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A Hydride-Rich Magnesium Cluster**
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Matrix isolation studies have allowed the identification of
molecular magnesium dihydride, MgH,, as a linear species
with Mg—H bonds of 1.718 A.*? This simple binary com-
pound is more commonly encountered, however, as a typical
ionic solid and in the condensed phase both tetragonal (rutile,
a-MgH,) and high-pressure orthorhombic (y-MgH,) modifi-
cations have been identified by X-ray and neutron diffraction
experiments respectively.®* Although a weight % of 7.6 % of
hydrogen has recently reinvigorated interest in MgH, as a
potential solid-state hydrogen-storage medium,” there are no
reports of well-defined and tractable molecular magnesium
hydrides with H:Mg ratios greater than 1. While a variety of
heteroleptic magnesium hydride species, XMgH (X = halide,
alkyl, aryl, cyclopentadienyl, alkoxo, amido) have been
known for some time, and have been shown to have some
use in effecting reductive transformations, their structures are
incompletely defined and, most likely, poly- or oligomeric.
More recently, several molecular species containing
Mg-(u-H)-Mg bridges have been described. These examples
are either constituents of more complex heterobimetallic
species (I-IV)® or are reliant upon the presence of a
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sterically demanding anionic supporting ligand to enforce a
reduced nuclearity (V).’! The rational synthesis of V,
achieved by treatment of a f-diketiminato magnesium butyl
precursor with an excess of phenylsilane, echoed earlier
reports by Michalczyk of reactions of dibutylmagnesium with
an identical hydride source.'” In this latter case, reactions in
the presence of donor ligands, such as dimethoxyethane
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(DME) or N,N,N',N'-tetramethylethylenediamine
(TMEDA), led to the precipitation of amorphous, insoluble,
and pyrophoric materials, which were reasoned to exist as
distributions of polymeric [MgH,L,], capped by the bidentate
ligand L. As the isolated hydride materials were deficient in
the neutral ligand, L, it is evident that the isolation of more
tractable compounds [LMgH,], will require a neutral sup-
porting environment in terms of kinetic/steric constraints and
o-donor ability to the otherwise uncongested magnesium
centers.

N-heterocyclic carbenes (NHCs) typically bind as potent
two-electron o-donors and their steric demands can be easily
modulated by manipulation of the steric demands of the N-
bound imidazolyl organic residues."! Although NHCs have a
growing pedigree for the stabilization of low-coordinate and/
or low oxidation state p-block metal centers, their use in
s-block systems is still relatively limited." To date, only a
small number of complexes in which magnesium is bound to a
neutral NHC ligand have been reported and are limited to a
handful of dialkylmagnesium and magnesocene adducts such
as VLI¥1 We have recently reported a number of NHC
adducts of the homoleptic bis(trimethylsilyl)amides of the
heavier alkaline-earth metals, Ca, Sr, and Bal'¥ and have now
found that this synthesis is readily extended to the formation
of lighter magnesium analogues. Treatment of [Mg{N-
(SiMe;),},] with a single equivalent of 1,3-bis(2,6-diisopropyl-
phenyl)imidazol-2-ylidene (IPr) in benzene provided the
expected adduct [Mg{N(SiMe;),},(IPr)] (1) in high yield
after crystallization from the reaction mixture [Eq. (1)].
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A single-crystal X-ray diffraction analysis performed
upon crystals of compound 1 confirmed its three-coordinate
and mononuclear formulation (Figure 1). The coordination
geometry at the three-coordinate magnesium center is only
distorted from trigonal planar (Z,,4.; = 360°) by a widening of
the angle between the two silyl amide ligands (N2-Mg1-N2’
124.93(8)°), which may be ascribed to the larger steric
demands of these substituents. The Mgl—Cl bond
(2.276(2) A) is at the upper limit of the range (2.194-
2.279 A) derived from reported values for Mg-NHC bond
lengths,'¥ perhaps reflecting the crowded nature of the
magnesium coordination environment.
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Figure 1. ORTEP plot of 1. H atoms removed for clarity. Thermal
ellipsoids set at 30% probability. Selected bond lengths [A] and
angles [°]: Mg1-C1 2.276(2), Mg1-N2 2.0295(13); C1-Mg1-N2
117.53(4), C1-Mg1-N2' 117.53(4), N2-Mg1-N2" 124.93(8). Symmetry
transformations used to generate equivalent atoms: 1—x, y, —z+ /5.

An NMR-scale reaction in C,Dy of 1 with two molar
equivalents of PhSiH; revealed that a small amount of
phenylsilane (<10%) had been consumed before the first
point of analysis at room temperature. This change was
accompanied by the appearance of a single new resonance at
0=5.16 ppm in the '"H NMR spectrum, assigned to an Si-H
group. After heating at 60 °C for 16 h the concentration of this
new species had continued to increase until approximately
75% of the starting PhSiH; had been consumed and was
associated with the emergence of two new resonances at 6 =
0.21 and 0.34 ppm in a 3:1 ratio by integration and assigned to
silylmethyl groups. It was apparent that 50 % of the IPr ligand
was present as the free uncomplexed carbene while the
remainder was in a single environment at room temperature
with resonances subjected to upfield shifts reminiscent of the
data of compound 1. In contrast to the completely homoge-
neous nature of this reaction solution, a further NMR-scale
experiment between [(Mg{N(SiMe;),},)] and two molar
equivalents of PhSiH; deposited a gelatinous precipitate,
presumed to be polymeric MgH,, in a matter of minutes. The
sole soluble product from this reaction was PhH,SiN(SiMe3),,
which provided 'H NMR chemical shift data identical to the
silane product observed in the initial reaction of 1 and PhSiHs;.

This reaction between [(Mg{N(SiMe;),},)] and two molar
equivalents of PhSiH; confirmed that the presence of the IPr
ligand was crucial to maintain the homogeneity of the
reaction solution. A subsequent preparative scale reaction
between 1 and PhSiH; provided a moderate yield of a new
colorless complex, 2. Recrystallization of this material from
toluene provided crystals suitable for an X-ray diffraction
analysis (Figure 2). Compound 2 is a magnesium hydride
cluster [Mg Hq(IPr),{N(SiMe;),},] and comprises a Mg,H,
adamantane-like core constructed about four pseudotetrahe-
dral magnesium centers and six u-H bridging interactions. The
asymmetric unit is composed of half of a molecule of the

www.angewandte.org

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Figure 2. ORTEP plot of 2. H atoms, apart from those associated with
the Mg,H; core, and isopropyl methyl groups removed for clarity.
Thermal ellipsoids set at 30% probability. Selected bond lengths [A]
and angles [°]: C1-Mg1 2.2063(19), N3-Mg2 2.0049(17), Mg1-H1a
1.902(11), Mg1-H4a 1.855(13), Mg1-H3a 1.858(13), Mg2-H2a
1.881(11), Mg2—H4a 1.869(13); C1-Mg1-H1a 121.5(5), C1-Mg1-H4a
108.9(5), H1a-Mg1-H4a 103.6(7), C1-Mg1-H3a 107.3(6), H1a-Mgl-H3a
104.8(8), H4a-Mg1-H3a 110.5(9), N3-Mg2-H2a 118.0(7), N3-Mg2-H4a
116.7(5), H2a-Mg2-H4a 101.7(8). Symmetry transformations used to
generate equivalent atoms: #1 1—x, y, —z+'/; #2 —x+1,y, —z+/.

magnesium cluster plus half of a molecule of toluene. The
hydrides bridging the tetrahedral Mg, core were located and
refined. Hla and H2a were found to be located on a two-fold
rotation axis intrinsic in the space group symmetry and the
Mg—H distances were restrained to being similar in the final
least-squares cycle. The cluster displays crystallographically
imposed C,, symmetry and may be rationalized as a combi-
nation of two [MgH,(IPr)] (that is {Mgl/Mgl'}) and two
[MgH{N(SiMe;),}] (that is, {Mg2/Mg2'}) units. Although they
must be treated with some caution, all the Mg—H distances
(range: 1.858(13)-1.902(11) A) in 2 are at the short end of the
range established for the less hydride-rich compounds I-V
(1.88(2) A in (I) to 2.045(15) A in (IV))." It is also notable
that the Mg(u-H)Mg interactions between the Mgl centers
that are coordinated by the strongly o-donating IPr ligands
provide the longest Mg—H distances in the cluster. The
resultant Mg--Mg separations in 2 (3.1764(12)-3.3905(12) A)
are considerably longer than those either within the Mg—Mg
bonded compounds of Jones and Stasch (2.8508(12),
2.8457(8) A) or the hydride-bridged dimer V (2.890(2) A)
and do not imply any level of Mg—Mg bonding within the
oligomeric unit.">?

NMR spectroscopic analysis of isolated crystals of com-
pound 2 in [Dg]toluene suggested that the integrity of the
cluster was retained in this non-coordinating solvent. In the
"H nOesy spectrum at 298 K a nuclear Overhauser effect was
observed between the silylmethyl resonances and the isopro-
pyl and aryl resonances of the IPr ligand indicating that both
sets of resonances arose from the same molecular entity. The
hydride resonance at this temperature appeared as a broad
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feature at approximately 0=2.52ppm and was partly
obscured by the isopropyl septet signal arising from the
coordinated IPr ligand. This chemical shift value is, therefore,
similar to, but to slightly higher field than those observed in
derivatives containing a Mg(pu-H)Mg interaction (e.g. III; 6 =
3.78: V; 0=4.03 ppm). Although the remaining IPr and
silylmethyl resonances were somewhat broad at 298 K, the
resonances in the 'H spectra of compound 2 sharpened
considerably and underwent a series of decoalescence events
down to the low temperature limit of the experiment (218 K).
While the hydride resonances were still not be unambiguously
resolved at this temperature, the isopropyl methyl doublets
and methine septets, which could be correlated by a 2D
(COSY) experiment, were each split into a complex series of
at least eight separate signals of varying intensity. Although
the same low-temperature 'H spectra demonstrated that the
silylmethyl resonances were split into a pair of signals of
similar intensity, on the basis of the variation in the methyl
doublet integral ratios, we postulate that this behavior is
suggestive of the presence of several energetically similar
conformational isomers rather than a “locking” of a specific
conformation of the cluster species on the NMR time scale.

In summary, we have prepared a magnesium hydride
species, 2, which displays a higher magnesium to hydride ratio,
1:1.5, than any complex described to date. The formation of
this species is remarkably specific and the reaction may be
realistically represented by the stoichiometry illustrated in
Equation (2). Complex 2 is robust in solution and has, thus
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far, proved resistant to further Si-H/Mg{N(SiMe;),} meta-
thesis to form a molecular dihydride species. This goal may
require the application of more potent sources of the hydride
ligand or variations of the supporting NHC architecture.

Experimental Section

All reactions and manipulations were performed under rigorous
exclusion of water and oxygen, either on a double manifold vacuum
line or an Ar-filled drybox operating at less than 1 ppm O,. All
reagents and solvents were purified by standard procedures.

1: IPr (195mg, 0.50 mmol) and [Mg{N(SiMe;),},] (175 mg,
0.50 mmol) were dissolved in benzene (5 mL). Concentration and
slow cooling of a hot saturated solution resulted in the formation of
compound 1 as colorless crystals, 250 mg, 73 % . M.p. discolors 208°C,
melts 214°C: Elemental analysis (%) for C;H;,MgN,Si,: caled: C
63.85, H 9.89, N 7.64; found C 63.79, H 9.85, N 7.63; 'H NMR
(300 MHz, C¢Dg, 298 K): 6=0.20 (s, 36H, SiCH;), 0.88 (d, 12H,
CH(CH,),, JJun=6.9 Hz), 1.43 (d, 12H, CH(CH;),, *Jyy = 6.6 Hz),
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2.82 (sept, 4H, CH(CH,),), 6.33 (s, 2H, CH), 7.13-7.25 ppm (m, 6 H,
m, p-CsHy). *C{'H} NMR (75 MHz, C,Dy, 298 K): § =7.4 (SiCHj),
23.9 (CH(CHs),), 26.5 (CH(CHs;),), 29.2 (CH(CHa),), 125.4 (m-C4Hs),
126.2 (p-C¢H3), 131.3 (0-C4H3), 137. 0 (i-C.H3), 146.0 ppm (CH), C'
NHC carbon not observed.

2: Compound 1 (0.72g, 0.98mmol) and PhSiH; (0.21g,
1.96 mmol) were combined in hexane (30 mL) and heated to 60°C
for 3 h. The solution was allowed to cool and filtered to remove a
small quantity of precipitated colorless material. Concentration to
incipient crystallization and storage at —30°C produced analytically
pure compound 2 as a colorless crystalline material (0.21 g, 66 %).
Recrystallization of a small sample from toluene provided crystals
suitable for an X-ray diffraction analysis. M.p. discolors 150°C, melts
158°C (dec): Elemental analysis (%) for C4H;1,Mg,N¢Si,: caled: C
65.99, H 9.57, N 7.00; found C 65.97, H 9.41, N 7.02; 'H NMR
(300 MHz, C;Dy, 298 K): 0=0.34 (s, 36H, SiCH;), 1.01 (d, 24H,
CH(CH,),, 2Jyy=6.9 Hz), 1.27 (d, 12H, CH(CH,),, Yy =6.7 Hz),
2.45 (sept, 4H, CH(CH,),), 2.52 (br. s, 6H, MgH) 6.35 (s, 4H, CH),
7.14-7.28 (m, 12H, m, p-C¢H;). "C{'H} NMR (75 MHz, C,Ds, 298 K):
0=16.9 (SiCH,), 24.7 (CH(CH,),), 25.3 (CH(CHj),), 29.3 (CH(CHs),),
124.9 (m-C4Hs), 131.6. (p-CsHs), 134.9 (0-C4Hs), 137. 2 (i-C4Hs3), 145.7
(CH), 184.7 (Mg-Cypc)-

Crystallographic data for 1 at 150(2) K: (C3;H;,,MgN,Si,, M, =
733.68) crystal dimensions 0.20 x 0.10 x 0.10 mm?®: monoclinic, space
group C2/c, a=21.0644(3), b=11.0175(2), c=22.1341(3) A, p=
114.339(1)°, V=468027(13) A?, Z=4, p.eq=1.041gem>, u=
0.169 mm~". Of 41227 reflections measured (3.51 < 6 < 27.47°), 5361
were independent (R;,, =0.0664), R1=0.045, wR2 =0.1045 [for 4158
reflections with 1>20(/)], R1=0.0644, wR2=0.1174 (all data)
GOF = 1.035. The asymmetric unit is composed of half of a molecule,
the central magnesium and the carbene carbon both located on a
crystallographic 2-fold rotation axis. Crystallographic data for 2 at
150(2) K: (Cy3sH;; MgyN¢Si,, M, =1292.36) crystal dimensions 0.40 x
0.40 x 0.20 mm?*: orthorhombic, space group Pbcn, a =20.0590(2), b =
22.6650(2), ¢=18.6250(2) A, V=8467.62(14) A>, Z=4, pau=
1.014 gem ™, u4=0.139mm™". Of 139073 reflections measured
(3.55<60<27.48°%), 9657 were independent (R;,=0.1322), Rl=
0.0524, wR2=0.1287 [for 7120 reflections with I>20(I)], R1=
0.0783, wR2=0.1556 (all data) GOF=1.112. In 2, the asymmetric
unit comprises half of a molecule of the magnesium cluster plus half
of a molecule of toluene. The hydrides bridging the magnesium core
were located and refined (H1a and H2a were found to be located on a
2-fold rotation axis intrinsic to the space group symmetry). Mg-H
distances were restrained to being similar in the final least squares.
The toluene fragment was also found to be proximate to a 2-fold
rotation axis and, consequently, the methyl group attached to C(36) is
disordered over two sites. The arene hydrogen sharing the disorder
with this methyl could not be reliably located and, hence, was omitted.
Residual electron density in this model is centered on the solvent
region, so there is likely to be additional disorder present. Planarity
restraints were included for this fragment, as were distance restraints.
CCDC 720135 (1) and 720136 (2) contain the supplementary
crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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