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5-Deoxy-D-lyxose underwent base-catalyzed addition with nitromethane to give a mixture of 1,6-
dideoxy-1-nitro-np-galactitol and 1,6-dideoxy-1-nitro-D-talitol (ca. 2:1). Acetylation of the crystalline
1,6-dideoxy-1-nitro-np-galactitol gave 2,3,4,5-tetra-O-acetyl-1,6-dideoxy-1-nitro-D-galactitol which on
treatment with methanolic ammonia afforded 2-acetamido-1,2,6-trideoxy-1-nitro-p-talitol and 2-aceta-
mido-1,2,6-trideoxy-1-nitro-p-galactitol (ca. 3 :1) which under the modified Nef reaction conditions gave
2-acetamido-2,6-dideoxy-D-talose and 2-acetamido-2,6-dideoxy-D-galactose respectively. The glycoses
were converted to 2-amino-2,6-dideoxy-D-talose hydrochloride and 2-amino-2,6-dideoxy-D-galactose
hydrochloride on hydrolysis with hydrochloric acid.

A similar reaction sequence applied to 5-deoxy-L-lyxose afforded the L-enantiomorphic intermediates,
and gave 2-amino-2,6-dideoxy-L-talose hydrochloride and 2-amino-2,6-dideoxy-L-galactose hydro-
chloride as final products.

Le déoxy-5-pD-lyxose s’additionne sur du nitrométhane en milieu basique pour conduire au mélange
de didéoxy-1,6-nitro-1-p-galactitol et de didéoxy-1,6 nitro-1-p-talitol (ca. 2 :1). L’acétylation du didéoxy-
1,6 nitro-1-p-galactitol cristallin fournit le tétra-O-acétyl-2,3,4,5 didéoxy-1,6 nitro-1-D-galactitol qui, en
présence d’ammoniac méthanolique, conduit a I’acétamido-2 tridéoxy-1,2,6 nitro-1-D-talitol et a
I’acétamido-2 tridéoxy-1,2,6 nitro-1-p-galactitol (ca. 3 :1); dans les conditions de la réaction modifiée de
Nef, ce mélange donne respectivement I’acétamido-2 didéoxy-2,6-D-talose et I'acétamido-2 didéoxy-2,6-
D-galactose. Les glycoses sont convertis en chlorhydrates d’amino-2 didéoxy-2,6-D-talose et d’amino-2
didéoxy-2,6-D-galactose dans I’hydrolyse par I’acide chlorhydrique.

La méme séquence réactionnelle sur le déoxy-5-L-lyxose conduit aux intermédiaires L-énantiomorphes
puis aux chlorhydrates d’amino-2 didéoxy-2,6-L-talose et d’amino-2 didéoxy-2,6-L-galactose comme

produits finals.
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The following 2-amino-2,6-dideoxyhexoses
have been identified as components of bacterial
polysaccharides: 2-amino-2,6-dideoxy-D-glucose
(quinovosamine) (1-5), 2-amino-2,6-dideoxy-L-
mannose (rhamnosamine) (6, 7), 2-amino-2,6-
dideoxy-D-galactose (fucosamine) (8-13), 2-
amino-2,6-dideoxy-L-galactose (14-16), and 2-
amino-2,6-dideoxy-L-talose (pneumosamine) (15,
17, 18). A survey of the carbohydrate compo-
nents of Pseudomonas species made in this
laboratory revealed many unusualaminoglycoses,
including 2-amino-2,6-dideoxyhexoses. The syn-
thesis of the series of these latter compounds was
undertaken to provide glycoses for the develop-
ment of analytical procedures and for the prep-
aration of methyl ethers required in structural
studies.

Although methods have been described for
the synthesis of 2-amino-2,6-dideoxy-D-talose
(18), 2-amino-2,6-dideoxy-L-talose (19, 20), 2-
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amino-2,6-dideoxy-L-galactose (20, 21), and 2-
amino-2,6-dideoxy-D-galactose (13), it was con-
sidered that the series might be conveniently
synthesized from available 5-deoxypentoses by
the nitromethane method which has found
general application in the synthesis of 2-amino-
2-deoxyaldoses (22). This paper records the
successful synthesis of 2-amino-2,6-dideoxy-D-
talose and 2-amino-2,6-dideoxy-D-galactose from
5-deoxy-D-lyxose, and the corresponding L-
enantiomorphs from 5-deoxy-L-lyxose, using the
nitromethane method.

5-Deoxy-D-lyxose, prepared by the degrada-
tion of D-fucose diethyl dithioacetal (21, 23)
underwent addition with nitromethane in the
presence of sodium methoxide and the resulting
precipitated sodium salts of 1,6-dideoxy-1-nitro-
D-galactitol (66%) and 1,6-dideoxy-1-nitro-D-
talitol (34%;) were deionized with hydrogen form
ion-exchange resin and the product afforded
crystalline 1,6-dideoxy-1-nitro-D-galactitol which
on acetylation gave 2,3,4,5-tetra-O-acetyl-1,6-
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dideoxy-1-nitro-p-galactitol. Treatment of the
2,3,4,5-tetra-O-acetyl-1,6-dideoxy-1-nitro-bn-
galactitol with saturated methanolic ammonia
(24) afforded a mixture of 2-acetamido-1,2,6-
trideoxy-1-nitro-p-galactitol (27%) and 2-aceta-
mido-1,2,6-trideoxy-1-nitro-p-talitol (73%), the
latter compound being obtained pure by
crystallization from ethanol solution. The 2-
acetamido-1,2,6-trideoxy-1-nitro-p-talitol on
treatment under the mild modified Nef con-
ditions (24) gave chromatographically pure
2-acetamido-2,6-dideoxy-D-talose. The crude
2-acetamido-1,2,6-trideoxy-1-nitro-D-galactitol
remaining after the removal of crystalline 2-
acetamido-1,2,6-trideoxy-1-nitro-D-talitol, under-
went the modified Nef reaction to give a mixture
of 2-acetamido-2,6-dideoxy-D-talose and 2-aceta-
mido-2,6-dideoxy-D-galactose, the latter com-
pound being separated by crystallization from
the ethanol solution of the mixture.

The 2-acetamido-2,6-dideoxy-D-talose and 2-
acetamido-2,6-dideoxy-D-galactose were each
hydrolyzed with hot dilute hydrochloric acid to
yield crystalline 2-amino-2,6-dideoxy-D-talose
hydrochloride and 2-amino-2,6-dideoxy-D-galac-
tose hydrochloride respectively which had physi-
cal properties in agreement with those recorded
in the literature for these compounds.

The synthesis of the two 2-acetamido-2,6-
dideoxy-hexoses performed without the isolation
of the intermediates gave improved yields. The
final products of 2-acetamido-2,6-dideoxy-D-
talose and 2-acetamido-2,6-D-galactose were
obtained in 44 and 179 yields respectively, based
on 5-deoxy-D-lyxose used. The final mixture can
be separated by preferential crystallization of
the 2-acetamido-2,6-dideoxy-D-galactose leaving
essentially pure 2-acetamido-2,6-dideoxy-D-
talose which is readily purified by conversion to 2-
amino-2,6-dideoxy-D-talose hydrochloride which
is obtained pure in good yield. Alternatively, the
two 2-acetamido-2,6-dideoxy-hexoses are easily
separated by cellulose column chromatography
using aqueous 1-butanol as the mobile phase.

5-Deoxy-L-lyxose, prepared either by the
degradation of L-fucose diethyl dithioacetal (21)
or from D-galactono-1,4-lactone (25), underwent
the same synthetic reaction sequence as that
described for 5-deoxy-D-lyxose to yield the
corresponding L-enantiomorphic intermediates
and to give, as final products, 2-amino-2,6-
dideoxy-L-talose hydrochloride and 2-amino-2,6-
dideoxy-L-galactose hydrochloride.

Experimental

Paper chromatography was performed by the descend-
ing method (26) on Whatman No. 1 filter paper using
either (A) pyridine — ethyl acetate — water (2:5:5 v/v; top
layer) or (B) 1-butanol-ethanol-water (4:1:5 v/v; top
layer) as the mobile phase. Glycoses were detected with
either (i) 2% silver nitrate in acetone followed by 3%
sodium hydroxide in ethanol (27), (i) 2% p-anisidine
hydrochloride in ethanol (28), or (iif) 294 ninhydrin in
acetone. The rates of movement of the glycoses are
quoted relative to D-galactose (Rga)) Or to 2-amino-2-
deoxy-D-glucose hydrochloride (Rgn).

Gas-liquid partition chromatography (g.l.p.c.) was
carried out using a Hewlett-Packard model 402 gas
chromatograph with a hydrogen flame detector and fitted
with glass U-tubes (4 ft x 6 mm x 3 mm internal diam-
eter) packed with 10% neopentyl-glycol sebacate poly-
ester on 80-100 mesh acid washed Chromosorb W.
Retention times of the compounds are quoted relative
to penta-O-acetyl-L-arabinitol (7,) or to 2-acetamido-2-
deoxy-1,3,4,5,6-penta-O-(trimethylsilyl)-D-glucitol (Tgn).

Melting points were determined on a Fisher-Johns
apparatus and are corrected. Solutions were concentrated
under reduced pressure and below 40 °C. Optical rota-
tions were determined at 20 °C using a Perkin-Elmer
141 polarimeter.

(A) Synthesis of 2-Amino-2,6-dideoxy-D-talose
Hydrochloride and 2-Amino-2,6-dideoxy-p-galactose
Hydrochloride

(1) 1,6-Dideoxy-I-nitro-pD-talitol and 1,6-Dideoxy-1-

nitro-D-galactitol

To a solution of 5-deoxy-p-lyxose (21) (4.4 g) in a
mixture of methanol (50 ml) and nitromethane (15 ml)
was added 1.7 N sodium methoxide in methanol (23 ml)
and the mixture was kept at 20 °C for 18 h. Following the
addition of ether (140 ml), the precipitated product was
collected by filtration, washed with cold methanol, ether,
and light petroleum (b.p. 30-60 °C) and dried under
vacuum. The product dissolved in cold water (70 ml)
was passed down a column of Rexyn 101(H*) ion-
exchange resin (120 ml) and the eluate and water washings
were concentrated to a syrup (5.5 g).

A portion of the product (20 mg) was dissolved in 2 N
sodium hydroxide (0.2 ml) and the solution was added
dropwise to 6 N sulfuric acid (0.3 ml) at 0 °C. After 2 h at
room temperature the mixture was diluted with water (5
ml) and following neutralization (BaCOj3), filtration, and
passage of the filtrate through a column of mixed Rexyn
101(H*) and Rexyn RG6(OH ™) ion-exchange resins (2
ml), the solution was concentrated to a syrup (ca. 12 mg).
Paper chromatographic examination of the syrup (solvent
A) revealed two spots having Rga 2.37 and 4.26 cor-
responding in mobilities and color reaction, with authentic
6-deoxy-D-galactose and 6-deoxy-D-talose respectively
(visual ratio 2:1). G.l.p.c. (180 °C) of a reduced (NaBH.,)
and acetylated (29, 30) portion of the latter syrup gave
two peaks corresponding with penta-O-acetyl-6-deoxy-D-
talitol (T, 0.72, 34%) and penta-O-acetyl-pD-6-deoxy-D-
galactitol(T4 0.77, 66%).

On keeping, a methanolic solution of the mixed 1,6-
dideoxy-1-nitro-hexitols (5.4 g) gave crystals (2.8 g), m.p.
170-176 °C (mixture of talo- and galacto-epimers, ca. 1.5
by Nef reaction) which after three recrystallizations from
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ethanol afforded pure 1,6-dideoxy-1-nitro-p-galactitol
(2 g) having m.p. 180 °C and {a]p +6° (c, 0.3 in water).

Anal. Caled. for CsH;306N: C, 36.92; H, 6.71; N,
7.18. Found: C, 37.10; H, 6.53; N, 6.99.

A small sample of the pure product on treatment under
the Nef conditions (as above) gave only 6-deoxy-p-
galactose.

(2) 2,3,4,5-Tetra-O-acetyl-1,6-dideoxy-1-nitro-n-

galactitol

1,6-Dideoxy-1-nitro-p-galactitol (2 g) in acetic anhy-
dride (20 ml) was treated with 1 drop of concentrated
sulfuric acid and the mixture was heated on a boiling
water bath for 30 min. The cooled reaction mixture was
poured onto crushed ice (150 ml) and the precipitated
derivative (3.9 g) was collected and washed with cold
water. The product after two recrystallizations from
ethanol gave crystalline 2,3,4,5-tetra-O-acetyl-1,6-dide-
oxy-1-nitro-p-galactitol having m.p. 138-139 °C and
[a]lp —18.5° (¢, 0.7 in chloroform).

Anal. Caled. for C;,H,,0;,N: C, 46.28; H, 5.83; N,
3.86. Found: C, 46.41; H, 5.86; N, 3.76.

Acetylation of the mixed 1,6-dideoxy-1-nitro-p-galacti-
tol and -D-talitol (3.4 g) remaining after removal of the
-D-galactitol component afforded further crystalline
2,3,4,5-tetra-O-acetyl-1,6-dideoxy-1-nitro-p-galactitol (1.6
g) and a syrup mixture of 2,3,4,5-tetra-O-acetyl-1,6-
dideoxy-1-nitro-np-galactitol and 2,3,4,5-tetra-O-acetyl-
1,6-dideoxy-1-nitro-D-talitol (4.3 g).

(3) 2-Acetamido-1,2,6-trideoxy-1-nitro-D-galactitol

and 2-Acetamido-1,2,3-trideoxy-1-nitro-p-talitol

2,3,4,5-Tetra-O-acetyl-1,6-dideoxy-1-nitro-p-galactitol
(4.1 g) in dry methanol (45 ml) was cooled to 0 °C and
ammonia gas was passed into the solution for 30 min and
the saturated mixture was then kept for 18 h at 20 °C.
The mixture was concentrated to a syrup which was
triturated with warm chloroform (3 x 30 ml) to remove
acetamide and the light brown syrup remaining was
dissolved in hot ethanol, treated with charcoal (2 g),
filtered, and, following concentration of the ethanol
solution, crystalline 2-acetamido-1,2,6-trideoxy-1-nitro-n-
talitol (1.2 g) was obtained, which had, after recrystalli-
zation from ethanol, m.p. 166-167 °C and [a]p +20°
(c, 0.4 in water). '

Anal. Calcd. for CgH;606N,: C, 40.67; H, 6.83; N,
11.86. Found: C, 40.83; H, 6.76; N, 11.69.

A portion of the product (10 mg) resulting from the
action of ammonia on the 2,3,4,5-tetra-O-acetyl-1,6-
dideoxy-1-nitro-p-galactitol on treatment under the Nef
conditions gave two 2-acetamido-2,6-dideoxy-hexoses
which on paper chromatography gave two spots having
Rgar 3.02 and 4.10 corresponding in mobility and color

reactions with 2-acetamido-2,6-dideoxy-D-galactose and

2-acetamido-2,6-dideoxy-D-talose respectively (visual ratio
1:2) while quantitative g.lp.c. analysis (190 °C) of the
trimethylsilylated product (31) indicated the mixture to
be composed of 27%; 2-acetamido-2,6-dideoxy-D-galactose
and 739 2-acetamido-2,6-dideoxy-D-talose.

{(4) 2-Amino-2,6-dideoxy-p-talose Hydrochloride

2-Acetamido-1,2,6-trideoxy-1-nitro-p-talitol (0.96 g)
was dissolved in a solution of Ba(OH), 8H,O (1.18 g) in
water (18 ml) and the mixture was added dropwise with
stirring to a solution of concentrated sulfuric acid (1.2 ml)
in water (11 ml) cooled in ice. The mixture was kept at
20 °C for 18 h and following neutralization (BaCQO3) and
filtration, the filtrate was treated with Dowex-1 (CO327)

ion-exchange resin (8 ml) and 4 drops of acetic anhydride
and, after 20 min, the solution was passed down a
column of mixed Rexyn 101(H*) and Rexyn RG6(OH )
ion-exchange resins and the eluate and washings were
concentrated to dryness (0.62 g).

Paper chromatographic analysis of the product
(solvent A) gave a single spot having Rg. 4.10 cor-
responding with authentic 2-acetamido-2,6-dideoxy-D-
talose and g.l.c. (190 °C) of the trimethylsilylated (31)
equilibrated product showed four peaks having Tgn
0.53 (17%), 0.62 (46%), 0.98 (25%), and 1.07 (12%). The
2-acetamido-2,6-dideoxy-D-talose (0.6 g) which failed to
crystallize was hydrolyzed with 3 N hydrochloric acid
for 2 h at 100 °C and following concentration to dryness
the product afforded pure 2-amino-2,6-dideoxy-D-talose
hydrochloride (0.48 g) which gave a single ninhydrin
positive spot on paper chromatography (solvent B) with
Ren 1.70 and had m.p. 164-165 °C and [ot]p +7 — —10°
(¢, 0.5 in water) (lit. (18) m.p. 161.5-163.5 °C and
[0l +8 — —10° (water); rL-enantiomorph (20) m.p.
162-163 °C and [alp —4 — +10° (water) and (19) m.p.
163-164 °C and [a]p +9° (water)).

Anal. Caled. for C¢H;4O,NClI: C, 36.09; H, 7.07; N,
7.01; Cl, 17.75. Found: C, 36.12; H, 7.02; N, 7.15; CI,
17.55.

(5) 2-Acetamido-2,6-dideoxy-pD-galactose

The syrupy mixture of 2-acetamido-1,2,6-trideoxy-1-
nitro-p-talitol and 2-acetamido-1,2,6-trideoxy-1-nitro-D-
galactitol (1.42 g) remaining from the ammonia treatment
of 2,3,4,5-tetra-O-acetyl-1,6-dideoxy-1-nitro-bp-galactitol
and removal of the crystalline 2-acetamido-1,2,6-trideoxy-
1-nitro-p-talitol (section 3 above) was treated under the
modified Nef conditions (as in section 4 above) to give a
mixture of 2-acetamido-2,6-dideoxy-D-talose and 2-
acetamido-2,6-dideoxy-D-galactose (1.1 g) which from
concentrated ethanol solution gave crystalline 2-aceta-
mido-2,6-dideoxy-D-galactose (0.48 g) which was removed
leaving essentially pure 2-acetamido-2,6-dideoxy-D-talose
as a syrup.

The 2-acetamido-2,6-dideoxy-D-galactose on paper
chromatography (solvent A) gave a single spot Rga
3.02 and after recrystallization from ethanol the crystals
(0.37 g) had m.p. 201-202 °C and [a]p +109 — +87°
(c, 0.4 in water) (lit. (13) m.p. 196-197 °C and [a]p
+129 — +92° (water); L-enantiomorph (21) m.p. 197-
198 °C and [a]p —119 — —82° (water)).

Anal. Caled. for CsH,50:sN: C, 46.82; H, 7.37; N,
6.83. Found: C, 46.69; H, 7.44; N, 7.01.

G.lc. (190 °C) of the trimethylsilylated (31) crystalline
2-acetamido-2,6-dideoxy-p-galactose gave a single peak
Ton 1.03 while the water equilibrated glycose gave two
peaks having Tgn 1.03 (56%) and 1.75 (44%).

(6) 2-Amino-2,6-dideoxy-D-galactose Hydrochloride

2-Acetamido-2,6-dideoxy-D-galactose (0.2 g) after
hydrolysis with 3 N hydrochleric acid for 2 h at 100 °C
afforded crystalline 2-amino-2,6-dideoxy-bp-galactose hy-
drochloride from methanol-acetone solution which gave
a single ninhydrin positive spot on paper chromatography
(solvent B) with Rgn 1.52 and had m.p. 192-193 °C and
[alp +120 — +93° (¢, 0.4 in water) (lit. (13) m.p. 192 °C
and [a]p 4+ 117 — +92° (water); L-enantiomorph (21) m.p.
192-193 °C and [o]p — 119 — —92° (water)).

Anal. Caled. for CsH;,O,NCI: C, 36.09; H, 7.07; N,
7.01: Cl, 17.75. Found: C, 36.01; H, 6.98; N, 7.10; Cl,
17.60.
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(B) 2-Amino-2,6-dideoxy-pD-talose Hydrochloride and
2-Amino-2,6-dideoxy-p-galactose Hydrochloride

(1) 2-Acetamido-2,6-dideoxy-D-talose and 2-Acetamido-

2,6-dideoxy-D-galactose

5-Deoxy-L-lyxose (21, 25) (5 g) was condensed with
nitromethane (as in Section A.l) to yield the sodium
salts of the 1,6-dideoxy-I-nitro-hexitols which were
deionized (Rexyn 101(H™*)) and concentrated to a syrup
(6.4 g). Acetylation of the syrup (as in Section A.2) gave
the tetra-O-acetates of 1,6-dideoxy-1-nitro-L-talitol and
1,6-dideoxy-1-nitro-L-galactitol (11.3 g) which were
treated with methanolic ammonia (as in Section A.3)
and, following the removal of acetamide, the mixture of
2-acetamido-1,2,6-trideoxy-1-nitro-L-talitol and 2-aceta-
mido-1,2,6-trideoxy-1-nitro-L-galactitol (7 gy was ob-
tained as a syrup. The mixed 2-acetamido-1,2,6-trideoxy-
1-nitro-hexitols were treated under the modified Nef
reaction conditions (as in Section A.4) to yield 2-aceta-
mido-2,6-dideoxy-L-talose and 2-acetamido-2,6-dideoxy-
L-galactose (4.9 g). On keeping at room temperature, the
concentrated ethanol solution of the product gave
crystals of 2-acetamido-2,6-dideoxy-L-galactose (0.98 g)
leaving essentially pure (ca. 90%) 2-acetamido-2,6-
dideoxy-L-talose as a syrup (3.7 g).

The 2-acetamido-2,6-dideoxy-L-galactose after re-
crystallization from ethanol gave a single spot on paper
chromatography (solvent A) Rg,; 3.02 and g.l.p.c. of the
trimethylsilylated product gave a chromatogram identical
with the p-enantiomorph. The crystals had m.p. 195-198
°C and [a]p — 116 — —83° (¢, 0.2 in water).

Anal. Caled. for CgH,sOsN: C, 46.82; H, 7.37; N,
6.83. Found: C, 46.59; H, 7.30; N, 7.02.

(2) 2-Amino-2,6-dideoxy-L-galactose Hydrochloride

2-Acetamido-2,6-dideoxy-L-galactose (0.3 g) was hydro-
lyzed with 3 N hydrochloric acid for 3 h at 100 °C and
the concentrated product gave crystalline 2-amino-2,6-
dideoxy-L-galactose (0.23 g) which gave a single ninhydrin
positive spot on paper chromatography Rgn 1.52
(solvent B) and had m.p. 191-193 °C and [a]p —115 —
—95° (¢, 0.5 in water).

Anal. Calcd. for CeH;,O,NCI: C, 36.09; H, 7.07; N,
7.01. Found: C, 36.00; H, 7.11; N, 7.07.

(3) 2-Amino-2,6-dideoxy-L-talose Hydrochloride

The impure 2-acetamido-2,6-dideoxy-L-talose (3.7 g)
was hydrolyzed with 3 N hydrochloric acid (50 ml) for
3 h at 100 °C and following concentration, the methanol-
acetone solution of the residue gave crystalline 2-amino-
2,6-dideoxy-L-talose hydrochloride (2.3 g) which gave a
single ninhydrin positive spot on paper chromatography
Rgn 1.71 (solvent B) and had m.p. 163-164.5 °C and
[alp —5 — +10° (¢, 0.4 in water).

Anal. Calcd. for C¢H;4,0,NCI: C, 36.09; H, 7.07; N,
7.01. Found: C, 36.02; H, 7.11; N, 7.00.
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