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Chirality of metal complexes has been of theoretical interest to
chemists since the time of Werner2 and the relative stability of such
complexes was explained by Taube’s application of crystal field
theory.3 Metal complex chirality also has important practical
applications in areas as varied as chiral metal catalysts4,5 and
microbial iron transport.6-8 Recently, chiral supramolecular clusters
have demonstrated that a stable, chiral nanovessel can be prepared
by coupling the chiral metal centers that form the vertexes of the
cluster.9 Understanding the stability and racemization mechanisms
of chiral metal complexes is essential to rational development of
applications based on chiral metal coordination complexes and to
enable design of more robust chiral supramolecular assemblies. Very
few resolved chiral complexes of labile metals have been reporteds
they should be impossible. The d10 Ga3+ ion has no ligand field
stabilization and is consequently considered a classic example of a
“labile” metal ion. We report here the resolution of simple
complexes of this cation.

The hydroxamate functional group (R(OH)NC(O)R′) is a com-
mon iron-binding motif found in siderophores, small molecules
synthesized by bacteria as iron-transport agents. Deprotonation of
the N(OH) to give the hydroxamate anion results in a powerful
bidentate ligand. When R) H, further deprotonation (usually as
the metal complex) gives the hydroximate anion [(O)NdC(O)]2-.

Octahedral coordination of a metal by three hydroxamate ligands
can potentially exist in two geometrical isomers by virtue of the
two different donor atoms of the hydroxamate. Each of thesefac
(previously denoted ascis) andmer (previously denoted astrans)
geometrical isomers can exist as eitherΛ or ∆ optical isomers.
The∆ andΛ isomers for thefac geometrical isomers are shown in
Figure 1. Although a metal hydroxamate complex can potentially
exist as four possible isomers, X-ray crystallography has found only
the two fac geometrical isomers of the Fe(III)10 and Ga(III)11

benzohydroxamate complexes. Thisfac geometry has also been
found in the potassium salt of tris(thiobenzohydroximato)chromium-
(III) 12 and the isostructural ferric complex.13 In solution1H NMR
also shows only one isomer for the Ga complex.

Resolution of theΛ and∆ isomers of the kinetically inert tris-
(thiohydroxamato)chromium(III) complex and the tris(thiohydrox-
amato)chromium(III) and cobalt(III) complexes have been re-
ported.13 In the related tris(benzohydroxamate)iron(III) complex,
the ferric ion is high-spin d5. Due to the lack of ligand field
stabilization, high-spin ferric complexes are generally considered
kinetically labile.14 Despite this lability, the corresponding ferric
hydroxamate complexes were also resolved,15 resulting in the first
report of the resolution of a high-spin ferric complex stable in
solution under ambient conditions.

Replacement of Fe(III) with Ga(III) to give the tris(benzohy-
droxamate)gallium(III) complex (1) gives a diamagnetic d10 com-
pound which also has no ligand field stabilization. Usually Ga(III)
is approximately twice as labile as Fe(III), with a water exchange
rate for the aqua ion of 403 s-1 compared to 160 s-1 for Fe(III).16

Despite this greater lability, resolution of racemic1 into its Λ and
∆ optical isomers has been achieved. Although optically active
gallium compounds have been synthesized in the solid state17 and
as part of self-assembled supramolecular structures,18 this is the
first reported resolution of a mononuclear gallium complex.

Compound1 was prepared from gallium nitrate and sodium
benzohydroxamate.11 The Λ and∆ optical isomers were deproto-
nated to form the hydroximato complex followed by precipitation
of the desired isomer withΛ- or ∆-[Co(en)3]I 3 (en ) ethylenedi-
amine) and reprotonation, using a modification of the procedure
reported by Abu-Dari.15,19 Despite the greater lability expected of
complex1 as compared to that of the analogous iron complex, the
resolved isomers of1 do not racemize in aprotic solvents.

The absorption and circular dichroism spectra of1 in chloroform
are shown in Figure 2.20 Assignment of a∆ configuration to the
isomer of1 which shows a band with a negative Cotton effect at
280 nm and a shoulder at 244 nm21 is based on the assignment of
the corresponding tris(benzohydroxamato)iron(III) complex.15 The
spectra of∆- andΛ-1 are different from those of the resolved iron
complexes, since gallium is only stable in the 3+ oxidation state
and therefore lack the metal-to-ligand charge-transfer bands seen
for the analogous iron complexes at 355 and 460 nm. Thus, the
observed bands at 280 and 244 nm for the gallium complex are
due to ligand transitions. Both the resolved gallium and iron
benzohydroxamate complexes show remarkable stability in solution.
The resolvedΛ- and ∆-isomers of the tris(benzohydroxamato)-
iron(III) complex show no loss of optical activity in chloroform or
other aprotic solvents over a one-month period. Similarly, the optical
activity of Λ- or ∆-1 in solution shows no loss of signal intensity

Figure 1. Λ-fac (left) and∆-fac (right) geometries of tris(benzohydroxa-
mato) complexes.

Figure 2. UV-vis (....) and circular dichroism spectra for theΛ (s) and∆
(- - -) isomers of1 in chloroform.
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over a one-week period in aprotic solvents such as chloroform or
THF. However, the resolved iron and gallium complexes racemize
immediately in protic solvents. This unusual stability to racemization
in aprotic solvents as well as similar racemization behavior in protic
solvents suggests a similar racemization mechanism for the two
complexes. The resolved iron benzohydroxamate complexes are
more stable to racemization than the corresponding gallium
complexes; addition of 70% methanol to chloroform solutions of
the iron complexes causes complete racemization, while addition
of 50% methanol to chloroform solutions of the gallium complexes
causes complete racemization.22

Although crystal structures have provided structural information
for benzohydroxamate complexes, interconversion of∆ andΛ and/
or fac andmer isomers in solution has not been examined. While
the paramagnetism of Fe(III) complexes hinders study by NMR
spectroscopy, studying the diamagnetic gallium analogues circum-
vents this difficulty. This technique has previously been used to
investigate the isomerization of gallium tris(catecholate) com-
plexes,23 as well as gallium complexes of ferrichrome analogues.
Detailed studies of the racemization behavior of these complexes
will soon be reported.22

In summary, despite the greater lability and ligand exchange rate
of Ga(III) over Fe(III), resolution of the∆ andΛ optical isomers
of 1 has been accomplished. Optical activity of these resolved
gallium complexes indicates they have unprecedented solution
stability. While there may be practical applications of this unusual
behavior, we regard the most significant result to be the surprise
of these findings and our altered understanding of a classical topic
in coordination chemistry.
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