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Monosaccharides, glycosides, and polyols form reasonably stable complexes
with metal ions in aqueous solution'. The most favourable sites for co-ordination are
1,3,5-triaxial or contiguous zx—eg-ax hydroxyl groups on six-membered rings’, vicinal
cis.cis-triol groupings on five-membered rings*, and vicinal threo,threo-triol sequences
in alditols’. Of the metal ions, Ca’* and La*' ions bind most efficiently®”’, the upper limit
for the stability constants of their 1:1 complexes being 10 M '. Data on the abilities of
other metal ions to form complexes with sugar-type ligands are scanty®®’. Moreover, it
is difficult to compare the results of various experimental methods since the observed
variables, such as electrophoretic mobilities, R values on metal ion-loaded resins, and
changes in n.m.r. chemical shifts, cannot be transformed into stability constants
without extra-thermodynamic assumptions. Some conclusions, based on different ex-
perimental approaches, are contradictory'®, and results obtained by a particular tech-
nique have been unduly generalised. For example, the strong affinity of copper(II)
acetate for sugar alcohols® has probably led to an overestimation of the role of dietary
polyols in copper metabolism'"",

The present report provides more extensive data on the relative strengths of
binding of metal ions to sugar-type ligands based on the mobilities of ligands in t.1.c.
with the absorbent loaded with various metal ions. These data may be useful, for
example, in the evaluation of the role of sugars and polyols in the absorption of metal
ions during the digestion of food.

Tables I and 1I record the Ry values and the percentages of complexed ligands,
calculated by the method of Briggs et al.*. The data lend additional support to the order
of binding established for various sugar-type ligands. (a) Alditols form more stable
complexes than those mono- or di-saccharides that cannot adopt an ax—eg—ax arrange-
ment of three vicinal hydroxyl groups in their pyranose form®". () Of the alditols,
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TABLE ]

NOTI

Ry values of alditols on t.lc. in the presence of various cations, and percentages of complexed ligands
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Ry values of sugars on t.l.c. in the presence of various cations. and percentages of complexed ligands
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D-glucitol and xylitol, each of which contains a vicinal threo,threo-triol arrangement,
form complexes more strongly than p-mannitol or galactitol, which have an all eryth-
ro,threojerythro,erythro configuration®™. (¢) Of the monosaccharides, the ability to
form complexes decreases in the order D-fructose > Dp-galactose > D-xylose & D-
glucose®". (d) The ability of lactose to form complexes is negligible® except with La*".

All of the alditols studied formed reasonably stable complexes with lanthanide
(La**, Y*") and alkaline earth metal ions (Ca?*, Sr**), consistent with previous
findings'. Of the other metal ions, only Pb?* exhibited a comparable ability to bind. The
alditol complexes of Pb>* appear to be as stable as those of La** and, hence, more stable
than those of Ca**, Sr**, or Y. The formation of complexes by Pb** with sugar-type
ligands has received little attention, although this ion binds to the a-pyranose forms of
p-ribose'® and D-allose® approximately as firmly as does Ca’" (ref. 13), and exhibits
markedly negative enthalpies of interaction on mixing with methyl a-p-ribo- and
a-D-lyxo-furanoside’. The differences in stability of the various alditol complexes are
small, the complexes of D-mannitol and galactitol being slightly less stable than those of
p-glucitol and xylitol. The higher ability of the latter alditols to form complexes is
expected on the basis of preferential binding to a threo,thres-sequence. In contrast, it is
surprising that galactitol, which contains no such binding site, interacts with Pb** and
La’* almost as well as p-glucitol.

Ca’", Pb’*, and La’* also form relatively stable complexes with p-fructose and
p-galactose, whereas complexation with D-glucose and D-xylose is negligible. It has been
suggested” that HO-1,2,3 in p-fructose may assume a relationship similar to the
ax—eg—ax arrangement. In a-D-galactopyranose, HO-3,4,5 form a potential binding
site'®.

As seen from Table I, Fe’" is the only 34 transition metal ion that interacts
markedly with alditols. No complexing with monosaccharides was detected. The data in
Table T also support the previous findings that alditols are markedly retained on
ion-exchange plates loaded with copper(I1) acetate® but not on plates loaded with
copper(I1) sulfate'. Studies of the electrophoretic mobility of sugar-type ligands in
solutions in copper(Il) acetate and sulfate gave similar results'’. Moreover, the enthalpy
of interaction of copper(Il) nitrate with methyl glycofuranosides was small’. These
apparently contradictory results have been accounted for by assuming that, whereas
alditols complex efficiently with the dimeric [Cu,(OH),]** ion present in copper(IT)
acetate solutions, their interaction with a monomeric aquo-ion of Cu’* is weak'’. Cr’*
has been reported® to complex with b-mannitol more strongly than Ca’* and Sr**, but
the present data do not agree with this finding. Similarly, the complexing ability of Ni**
is weaker than previously suggested®.

Of the other metal ions studied (Na‘, AI**, Zn?*, Cd*"), only Na ™" exhibits a
significant ability to form complexes. It has been suggested® that A" would interact
with D-glucitol and D-mannitol more strongly than Na ™, but the data in Table I do not
corroborate this view.
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EXPERIMENTAL

The Ry values of sugars and sugar alcohols were determined on POLYGRAM
IONEX-25 SA sheets converted into various metal ion forms as described’. Aligquots

/

(51L) as agueous 5% solutions (galactitol as a 3.5% solution} were used and, after
development for 2 h with distilled water, detection was effected by treatment of the dried
sheets with acetone saturated with potassium permanganate.
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