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Preliminary communication

An apparent *C; +'C, conformational transition in periodate-oxidised alginate,
induced by changes in pH and ionic strength. the anomeric effect in
glycuronans
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When sodium alginate 1s oxidised m aqueous periodate at pH ~4 and low 1onic
strength, only 0 44 mol of periodate is consumed per non-terminal, hexuronic acid residue?
Thus result 1s obtaned regardless of the relative proportion of §-D-mannopyranuronic and
a-L-gulopyranuronic acid residues n the chains (ManA/GulA ratio)* It corresponds closely
to the value calculated! ? on the assumption that oxidation of any residue immediately
protects the two adjacent, unoxidised residues from subsequent oxidation For pfotection
of only one adjacent residue the calculated oxidation-limit 1s 0 64 mol per hexuronic acid
residue’>3

Methylation analysis' and supporting evidence!>* have established that the protec-
tive mechanism nvolves the formation of 6-membered hemiacetal rings (1 and 2) between
the aldehyde groups of oxidised hexuronic acid residues and the closest hydroxy! groups
on unoxidised residues adjacent to them n the chains

It will be noticed that the aldehyde group origmating from C-3 of the oxidised
residue could, 1n principle, form a hermacetal with HO-2 of an unoxidised neighbour, either
when the latter 1s 1n 1ts %C; (1) or !C, conformation (3) On the other hand, the aldehyde
group ornigmating from C-2 of the oxidised residue could form a hemiacetal with HO-3 of
an unoxidised neighbour only when the latter 1s 1n its *C, conformation (2), in the 'C, con-
formation (4), O-3 and O-4 are trans-diaxial, and too far apart to allow ring-closure

For long sequences of contiguous §-D-mannopyranuronic acid residues, it is not
surprising that both kinds of hemiacetal (1 and 2, R! = CO,~, R? = H) are formed, because
the *C, conformation 1s predicted by free-energy calculations®, and confirmed by X-ray
fibre analysis® and n mr spectroscopy”® On the other hand, the same methods all indi-
cate that the a-L-gulopyranuronic acid residues 1n alginates exist mamly n the 'C,; confor-
mation®7 % even though the expected free-energy difference between the two con-
formers 1s, 1n this case, much smaller® Evidently, therefore, under the conditions of
periodate oxidation used earlier (25mM sodium metaperiodate at 20°, either unbuffered
or in the presence of sodium-salt buffers of 1onic strength not exceeding 0 2), formation of
2 (R' = H, R? = CO, ) with unoxidised a-L-gulopyranuronic acid residues entails a
1¢,—-C, transition, at the expense of some conformational energy
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We now report that, when these periodate oxidations were repeated under the
same conditions® , but 1n the presence of sodum chloride at a concentration of 2 5—5 OM,
the final oxidation-hmit mcreased above the theoretical value for bilateral protection
(0 44 mol ), and the extent of the increase was clearly correlated with the proportion of
o-L-gulopyranuronic acid residues in the sample For an alginate having a very low content
of L-guluronic acid (ManA/GulA = 13 5, herenafter referred to as “mannuronan”), the in-
crease was neghgible, whereas for an alginate having ManA/GulA = 0 38, the final oxida-
tion-limit in 2 5M sodium chlornide was 0 62 mol With a fragment of alginate (herewnafter
referred to as “guluronan”) having d p , ~15 and composed almost entirely of a-L-gulo-
pyranuronic acid residues, there was, 1n 2 SM sodium chlonde, an 1mitial, rapid uptake of
0 64 mol of periodate per non-terminal residue, followed by a much slower consumption
of further periodate, these results were obtamed after correction for end-group consump-
tion and over-oxidation, as described elsewhere!®

Conversion of the alginates from sodium salts into propylene glycol esters did not
elininate the salt effect, but enhanced 1t Even in the absence of added salt, the propylene
glycol ester of an alginate having ManA/GulA = 0 38 showed an oxidation-lirmt of
0 60 mol , and this increased to 0.70 mol 1n 2 5M sodwm chloride Lowering the pH had a
similar effect, because of the msolubility of alginates at low pH, this was shown by first
oxidising them to their “normal” limt of 0 44 mol at pH ~4 and low 1onic strength, ad-
ding various mixtures of acid and salt, and then measuning the increase in periodate uptake

Since opening a hemiacetal ring eliminates the churality of the aldehydic carbon
atom, 1t was expected that addition of salt or acid to a solution of periodate-oxidised
guluronan would have a large effect upon its optical rotation, which would not be shown
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by periodate-oxidised mannuronan This was indeed observed, and 1t indicates a simple
method for comparing the effects of different salts upon ring-opening

Evidence that 1t 1s mainly * the hermmacetal 2 (R! = H, R? = CO,") that 1s opened
by salt, while the other hemacetal (3, R! = H, R? = CO, ) opens to a comparatively small
extent™, was obtamed by selective oxidation with aqueous bromine Earlier work® had
shown that, when sodium alginate is oxidised to its ““normal” Iimit of 0 44 mol and then
treated with aqueous bromine at pH ~4 5, half of the hemacetal rings are quantitatively
converted into lactones, while the other half are very resistant to oxidation ** The easily
oxidised hemiacetal must have been 1 (or 3), because acid hydrolysis of the product gave
only traces of glyoxylic acid, detected colorimetrically*?+13 Guiluronan was therefore
oxidised, first with periodate at low 1onic strength to the 0 44 mol hmuit, and then with
aqueous bromune as before?, but 1n the presence of 2 5M sodium chlornide The amount of
rapidly consumed bromine (measured titrimetrically*) was now twice that observed
previously?, and the equivalent weight of the 1solated product (determmed by titration
with cetylpyridinium chloride!#) indicated that rather more than half of the aldehyde
groups had been converted into free carboxylc acid, while the remainder gave lactones as
before The product yielded approximately' the expected amount of glyoxylic acid after
acid hydrolysis

Direct evidence that the ring-opening of 2 (R! = H, R? = CO, ) is accompanied
by the expected reconversion of the unoxidised a-L-gulopyranuronic acid residue into 1its
energetically preferred !C; conformer (4, R! = H, R? = CO,") 1s lacking, because the n m r
spectra have not yet been interpreted However, indirect evidence was obtained, when it
was observed that the pK, of the oxidised guluronan 1n its free-acid form was considerably
higher than that of the same material after reduction with borohydride, but decreased to
about the same value as that of the reduced material when sodium chloride was added to
both solutions Since equatorial carboxyl groups generally have a lower pK, than axial
carboxyl groups (because the carboxylate anion 1s more easily stabilised by solvation when
1t 1s equatoral'®), this result supports the 1dea of a *C; >'C, transition, induced by salt

It remains to be decided whether the *C,—'C, transition 1s related to ring-opening
as cause 1s to effect, or vice-versa This dilemma led us, several years ago, to mvestigate the
posstbility that mnorganic 1ons, 1n aqueous solution may change the magmtude of the
anomeric effect!$*17 The results'® clearly indicated that they do, and may be interpreted'®
1n this case, as a selective salting-out?® of the conformer 1in which O-1 1s equatorial We
therefore suggest that the driving force for the transition was the anomeric effect, which
was increased m magnitude by sodium chloride The effects of esterification and low pH n

*These expressions refer to the positions of the equilibria that are very rapidly established between the
aldehydic and cychc heriacetal forms after oxidation of any residue?+?
**The work of Barker ef al '! suggests that 2 should be resistant n 1its closed-ring form In the inter-
mediate hypobromuite ester, the bulky bromine atom has to become antiperiplanar with the anomeric
hydrogen atom (to ehminate HBr) and in 2, but notin 1, 1t would encounter syn-axial interactions m

both configurations of the hemiacetal carbon atom
+The colonmetrc method!?»'2 1s not very accurate, because the colour fades rapidly
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promoting the transition may be seen as examples of the reverse anomeric effect?!, or the
enhancement in the magnitude of the anomeric effect that 1s known to be brought about
by electron-withdrawing substituents at C-5 of a pyranose ring'®
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