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easily formed its bidentate boronate sugar ligands. Solutions of the corresponding Cu(l) and Fe(iI)
complexes showed opposite CD effects for the D and the L form of the sugar. The stoichiometry of
the metal complexes was determined by Job plots and by mass spectrometry. A macrocyclic
structure, that includes ten cycles, is proposed as the most probable CD-active species.

© 1998 Elsevier Science Ltd. All rights reserved.

Polyimine ligands such as bipyridine, terpyridine or phenanthroline have been used to generate metal
complexes with many transition metals.' Depending on the properties of the metal and the polyimine
ligand it is possible to create a diversity of structures, for example, helical’ and dendritic structures,’ that
often show chirality. From the chiral pool amino acids, terpenes and sugars have been used as chiral
auxiliares for the formation of metal complexes. Until now sugars were only used to influence the
constitution of the complex after its formation.* Here a new alternate way is demonstrated, that is the
connection of the sugar to a metal chelating agent followed by the transformation of the resulting

into the corresponding metal complexes. Sugars are very suitable for the molecular design of chiral
supramolecules because of their well known formation of heterocycies with boronic acids.” Depending
on the chain length of the sugar, its cyclic constitution (e.g. furanose or pyranose structure), the absolute
configuration (D or L form) and the different ratio of boronic acid to sugar, an immense variety of new
ligands is possible.

To connect the phenylboronic acid and the 2,2’-bipyridine an amide bond (2) was chosen, which is
more rigid than an ester or an ether bond.® Amide 2 was mixed with the D and L form of xylose, threitol
and arabinose in a ratio of 2:1. After sonication of these mixtures in MeOH the corresponding

saccharide/bipyridine bidentate boronate ester (3D,L; 4D,L; 5D,L; Schemel), one sugar and two boronic

acid units were linked by cyclic esters and formed a precipitate.”® "H NMR data for xylose, arabinose’
and thraitnl 10 (hacad An Y _vray rructal ctriistnire analucice)l haranies actare are availahla Yvulafurannce and
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Arabinopyranose forms five-membered ring heterocycies (5
the threitol-framework (4D,L) (Scheme |, right).

The reaction was also tried with the D and L isomers of lyxose, ribose, fucose, 3-methyl-O- D-
glucose and pentaerythritol. All of these saccharides contain four free hydroxyl-groups. Therefore it
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was expected, that in a possible bidentate boronate complex all hydroxyl-groups should be esterified and
its solubility shouid be similar to the examples mentioned above. The reaction failed to give a precipitate
with fucose, ribose and 3-methyl-O-D-glucose. Pentaerythritol and lyxose produced solid, which was
analyzed by mass spectrometry. Additionally '"H NMR signals of the symmetrical pentaerythritol were in
agreement with the proposed structure of the polyol. An explanation of the different behavior of the
sugars is ascribed to the different tendency to form an unique product. Like cited before xylose formed
preferably the furanose, arabinose the pyranose and threitol the six membered bicyclic structure: this
means that an unique compound resulted, so that the solubility product was exceeded.
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Scheme 1 i) SOQ,; 50-60%; ii) sonication in MeOH with the D and L form of xylose. Threitol and arabinose
lead to the bidentae boronates 3D, 3L, 4D, 4L and 5D, 5L,; 40-80%.

To generate the chiral metal complexes, a suspension of the enantiomers (D or L form) was
sonicated in MeOH with Fe(II) Cl, in a ratio of 1:1. MeOH was used because all six ligands (3D,L; 4D,L;
5D.L) were formed and stable in this solvent. After sonication a red suspension was obtained. UV/VIS

Spectra showed in the visible region an absorption (due to the MLCT of a Fe(bpy), A, = 545 nm) and

the CD band was opposite for each D and L sugar-containing enantiomer. A similar result was found by
use of the threitol ligands 4D and 4L. The arabinose complex did not show any effectin the CD spectra.
A possible explanation for this behavior might be fast decomposition of the complex after its Fe(II)
complex formation. The composition of these complexes was determined both by Job plots and by SI

S1S.

.

The Job plots for all complexes (Fe-3D,L; Fe-4D,L; Fe-5D,L) were similar: the value was close to
0.5. A value of 0.5 indicates a 1:1 complex of ligand and iron(II), that is containing two chlorine
counterions.'' Determination of the red solutions by mass spectrometry (using SIMS mode) showed a
strong indication for a 1:1 complex of metal and ligand for Fe-3 [MS (SIMS) m/z = 843 (M+H ", 2 %),
808 (M-CI+H *, 2 %)] and Fe-4 [MS (SIMS) m/z = 779 (M-C1*, 5.5 %), 743 (M-2Cl *, 6.5%)]. The CD
effect can be explained by an induced chirality of the sugar into the metal-bipyridine complex moie&y.
MM2-calculations '* also supported a structure, where two chiorine counter ions were in afrans position,
whereas the formation of a cis complex is unfavored.
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Fig. 1. Top: 1:1 metal
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Table 1. Helicity of the 1:1 complexes proposed from the CD sign of the MLCT region.

For xylose (Cu- 3) D = Plus, L = Minus (Apa = 450 nm, CD = 12 mdeg)
For threitol (Cu-4) D = Plus, L = Minus (Ana = 415 nm, CD = 40 mdeg)
For arabinose (Cu- 5) D = Minus, L = Plus (Amax = 505 nm, CD = 500 mdeg).**
In summary , three pairs of enantiomeric bipyridine-phenylboronic acid sugar ligands (3D,L; 4D.L;

5D,L) have been characterized. Solutions of the corresponding Fe(II) (Fe-3D,L; Fe-4D,L) and Cu(l)
(Cu-3D,L; Cu-4D,L) complexes of threitol and xylose showed CD activity in the metal to ligand charge
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of these metal containing macrocycies.
This study demonstrated that sugars are useful as efficient auxiliaries for chiral coordination

compounds. We believe that this concept is applicable to chiral molecular recognition by metal
complexes.
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