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Metal-bound hydroxides participate in some important trans-
formations in biological systems. Although zinc is perhaps the
most prevalent metal to utilize the [M-OH] functionality, as
exemplified by its role in carbonic anhydrase,1 other metals also
employ hydroxide groups in their mechanisms of action. For
example, a [Pb-OH] moiety has been proposed to partake in
the Pb(II)-catalyzed cleavage of the sugar-phosphate backbone
in yeast tRNAPhe,2 while the [Mg-OH] moiety has been
proposed to be involved in (i) ribozyme cleavage reactions3 and
(ii) the enolase-catalyzed dehydration of 2-phospho-D-glycerate
to phosphoenolpyruvate.4 With regard to the [Zn-OH] func-
tionality, considerable attention has been given to the synthesis
of monomeric zinc hydroxide complexes in attempts to model
the active sites of zinc enzymes such as carbonic anhydrase.
For example, tris(imidazolyl)phosphine and tris(pyrazolyl)-
hydroborato ligation allows isolation of the cationic and neutral
complexes{[PimPriBut]ZnOH}(ClO4)5,6 and [TpRR′]ZnOH,7-10

respectively. As an extension of these studies, we chose to
investigate the chemistry of the [Mg-OH] moiety in order to
compare the reactivities of pre- and post-transition metal
hydroxide moieties supported by a common ligand environment.
Such comparisons are relevant in view of recent theoretical
calculations which suggest that magnesium-substituted carbonic
anhydrase may not have substantial activity.11-13 Accordingly,
in order to achieve the above objective, we have explored the
use of tris(pyrazolyl)hydroborato ligation to prepare well-defined
molecular magnesium hydroxide complexes. In this paper we

describe the synthesis and structural characterization of
{[TpAr,Me]Mg(µ-OH)}2 (Ar ) p-ButC6H4).
Structurally-characterized magnesium complexes with well-

defined [Mg-OH] functionalities are, to our knowledge,
unknown. Indeed, even though complexes with magnesium-
oxygen bonds are common, the vast majority contain dative
covalent14 [Mg r OT Mg--O+] rather than normal covalent
[Mg-O] bonds.15 In view of the demonstrated ability of tris-
(pyrazolyl)hydroborato ligation to support the zinc hydroxide
complexes [TpRR′]ZnOH,7-10 we rationalized that analogous
magnesium complexes should also be isolable. However,
although [TpRR′]ZnOH complexes have been prepared by several
methods, including (i) the reaction of [TpRR′]ZnX with OH- 8,10

and (ii) the reaction of K[TpRR′] with Zn(ClO4)2‚6H2O in the
presence of KOH,7,9 it is our experience that the magnesium
counterparts are not obtained by such procedures. Consequently,
we have explored alternative synthetic methods to generate the
magnesium hydroxide moiety under milder conditions, and, in
particular, a method based on the hydrolytic cleavage of
magnesium-alkyl bonds.
Our initial attempts centered on the synthesis of [TpBut,Me]-

MgOH, for which the zinc analogue is known.7 Unfortunately,
although the methyl derivative [TpBut,Me]MgMe did indeed react
with H2O to eliminate methane, the [TpBut,Me] ligand was also
cleaved from the magnesium center under such conditions.
Therefore, in an effort to stabilize the magnesium hydroxide
moiety, we explored the use of different tris(pyrazolyl)-
hydroborato ligands. Significantly, we found that a stable
magnesium hydroxide complex could be obtained by the use
of thep-tert-butylphenyl derivative [TpAr,Me] (Ar ) p-ButC6H4),
a ligand that is related to [TpBut,Me] by incorporation of a
p-phenylene spacer between the pyrazolyl andtert-butyl groups.
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Thus, the magnesium hydroxide complex{[TpAr,Me]Mg(µ-OH)}2
may be synthesized by the reaction of the methyl derivative
[TpAr,Me]MgMe with H2O in pentane (Scheme 1).16,17 However,
{[TpAr,Me]Mg(µ-OH)}2 is unstable in the presence of water, and
care must therefore be taken to minimize the presence of excess
water in the synthesis. The hydroxide moiety of{[TpAr,Me]Mg-
(µ-OH)}2 is characterized by aν(16O-H) absorption at 3727
cm-1 in the IR spectrum [ν(18O-H) ) 3715 cm-1; ν(16O-D)
) 2743 cm-1] and signals atδ -0.35 and 23 ppm in the1H
and17O NMR spectra, respectively.
The molecular structure of{[TpAr,Me]Mg(µ-OH)}2 has been

determined by X-ray diffraction (Figure 1), demonstrating that
the complex exists as a hydroxide-bridged dimer in the solid
state. The dimeric nature of{[TpAr,Me]Mg(µ-OH)}2 is in marked
contrast to the monomeric structure of the related zinc complex
[TpBut,Me]ZnOH,7,18 as discussed below.19 Although we are
unaware of any structurally-characterized simple magnesium
hydroxide complexes,20 the dinuclear [Mg2O2] core is prece-
dented for alkoxide and related derivatives.21,22 The Mg-OH
bond lengths [1.955(5) and 1.951(6) Å] in{[TpAr,Me]Mg(µ-

OH)}2 are considerably shorter than the mean value of 2.061-
(3) Å observed for the Mg-OH2 bond in aqua derivatives listed
in the Cambridge Structural Database23 but are comparable to
the values in the related alkoxide complexes (1.91-1.96 Å).21

It is of some interest to consider the factors responsible for
{[TpAr,Me]Mg(µ-OH)}2 adopting a hydroxy-bridged dinuclear
structure in contrast to the monomeric structures observed for
the zinc analogues [TpRR′]ZnOH. In this regard, it is useful to
compare the structure of{[TpAr,Me]Mg(µ-OH)}2 with those of
related zinc hydroxide complexes containing [Zn2O2] moieties.24

On the basis of their difference in covalent radii (Mg) 1.36 Å
and Zn) 1.25 Å),25 a bond to magnesium would be anticipated
to beca. 0.11 Å longer than the corresponding bond to zinc.
For example, the Mg-C and Zn-C bond lengths in isostructural
[TpBut]MgMe [2.118(11) Å]26 and [TpBut]ZnMe [1.971(4) Å]27

differ by ca.0.15 Å. However, the average Mg-O bond length
[1.953(2) Å] in{[TpAr,Me]Mg(µ-OH)}2 actually falls within the
range observed for Zn-O bond lengths in related complexes
with [Zn2O2] cores24 and is certainly not significantly longer.
It is, therefore, evident that theMg-Obond lengths in{[TpAr,Me]-
Mg(µ-OH)}2 are shorter than would be anticipated by com-
parison with related zinc complexes, an observation that is
indicative of the ability of magnesium to form particularly strong
bonds to oxygen.28 The adoption of a hydroxy-bridged structure
for {[TpAr,Me]Mg(µ-OH)}2 is thus in accord with the greater
electronegativity and hardness of Mg2+ VersusZn2+,29 and also
the tendency for magnesium to adopt a higher coordination
number than that for zinc.30 Indeed, the fact that{[TpAr,Me]-
Mg(µ-OH)}2 exists as a dimer in spite of the sterically
demanding nature of the [TpAr,Me] ligand indicates that there is
evidently a strong driving force for the magnesium hydroxide
moiety to bridge.
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Figure 1. Molecular structure of{[TpAr,Me]Mg(µ-OH)}2.
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