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ABsrFtAcT 

A method for the selective degradation of polysaccharides containing uranic 
acid residues is described. It involves methylation of hydroxyl and carboxyl groups, 
base-catalysed elimination, and mild hydrolysis with acid. The degraded product is 
etherified with trideuteriomethyl or ethyl groups and hydrolysed, and the resulting 
mixture of etherified sugars is analysed, as the alditol acetates, by g.l.c.-m.s. Compari- 
son of this analysis with the methylation analysis of the original polysaccharide 
gives information on the nature of the sugar residues on either side of the uranic 
acid residue. 

lNTRODLJ(=TION 

Alkaline degradation of pyranosiduronate residues substituted at position 4, in 
compounds of low molecular weight and in polysaccharides, has been investigated by 
Kiss ‘, by Aspinall and Barron2, and by others cited in Ref. 2. This type of degradation 
has obvious possibilities in structural polysaccharide chemistry and has also been 
applied in structural studies of a bacterial polysaccharide, colanic acid or M-antigen3. 
We now report a modification of this alkaline degradation, which may give valuable 
information on sequences of sugar residues in acidic polysaccharides. 

RESULTS AND DISCUSSION 

When polysaccharides containing hexopyranosyluronic acid residues are 
methylated by the Hakomori method4 with methylsulphinyl sodium and methyl 
iodide in methyl sulphoxide, complete methylation and esterification is obtained ‘in 
one step. Degradation by /?-elimination or reaction of the ester group with the methyl- 
sulphinyl anion are insignificant, probably because of the faster reaction between the 
anion and the methyl iodide which is used in excess. A prerequisite for successful 
methylation is that the polysaccharide be soluble in methyl sulphoxide and that the 

*Dedicated to Dr. Louis Long, Jr., in honor of his 70th birthday. 
*Present address: Collhge militaire royal de Saint-Jean, Quhbec, Canada. 
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uranic acid residues in the starting material are non-esterified. The methyl uronate 
*residues (e.g. 1) in the methylated polymer carry a good leaving group at position 4, 
either a derivative of a sugar residue also present in the original polysaccharide or a 
methoxyl group. On treatment with base, this group should be eliminated and an 
unsaturated uronate residue (2) should be formed. The enol ether grouping in this 
moiety is acid iabile, and mild hydrolysis with acid; using conditions under which 
glycosidic linkages are stable, should give a substituted 4-deoxyhex-Eulosuronate (3) 

OR’ P OR' 
Hf 

+ R"O- - 

tO,Me 

I 

R’= sugar residue 

R*, R', RP = Me or sugar reSdU? 

and the free agIycon. The ester 3 would probably react further, ultimately yielding a 
furan derivative (4). The closely related 3-deoxyulosonic acids react in this manner5. 
By this sequence of reactions, a selective cleavage of the uronidic linkage, the linkage 
at C-4, and possibly also the linkages at C-2 and C-3 should be achieved. 

When a sugar, e.g. L-rhamnose, is linked to C-4 in the uronate residue and 
after methylation is eliminated by reaction with base, the resulting reducing-sugar 
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R’. R2.R3= Me Or sugar resi@e 
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residue (5) has a good leaving group at position 3 and will undergo a further p- 
elimination. The enol ether 6 thus formed is sensitive to acids and will, by analogy 
with similar etherified monomers6, give a furan (8) uia the cis-glyc-3-enosulose 
derivative 7. In the latter reaction, the substituents linked to positions 2 and 4 of 5 
will be released. 

When the polysaccharide contains terminaI uranic acid residues, the only 
result of the degradation will be elimination of these residues_ This reaction has been 
investigated with two polysaccharides of known structures. One of these is the 
Kiebsiella type 9 capsular polysaccharide’, composed of pentasaccharide repeating 
units with the structure 9. The methylated polysaccharide was treated with base, 
either sodium methoxide in methanol or methylsulphinyl sodium in methyl sulphoxide, 
and then with aqueous acetic acid. The product was then re-methylated, using tri- 
deuteriomethyl iodide, and hydrolysed, and the methylated sugars in the hydrolysate 
were analysed, as their alditol acetates, by g.l.c.-m.s.8. In these and other experiments, 
the degradation products of uranic acid residues and later also from sugar residues, 
such as furans, were not accounted for. The results, together with methylation ana- 
lyses of the original polysaccharide, are given Table I. The decrease in 2-U-methyl-r_- 
rhamnose and the concomitant appearance of 2,4-di-O-methyl-r_-rhamnose tri- 
deuteriomethylated at position 4 is in agreement with the previous result that the 
terminal D-glucuronic acid residue is linked to position 4 of the branching r.-rhamnose 
residue. Most of the uranic acid residues (80-90%) were eliminated, the reaction with 

sodium methoxide giving the somewhat better result. 

~~)-~-D-Ga~p-(l~3)-~-~-Rha~(l--t3)-r-r-Rhap-(l--t2)-a-~-Rhap-(l--t 
I 
4 
t 
1 
I 

/~-D-GAP 

9 

TABLE I 

METHYLATIONANALYSISOFNATIVEANDDEGRADED Klebsiella TYPE 9 CAPSULARPOLYSACCHARIDE 

Polysaccharide material 3,4-Rhnb 
(T 0.923 
(mole %) 

2,4-Rha 2-Rha 
(T 0.98) fl 1.52) 

2,4,6-Gal 
v 2.28) 

2,3,4-G 
(T 2.50) 

Native 23 23 29 25 - 
Native, reduced” 22 18 24 19 18 
Degraded, MeO-, 2 h 24 496 3 24 - 
Degraded, CH,SOCH; 29 456 5 22 - 

Tarboxyl reduced after methylation; see Ref. 7. *3,4-Rha = 2,3-di-O-methyl-r-rhamnose, etc. 
=Retention time of -the corresponding alditol acetate relative to 1,5-di-O-acetyi-2,3,4,6-tetra-0- 
methyl-D-ghrcitol on an ECNSS-M column at 170 a “-45% of deuterium labelling in 0Me4. . 
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TABLE Ii 

htEll?YLA-l-lON ANALYSES OF NATNE AND DEGBADED BIRCH XYLAN 

Polysaccharide material 2,3,4-XyIb 2Et-3Me-Xyld 2,3-Xyl 3-Xyl 2,3,4-G 
(T 0.68’) fl 1.38) cr 1.54) (-r 2.92) (-r 2.50) 
(more %) 

Native 1.5 - 92.9 5.5 - 
Native, reduceda 1.3 - 83.8 7.7 7.3 
Degraded, MeO-, 2 h 1.7 3.8 92.0 2.4 - 
Degraded, CH$OCH; 1.5 4.7 92.3 1.5 - 

Warboxy reduced after methylationi see Ref. 14. ‘*‘As in Table I. d2Et-3Me-Xyl = 2-U-ethyl-3- 
O-methyl-D-xylose. 

Hardwood xylan contains chains of (1+4)-linked fi-D-xylopyranose residues. 
some of which9 carry a 4-O-methyl-cr-D-glucopyranosyluronic acid residue at position 2 
(10). A fully methylated birch xylan was subjected to treatments first with base and 
then with acid, as described above, and the product was ethylated, hydrolysed, and 
analysed (Table II). The disappearance of 3-O-methyl-D-xylose and the appearance 
of 2-O-ethyl-3-O-methyl-D-xylose demonstrated that - 60% of the terminai uranic 
acid residues had been eli+inated, the better results now being obtained with methyl- 
sulphinyl sodium. Several attempts to increase the yield of the elimination were 
unsuccessful, and the reason for the relatively low yield is not understood. 

-A-~-~-X~lp-(l-t4>-~-~-Xylp-(l~)-~-~-Xyl~-(l~ 
I 

--t3)-~-q-Galp-(l~4)-a-~-Rhap-(l--t 
I 

i 
t ; 
1 1 

1 
4-OMe-D-GAP 
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B-D-GAP 
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4 
f 

1 
a-L-Rhap 

10 11 

In the Klebsiella type 47 capsular polysaccharide lo, the tetrasaccharide repeating 
unit has the structure 11. After degradation of the fully methdated polysaccharide 
by treatment with methylsulphinyl sodium followed by mild hy&olysis with acid, a 
polymeric material was recovered by gel chromatography on Sephadex LH-20 
(lipophilic). This product represented -50% of the starting material and, in contra- 
distinction to the latter, showed absorption in the hydroxyl region of the i-r. spectrum, 
but only faint absorption in the carbo.nyl region. These results indicate that the 
elimination of the side chains was essentially complete. The results of different degra- 
dations, followed by methylation analysis using trideuteriomethyl iodide, are given 
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in Table III. The disappearance of 2-O-methyl+rhamnose and the appearance of 
2,3-di-O-methyl-L-rhamnose, with a trideuteriomethyl group at position 3, confirms 
the previous conclusion that the D-glucuronic acid residue is linked to position 3 of 
the branching L-rhamnose residue. The 2,3,4-tri-O-methyl-L-rhamnose from the 
terminal L-rhamnose residue should be released during the /?-elimination and subjected 
to a further p-elimination, accounting for the decrease of this sugar. With sodium 
methoxide as base, the eliminations seem to be essentially complete after 15 min. The 
sugar sequence 12 could be deduced from these results and consequently also the 
structure of the tetrasaccharide repeating unit, except for the anomeric natures of 
the sugar residues. 

t.-Rhap-(Id)-D-GAp-(143)~L-Rhap-(1-t 

I 
4 
P 

12 

TABLE III 

METHYLATIOSANALYSESOFNATIVEAND DEGRADED Kkbsiella TYPE~~ CAPSULARPOLYSACCHAIUDE 

Polysaccharide material 

Native 21 
Native, reduced” 19 
Degraded, MeO-, 15 min 8 
Degraded, MeO-, 45 min 6 
Degraded, MeO-, 2 h 3 
Degraded, CH$OCH; 9 
Degraded, CH,SOCHZe 3 

2,3,4-RhrP 

(T 0.463 
(mole %) 

2,3*-Rhad 2-Rha 2,4,6-Gal 2,3-G 

CT 0.98) (T 1.52) CT 2.28) (T 5.39) 

- 37 
- 32 
43 5 
43 2 
43 2 
41 3 
51 2 

42 - 

27 22 
44 - 
50 - 
52 - 

47 - 

44 - 

“Carboxyl reduced after methylation; see Ref. 10. **=As in Table I. a3* indicates deuterium labelling 
in OMe-3. ‘Material purified by gel chromatography. 

The examples above illustrate the value of the degradation in structural 
studies of polysaccharides containing uranic acid residues. It is easy to perform, does 
not require much material, and gives considerable structural information. It has been 
applied in structural studies of the capsular polysaccharide from KZebsieZZa type 52, 

composed of hexasaccharide repeating units, and has given information on the 
sequence of four of the six sugar residues”. 

It should be possible to use this degradation for other purposes. The hydroxyl 
group released on mild hydrolysis of the unsaturated uronate (2-3) with acid could 
be used as a starting point for further degradation. Replacement of the methyl ether 
groups by other groups which are more readily removed, e.g. acetal groups obtained 
by reaction of a polysaccharide with methyl vinyl ether12, would also open interesting 
possibilities. 
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EXPEFUMENTAJL 

General methods. - GLc., g.l.c.-m.s., and other methods were performed as 
previously described7* ’ ‘. 

MethyIation of polysaccharides. - The isolation of the capsular Hebsiella 

polysaccharides (types 9 and 47), performed by Dr. W. Nimmich, has been reported13. 
The birch xylan was isolated as described by Timellg. The polysaccharide (100 mg) 
in methyl sulphoxide (100 ml) and 2~ methylsulphinyl sodium in methyl suIphoxide 
(30 ml) under nitrogen, was agitated in an ultrasonic bath for 30 min and kept at 
room temperature overnight. Methyl iodide (30 ml) was then added dropwise with 

external cooling. After the turbid solution had been agitated ultrasonicaily for 30 mitt, 
a clear solution was obtained. Excess methyl iodide was then distilled off and the 

solution was dialysed against running tap water for 24 h and then against distilled 
water overnight_ The dialysed solution was freeze-dried; the yield of methylated 

polysaccharide was quantitative. 1.r. of the methylated products, in chloroform, 
showed strong absorption in the carbonyl region (1740 cm-‘), but no absorption 
in the hydroxyl region. 

MethyZation analysis. - Natural and modified polysaccharides, with or without 
carboxyl reduction of the former, were subjected to methylation analysis as previously 
described’*‘“*‘4. The identifications of the different methylated sugars, as the alditol 
acetates, and the Iocation of trideuteriomethyl or ethyl groups by g.l.c.-m.s.’ were 
unambiguous and will not be discussed. 

Degradation of methyiated polysaccharides, using sodium methox-ide as base. - 

The methylated polysaccharides did not dissolve in methanol-2,2_dimethoxypropane, 
which was used by Aspinall and Barron’ to ensure anhydrous conditions, and there- 
fore dichloromethane was added to the system. Carefully dried, methylated poly- 
saccharide (15 mgj and toluene-p-sulphonic acid (trace) were dissolved in a mixture 
(20 ml) of methanol, 2,2_dimethoxypropane, and dichloromethane (18: 1:2), and the 
solution was refluxed for 30 min. A piece of freshly cut sodium (250 mg) was then 
added to the cooled solution, and the resulting, turbid solution was refluxed for 
different times (compare Tables I, II, and III). After cooling, the pH was adjusted to 
6 by the addition of 50% aqueous acetic acid, water (50 ml) was added, and the mixture 
was extracted with chloroform (3 x 25 ml). The combined organic phases were washed 
with water (25 ml) and concentrated to dryness. The product was suspended in 10% 
aqueous acetic acid (IO ml), kept at 100’ for 1 h, and cooled; the modified poly- 

saccharide was recovered by freeze-drying. This material was re-methyIated, using 
trideuteriomethyl iodide (Klebsiella types 9 and 47), or ethylated (birch xylan), 
following the methylation procedure devised by Hakomori4 and described above. 
The re-etherified products were recovered by partition between chloroform and water, 
hydrolysed, transformed into alditol acetates, and analysed by g.l.c.-m.s.s. 

Degradation of methyiated poiysaccharides, using methylsulphinyl sodium. - A 
solution of carefully dried, methylated polysaccharide (10 mg) and toluene-p-sulphonic 
acid (trace) in a mixture (2 ml) of methyl suiphoxide and 2,2_dimethoxypropane 
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(19:l) was prepared in a serum vial which was sealed with a rubber cap. The vial was 
flushed with nitrogen and agitated in the ultrasonic bath for 30 min, and 2M methyl- 
sulphinyl sodium in methyl sulphoxide (1 ml) was added with the aid of a syringe. 
The solution was agitated for 30 min and kept at room temperature overnight, after 
which an excess of 50% aqueous acetic acid was added with external cooling. The 
mixture was poured into water (50 ml) and extracted with chloroform (3 x 25 ml). The 
combined organic phases were washed with water (4 x 25 ml) and concentrated to dry- 
ness. The product was hydrolysed with aqueous acetic acid, re-etherified, and analysed 
as described above. 

In a separate experiment, a larger amount (75 mg) of methylated Kiebsiella 
type 47 polysaccharide was treated with methylsulphinyl sodium and subsequently 
with aqueous acetic acid as described above. The lyophilised product was fractionated 
on a column (23 x 4.5 cm) of Sephadex LH-20, using chloroform-acetone (2:l) as 
irrigant. The eluate was monitored polarimetrically. All the optically active material 
(36 mg) was elutea with the void volume and consequently should be polymeric. This 

material, in chloroform, showed absorption in the hydroxyl region (3600-3300 cm- ‘) 
of the ix. spectrum. but only faint absorption in the carbonyl region. Part of this 

material (3.6 mg) was methylated with trideuteriomethyl iodide and analysed as 
described above. 
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