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Recent examinations of the acidic com-
ponents of the hydrolysates of paper
pulps prepared from birch,! eucalyptus and
pine 22 woods, have shown that 4-O-methyl-
D-glucuronic acid is the major mono-
uronic acid present. A methylated uronic
acid of unknown structure was shown to
be an important component of the acids
of birch sulphate pulp, whereas it could
not be detected in birch hemicellulose.
Eucalypt sulphate, pine sulphate, and
eucalypt neutral sulphite pulps were also
found to contain this acid. All four pulps
had been prepared under alkaline condi-
tions and it is noteworthy that no trace of
the acid was found in a pine bisulphite
pulp or in bisulphite cooking liquors.*
These results indicate that the new acid

* Present address: Australian Paper Manu-
facturers Ltd., Melbourne.
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was formed by some rearrangement of the
4-0O-methyl-D-glucuronic acid wunits in
xylan under alkaline cooking conditions.

Results and discussion. As demonstrated
by Perry and Hulyalkar,® uronic acids can
be reduced with sodium borohydride to the
corresponding aldonic acids without detect-
able side reactions. It was expected that
the new methylated uronic acid would
yield a methylated aldonic acid on reduc-
tion and that demethylation of the latter
would give a known aldonic acid. Perry and
Hulyalkar have tested their method using
& variety of uronic acids but no experiments
were reported concerning its application to
methylated acids. Trial experiments were
therefore conducted with 4-O-methyl-D-
glucuronic acid to determine suitable condi-
tions for the reduction and demethylation
reactions.

Reduction of 4-0-methyl-D-glucuronic
acid with sodium borohydride gave a
single methylated aldonic acid in high
yield. Demethylation of this compound
with hydrobromic acid yielded gulonic acid
as expected. Reduction of the unknown
acid with sodium borohydride also gave a
single acidic product, confirming that the
original compound was a uronic acid and
not & ketoaldonic acid. The product of the
reduction gave no reaction with carbazole,
and was assumed to be a methylated
aldonie acid. On demethylation with hydro-
bromic acid it yielded idonic acid, identi-
fied by comparison of its chromatographic
behaviour with that of an authentic
sample. This comparison was made using
automated column chromatography on
Dowex 1-X8 (Ac™) in both sodium acetate
(Fig. 1) and acetic acid, and by paper
chromatography. Further confirmation was
obtained by preparation of the tetra-O-
trimethylsilyl-1,4-lactone and comparison

Chart ' reading, mm

Eluate volume ,ml

Fig. 1. Separation of 3-O-methyl-L-idonic acid

(1) from the demethylated acid (2) in 0.06 M

sodium acetate on an anion exchange column,
6 X 835 mm,
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Table 1. Chromatographic data.
Retention time
Compound Dy on Dowex 1-X8 (Ac”) (min) of TMS
0.05 M 0.5 M 1M Rgy, etheron QF 1170°
NaAe HAc HAec 30 ml/min
4-0-Methyl-D-glucuronic acid 12.1 17.6 0.66 -
3-0-Methyl-1L-gulonic acid 9.5 11.8 1.28 6.3
Demethylated 3-O-methyl-L-
gulonic acid 15.1 14.6 0.42 7.1
Gulonic acid 15.0 14.6 0.42 7.2
4-0-Methyl-1.-iduronic acid 13.4 11.5 0.79 -
3-0-Methyl-L-idonic acid 9.1 13.0 1.92 6.1
Demethylated 3-0-methyl-L-
idonic acid 13.1 6.1 0.69 8.4 *
Idonic acid 13.0 6.0 0.69 8.4 *
Gluconic acid 14.1 13.6 6.2 {1.00 6.4, 6.06
0.20

* Retention time on DC 560-EGSP-Z at 185° was 10.2 min. On NPGS at 165° 6.9 min.
Rgy, is migration on paper chromatograms relative to gluconolactone (1.00) in ethyl acetate-

acetic acid-water (100:13:10).%

of its retention time with that of an
authentic sample on three different sta-
tionary phases. As may be seen from
Table 1, the D, values® and retention
times of the demethylated acid and its
trimethylsilyl derivative showed excellent
agreement with those of the reference
compounds.

Measurement of the mass spectrum of
the trimethylsilyl derivative of the de-
methylated acid showed conclusively that
the compound was a 1l,4-lactone of an
aldohexonic acid. The spectrum was signifi-
cantly different from those of the corre-
sponding derivatives of galactonic, glu-
conic, gulonic, mannonic, and talonic acids,
but was identical in all respects with that
of idonic acid. The remote possibility that
idonic acid may have been formed by
epimerization of gluconic acid under the
conditions of the demethylation was
excluded by showing that gluconic acid is
stable under these conditions.

These results demonstrate that the prod-
uct of reduction of the original unknown
acid was a methylated idonic acid, but
give no information about the position of
the methyl group. It was shown, however,
that the reduction product of the new
uronic acid could be produced in low
yield by treating 3-O-methylgulonic acid
with dilute sodium hydroxide at 100°.

Since a shift in the position of the methyl
group under these conditions is very un-
likely, the reduction product was almost
certainly 3-O-methylidonic acid. The ques-
tion was finally settled by examination of
the mass spectrum of the trimethylsilyl
derivative of the lactone of the methylated
idonic acid. This showed conclusively that
the methyl group was attached to the
oxygen atom at carbon 3, so that the origi-
nal uronic acid must have been 4-O-methyl-
iduronic acid.

The assignment of the 1-configuration to
the new uronic acid follows from its positive
rotation, which is somewhat higher than
that of L-iduronie acid. This configuration
is to be expected if the compound is formed
by epimerization at C; of 4-O-methyl-D-
glucuronic acid units 1n xylan. Since the
latter units are bound glycosidically in the
xylan, such an epimerization is equivalent
to a C, epimerization of the corresponding
aldonic acid. As noted above, partial
epimerization of 3-O-methyl-L-gulonic to
3-O-methyl-L-idonic acid can be effected
under relatively mild conditions, and the
same is true of epimerization of gulonic to
idonic acid.

Idonic acid for reference purposes was
prepared by reduction of 5-ketogluconic
acid using essentially the method of Hamil-
ton and Smith.” It was also prepared by
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reduction of 2-ketogulonic acid, a reaction
which does not appear to have been de-
seribed hitherto. l}n the latter case, the
idonic acid is, of course, accompanied by
gulonic acid, and may be separated from
the latter by ion-exchange chromatography
in either acetic acid or sodium acetate.

Experimental. Reduction and demethylation of
4-O-methyl-D-glucuronic acid. 4-O-Methyl-D-
glucuronic acid (10 mg) was dissolved in water
and the lactone split with sodium hydroxide at
pH 8 for 5 h at room temperature. Sodium
borohydride (50 mg) was added and the solu-
tion allowed to stand at room temperature for
one hour, after which it was placed in the
refrigerator overnight. The solution was then
treated with Dowex 50 (Ht) (2 g) until
effervescence had ceased, when the resin and
solution were transferred to a column contain-
ing the same resin and the reaction product
eluted with water. Evaporation under vacuum
below 35°C, followed by five distillations with
methanol to remove boric acid, gave a syrup
(9 mg). This material gave no reaction with
carbazole, and was shown by paper and column
chromatography to contain one major com-
ponent (3-O-methyl-L-gulonic acid).

3-0-Methyl-1-gulonic acid (5 mg) was placed
in a sealed glass tube with 37 9%, hydrobromic
acid (2 ml). The tube was heated in a boiling
water bath for 35 min. After cooling, the con-
tents of the tube were applied to a column of
Dowex 1-X8 (Ac™) and eluted with 30 9,
acetic acid. Evaporation of the acetic acid
under vacuum gave & mixture of gulonic acid,
unchanged 3-O-methylgulonic acid and a small
.amount of an unidentified compound. The
gulonic acid constituted about 40—50 9% of
the total, the remainder being mainly 3-O-
methylgulonic acid.

The identity of the gulonic acid was estab-
lished by automated column chromatography
on Dowex 1-X8 (Ac™) in both 0.05 M sodium
acetate and 0.5 M acetic acid, by paper
chromatography and by gas chromatography
of the trimethylsilyl ether (see Table 1).

Reduction and demethylation of the unknown
wuronic acid. The unknown uronic acid (12 mg)
was reduced after lactone splitting in the same
manner as described above for 4-O-methyl-D-
glucuronic acid. The acidic reduction products
again consisted almost entirely of one com-
pound as shown by chromatograms. The
demethylation was carried out in the same
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manner as for 3-O-methyl-L-gulonic acid and
the product was also obtained in a 50 %, yield.
It was identified as idonic acid by column and
paper chromatography and by gas chromato-
graphy and mass spectrometry of the tri-
methylsilyl ether (see Table 1).

Formation of 3-O-methyl-1-idonic acid from
3-O-methyl-1-gulonic acid. 3-0-Methyl-1-gulonic
acid (5 mg) was heated with 1.5 M sodium
hydroxide (0.5 ml) for 3 h under reflux. The
resulting solution was treated with Dowex
50-X8 (HT) to remove sodium ions, and the
product was eluted with water. Evaporation
under vacuum below 35° gave a syrup which
was shown to contain 3-O-methyl-L-idonic acid
by paper chromatography, by automated
column chromatography in both 0.5 M acetic
acid and 0.05 M sodium acetate and by gas
chromatography of the trimethylsilyl ether.

Preparation of idonic acid from 2-ketogulonic
acid. 2-Ketogulonic acid was reduced with
sodium borohydride under the conditions
described above for reduction of 4-0-methyl-D-
glucuronic acid. The resulting mixture of
idonic and gulonic acids was separated by ion-
exchange chromatography using 0.056 M sodium
acetate as eluant. The two acids were formed
in about equal amount.
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Civiling. Goran Petersson for carrying out the
mass spectrometric measurements, and to 1959
Ars Fond for Teknisk och Skoglig Forskning
samt Utbildning and Australian Paper Manu-
Jacturers Ltd. for financial support.
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