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A program of synthesis 1n this laboratory 1s concerned with 4-amino-4-deoxy
sugars' ~2 The 4-amino-4-deoxyhexoses hzving the D-manno and p-talo configurations
have been prepared®* In an earlier report>. *he synthesis of 4-acetamido-4,5-dideoxy-
L-xylose was described, and 1t was shown that the sugar exists in aqueous solution
mamly as the anomeric furanose forms, with nitrogen as the ring hetero-atom
Concordant observations have been reported® for the p enantiomorph In the
case of 4,5-diacetamido-4,5-dideoxy-L-xylose, which has been reported as a syrup®
and also 1n crystalline form’, the more favorable, pyranose ring-form is possible,
and this appears to be the ring form adopted 1n aqueous solution, nitrogen 1s again
the hetero-atom in the ring An acetamido sugar has been prepared by Dick and Jones®
by treatment of methyl 2,3,4-tri- O-(methylsulfonyl})-a-D-xylopyranoside with sodium
azide, followed by a series of transformations on the product, and 1t was deduced on
mechanistic grounds and from data of periodate oxidation that the product was
4-acetamido-4-deoxy-L-xylose Infrared spectral data indicated that the favored ring
form of the acetamido sugar i1s pyranoid, with oxygen as the hetero atom 1n the ring
A degradative route to derivatives of this amino sugar, by way of uronic acid inter-
mediates, has been noted®.

The present report describes the synthesis of 4-acetamido-4-deoxy-L-xylose
by a stereochemically defimtive route involving C-5 to C-6 cleavage of a 2-amino-
2-deoxy-D-glucitol denivative It 1s shown that the sugar exists 1n aqueous solution as a
mixture of the anomeric pyranose forms

The starting point in the synthesis was 2-deoxy-2-(2,4-dinitroanilino)-D-
glucitol (1), prepared!® from 2-amino-2-deoxy-pD-glucitol hydrochloride The latter
could be obtained by reduction!! of 2-amino-2-deoxy-D-glucose hydrochloride with
hydrogen over Raney mickel Yields were only moderate when this reduction was
performedon a 10o-g scale N-Acetylation'? of the amino sugar, followed byreduction!?
with hydrogen over Raney nickel, gave 2-acetamido-2-deoxy-D-glucitol, which was
hydrolyzed to give 2-amuno-2-deoxy-bD-glucitol hydrochlonide, all products were
obtained mn crystalline form and 1n a high yield

Acetonation of 1 gave the crystaline 3,4 5,6-dusopropylidene acetal (2),
which was further characterized as its 1-O-(p-tolylsulfonyl) denivative. The positions

*For a prehminary communication, see ref I
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of the O-1sopropyhdene groups 1n 2 were assigned by analogy with the known 2-acet-
amudo analog'? of 2, and also with 2-acetamido-2-deoxy-3,4 5,6-di1-O-1sopropylidene-
p-glucose diethyl drthioacetal® 14 !5 Subsequent conversions from 2 verified this
assignment

Partial hydrolysis by acid of the dusopropylidene acetal(2) under mild conditions
removed one O-1sopropylidene group, and the product was shown to be 2-deoxy-2-
(2,4-dimitroamlino)-3,4-O-1sopropyhdene-b-glucitol (3) by the fact that on periodate
oxidation it consumed one mole of oxidant with the formation of a pentose derivative.
Substance 3 was encountered as the orange, anhydrous form, m p 128-129° and also
as a stable, yellow, solvated form, m p 95-96° The latter was converted into the former
by vigorous drying or by heating to 110°, but 1t could be recrystallized unchanged
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from chloroform Acetylation of either form gave the 1,5,6-triacetate of 3 Removal
of the N-substituent from 3 by treatment with Dowex-1 (OH ™) 1on-exchange iesin,
with subsequent acetylation, gave crystalline 2-acetamido-1,5,6-tr1-O-acetyl-2-deoxy-
3,4-O-1sopropylidene-pD-glucitol.

Preparative periodate oxidation of 3 (either form) gave 4-deoxy-4-(2,4-dinitro-
anilino)-2,3-0-isopropyhdene-aldehydo-L-xylose (4) as a glass, which 1n the infrared
spectrum showed absorption for the aldehyde group Cyclization of this denivative is
presumably prevented by the fact that a rrans-fused 2,3-O-1sopropylidene group
would result Hydrolysis of the O-1sopropylidene group with aqueous acetic acid gave
crystalline 4-deoxy-4-(2,4-dinitroamimo)-L-xylopyranose (5) The ring size of this prod-
uct was indicated by the absence of carbonyl absorption 1n the infrared spectrum, and
by the fact that acetylation with acetic anhydride-pyridine gave a syrupy triacetate
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4-ACETAMIDO-4-DEOX Y-L-X YLOP YRANOSE 193

which showed absorptions for the NH group in the infrared and n mr. spectra A
furanose form would have given a tetraacetate having no NH group, and an acychlic
form of the free sugar would have exhibited carbonyl absorption.

Acetonation of 5 gave a crystalline mono-O-1sopropyhdene derivative 1n high
yield, which was shown to be 4-deoxy-4-(2,4-dinitroanilino)-1,2- O-1sopropylidene-s-
L-xylopyranose (6), acetylation gave the crystalline 3-acetate of 6 The structure assig-
ned to 6 was based on the following facts; the substance was nonreducing; it was
different from 4; and removal of the N-substituent from 6 gave a nonreducing 4-amino-
4-deoxypentose derivative (7) which consumed one mole of periodate Further con-
cordant data were provided by the nm r spectra of some of the transformation
products No further acetonation of 6 was observed when treatment with acetone
was prolonged, even though a 1,2 3,5-di-O-1sopropylidene derivative of the furanose
form mght be considered possible

Removal of the N-(2,4-dinitrophenyl) group from 6 gave crystalline 4-amino-
4-deoxy-1,2-O-1sopropylidene-a-L-xylopyranose (7) m good yield, the product
consumed one mole of periodate rapidly (5 mm) The oxidant consumption remained
constant for several h, and slow overoxidation was subsequently observed

Acetylation of 7 gave crystalllne 4-acetamido-3-O-acetyl-4-deoxy-1,2-0-
1sopropyhidene-e-L-xylopyranose (8), and O-deacetylation of 8 gave the corresponding
syrupy 3-hydroxy derivative (9) Removal of the O-1sopropylidene group from 9 by
mild, acid hydrolysis gave 4-acetamido-4-deoxy-L-xylose(10) as a chromatographically
homogeneous, crystaline product, mp 155-157° [¢lp —53—>—49° (water) The
acetamido sugar 10 could also be prepared directly, in one step, from 4-amino-4-
deoxy-1,2-O-1sopropyhidene-e-L-xylopyrancse (7), by treatment of 7 in aqueous
solution with acetic anhydride, selective N-acetylation took place and the acetic
acid formed by hydrolysis of the excess acetic anhydride caused cleavage of the
O-1sopropylidene group

The yields for all steps 1n the synthesis were at least 509, and most were consi-
derably higher The overall yield in the conversion of 2-amino-2-deoxy-D-glucose
hydrochloride 1nto 4-acetamido-4-deoxy-L-xylose (10) wa. about 109} when purifica-
tion at some of the intermediate stages was omitted The melting point observed for
the final product (10) 1s 1n good agreement with the valuz (157-158°) reported by
Dick and Jones®, but the specific rotation (—22——16° 1n water) reported® for 10
by these authors differs from that found in the present work*

The infrared spectrum of the crystalline acetamido sugar 10 showed absorptions
typrcal of the amide carbonyl and amude NH groups A solution of the sugar in deute-
rium oxide, at room temperature and at mutarotational equilibrium, showed a narrow
doublet in the n m r spectrum, at 7 4 78, J;,, 3 ¢ p s, assigned to the equatonal H-1

*In a personal communication (June 20, 1965) Professor J K N JYones has stated that their spectra
of our substance 10, and the product of Dick and Jones8, are 1dentical. In a repeat preparation, Dick
and Jones have observed an equilibrium specific rotation of —43 5° (¢ 0 93, water) for their product

A sample provided by Professor Jones had an X-ray powder diffraction pattern 1dentical to that of

substance 10
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of the «-L-pyranose anomer of 10. The signal of the axial H-1 of the f-L anomer was
not observable at room temperature because of interference by the HOD signal The
latter signal was shifted upfield*®:!7 in the spectrum measured at 80° (Fig 1), and the
(axial) H-1 signal of the S-L pyranose anomer was clearly observable at z 544 as a
wide doublet, J; , 76 ¢ps, the total integral of both H-1 signals corresponded
to one proton The magnitudes of the observed J, , couplings leave no doubt that the
anomeric pyranoses are involved, and the fact that the chemical shifts of the H-1
signals of the anomers correspond closely to those reported'® for the anomeric
p-xylopyranoses provides further confirmation Integration of the spectrum indicated
that the «-L and f-L anomers of 10 are present 1n a 2 3 ratio at equilibnium

H H OH

= H

AcNH-G Acl OH OH
H H H

1 —1 1 I 1 1 I

20 20 40 50 &0 70 8.0 [0 00T

Fig 1 The 60-Mcps nmr spectrum of 4-acetammdo-4-deoxy-L-xylose (10) at equulibrium 1n deu-
terizum oxide, at 80°

The small amount of mutarotation observed with 10, in relation to the anomeric
composition at equilibrium 1n agueous solution, suggests that the crystalline product
1s a co-crystallized mixture of anomers (compare ref. 17). A solution of 10 in methyl
sulfoxide-dg showed signals for H-1 of both pyranose anomers.

The n m r. spectrum of 4-acetamido-3-0-acetyl-4-deoxy-1,2- O-1sopropylidene-
a-L-xylopyranose (8), when measured in chloroform-d, showed (Fig 2) a broad,
one-proton signal at low field (z 3 60), which was assigned to the NH proton, since it
disappeared on deuteration This observation provided independent evidence that
compounds 6, 7, 8, and 9 do not have the mitrogen atom in the ring A two-proton
multiplet at 7 4 91 in the spectrum of 8 (1n chloroform-d) was assigned to H-1 and H-3,
the two protons most strongly deshieided of those attached to carbon The overlap
of these two signals made analysis difficult, but the signals were well separated when
the spectrum was measured 1n benzene (Fig 2). A sharp doublet at 7 4 96 was assigned
to H-1 (J, ; 25 cps), and the narrow signal at 7 4 72 (total width 10 cps) was
assigned to H-3 The fact that the H-3 signal was not observed as a wide (18-20c p s),
symmetrical triplet indicated that H-2, H-3, and H-4 are not trans-ciaxial [8 in the
1C (1) conformation], and that the observed data accord with the formulation of 8
in a skew conformation (11) It has been proposed!®:!*® that 1,2-0O-alkyhdene acetals
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of arabinopyranose, glucopyranose, and related derivatives adopt a skew form as the
favored conformation.

The 2 4-dinitroanilino derivatives studied in this work all showed signals at
low field for the three aryl protons and the NH proton None of the signals disappeared
when the samples were deuterated in the usual way, even during several days, a fact
which indicates that the NH proton could not be exchanged by deuterium oxide alone
However, the signal of the NH proton could be assigned definitively by adding a small
amount of tributylamine to the prepared saraple in chloroform-d containing deutertum
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Fig 2 The 60-Mcps nmr spectrum of 4-acetamido-3-0-acetyl-4-deoxy-1,2- O-1sopropylidene=a-
L-xylopyranose (8)
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Fig 3 The 60-Mcps. nmr spectrum of I,5,6-tr1-O-acetyl-2-deoxy-2-(2,4-dinitroanihino)-p-
glucitol 1n chloroform-d, and in chloroform-d contaiming tributylamine in deutertum oxide.
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oxide; this caused immediate exchange of the NH proton A typical example is provided
by the spectrum of 1,5,6-tr1- O-acetyl-2-deoxy-2-(2,4-dimitroanilino)-3,4- O-1sopropyl-
1dene-D-glucitol, which 1s shown (Fig. 3) before and after addition of fributylamine
n deuterium oxide The broadened doublet at 7 1 o1, which disappears on treatment
with base, may clearly be assigned to the NH proton The narrow doublet at lowest
field (z o 85), the doublet of doublets (¢ 1.60), and the wide doublet (7 2 68) can thus be
assigned unambiguously to H-3, H-5, and H-6, respectively, of the 2,4-dinitrophenyl
group. In a number of 2,4-dimitroanilino derivatives of sugars?®-2!, the signal of the
NH group appears as a wide doublet, and unambiguous differentiation of this signal
from the signal of H-6 of the aryl residue cannot be made without exchange of the
NH proton Exchange experiments have now shown that the tentative assignments
made for the aryl H-6 and the NH proton, of the anomeric 2-deoxy-2-(2,4-dinitro-
anilino)-D-glucopyranose tetraacetates?® and the derived 1-bromde?!, must be reversed.
Nmr data on N-methyl-2,4-dinitroamiline?? and N-(2,4-dinitrophenyl)serine deriva-
tives®® are in agreement with the present work

Further details of n.imm r measurements and assignments, for a number of com-
pounds in this work, are given in the experimental section

EXPERIMENTAL

General

Melting points were determined with a Thomas-Hoover “ Unimelt” apparatus
(Arthur H Thomas Co , Philadelphia, Pennsylvama) Specific rotations were deter-
mined in a 2-dm polarimeter tube Infrared spectra were measured with a Perkin—Elmer
“Infracord” infrared spectrometer N mr spectra were measured with a Varian A-6o
spectrometer equipped with a Varitan V-6o40 variable-temperature probe Tetra-
methylsilane (7 10 00) was used as the internal standard, except for spectra measured
in deuterium oxide, for which the internal standard was sodium 4,4-dimethyl-4-
silapentane-1-sulfonate (z 10 00) The first-order coupling constants recorded are the
measured peak spacings and are considered accurate to 4- 0 5 ¢ p s Unless otherwise
stated, the spectra were measured at about 40° Deuteration was performed by adding
one drop of deutertum oxide to the prepared sample Microanalytical determinations
were made by W. N. Rond X-ray powder diffraction data give interplanar spacings,
A, for CuKa radiation The camera diameter was 114 59 mm Relative intensities were
estimated visually s, strong, m, moderate; w, weak, v, very. The strongest lines are
numbered {1, strongest), double numbers indicate approximately equal intensities
Thin-layer chromatography was performed on Silica Gel G (E Merck, Darmstadt,
Germany) activated at 110°, with sulfuric acid as the indicator Unless otherwise
stated, cthyl acetate was used as the developer

Preparation of 2-acetanudo-2-deoxy-p-glucitol'!
2-Amino-2-deoxy-p-glucose hydrochloride (100 g) was N-acetylated!? and the
resultant, crystalline 2-acetamido-2-deoxy-a-D-glucose (95~100 g), dissolved in 20%;
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aqueous ethanol (1 1), was shaken in a 2-1 autoclave with Raney nickel* (40 g) for
36 h at 100° under an atmosphere of hydrogen at 1000 Ib 1n~2 pressure The catalyst
was filtered from the cooled suspension, the filtrate was concentrated, and the product,
which crystalhzed on standing, was filtered off and washed with a little ethanol, yield
92g (91%), mp 150-151°% [o)3! —941° (¢ 1.3, water) [it 1! mp 153° [«]3'—11°
(water), A2 3 00 (OH, NH), 6 05, 6 30 u (NHAC), no absorption in the range 11 7-12 I

4, X-ray powder diffraction data 16 06 m, 10 16 m, 8 93 vw, 6 70 vs (1,1), 4 92 VS
(1,1), 469 m, 4 41 m, 4 27 m, 4 06 5 (2,2), 3 91 5 (2,2), 3 46 5 (3).

Preparation of 2-deoxy-2-(2,4-dinitroamilino)-p-glucitol*® (1)

2-Acetamido-2-deoxy-D-glucitol (30 g) was heated with 6N hydrochloric acid
(400 ml) for 1 h at 100° the solution was evaporated (codistillation with propyl
alcohol), and the crystalline residue was recrystallized from methanol-ether to give
2-amino-2-deoxy-D-glucitol hydrochloride, yield 25 g (85%), mp 160-162° (it **
160-161°), [o]3® —2 74-0 6° (c 1 8, water), minhydrin-positive, JXBf 3 0 (OH), 3 30,
490, 6 18 u (NHJ); X-ray powder diffraction data 747 m, 5§64 m, 5§29 m, 4 53 W,
4.33 vs (1,1), 4 15 vs (1,1), 3 74 vs (1,1), 3 63 vs (1,1),3 44 W, 3 35m, 3 265(2), 3 I3 m,
300 m

To a solution of the foregoing product (20 g) 1n 509 aqueous ethanol (240 ml)
was added sodium hydrogen carbonate (15 4 g) and 1-fluoro-2,4-dinitrobenzene (17 o g)
and the mixture was stirred for 18 h at room temperature. The yellow sohd which
separated was filtered off, washed with small amounts of water and ethanol, and
then washed thoroughly with ether, yield 22 g (699/) Recrystallization from methanol
gave 1 as fine yellow needles,m p 162-163°(Iit 1° 163-164°), [¢]3* --95°(c I, methanol),
Rro0 12, AKBr 3 0 (NH, OH), 6 14, 6 30, 6 70 (aryl C=C), 7 44 (NO,), 13 45 u (substi-
tuted benzene), X-ray powder diffractiondata ¢ 11w, 8 19m, 7 19 m, 6 23w, § 40 VW,
4748(2,2),462m, 4215 (2,2), 398 m, 3 83s(2,2), 361 vw, 338 vs (1)

2-Deoxy-2-(2,4-dinitroanilino)-3,4 5,6-di-O-1sopropylidene-pD-glucitol (2)

A solution of 1 (11 g) in dry acetone (200 ml) was shaken with concentrated
sulfuric acid (2 ml) and anhydrous cupric sulfate (15 g) for 21 h at room temperature
The mixture was filtered, the filtrate was poured into an excess of aqueous sodium
hydrogen carbonate, the acetone was evaporated, and the resultant solution was
extracted with 3 100-ml portions of chloroform The combined extracts were washed
with water, dried (sodium sulfate), and evaporated, and the crystailine residue was
recrystallized from ether; yield 8 5 g (63%), mp 164-165°, [oJ3° +10341° {c 07,
chloroform); Ry 0.9, AXer 2 91 (OH), 3 08 (NH), 6 20, 6 32, 6 70 (aryl C=C), 7 30
(CMe,), 7 55 (NO,), 13 48, 13.80 u (substituted benzene), n m r data (chloroform-d),
7 0 85 (1-proton doublet, J3's" 28 cp s, H-3"), 7 0 9o (1-proton broadened doublet,
unchanged on deuteration, disappears after addition of o o1 ml of tributylamine, NH),

* Raney nickel catalyst, no 28, Raney Catalyst Division of the W R Grace Co , Chattanooga,
Tennessee
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7 I 72 (1-proton quartet, J5's" 95 cps, H-5"), 7 279 (1-proton doublet, H-6'),
T 5 48-6.52 (8-proton multiplet, H-1,2,3,4,5,6), = 7 39 (1-protontriplet, J6 cp s, dis-
appears on deuteration, OH), = 8 48, 8.57. 8.65, 8 68 (3-proton singlets, CMe,),
X-ray powder diffraction data- 8.84 m, 7 86 w, 6 88 vs (1), 6 60 vw, 6 02 m, 5 60 s (2),
514W,472m,415m,397m, 386 m,376m, 350 w.

Anal Cale for C,gH,sN;0,. C, 5058, H, 585, N, 983 Found: C, 5088,
H,573; N, 98¢

2-Deoxy-2-(2,4-dimitroanilino)-3,4 5,6-di-O-1sopropylidene- 1-O-(p-tolylsulfonyl)-D-
glucitol

A solution of 2 (0 6 g) 1n pyridine (5 ml) was treated at 0° with p-toluenesulfonyl
chlonde (o 38 g), and, after 24 h at 25°, the mixture was poured into water to yield a
solid Recrystallization from ethanol gave very fine, yellow crystals, yieldo 6 g (75%),
m p. 161-162°, [«]3° 4 604-1° (c 1 2, chloroform), Ry 0 88 (9 I benzene—methanol);
AKBr 3 03 (NH), 6 18, 6 28, 6 67 (aryl C=C), 8 50 (sulfonate), 13 43, 13 70 u(substituted
benzene).

Anal Calc for C;5sH,;N;0,,S C, 5163; H, 533; N, 723, S, 550 Found:
C,5156,H,545,N,7.55,85,545

2-Deoxy-2-(2,4-dinitroanilino)- 3,4-O-isopropylidene-p-glucitol (3)

To a solution of 2 (2 o g) 1n methanol (95 mi) was added N aqueous hydrochloric
acid (25 ml), and the mixture was kept for 5 h at 25° An excess of lead carbonate
was added and the mixture was filtered The filtrate was concentrated until most
of the methanol had been removed, water was added to a total volume of 75 ml, and the
small amount of sohd starting-material which separated was removed by filtration
The filtrate was extracted with 3 75-ml portions of chloroform, and the aqueous
phase, which contained a small amount of 1, was discarded The dried (magnesium
sulfate) chloroform extract was concentrated to 30 ml, and the yellow solid (solvate
of 3) which separated on standing was filtered off, yield o.1 g. The remaining chloro-
form solution was evaporated and the residual syrup was crystallized from ether to
give solvent-free 3 as orange granules, yield o 85 g(47%, total yield of both forms 53%),
m p. 128-129°, [«]5° +78-4-2° (c 1, acetone), R 0 22, 1XBr 3 00 (OH, NH), 6 18, 6.30,
6 60 (aryl C=C), 7 20 (CMe,), 7 50 (NO,), 13 48 u (substituted benzene); nmr
data (acetone-ds) 7 098 (1-proton doublet, J5’s" 27 cps, H-3'), 7 1 0o (1-proton
broad doublet, NH), = 1 82 (1-proton quartet, H-5'), T 2.71 (1-proton doublet, J5's’
95cps, H-6"), 78 51, 8 60 (3-proton singlets, CMe,), X-ray powder diffraction data.
1126 m, 999 w, 842 vw, 686 vs (2), 6 15 VW, 586 vw, 5§54 vs (1), 4 79 m, 4 48 m,
407m,378m,353Vvw, 337s(3),327s

Anal. Calec for C;sH,;N;0, C, 46 51, H, 542, N, 1085 Found C, 46.30,
H, 549, N, 11 06

Periodate oxidation of 3, at 25° with a s-molar excess of oxidant, showed a
consumption of oxidant (Fleury-Lange method?*) of 1 oo mole/mole after 5 min,
1.05 moles/mole after 24 h
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The preparation was repeated 20 times, and although the total yield of both
forms was approximately the same each tume, the proportion of the solvated form
was frequently much higher than that described, and the ratio of the two forms
appeared to depend on minor variations in experimental procedure Recrystallization
of the solvate from chloroform gave fine, yellow needles, m p 95-96° (with efferves-
cence, sohdifying at higher temperature and remelting at 126-127°); Ry 0 22; X-ray
powder diffraction data 1227 m, 940w, 811 w,68Im,632w, 590w, 557s(2),
5.12 vs (1).

Anal Calc for (C,sH,;N;04);-CHCl;- C, 43.12, H, 503, N, 984 Found
C,4272; H,492; N, 1034

A sample of the solvate, kept for 2 h at 110° over phosphoric oxide, lost 10%
of its weight (calc 9 49;) and gave the solvent-free form, m p and mixed m p 126-127°

Anal Calc for C,sH,, N30, C, 46 51, H, 542; N, 1085 Found C, 46.33,
H, 527, N, 11.11

The solvate showed the same molar uptake of periodate as the non-solvated
form, and the n m r spectra of the two forms were identical except for the fact that
the solvate showed an additional signal at = 2 8o (singlet, 1/3 proton, CHCl;) The
ir. spectra (KBr disc) of the two forms were very similar, but were not compietely
superposable.

2-Acetamido- 1,5,6-1ri-C-acetyl-2-deoxy- 3,4-O-150propylidene-n-glucitol

A solution of 3 (8 g) 1n acetone (280 ml) and water (120 ml) was passed siowly
through a column (35 X 3 5 cm) of Dowex-1 (OH ™) 1on-exchange resin which had been
pre-washed with 7 3 (v/v) acetone—-water. The column was washed with 7.3 (v/v)
acetone-water until the effluent gave a negative ninhydrin reaction, and the combined
effluent was evaporated The dried residual syrup (4 2 g) was dissolved 1n pyridine
(25 ml), acetic anhydnide (45 ml) was added, and the solution was kept for 18 h at
room temperature The solution was poured into ice and water (200 ml), and the
mixture was extracted with 3 75-ml portions of chloroform The extract was washed
successively at 0° with didute sulfuric acid, aqueous sodiurn hydrogen carbonate,
and water, the dried (sodium sulfate) solution was evaporated, and the residue was
crystallized from ether, yield 2 21 g, m p 93-94°, [«]2° +-3141° (¢ 1 7, chloroform),
Rz 0 42, AXEf 3 08 (NH), 5 73 (OAc), 6 08, 6 53 (NHAC), 7 28 1 (CMe;); nm. data
(chloroform-d) t 3 89 (1-proton doublet, J 8 5 cps, NH), 7 4 8o (1-proton octet,
width 16 ¢ p s , H-5), 7 5 30-6 30 (7-proton multiplet, H-1,2,3,4,6), T 7 89, 7.95 (singlets,
3 and 9 protons, acetyls), T 8 59, 8 61 (3-proton singlets, CMe,), X-ray powder diffrac-
tiondata 769s(1),697w,57Im,543m,464m,425s5(2),381Im

Anal Calc for C,;H,;NOy C, 5244, H, 694, N, 360 Found C, 52 52;
H, 6 89; N, 3 84

1,5,6-Tri-O-acetyl-2-deoxy-2-(2,4-dimitroanilino)- 3,4-O-1sopropylidene-n-glucitol
A solution of 3 (430 mg) in pyridine (4 ml) was treated with acetic anhydride
(2 5 ml) at room temperature, and after 24 h, the solution was poured into water.
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The product was extracted with dichloromethane and processed in the usual way, to
give the triacetate of 3 as a yellow glass, yield 435 mg (76 %); Rr0 54 (1 3 ethyl acetate—
benzene), Afl™ 302 (NH), 577 (OAc), 6 20, 6 30, 6 60 (aryl C=C), 7.34 (CMe,),
13.25 u (substituted benzene); n m r data in chloroform-d (See Fig 3):7 0 85 (1-proton
doublet, J3's' 2 7 ¢ p s, H-3"), 7 1 oI (I proton, broad, NH), 7 I 6o (1-proton quartet,
H-5"), T 2 68 (i-proton doublet, J5's" 9 5 ¢ ps, H-6"), 7 4 78 (1-proton octet, width
16.5 ¢ps., H-5), T 526-6 30 (7-proton multiplet, H-1,2,3,4,6), T 7.85, 787, 798
(3-proton singlets, acetyls), v 8 40, 8 50 (3-proton singlets, CMe;)

Anal Calc for C,,H,,N;0,, C, 4912, H, 562, N, 8 19 Found C, 48 66;
H, 580, N, 8.16.

The signal at T 1 o1 was not affected by deuteration, even after 57 h at room
temperature, but the signal disappeared (Fig 3) rapidly when o o1 ml of tributylamine
was added to the prepared sample, and a 1-proton singlet appeared at 7 5 31 (HOD)

Acetylation of the yellow solvate of 3 gave a product whose n m r spectrum
was 1dentical to that recorded above

4-Deoxy-4-(2,4-dinitroanilino)-2,3-O-isopropylidene-aldehydo-L-xylose (4)

A solution of sodium metaperiodate (1.81 g, I 1 molar equiv )} in water (30 ml)
was added to a solution of 3 (3 0 g) in I 4 ethanol-water (75 ml) The mixture was
kept for 25 min 1n the dark at room temperature, and was then evaporated at 30°
Anhydrous sodium sulfate (~ 3 g) was added to the residue, and the solhid mixture was
extracted repeatedly with ether Evaporation of the extract gave 4 as a yellow glass,
yield 2 4 g (87%). Rr 0 40, 721%™ 2 95 (OH), 3 05 (NH), 3 50, 5 80 (CHO), 6 20, 6 30,
6 65 (aryl C=C), 7 33 (CMe,), 7 55 (NO,), 12 25, 13 20 u (substituted benzene)

Anal Calc for C,;H,;N3;O0g C, 4732, H, 479, N, 11 83 Found C, 47 18;
H, 546, N, 11 77.

4-Deoxy-4-(2,4-dmitroanilino)-L-xylopyranose (5)

A solution of 4 (3 29 g) m 50% aqueous acetic acid (16 ml) was heated for
2 5 h at 95°, and then evaporated Addition of ethanol to the residual syrup gave
the crystalline product, yield 2 54 g (84%), mp 194-195° (dec), []3® +3724-1°
(c 1, acetone), Ry 0 15, Rp 0 69 (papergram, 40 11 19 butyl alcohol-ethanol-water);
AEPr 2 9 (OH), 3 05 (NH), 6 20, 6 30, 6 60 (aryl C=C), 752 (NO,), 1350, 140 &
(substituted benzene); X-ray powder diffraction data 1046 m, 6 02 m, 508 vs (1),
444m,406m, 3 44s(3),320s(2),306vw, 291 vwW

Anal Calc for C,;H,;N;05 C, 4190, H, 421, N, 1333 Found C, 41 42,
H, 438, N, 13 59

1,2,3-Tri-O-acetyl-4-deoxy-(2,4-dmitroanhino)-L-xylopyranose

To a solution of 5 (0 5 g) 1n pyridine (6 ml) was added acetic anhydride (3 ml)
The mixture was kept for 24 h at room temperature, and then processed in the usual
way to give the product as a yellow, distillable glass, yield 0 35 g (50%), R 0 60 and
0 70 (1 1 ethyl acetate—benzene), if!!™ 3 05 (NH), 5 70 (OAc), 6 15, 6 30, 6 60 (aryl
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C=C), 13 40 u (substituted benzene), nmr data (chloroform-d) ~0 88, 1 0-1 2,
I 68, 2 78 (multiplets, 4 protons, H-3’,5°,6’, and NH, of anomers), = 7 77, 7 81, 791,
7 95 (singlets, 9 protons, acetyls)

Anal Calc for C,;H;,N;0,; N, 952 Found N, 9 74

4-Deoxy-4-(2,4-dinitroanlino)-1,2-O-1sopropylidene-a-L-xylopyranose (6)

A solution of 5 (1 84 g) 1n acetone (400 ml) was shaken with anhydrous cupric
sulfate (5 g) and conc sulfuricacid (o 5ml) for 1 day at room temperature The mixture
was filtered, the filtrate was neutralized with aqueous sodium hydrogen carbonate,
the acetone was evaporated, and the product was extracted with 3 75-ml portions of
ethyl acetate The extract was washed with water, dried (sodium sulfate), and evapor-
ated, and the crystalline residue was recrystallized from ethyl acetate, yield 164 g
(79%), mp 220-222° (dec), [a]3® -+17542° (¢ 11, aceton.), Rp 070, ALEE 300
(OH, NH), 6 20, 6 32, 6 62 (aryl (C=C), 722, 730 (CMe,), 756 (NO,), 13 42,
14 10 u (substituted benzene), n mr data (pyridine) 7 4 39 (1-proton doublet, J; ,
2cps,H-1),75 24-6 13 (5-proton multiplet, H-2,3,4,5), 7 8 23, 8 60 (3-proton singlets,
CMe,), X-ray powder diffraction data 1329 w, 8 67 w, 786 w, 6 70 m, 5 57 vs (1),
5155(2), 479 5 (3,3), 453 5 (3,3), 427 5 (3,3), 409 5 (3,3), 377 s (3,3), 363 5(3,3)

Anal. Calc for C,,H,,;N;0; C, 4732, H, 482, N, 11 83 Found C, 4755,
H, 509, N, 12 23

Only one product could be detected by t1c 1n the above preparation, and no
difference in the yield of 6 was observed when the time of reaction was extended
to 4 days

3-O-Acetyl-4-deoxy-4-(2,4-dinitroantlino)- 1,2-O-1sopropylidene-a-L-xylopyranose

A solution of 6 (175 mg) in pynidine (2 ml) and acetic anhydride (3 ml) was
kept for 1 day at room temperature, and then poured into 1ice and water The precipi-
tated solid was filtered off, washed with water, dried, and recrystallized from methanol,
yield 130 mg (66%), m p 171-172° [«]3! +190-2° (¢ 1, chloroform), Ry 0 84; AKE:
302 (NH), 577 (OAc), 6 18, 6 30, 6 60 (aryl C=C), 7 30 (CMe,), 13 45, 14.10 u
(substituted benzene), n mr data (chloroform-d) 7 o 84 (1-protoa doublet, J5'5s" 2 7
cps, H-3°), t 0 88 (1r-proton, broad, disappears on addition of tributylamine in deu-
tertum oxide, NH), 7 1 66 (1-proton quartet, H-5"), 7 2 68 (1-proton doublet, Jy'¢’
95cps, H-6"), 7 4 69 (2-proton multiplet, width 10 cp s, H-1, H-3), 7 592-6 38
(4-pioton multiplet, H-2,4,5), T 7 78 (3-proton singlet, OAc), 7 8 33, 8 62 (3-proton
singlets, CMe,)

Anal Calc for C,¢H;sN3Oy N, 1058 Found N, 1072

4-Amuno-g-deoxy-I,2-O-1sopropylidene-a-L-xylopyranose (7)

A solution of 6 (0 72 g) 1n acetone (60 ml) and water (20 ml) was stirred with
Dowex-1 (OH™) 1on-exchange resin, added 1n small portions at 45-50° until the
solution became colorless. The mixture was filtered, and the resin was washed with
hot methanol (soo ml) The filtrate and washings were evaporated to a colorless syrup
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which crystallized from ether, yield 0 247 g (65%), mp 131-132°, [¢]3* +32 5+1°
(c 1, methanol); KBt 3 4, 6 3 (NH), 7 25 4 (CMe,), X-ray powder diffraction data-
7.97 vs (2), 6 23 W, 5.79 VW, 527 vs (1), 501 m, 4.77 m, 439 s (3), 400 m, 3 64 m,
3.14 VW, 3 0I vw, 2 85 .

Anal. Caic for CgHsINO,4 C, 50 80, H, 7 93; N, 7 40
N, 767

Periodate oxidation of 7 (40 mg) at 25° in water (20 ml) containing a s-molar
excess of oxidant showed consumption of oxidant (Fleury—~Lange method?*) as follows
(time and moles per mole of oxidant consumed given) § min, 103, 1 h, 105, 2 h,

107,4h,114,8h,1.28,22h,151;46h,175;70h, 1 82

[ o JE TP m Zfm YT o —m
rouna-,5002,0,7 73,

L

4-Acetamido-3-O-acetyl-4-deoxy- 1,2-O-1sopropylidene-a-L-xylopyranose (8)

A solution of 7 (590 mg) in pyridine (5 ml) and acetic anhydride (5 ml) was
kept for 1 day at room temperature, and then poured into 1ce and water. The product
was extracted with 3 60-ml portions of dichloromethane, the extract was washed
with aqueous sodium hydrogen carbonate, dried (sodium sulfate), and evaporated
(codustillation with toluene) The resulting syrup crystallized on storage, and recrys-
tallization from chloroform gave 8 as fine needles, yield 596 mg (70%), m p 109-110°,
[2]3? 4+-6841° (¢ 1, chloroform), Rr 0 40, JXBr 3 04 (NH), 573 (OAc), 608, 6 52
(NHAc), 722 4 (CMe;), nmr data in chloroform-d (see Fig 2) 7 3 60 (1-proton
broad doublet, J 8 ¢ p s, disappears on deuteration, NH), 7 4 91 (2-proton multiplet,
H-1,3), T 585-6.50 (4-proton multiplet, H-2,4,5), T 790, 8 03 (3-proton singlets,
acetyls), 7 8 38, 8.63 (3-proton singlets, CMe,), in benzene (see Fig 2) 74 72 (1-proton
multiplet, width 10 ¢ p s, H-3), 7 4 96 (1-proton doublet, J;, , 25¢ps, H-1),7 5 70—
5 95 (1-proton multiplet) and 7 6 20-6.50 (3-proton multiplet) (H-2,4,5), T 8 33, 8.37
(3-proton singlets, acetyls), = 8 51, 8 82 (3-proton singlets, CMe,); X-ray powder
diffraction data 8 88 m, 7 47 vs (3), 6.23 m, 5 54 vs (2), 5.15 s, 4.72 m, 4 37 vs (I),
408m,302m,358m,343w,318m,298m.

Anal. Cale for C,,H,;NO; C, 5274, H, 606, N, 5.12 Found. C, 52 79,
H, 6 86, N, 505

4-Acetamido-4-deoxy-I1,2-O-isopropylidene-a-L-xylopyranose (9)

A solution of 8 (0 5 g) in anhydrous methanol (10 ml) was treated with a very
small piece of metallic sodium, and after 2 h at room temperature, the solution was
neutralized with Amberhite IR-120 (H™) 1on-exchange resin Evaporation of the solu-
tion gave 9 as a colorless syrup, yield 0 36 g(85%), Rro 15; Afil™ 2 853 10 (OH, NH),
6 10, 6 50 (NHAC), 7 30 (CMe,)

4-Acetamido-4-deoxy-L-xylopyranose (10)

(@) From g-acetamido-4-deoxy-1,2-O-1sopropylidene-a-L-xylopyranose (9). A
solution of 9 (350 mg) 1n water (10 ml) was stirred with Amberhite IR-120 (HY)
1on-exchange resin (1 5 g) for 2 § h at 60°. The resin was filtered, and washed with
methanol, and the filtrate was evaporated to a chromatographically homogeneous
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syrup which crystalhzed after trituration with ethanol and ethyl acetate, yield
152 mg (53%) After recrystallization from methanol-ether, the product had
mp 155-157°, [a]3* —53— —49° (¢ 33, water), Rgiummse ©85 (papergram,
3.1°1 butyl alcohol-ethanol-water); 152 3 0o broad (NH, OH), 6 18, 6 44 4 (NHAC),
X-ray powder diffraction data 930m, 786 vw, 602 s (3,3), S71L vs (2), 500 w,
467vs(1), 4335(3,3), 403s(3,3), 380m, 364 m,337vw,318m,305m,293s

Anal Calc. for C;H ;NOs.C, 43 97, H,6 85,N, 732 Found C, 43 67,H, 6 91;
N, 7.69

For this compound, prepared by a different route, Dick and Jones reported®
m p. 157-158°, [alp, —22-—>—16° (¢ I, water) and Rppamnose 0-81 (papergram, 3 I:I
butyl alcohol-ethanol-water); a revised value of [a]p — 43 5° (equil , ¢ 0 93, water)
was subsequently reported (see footnote p 193)

(b) From ¢-anmino-4-deoxy-1I,2-O-1sopropylidene-a-L-xylopyranose (7) To a
solution of 7 (200 mg) in methanol (1 ml) and water (4 ml) was added acetic anhydride
(1 ml), and the mixture was kept for 2 h at room temperature Examination by tlc
(1 2 isopropyl alcohol-benzene) revealed that the starting maternial 7 (Rp 0 17) was
completely converted into 9 (R 0 72) Water (2 ml) was added and the solution was
heated for 3 h at 90°, by which time conversion of 9 into 10 (R 0 07) was complete
Evaporation of the solution (codistillation with toluene), and crystallization of the
residue from ethanol-ether gave 10, yield 120 mg (60%), m p 155-157°, identical by
mixed m p andi1r spectrum with the product prepared by procedure (@)

N mr spectrum of 4-acetamido-4-deoxy-L-xylose

The n mr. spectrum of 10 (Fig I), measured at 80° in deuterium oxide with
an equihibrated solution gave the following data 7 4 78 (doublet, J, , 30cps,
H-1 of a-L anomer) and 7 5 44 (doublet, J, , 76 cps., H-1 of f-L anomer) (total
mtegial, I proton, relative intensities 2 3), 7 § 89-6 28 (5-proton muitiplet, H-2,3,4,5),
7 7 99 (3-proton singlet, NAc) The signal at = § 44 was partially obscured by the HOD
signal when the spectrum was measured at 40°.

A spectrum of 10, measured 2 muin after dissolution 1n deuterium oxide. showed
the signal at 7 4 78 The relative intensity of the latter was not appreciably different
from 1ts intensity in the spectrum of the equilibrated solution The spectrum of 10,
measured 30 min after dissolution in methyl suifoxide-dg, showed signals at 7 4 79
(H-1 of a-L pyranose anomer) and 7 5 46 (H-1 of f-L pyranose anomer), a singlet
at = 8 0o (NAc), and a broad signal, 7 ~ 4 7 which disappeared on deuteration (NH)
The spectrum of the deuterated sample, measured at 80°, showed the H-1 signals as
sharp doublets at 7 479 (J;,, 28 cps)and v 546 (J,,, 72 cps), total integral 1
proton, in approximately 2 3 ratio. The H-2,3,4,5 signals were observed as a §-proton
multiplet, T 5 95-6 86
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SUMMARY

Acetonation of 2-deoxy-2-(2,4-dinitroanihino)-bp-glucitol (1) gave the 3.4 5,6-
dusopropylidene acetal (2), which was converted by mild, acid hydrolysis into the 3,4-
monoisopropylidene acetal (3) Periodate oxidation of 3, followed by muild hydrolysis
of the oxidation product (4) gave 4-deoxy-4-(2,4-dinitroanilino)-L-xylopyranose (5),
which underwent condensationwithacetone to give the 1,2-O-1sopropyhidene derivative
(6) Removal of the N-substituent from 6 gave 4-amino-4-deoxy-1,2-O-1sopropylidene-
a-L-xylopyranose (7), which was acetylated to give 4-acetamido-3-O-acetyl-4-deoxy-
1,2-0O-1sopropylidene-a-L-xylopyranose (8) O-Deacetylation of 8, followed by mild
hydrolysis of the product (9), gave 4-acetamido-4-deoxy-L-xylose (10), substance 10
was also prepared from 7 1n one step In aqueous solution, the acetamido sugar (10)
underwent equuibration to give a mixture of the «-L and f-L pyranose anomers in
2 3 ratio Structural assignments were supported by n m r. and other physical data
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