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The hydrazinolysis-nitrous-deamination procedure is a useful method for the 
selective cleavage of 2-acetamido-2-deoxy-D-hexopyranosyl linkages of oligo- and 
poly-saccharides1,2. The facility with which N-deacetylation of Z-acetamido-2- 
deoxy-D-gluco- and/or -galacto-pyranosyl residue(s) occurs depends on the position 
of substituents attached thereto. Indeed, 3-O-substituted 2-acetamido-2-deoxy-D- 
hexopyranosyl residues are resistant to hydrazinolysis and require vigorous condi- 

tions for complete N-deacetylation 3~~. However, no detailed mechanistic considera- 
tion of this reaction has been made, and we now report on the hydrazinolysis of the 
oligosaccharide alditols P-D-GalNAc-( l--+4)-P-D-GalNAc-( l-+3)-p-D-Gal-( l-+4)- 
@D-Gal-(1+3)-D-GalNAc-ol (l) and cu-L-Fuc-(1+3)-P-D-GalNAc-(l-+3)-/S-D-Gal- 
(l-+4)-P-D-Gal-(l-+3)-D-GalNAc-ol (2), and the factors affecting the reactivity of 
the 2-acetamido-2-deoxy-D-galactopyranosyl and 2-acetamido-2-deoxy-D-galactitol 
residues. 

Compounds 1 and 2 were treated with anhydrous hydrazine in the absence of 
hydrazinium sulfate at 105” for 24 h, and subsequently with sodium nitrite, and the 
products were subjected to column chromatography on Bio-Gel P-2. The per- 
centage recoveries of the original monosaccharide residues are shown in Table I. 
Thus, total N-deacetylation occurred of the non-reducing terminal 2-acetamido- 
2-deoxy-D-galactopyranosyl group and the penultimate 4-O-substituted 2- 
acetamido-2-deoxy-D-galactopyranosyl residue of 1, and N-deacetylation of the 
terminal 2-acetamido-Zdeoxy-D-galactitol residue was incomplete. With 2, neither 

the penultimate 3-O-substituted 2-acetamido-2-deoxy-D-galactopyranosyl residue 
nor the terminal 3-O-substituted 2-acetamido-2-deoxy-D-galactitol residue was 
completely N-deacetylated. 2-Acetamido-Zdeoxy-D-galactitol was completely N- 
deacetylated under the same conditions, and quantitative N-deacetylation of all the 
compounds studied occurred on treatment with hydrazine-hydrazinium sulfate 
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(data not shown)5. The recoveries of the 3-O-substituted 2-acetamido-2-deoxy-o- 
galactitol residue after hydrazinolysis ranged from 30 to 40% and the 3-O-sub- 
stituted 2-acetamido-2-deoxy-o-galactopyranosyl residue seems to be slightly less 
reactive than the corresponding alditol. 

There are many examples of demonstrated or presumed hydrazinolysis 
reactions in 2-acetamido-2-deoxy-D-hexopyranose-containing oligo- and poly- 
saccharides6-11. Examples of incomplete hydrazinolysis have been reported, where 
substitution at position 3 results in a decrease in the rate of IV-deacetylation4. The 
suggested participation’* of HO-3 in the rate-determining step fails to explain why 

TABLE I 

RECOVERIES (%) OF THE CONSTITUENT MONOSACCHARtDE RESIDUES AFI-ER HYDRAZINOLYSIS AND NITROUS 

DEAMINATIONa 

Compound Galactose Fucose 2-Acetamido-2- 
deoxygalactose 

2-Aceiamido-2- 
deoxygalactitol 

1 100 - 0 41 
2 100 100 50 29 

‘Data are expressed relative to galactose (set at 100%). 
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a retarding effect of the substitution is also observed with 3-O-substituted 2- 
acetamido-2-deoxy-D-hexitols since these compounds have a hydroxyl group vicinal 
to the acetamido group. 
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Scheme 1 

According to the simplest mechanism of hydrazinolysis of 2-acetamido-2- 
deoxy-D-hexopyranoses (HexNAc) and 2-acetamido-2-deoxy-D-hexitols (HexNAc- 
01) (Scheme l), the formation of the unstable tetrahedral intermediate (M’) is 
rapid and reversible because this zwitterion lacks the resonance stabilisation”~‘~ 
from the lone-pair of electrons on nitrogen. In the hydrazinolysis of HexNAc or 
HexNAc-01, which has a relatively poor leaving-group of pK ~14 (e.g., GalNH, + 

H,O + GalNH- + H,O+), in order to avoid expulsion of hydrazine from M+ and 
thereby generate the starting material, M’ must react with a second molecule of 
hydrazine in a rate-determining removal of a proton to form the anionic inter- 
mediate (M+), which rapidly breaks down to products. 

The resistance of 3-O-substituted 2-acetamido-2-deoxy-D-hexopyranosyl to- 
wards anhydrous hydrazine, previously ascribedI to the absence of HO-3 and lack 
of intramolecular catalysis, is more likely to be due to steric hindrance of the 
reaction of M’ with a second molecule of hydrazine. The crowding of OR (R = 
galactopyranosyl in 1, and galactopyranosyl or L-fucopyranosyl in 2) and the 
neighboring tetrahedral-adduct disturbs the general-base catalysis. Inspection of 
space-filling CPK models of M’ indicates a considerable crowding around the 
reaction centre when HO-3 is substituted by a glycosyl residue. 

Hydrazinolysis in the presence of hydrazinium sulfate results in more or less 
quantitative N-deacetylation1”~r6, and the simplest mechanism that is consistent with 
the observation involves general-acid-catalysed proton transfer (Scheme 2) in 
which rate-determining proton donation to M+ gives Mz, which rapidly breaks 
down to hydrazide via Mi. So long as the catalysis is observed, lifetimes of the 
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tetrahedral intermediates must be in a certain limited range”, i.e., not long enough 
to allow equilibration with respect to proton transfer but not too short to allow 
their existence. The direct expulsion of a protonated amine from the intermediate 
Mz will be energetically unfavorable because of the formation of the unstable pro- 
tonated hydrazide CH3CON+H2NH2 (pK - -3; cf pK -3.2 for CH,CONHN+H,). 
The breakdown of M+ will then proceed by the energetically more-favorable path- 
way through Mi, in which there is a strong driving force for breakdown from the 
electron-pairs on the oxygen and nitrogen” and also because there is a much better 
leaving-group than M-. The catalytic effect of hydrazinium ion on hydrazinolysis of 
the 3-O-substituted 2-acetamido-2-deoxy-D-hexopyranoses or -hexitols thus offsets 
the retarding effect of steric hindrance. A fuller understanding of the relative im- 
portance of these factors must await an investigation of more highly substituted 
2-acetamido-2-deoxy-D-hexopyranose derivatives. 

The resistance of 3-O-substituted 2-acetamido-2-deoxy-D-galactitol to 
hydrazinolysis in the absence of hydrazinium sulfate has been utilised in the 
structural analysis of certain oligosaccharide-alditol$. 

EXPERIMENTAL 

Materials. - Two pentasaccharide-alditols 1 and 2 were prepared6J8 from 
polysialoglycoproteins isolated from the eggs of rainbow trout. Other materials 
were of analytical grade. 

Hydrazinolysis and nitrous-deamination procedure. - The oligosaccharide 1 
or 2 (-1 mg) was heated2 in anhydrous hydrazine (0.3 mL) in a sealed Pyrex-tube 
at 105” for 24 h. The cooled tube was opened, excess of hydrazine was largely 
evaporated under nitrogen, and the residue was stored in a vacuum desiccator over 
cont. sulfuric acid. To a solution of the residue in 0.5~ acetic acid (1 mL) was added 
sodium nitrate (5 mg), and the solution was left for 3 h at room temperature. 
Ethylamine (5-6 drops) was added to decompose the excess of nitrous acid, the 
pH of the solution was adjusted to >9 with 0.01~ NaOH, and sodium borohydride 
(5 mg) was added. The solution was kept for 2 h at room temperature and then 
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acidified with 0.5~ acetic acid, and boric acid was removed by co-distillation with 
methanol. 

The product mixture from 1 was eluted from a column (1.6 x 132 cm) of 
Bio-Gel P-2 with 0.05~ pyridinium acetate bufer (pH 5.0) [the fraction volume was 
2.5 mL; the flow rate was 15 mL/h]. The eluate was monitored by the phenol- 
sulfuric acid method19. Two partially resolved, major fractions (65-70 and 71-81) 
and two minor fractions (82-86 and 96-100) were recovered. The first major 
fraction was homogeneous by t.1.c. [Kieselgel 60 (Merck); ethyl acetate-pyridine- 
acetic acid-water, 5: 5: 1: 3, 2.5 h] and had the composition (Gal),GalNAc-ol (yield 
-41%). The second major fraction (71-81) was resolved by t.1.c. into at least two 
galactose-containing components none of which contained GalNAc nor GalNAc- 
01. Accordingly, in view of the position of elution and the reaction sequence 
(hydrazinoIysis-nitrous deamination), it can be presumed that these are Gal-Gal- 
X where X is deaminated gaiactosaminitol. 

Similarly, the product mixture obtained from 2 was fractionated on a column 
(1.6 x 132 cm) of Bio-Gel P-2 with 0.05~ pyridinium acetate buffer (pH 5.0); the 
fraction volume was 2.5 mL. At least four partially resolved peaks were detected. 
The first major peak (fractions 61-65) was Fuc-GalNAc-Gal-Gal-X (yield, 
-28%), the second major peak (fractions 52-60) was 2 (yield, -22%), and the 
trisaccharide eluted as the third peak (fractions 66-69) was Gal-Gal-GalNAc-ol 
(yield, -8%). The other minor peaks (fractions 70-78 and 79-87) were not 
characterised, because the amounts were insufficient for quantification or they 
lacked GalNAc or GalNAc-01. The analytical data for the combined fractions are 
given in Table I. 

In the above experiments, Gal, GalN, GalN-01, and Fuc were analysed20,21 by 
g.1.c. 
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