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Epimeric 3-acetamido-1,3-dideoxy-1-nitroheptitols formed in the ni-
tromethane synthesis with N-acetyl-D-glucosamine were converted to
2-acetamido-2-deoxy-fD-glucopyranosylnitromethane by intramolecular
cyclodehydraiion. The compound was isolated as a salt of a strongly basic
anion-exchange resin in the OH form, from which it was liberated by carbon
dioxide. Reduction of the nitro derivative with iron(II) hydroxide in situ
afforded 2-acetamido-2-deoxy-fS-D-glucopyranosylmethylamine. Its struc-
ture was proved by the '*C NMR spectrometry.

OnumepHble 3-anetaMuno-1,3-aune3okcu-1-HUTpOrenTUTONLI, 06pa-
3yeMble INyTeM HUTPOMETAHOBOIO CHHTe3a H3 N-aleTHJI-D-TJIIOKO3-
aMMHa, ObIIM OpeBpalleHbl B 2-alleTaMHIO-2-Ie30KCH-[-D-TJIIOKOMHpa-
HO3WJIHUTPOMETAH MOCPEACTBOM BHYTPUMOJIEKYJISPHON IUKJIOAETHaApaTa-
MU, DTO CoeduHEHHe ObLIO BBIIEJIEHO B BHIE COJIM CHJIBHO OCHOBHOI
aHHOHO-0OMeHHO# cMosbl B OH-dopme, U3 kotopoit 3aTeM ObUIO H30-
JIMPOBAHO C MOMOLIBIO ABYOKHCH Yriiepona. BoccTtanoBsieHHE HUTPOIIPOU3-
BOIHOTO ruapookuckro xenesa(ll) in situ mpuBoguo x obpazoBaHuio 2-
-alleTaMHU10-2-1€30KCH-F-D-TIIOKONUPaHO3MIMeTUIIaMUHa. Ero cTpykTypa
Gbl1a ycTaHoBjeHa ¢ moMotbio *C SIMP crnekTpoMeTpun.

Glycosylmethylamines and glycosylnitromethanes are important derivatives
of saccharides useful above all as synthetic precursors [1—7]. Recently we have
described an advantageous method of preparation and isolation of glycosyl-
nitromethanes, which enabled to synthesize the (1 — 4) disaccharidic derivatives
[8] as well. Further, an efficient application of the iron(II) hydroxide reduction
of glycosylnitromethanes leading to the corresponding glycosylmethylamines
[9, 10] has been shown. In the present work, these procedures have been modi-
fied and utilized for the preparation of the glycosylmethylamine derivative from
N-acetyl-D-glucosamine.

Nitromethane synthesis with N-acetyl-D-glucosamine (/, Scheme 1) in the
presence of sodium methoxide afforded -crystalline sodium salts of 3-
-acetamido-1,3-dideoxy-1-nitro-p-glycero-D-gulo-heptitol (II) and 5-acetamido-
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-5,7-dideoxy-7-nitro-p-glycero-L-gulo-heptitol (/II). The compounds were
deionized in an aqueous suspension of crushed solid carbon dioxide and a cation
exchanger in its H-form. Carbonic acid brings about the neutralization of
strongly basic anions of nitroalditols /I and III immediately in homogeneous
reaction mixture, and not only after their diffusion into the structure of the ion
exchanger. If the deionization was carried out without the coeffect of carbon
dioxide, the total yield of 17 and III was substantially decreased. The derivatives
II and III (Rganac = 1.38 and 1.58) were converted by heating in aqueous
solution to a mixture of isomeric glycosylnitromethanes. 2-Acetamido-2-deoxy-
-p-D-glucopyranosylnitromethane (V) (3-acetamido-2,6-anhydro-1,3-dideoxy-
-1-nitro-p-glycero-D-gulo-heptitol) was the dominant product of the intramol-
ecular cyclodehydration. Paper chromatography revealed a presence only of low
amounts of other isomeric (@-pyrano-, a- and f-furano-) glycosylnitromethanes
(Rganac = 1.93, 2.44, and 2.59). At elevated temperatures, all these compounds
are convertible to each other. The interconversion proceeds via a 1,2-un-
saturated intermediate [1, 11], in our case apparently via the structure /V. The
high preference of the derivative ¥ in the equilibrium reaction mixture is due to
the stability of its per-equatorially substituted pyranoid ring as well as a negli-
gible influence of the anomeric effect of the nitromethyl group. The structure of
V was proved on the basis of the determination of the chemical shift of its
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CH,NO, carbon atom (6 = 77.8 ppm). This value was the same for analogical
derivatives of D-glucose, D-galactose, maltose, cellobiose, and lactose as well [9],
the structures of which have been confirmed by a CD method [8, 12].

The isolation of the derivative V' (together with the minor isomers) from
reaction mixture containing also starting material I, which rises during the
cyclodehydration of IT and III by their simultaneous retroaldol cleavage, was
carried out by the ionic binding of V to a strongly basic anion exchanger in its
OH form (pK, values of nitro derivatives of sugars vary in the range 8.8—9.2
[2]). If a higher amount than a sufficient one of the anex was used, an excess of
nitromethane (pK, = 10.2) had to be added to occupy all the free functional
groups of the resin. Otherwise a strong, with water not extractable sorption of
the starting aldose occurred (pK, of common reducing sugars is 12.0 to 12.4).
After washing the anex with water to remove starting /, its recycling to the
HCO, form by excess of carbon dioxide (pK,; of carbonic acid is 6.5) liberated
V containing low admixtures of its other isomers in total 55 % yield.

Treatment of V' in aqueous solution with iron(II) sulfate and ammonia at
about 100°C for 15 min afforded 2-acetamido-2-deoxy-f-D-glucopyranosyl-
methylamine (VI) (3-acetamido-1-amino-2,6-anhydro-1,3-dideoxy-D-glycero-
-D-gulo-heptitol), which was isolated by a very simple procedure in 95 % yield.
C NMR spectral measurement confirmed the structure of V1, i.e. neither any
cleavage nor any migration of the secondary N-acetyl group occurred during the
reduction and isolation steps.

Experimental

Specific rotations were measured on a Perkin—Elmer 141 polarimeter and the melting
points were determined on a Kofler stage. Elemental analyses were done with an
automatic Perkin—Elmer 240 analyzer. °C NMR spectra were recorded with a Bruker
AM-300 spectrometer at room temperature using methanol as internal standard. Purity
of compounds and composition of reaction mixtures were examined by chromatography
on the Filtrak FN 1 paper (VEB Specialpapierfabrik, Niederschlag, GDR) in the elution
system S 1-butanol—ethanol—water, volume ratio = 5 : 1 : 4. Chromatographic mobili-
ties of individual compounds are referred to the mobility of N-acetyl-pD-glucosamine
(Rganac = 1.00).

2-Acetamido-2-deoxy-f-D-glucopyranosylnitromethane (V')

To a stirred solution of N-acetyl-D-glucosamine (5 g) in dimethyl sulfoxide (20 cm®),
nitromethane (8 cm®), a sodium methoxide solution (1 g of sodium, 35 cm® of methanol),
and, after 2 h, 1-butanol (150 cm®) were added successively at room temperature. After
24 h at 0°C, the mixture was filtered to collect the crystalline product which, after being
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washed with cold methanol (2 x 20 cm®), was transferred to a stirred mixture of water
(50 cm®), a cation exchanger in the H form (Dowex 50 W X-8, 75—150 pm, 20 g), and
crushed solid carbon dioxide (15 g). The resin was filtered off, washed with water
(3 x 50 cm?®), and the combined filtrate and washings were heated at 100°C for 30 h.
Decolourized filtrate (with 0.3 g of activated charcoal) was added to a strongly basic
anion exchanger in the OH form (Dowex | X-4, 150—300 um, 5 g) and left to stand
under occasional stirring for 1 h. The anex was filtered off and thoroughly washed with
water (250 cm®). The residue after the evaporation of the filtrate and the washings was
a regenerated portion of starting N-acetyl-D-glucosamine (1.7 g, 34 %).

The suspension of the washed anex in water (25 cm®) was treated under stirring with
crushed solid carbon dioxide (4 x 5 g) at 20°C (to prevent freezing the mixture). The
anex was finally filtered off, washed with water (3 x 30 cm?), and the combined filtrates
evaporated under reduced pressure to a crude V, yield = 3.5 g (55 %). Its crystallization
afforded hydrate of V, yield =2.2 g (35%), m.p. = 202—203°C (methanol), [o](D,
20°C, o=20gdm™3, water) = —8.1°, Rganac = 1.73 (S)). For C,HN-O, - H,O
(M, = 282.25) w(calc.): 38.30% C, 6.43% H, 993% N; wi(found): 38.35% C,
6.67 % H, 9.78 % N. *C NMR spectrum (°H,0), §/ppm: 175.9 (C=0), 80.8 (C-1), 77.8
(CH,NO,), 76.3, 76.0 (C-5, C-3), 71.0 (C-4), 61.9 (C-6), 53.8 (C-2), 23.3 (CH,).

2-Acetamido-2-deoxy--D-glucopyranosylmethylamine (VI)

A solution of ¥ (2 g) in hot water (20 cm®) was added to a stirred boiling solution of
iron(1I) sulfate heptahydrate (16.3 g) in water (35 cm®). Concentrated aqueous solution
of ammonia was then added portionwise (2 3 cm®) under stirring until the reaction
mixture had a strong alkaline reaction. After boiling for 10 min (the alkaline reaction was
kept by addition of further ammonia), the precipitate was filtered and washed with 2 %
aqueous solution of ammonia (50 cm?). The filtrate was cooled, mixed with Dowex 1 X-4
(OH™; 50 g) and the suspension was concentrated on a rotatory evaporator under
diminished pressure to half of the original volume. After addition of water (100 cm?), the
operation was repeated twice more. Then the anex was filtered off and washed with water
(3 x 50 cm®). Concentration of the filtrate and washings afforded V/. Yield = 1.6 g
(95%), m.p.=205—206°C (methanol), [a(D, 20°C, o=20gdm™*, water)=
= —26.3°, Rganac = 0.88 (S)). For CoH;gsN,O5 (M, = 234.25) wi(calc.): 46.15% C,
7.74 % H, 11.96 % N; w(found): 45.98 % C, 7.80 % H, 12.18 % N. '*C NMR spectrum
(*H,0), 8/ppm: 175.8 (C=0), 80.6, 80.3, 76.4 (C-1, C-5, C-3), 71.5 (C-4), 62.4 (C-6), 54.1
(C-2), 43.0 (CH,NH,), 23.3 (CH,).

References

1. Sowden. J. C., Bowers, C. H.. and Lloyd, K. O., J. Org. Chem. 29. 130 (1964).
2. Coxon. B. and Fletcher, H. G., Jr.. J. Am. Chem. Soc. 86, 922 (1964).

3. Coxon. B.. Tetrahedron 22, 2281 (1966).

4. Veyrieres. A. and Jeanloz, R. W., Biochemistry 9, 4153 (1970).

270 Chem. Papers 44 (2) 267 271 (1990)



PREPARATION OF 2-ACETAMIDO-2-DEOXY-A-D-GLUCOPYRANOSYLMETHYLAMINE

\O 00 N W

. Sinnot, M. L. and Smith, P. J., J. Chem. Soc., Chem. Commun. 1976, 223.
. Singer, H. S. and Tiemeyer, M., Altern. Methods Toxicol. 1985, 267; Chem. Abstr. 104, 201 675

(1986).

. Koll, P., Kopf, J., Wess, D., and Brandenburg, H., Justus Liebigs Ann. Chem. 1988, 685.
. Petrus, L., Bystricky, S., Sticzay, T., and Bilik, V., Chem. Zvesti 36, 103 (1982).

. Petru§, L. and Mihalov, V., Collect. Czechoslov. Chem. Commun. 48, 1867 (1983).

. Petrus, L., Alfoldi, J., Matulova, M., and Bilik, V., Chem. Papers 39, 401 (1985).

11.
12.

Williams, D. T. and Perry, M. B., Can. J. Chem. 47, 2763 (1969).
Bystricky, S., Sticzay, T., and Petrus, L., Chem. Zvesti 36, 823 (1982).

Translated by L. Petrud

Chem. Papers 44 (2) 267 271 (1990) 271



