H9N3O5: 214,
found: 214.

3.1.4.2. 2-Azido-2-deoxy-D-xylonic acid (9). Yield 248 mg, 100%;
white solid; [a]D

20 �31 (c 0.35, water); mp 190–194 �C; 1H NMR
(300 MHz, D2O): d 4.09 (d, 1H, J¼6.5 Hz), 3.88 (m, 1H), d 3.86 (m,
1H), 3.70 (dd, 1H, J¼5.0 Hz), 3.62 (dd, 1H, J¼11.0 Hz); 13C NMR
(75 MHz, D2O): d 175.4, 71.0, 70.9, 66.5, 62.8; ESIMS: m/z calcd
[MþNa]þ for C5H9N3O5: 214, found: 214.

3.1.5. General procedure for the preparation of 3,4-diepipolyoxamic
acid (2) and (�)-polyoxamic acid (3)

To a solution of the obtained 2-azido-2-deoxy-D-pentanoic acid
(100 mg, 0.52 mmol) in water (2.5 mL) was added palladium on
charcoal (10%, 34 mg) and the suspension was hydrogenated for 2 h
at room temperature. The mixture was filtered through a layer of
Celite to give the desired 2-amino-2-deoxy-D-pentanoic acid.

3.1.5.1. 3,4-Diepipolyoxamic acid (2). Yield 85 mg, 100%; white
solid; [a]D

20 þ12 (c 0.23, water); mp 142–145 �C; lit.5 mp 145–
150 �C; 1H NMR (300 MHz, D2O): d 4.00 (t, 1H, J¼7.2 Hz), 3.85 (m,
1H), 3.67 (m, 2H), 3.57 (d, 1H, J¼3.6 Hz); 13C NMR (75 MHz, D2O):
d 176.5, 72.9, 70.0, 62.5, 58.0; ESIMS: m/z calcd [MþNa]þ for
C5H11NO5: 188, found: 188.

3.1.5.2. (�)-Polyoxamic acid (3). Yield 84 mg, 100%; white solid;
[a]D

20 �7 (c 0.22, water); mp 150–155 �C; lit.6c mp 151–153 �C; 1H
NMR (300 MHz, D2O): d 3.86 (m, 1H), 3.82 (dd, 1H, J 2.3 Hz), 3.68 (m,
2H), 3.57 (d, 1H, J 5.4 Hz); 13C NMR (75 MHz, D2O): d 178.5, 71.5,
71.0, 63.0, 58.2; ESIMS: m/z calcd [MþNa]þ for C5H11NO5: 188,
found: 188.
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