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Metal-bound hydroxides participate in some important trans- Scheme 1
formations in biological systems. Although zinc is perhaps the B!
most prevalent metal to utilize the fMOH] functionality, as \(N_s/@: B!
[
—N

exemplified by its role in carbonic anhydrasether metals also

employ hydroxide groups in their mechanisms of action. For H_B\ /MQ—Me
example, a [PbOH] moiety has been proposed to partake in N—N

the Pb(ll)-catalyzed cleavage of the sugphosphate backbone —

in yeast tRNAM2 while the [Mg—OH] moiety has been H20¢—CH4

proposed to be involved in (i) ribozyme cleavage reacfiansl

(ii) the enolase-catalyzed dehydration of 2-phospkglycerate @/&A;, H Ar‘@’

to phosphoenolpyruvate.With regard to the [Zr-OH] func- H_BZ’NS’NQM/ O\M/ \B -
tionality, considerable attention has been given to the synthesis N TN e

of monomeric zinc hydroxide complexes in attempts to model ,{C—}\A, Ho oSS

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{ [PimP"B¥]ZnOH} (CIO,4)*>¢ and [TRR]ZnOH,’~10
respectively. As an extension of these studies, we chose to
investigate the chemistry of the [MgOH] moiety in order to
compare the reactivities of pre- and post-transition metal > . .
hydroxide moieties supported by a common ligand environment. oxygen E)onds are common, ihe vast majority contain dative
Such comparisons are relevant in view of recent theoretical covalent® [Mg ;Oe_Mg ~ O] rather than normal covalent
calculations which suggest that magnesium-substituted carbonic[Mg_O] bonds:® In View of_the demonstrated a_b|I|ty of tris-
anhydrase may not have substantial acti#4ty2 Accordingly, (pyrazolyl)hydrcF)(borato I7|9<1310t|on to support the zinc hydroxide
in order to achieve the above objective, we have explored the complexes [TH]ZNOH, we rationalized that analogous

use of tris(pyrazolyl)hydroborato ligation to prepare well-defined magnesium complexes should also be isolable. = However,
Py yony 019 prep - although [TR]ZnOH complexes have been prepared by several
molecular magnesium hydroxide complexes. In this paper we

methods, including (i) the reaction of [fP]ZnX with OH~ 810
and (ii) the reaction of K[TBR] with Zn(ClO,),:6H,0 in the

| describe the synthesis and structural characterization of
{[TpA"M]Mg(u-OH)} 2 (Ar = p-Bu'CeHa).
Structurally-characterized magnesium complexes with well-
defined [Mg—OH] functionalities are, to our knowledge,
unknown. Indeed, even though complexes with magnesium

(1) Bertini, I.; Luchinat, C. InBioinorganic ChemistryBertini, I, Gray, ~  presence of KOH{? it is our experience that the magnesium
H'i”B\',’alﬁfﬁ a(r;(jA"Sl'nggl_\/alent'ne' 3., Eds.; University Science Books: counterparts are not obtained by such procedures. Consequently,

(2) Brown, R. S.; Hingerty, B. E.; Dewan, J. C.; Klug, Nature 1983 we have explored alternative synthetic methods to generate the
303 543-546. magnesium hydroxide moiety under milder conditions, and, in

(3) (a) Scott, W. G.; Finch, J. T.; Klug, ACell 1995 81, 991-1002. (b)

Uebayasi, M.; Uchimaru, T.. Koguma, T.; Sawata, S.; Shimayama, particular, a method based on the hydrolytic cleavage of

T.; Taira, K.J. Org. Chem1994 59, 7414-7420. (c) Dahm, S. C,; ~ magnesiumralkyl bonds.

Derrick, W. B.; Uhlenbeck, O. CBiochemistry1993 32, 13040 Our initial attempts centered on the synthesis of8fi]-
13045. (d) Pley, H. W.; Flaherty, K. M.; McKay, D. Blature1994 MgOH, for which the zinc analogue is knownUnfortunately,
372 68-74. (€) Pyle, A. M.Sciencel993 261, 709-714. I e -

(4) (a) Wedekind, J. E.; Reed, G. H.; RaymenBibchemistryL995 34, although the methyl derivative [PF"|MgMe did indeed react
4325-4330. (b) Lebioda, L; Stec, BBiochemistryl991, 30, 2817 with H,O to eliminate methane, the [F{M€] ligand was also
2822. i iti

(5) Kimblin, C.; Allen, W. E.; Parkin, GJ. Chem. Soc., Chem. Commun. cleaved fro_m the magnesmm_ .Center under Sl."Ch Condltlc.ms'
1995 1813-1815. Therefore, in an effort to stabilize the magnesium hydroxide

(6) Abbreviations: tris(2-imidazolyl)phosphines are represented by the moiety, we explored the use of different tris(pyrazolyl)-
abbreviation [Pirft®], with the 1- and 4-alkyl substituents listed  hydroborato ligands. Significantly, we found that a stable

respectively as superscripts; tris(1-pyrazolyl)hydroborato ligands are : : :
represented by the abbreviation [, with the 3- and 5-alkyl magnesium hydroxide complex could be obtained by the use

substituents listed respectively as superscripts. of thep-tert-butylphenyl derivative [Tfy"M¢] (Ar = p-Bu'CeHa),
(7) Alsfasser, R.; Trofimenko, S.; Looney, A.; Parkin, G.; Vahrenkamp, a ligand that is related to [Pg"M€] by incorporation of a
H. Inorg. Chem.199], 30, 4098-4100. p-phenylene spacer between the pyrazolyl emtbutyl groups.

(8) Looney, A.; Han, R.; McNeill, K.; Parkin, Gl. Am. Chem. S04993
115 4690-4697.
(9) (a) Ruf, M.; Weis, K.; Vahrenkamp, H. Chem. Soc., Chem. Commun.  (13) In contrast, however, Mg ions have in fact been reported to a have

1994 135-136. (b) Alsfasser, R.; Ruf, M.; Trofimenko, S.; Vahren- a mild stimulatory effect on the native enzyd@thereby contradicting

kamp, H.Chem. Ber1993 126, 703—-710. an earlier report which proposed that Kgions inhibit carbonic
(10) Kitajima, N.; Hikichi, S.; Tananka, M.; Moro-oka, Y. Am. Chem. anhydrase activity3” (a) Porter, M. A.; Grodzinski, BPlant Physiol.

Soc.1993 115 5496-5508. 1983 72, 604-605. (b) Bamberger, E. S.; Avron, NPlant Physiol.
(11) Sola, M.; Mestres J.; Duran, M.; CarBoJ. Chem. Inf. Comput. Sci. 1975 56, 481-485.

1994 34, 1047-1053. (14) Haaland, AAngew. Chem., Int. Ed. Endl989 28, 992-1007.
(12) For further theoretical comparisons of [M@®H]" and [Zn—OH]™, (15) (a) Holloway, C. E.; Melnik, M.J. Organomet. Chenil994 465

see: Sola, M.; Lledos, A.; Duran, M.; Bettral. Theor. Chim. Acta 1-63. (b) Bock, C. W.; Kaufman, A.; Glusker, J. morg. Chem.

1992 81, 303-318. 1994 33, 419-427.
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OH)}, are considerably shorter than the mean value of 2.061-
(3) A observed for the MgOH, bond in aqua derivatives listed

in the Cambridge Structural Datab&sbut are comparable to
the values in the related alkoxide complexes (1806 A)2L

It is of some interest to consider the factors responsible for
{[Tp”"Me]Mg(u-OH)}» adopting a hydroxy-bridged dinuclear
structure in contrast to the monomeric structures observed for
the zinc analogues [R{¥]ZnOH. In this regard, it is useful to
compare the structure ¢{TpA Me]Mg(u-OH)} 2 with those of
related zinc hydroxide complexes containing {@g moieties*

On the basis of their difference in covalent radii (Mgl.36 A
and Zn= 1.25 A)25a bond to magnesium would be anticipated
to beca. 0.11 A longer than the corresponding bond to zinc.
For example, the MgC and Zi-C bond lengths in isostructural
[TpBYIMgMe [2.118(11) AP6 and [TF"]ZnMe [1.971(4) AR’
differ by ca.0.15 A. However, the average M@ bond length
[1.953(2) A] in{[TpA"Me]Mg(u-OH)}  actually falls within the
range observed for Z2nO bond lengths in related complexes
with [Zn,0,] coreg* and is certainly not significantly longer.
Itis, therefore, evident that the MgD bond lengths if[TpA"Me]-
Mg(u-OH)}, are shorter than would be anticipated by com-
Figure 1. Molecular structure of [TpA"Me]Mg(u-OH)} ». parison with related zinc complexes, an observation that is
indicative of the ability of magnesium to form particularly strong
Thus, the magnesium hydroxide comp{¢Xp"M]Mg(u-OH)} » bonds to oxygeR® The adoption of a hydroxy-bridged structure
may be synthesized by the reaction of the methyl derivative for {[TpA"Me]Mg(u-OH)}» is thus in accord with the greater
[TpA"Me]MgMe with HO in pentane (Scheme 17 However,  electronegativity and hardness of RMgersuszn?*,2° and also
{[TpA"Me]Mg(u-OH)} 2 is unstable in the presence of water, and the tendency for magnesium to adopt a higher coordination
care must therefore be taken to minimize the presence of excesgymber than that for zin® Indeed, the fact tha[TpA Me]-
water in the synthesis. The hydroxide moiety pfp*""JMg- Mg(u-OH)}» exists as a dimer in spite of the sterically
(u-OH)}, is characterized by a(*°0—H) absorption at 3727 yemanding nature of the [fp"€] ligand indicates that there is

cmtin the IR spectrumif(*®0—H) = 3715 cm; »(*°0-D) evidently a strong driving force for the magnesium hydroxide
= 2743 cn7?] and signals ath —0.35 and 23 ppm in théH moiety to bridge.

and 1’0 NMR spectra, respectively.
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unaware of any structurally-characterized simple magnesium

hydroxide complexe® the dinuclear [MgO;] core is prece- Supporting Information Available: Text giving preparative and
dented for alkoxide and related derivati¥@32 The Mg—OH X-ray experimental details, elemental analyses, and IR data, tables of
bond lengths [1.955(5) and 1.951(6) A] {TpA"Me]Mg(u- NMR data, crystal data, intensity collection parameters, atomic
coordinates, bond lengths, bond angles, and thermal parameters, and
(16) See Supporting Information. figures showing two ORTEP views offTpA"Me]Mg(u-OH)}, (13
(17) The related symmetrically disubstituted ligandffp(Ar = p-BuCeHa) pages). Ordering information is given on any current masthead page.
has been recently reported. See: Libertini, M.; Yoon, K.; Parkin, G.
Polyhedron1993 12, 2539-2542. 1IC9515970

(18) Furthermore, although [PR]ZnOH and [TP"M€ZnOH (Ar =
p-CeH4Pr) have not been structurally-characterized, the complexes
have been represented as monomeric species. See refs 9 and 10. (23) For examples, see ref 15.

(19) Related dimeric structures have been reported for tris(pyrazolyl)- (24) (a) Al-Juaid, S. S.; Buttrus, N. H.; Eaborn, C.; Hitchcock, P. B.;

hydroborato derivatives of the transition metals. See ref 10. Roberts, A. T. L.; Smith, J. D.; Sullivan, A. Q. Chem. Soc., Chem.
(20) Complexes with hydroxide bridges between magnesium and transition Commun1986 908-909. (b) Chaudhuri, P.; Stockheim, C.; Wieghardt,

metals have been reported: [MgOH)Co(en}]®* (dug-o = 2.07 K.; Deck, W.; Gregorzik, R.; Vahrenkamp, H.; Nuber, B.; Wiess, J.
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T.; Shearer, H. M. MActa Crystallogr.1984 C40,602—604. (28) For example, the bond energies of the diatomic molecules MgO and
(22) Two other complexes with [M@;] cores include [Mgg-acen)}??2 ZnO are 86.6 and 38.0 kcal md) respectively. SeeCRC Handbook
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