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Abstract

The A-[Co(III)bis(phenanthroline)(sucrose)]* ™ complex forms with little perturbation of the sucrose conformation,
and complexation by HO-2(g) and HO-1(f). © 2000 Elsevier Science Ltd. All rights reserved.
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Sugars, other polyols, and their amino
derivatives, act as di- or tridentate ligands in
ax—eq or ax—eq—ax conformations towards
heavy metal ions [1]. We have examined vici-
nal complexes of amino or keto sugars with
Co(IT)bis(1,10-phenanthroline),
Co(IIT)(phen), [2] and the circular dichroism
(CD) spectra allow assignment of configura-
tion at Co(III) and observation of an excitonic
effect confirms that two phenanthrolines are
bound to Co(III) [3].

Sucrose and Co(I1I)(phen),(H,O)(OH)** in
water at pH 8 generate the CD spectrum of a
A-complex that was isolated chromatographi-
cally, as was done for other sugar complexes
[2]. Its conductivity in water is that of a
tricationic complex [4].
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The complex retains the sign sequence of a
A-complex in the CD spectrum in water for
several weeks, whereas Co(III)(phen),(H,0),
readily racemizes [5], and dilute sucrose has
no CD signals in the region studied. There is
no indication of formation of a A-complex.
Some 'H NMR signals have been assigned by
their multiplicities and a COSY spectrum in
D,O. The H-1,1'(f) singlet in sucrose at 3.69
ppm (referenced to internal TSP) separates
into well-defined doublets at 3.59 and 3.74
ppm (J 13 Hz, which is consistent with gemi-
nal coupling), although the signals in sucrose
have never been separated [6]. The H-2(g)
signal is shifted upfield by 0.05 ppm, and
except for H-1,1'(f), multiplicities are similar
to those in sucrose, including H-6,6'(g) and
H-6,6'(f) [6].

Sucrose in solution adopts various confor-
mations, including some similar to that in
the solid [6-8]. The O-2(g)-O-2(f) distance
in crystalline sucrose is 2.82 A [8], the
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Co(IH) oxygen bond length is ca. 1.9 A [9],
and in octahedral Co(IlT) complexes an inter-
oxygen distance of ca. 2.7 A allows strain-free
complexation with O-2(g) and O-1(f), despite
formation of an eight-membered ring. We
have seen no evidence for formation of an
isolatable complex of Co(IlT)(phen), with glu-
cose, and complexation with fructose involves
the pyranose form [2]. Complexation with O-
1(f) readily explains the separation of the sig-
nals of H-1,1'(f). If the glucosyl residue is the
bidentate ligand, it is difficult to envisage in-
teractions that would locate the 1(f) and 1'(f)
hydrogens in different environments, because
coordination sites at Co(IIl) are fully occu-
pied, and there is little evidence of intramolec-
ular hydrogen bonding of sucrose in solution
[7a,b]. Modelling indicates that complexation
with O-1(f) and a glucose oxygen other than
0O-2(g) gives very strained structures.

A simulated structure of A-[Co(III)(phen),-
(sucrose)]’ ™ with complexation at OH-2(g)
and OH-1(f) is shown in Fig. 1. The predicted
heat of formation of the disfavored A-complex
is less negative than that of the A-complex by
ca. 7 kcal mol~'. The sucrose ligand has a
structure similar to that of free sucrose in the
crystal [7c,8], but H-1(f) 1s closer than H-1'(f)
to the face of the upper phenanthroline ring,
3.08 A as compared with 4.17 A, which would
serve to separate the NMR 51gnals of H-
1,1'(f), Predicted bond lengths are Co-O-2(g),
2.02 A; Co-O-I(f), 2.01 A; the O—Co-O bond
angle is 92.4° and the O-2(g)-O-1(f) distance is
291 A. The phenanthroline ligands are

deleted in Fig. 1(b) to make it easier to visual-
ize the sugar residue, and sucrose Fig. 1(c),
with a conformation similar to that in the
crystal, was simulated with PM3 parameters
that gives a structure almost identical to that
from a 3-21G(*) simulation, c.f. [7c]. We note
that the initial MMFF conformer search
found several other conformers of sucrose [6b]
whose energies were similar to that of the
preferred conformer. The endocyclic fructose
oxygen is in front of the plane of the paper in
these structures.

Absorption and CD spectra of the complex
are similar to those of other 1:1 complexes of
Co(III)(phen), [2,10]. The excitonic band at
ca. 270 nm of the long-axis polarized © — *
transition is split in the CD spectrum into
components at 267 and 281 nm with the sign
sequence of a A-Co (III) complex and with
two phenanthroline groups complexed to
Co(II1) [3,10].

1. Experimental

The complex was prepared in water, pH 8,
as described for similar complexes and iso-
lated chromatographically (SP Sephadex C-
25) with elution by NaCl or KCI, removal of
water, followed by extraction of the tricationic
complex in EtOH, or precipitation from the
eluant with KI; [2]. Anal. Calcd for

[Co(phen),(sucrose)|Cl;-:SH,O: C, 45.1; H,
5.01; Co, 6.16; N, 5.85. Found: C, 45.1; H,
4.72; Co, 6.29; N, 5.98.

Fig. 1. Simulated structures of: (a) A-[Co(III)(phen),(sucrose)]**; (b) the complex with phenanthroline ligands removed for

clarity; (c) sucrose.
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The triiodide was precipitated as the dica-
tion and had the conductivity in acetone of a
dicationic complex [4]. Anal. Caled for
[Co(IT)(phen),(sucrose)](1;),: C, 28.4; H, 2.43;
Co, 3.88; N, 3.68. Found: C, 28.4; H, 2.54;
Co, 3.94; N, 3.81. The CD and NMR spectra
were determined in H,O or D,O as described
[2].

Structures were simulated by a molecular
mechanics MMFF conformer search, followed
by the use of the semi-empirical PM3 parame-
ters [11] (Wavefunction Spartan Plus 2.0) and
perturbation and re-simulation of the struc-
tures. These simulations neglect solvation of
the complex.
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