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Synthesis of 2-acetamido-2-deoxyhexuronic acids with the D-gluco, D-manno,
and D-galacto configurations
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2-Acetamido-2-deoxyhexuronic acids have been found in Nature as constituents
of bacterial polysaccharides, and several syntheses have been reported'~7. The
principal step in these syntheses was catalytic oxidation of an amino sugar derivative
to its uronic acid. However, in our hands, these reactions gave unsatisfactory yields.
We now report on alternative syntheses of the title compounds, using azidonitration®
of the corresponding glycal methyl esters as the key step. The D-gluco and D-manno
analogues were isolated as their 6,3-lactones.

Methyl 3,4-di-O-acetyl-2,6-anhydro-5-deoxy-D-lyxo-hex-5-enonate® (1) was
treated with ceric ammonijum nitrate and sodium azide in acetonitrile®, to give a
crude mixture of azidonitrates in 90%, yield. The product was not fractionated, but
was treated with sodium acetate in glacial acetic acid. The *C-n.m.r. spectrum of the
resulting, crude product indicated the presence of methyl 1,3,4-tri-O-acetyl-2-azido-2-
deoxy-a-D-glucuronate (2), methyl 1,3,4-tri-O-acetyl-2-azido-2-deoxy-S-D-glucuronate,
and methyl 1,3,4-tri-O-acetyl-2-azido-2-deoxy-o-D-mannuronate (3) in the pro-
portions ~5:2:1. After chromatography on silica gel, 2 and 3 were obtained in
yields of 42 and 69, respectively. The structures of 2 and 3 were determined from
their *H- and *C-n.m.r. spectra (see Experimental). Attempted saponification of
2 caused: excessive degradation. However, treatment of 2 with aqueous hydrogen
chloride gave crystalline 2-azido-2-deoxy-D-glucofuranurono-6,3-lactone (4). For
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preparative purposes, however, it was more convenient to hydrogenate the crude
substance, in methanol-acetic anhydride, using palladium-on-charcoal as the
catalyst. In this reaction, the amino group is formed and simultaneously acetylated,
and 2-acetamido-2-deoxy-D-glucofuranurono-6,3-lactone (5) was obtained in 729
yield from 2. When 3 was subjected to the de-esterification—reduction-~N-acetylation
sequence, 809, of crystalline 2-acetamido-2-deoxy-D-mannofuranurono-6,3-lactone
(6) was obtained

Methyl 3,4-di-O-acetyl-2,6-anhydro-5-deoxy-b-arabino-hex-5-enonate!® (7) was
subjected to azidonitration and the resulting syrup was treated with sodium acetate
in acetic acid. After chromatography on silica gel, methyl 1,3,4-tri-O-acetyl-2-azido-
2-deoxy-a-D-galacturonate (8) was obtained in 44 % vield. As described above, 8 was
transformed into 2-acetamido-2-deoxy-p-galacturonic acid (9), which was obtained
in 27% yield after chromatography. As expected, this acid does not form a lactone;
in order to prevent decomposition, 9 was stored as its sodium salt.
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EXPERIMENTAL

General methods. — Melting points are corrected. Concentrations were per-

formed at bath temperatures below 40°. Optical rotations were measured with a
Perkin—Elmer 241 polarimeter. N.m.r. spectra were recorded in the pulse-F.t.-mode
with a JEOL FX-100 instrument at 25°. Chemical shifts are given in p.p.m. relative
to internal Me,Si (*H and *3C, chloroform and acetone solutions), external Me,Si
(*3C, aqueous solutions), or internal sodium 1,1,2,2,3,3-hexadeuterio-4,4-dimethyl-4-
silapentane-1-sulphonate (*H, aqueous solutions). All *H-n.m.r. spectra were inter-
preted on a first-order basis. For t.l.c., Merck plates (silica gel 60 F,5,) were used.
Compounds were located by quenching of u.v. fluorescence, or by charring with
sulphuric acid. For column chromatography, Merck silica gel 60 (0.040-0.063 mm)
was used. The loadings on columns were usually 1:50-100 and separations were
run as flash-chromatography!!.

Methyl 1,3,4-tri-O-acetyl-2-azido-2-deoxy-o-D-glucuronate (2) and methyl 1,3,4-
tri-O-acetyl-2-azido-2-deoxy-a-D-mannuronate (3). — A solution of 1 (6.0 g) in
acetonitrile (126 mL) was added to a mixture of sodium azide (2.25 g) and ceric
ammonium nitrate (38.0 g). The mixture was stirred for 16 h at —15° under nitrogen.
Cold ether (150 mL) and ice-cold water (150 mL) were added and the mixture was
shaken. The organic phase was washed with water (3 x 150 mL) and concentrated to
dryness, yielding a syrup (7.6 g, 90%). A solution of this product (7.0 g) in glacial
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acetic acid (44 mL) containing anhydrous sodium acetate (3.0 g) was heated at 100°
for 1.5 h and then cooled, and chloroform (200 mL) was added. The mixture was
successively washed with water, aqueous sodium hydrogencarbonate, and water.
Concentration gave a syrup (6.0 g, 86 %) which was purified on silica gel with light
petroleum-ethyl acetate (2:1). Crystallisation from acetone yielded 2 (2.9 g, 42%),
m.p. 107-108°, [a]2l, +113° (¢ 1.7, chloroform); 'H-n.m.r. data (acetone-dg):
02.04,2.12,2.26 35,3 x 3 H, 3 OAc), 3.70 (s, 3 H, OMe), 4.05 (dd, 1 H, J; , 4.0,
J, 3 11.0 Hz, H-2),4.48 (d, 1 H, J, 5 10.0 Hz, H-5), 5.13 (dd, 1 H, J; , 10.0 Hz, H-4),
5.48 (dd, 1 H, H-3), and 6.35 (d, 1 H, H-1); **C-n.m.r. (CDCl,): § 20.5, 20.7, 20.9
(3 C, 3 OAc), 52.9 (OMe), 60.2 (C-2), 69.3, 70.0, 70.5 (3 C, C-3,4,5), 89.8 (C-1),
and 167.0, 167.9, 169.1, 169.5 (C=0).

Anal. Calc. for C,3H,,N;04: C, 43.46; H, 4.77; N, 11.70. Found: C, 43.61;
H, 476; N, 11.54.

Fractions containing 3 were concentrated and the residue was crystallised from
acetone, to give 3 (0.4 g, 6%), m.p. 144-145°, [a]2%; +58° (c 2, chloroform);
"H-n.m.r. data (acetone-dg): & 2.02, 2.06, 2.16 (35,3 x 3 H, 3 OAc), 3.68 (s, 3 H,
OMe), 4.28 (dd, 1 H, J, , ~ J, 3 3 Hz, H-2), 444 (d, 1 H, J, 5 8.0 Hz, H-5), 5.36
(m, 2 H, H-3,4), and 6.14 (d, 1 H, H-1); **C-n.m.r. data (CDCl,): § 20.4, 20.6, 20.8
(3 C, 3 OAc), 52.8 (OMe), 59.2 (C-2), 66.7, 69.3, 72.0 (3 C, C-3,4,5), 90.3 (C-1,
Je1,m-1 177.0 Hz), and 166.9, 167.7, 168.9, 169.1 (C=0).

Anal. Calce. for C;3H,;N;O04: C, 43.46; H, 4.77; N, 11.70. Found: C, 43.36;
H, 4.76; N, 11.69.

2-Azido-2-deoxy-D-glucofuranurono-6,3-lactone (4) and 2-acetamido-2-deoxy-D-
glucofuranurono-6,3-lactone (5). — Compound 2 (360 mg) was dissolved with stirring
in 4u hydrochloric acid (20 mL) at 40° and the solution was kept at room temperature
for 3 h, diluted and then freeze-dried. In order to ensure complete removal of acid, the
residue was dissolved in water and the solution freeze-dried. An aliquot of the crude
product was crystallised from methanol, to yield 4, m.p. 135-136, [«]3' +39° (¢ 0.3,
water; no mutarotation); 'H-n.m.r. data (D,0): § 4.57 (s, 0.7 H, H-18) and 5.73 (d,
0.3H, J; , 4.0 Hz, H-1¢); "*C-n.m.r. data (D,0): 6 66.1 (C-22), 68.2 (C-28), 69.5,76.4,
83.3 (C-3a,4a,52), 69.3, 77.9, 82.6 (C-38,48,56), 98.7 (C-1x), 101.5 (C-1B), 176.9
(C=0 1), and 177.1 (C=0 B); v*Br 2110 cm™! (azide) and 1785 cm™" (y-lactone).

Crude, de-esterified material (200 mg) was dissolved in methanol (8 mL) con-
taining acetic anhydride (0.3 mL) and hydrogenated at room temperature and atmos-
pheric pressure over 10 % palladium-on-charcoal (20 mg). After work-up, the product
was crystallised from water, to yield 5 (100 mg, 55%). Purification of the mother
liguor on a column (2.5 x 80 cm) of Sephadex G-15 irrigated with water gave more 5
(32 mg, 17%). Compound 5 had m.p. 175-178°, [«]3' +44° (c 0.6, water; no
mutarotation observed); lit.” m.p. 177-178°, [«]3® +43.6°; *H-n.m.r. data (D,O):
§ 2.02 (NHAc p), 2.08 (NHAc «), 5.50 (s, 0.7 H, H-1p), and 5.70 (d, 0.3 H, J, ,
5.0 Hz, H-12); *C-n.m.r. data (D,0): § 22.1 (NHAc), 58.7 (C-2«), 60.4 (C-2p),
69.4, 76.0, 84.9 (C-3a,40,50), 69.4, 77.7, 83.2 (C-38,48,58), 96.8 (C-la), 101.9
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(C-1B), 173.7 (CONH §), 173.8 (CONH «a), 176.9 (C=0 «), and 177.0 (C=0 B);
vKBr 1785 (y-lactone), 1650 and 1545 cm™" (sec. amide).

Anal. Cale. for CgH{;NOg: C, 44.24; H, 5.11; N, 6.45. Found: C, 44.01;
H, 5.08; N, 6.21.

2-Acetamido- 2-deoxy-D-mannofiuranurono-6,3-lactone  (6). — Compound 3
(135 mg) was de-esterified and transformed into the N-acetyl derivative 6 as described
for 5. Crystallisation from water gave 6 (65 mg, 809%), m.p. 198-201°, [«]2! +121°
(c 0.4, water; no mutarotation observed); *H-n.m.r. data (D,0): 6 2.06 (NHAc p),
2.08 (NHAc «), 5.34 (d, 0.2 H, J; , 6.0 Hz, H-1p), 5.53 (d, 0.8 H, J, , 5.0 Hz, H-1a);
13C-n.m.r. data (H,0): 6 22.0 (NHAc), 54.8 (C-2a), 58.9 (C-2B), 69.8, 76.3, 79.3
(C-3a,4a,5a), 70.2,77.4,79.8 (C-38,40,58), 95.7 (C-1a), 100.8 (C-18), 174.4 (CONH),
and 177.5 (C=0); V&5 1790 (y-lactone), 1620 and 1540 cm™! (sec. amide).

Anal. Calc. for CgH,{NOg: C, 44.24; H, 5.11; N, 6.45. Found: C, 42.65; H,
5.08; N, 6.08.

Methyl 1,3,4-tri-O-acetyl-2-azido- 2-deoxy-a-D-galacturonate (8). — Compound
7 (4.7 g) was subjected to azidonitration and acetolysis as described for 1. The product
was purified on silica gel with toluene—ethyl acetate (2:1) and re-crystallised from
ethyl acetate-cther, to give 8 (2.89 g, 44%), m.p. 116-117°, [«]2%, +120° (c 1,
chloroform); ‘H-n.m.r. data (acetone-dg): & 2.02-2.18 (9 H, 3 OAc), 3.68 (s, 3 H,
OMe), 4.16 (dd, 1 H, J, , 4.0, J, 5 11.0 Hz, H-2), 5.00 (d, 1 H, J,, 5 1.0 Hz, H-5), 5.34
(dd, 1 H, J; 4 4.0 Hz, H-3), 5.72 (dd, 1 H, H-4), and 6.38 (d, 1 H, H-1); *C-n.m.1.
data (CDCly): 6 20.4, 20.6, 20.8 (3 C, 3 OAc), 52.8 (OMe), 56.6 (C-2), 68.1, 68.4,
70.6 (C-3,4,5), 90.1 (C-1), and 166.4, 168.1, 169.4, 169.9 (C=0).

Anal. Calc. for C{3H;N;0,: C, 43.46; H, 4.77; N, 11.70. Found: C, 43.42;
H, 477; N, 11.71.

2-Acetamido-2-deoxy-D-galacturonic acid (9). — Compound 8 (200 mg) was
de-esterified and transformed into the N-acetyl derivative 9 as described for 5. After
work-up, the product was purified on a column (2.5 x 80 cm) of Biogel P 2 irrigated
with water. After freeze-drying of appropriate fractions, 9 (36 mg, 27 %) was obtained
as an amorphous powder, [a]2* +29° (¢ 1.4, water). Since it was impracticable to
store 9 in the acid form, it was converted into its sodium salt, [«]2? +23° (¢ 1.5,
water, pH ~ 7); *H-n.m.r. data (D,0, pD =~ 7): § 2.04 (s, 3 H, NHAc) and 5.27
(d, 0.7 H, J; , 2.5 Hz, H-1¢); *C-n.m.r. data (D,0, pD ~ 7): § 23.2 (NHAc «),
23.4 (NHAc f), 51.2 (C-2%), 54.5 (C-28), 68.7 (C-3x), 70.6 (C-4B), 71.2 (C-4a),
72.4, 72.6 (C-38,52), 76.7 (C-58), 92.1 (C-1a), 96.2 (C-1p), 175.6, 175.9 (CONH),
and 176.2, 177.1 (C=0).
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