ChemComm

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been

accepted for publication.
ChemComm

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

g;mm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

ROYAL SOCIETY
OF CHEMISTRY WwWW.rsc.org/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 3

ChemComm

COMMUNICATION

ChemComm

RSCPublishing

A pyrazolate-stabilized sodium hydride complex'r

Cite this: DOI: 10.1039/X0XX00000X
Andreas Stasch*‘

Received ooth January 2015,
Accepted ooth January 2015

DOI: 10.1039/X0XX00000X

www.rsc.org/

The reaction of a sterically demanding sodium pyrazolate
complex with n-butylsodium and diphenylsilane afforded the
first well-defined molecular sodium hydride complex
[(pz)sNa;H] 1 (pz = 3,5-di-tert-butylpyrazolate) that could be
structurally characterised.

The alkali metal hydrides are long known ionic solids of rock salt
structure and the lighter congeners LiH, NaH and KH are common
laboratory reagents.l’2 Especially in recent years have novel, well-
defined s-block metal hydride complexes been investigated because
facile synthetic routes and stabilizing ligand systems have been
developed, and because of their potential for novel synthetic
transformations, hydrogen storage applications, and as catalysts,
especially in various hydroelementation reactions.’ In addition,
many s-block metals are cheap, abundant and non-toxic and as such
well-suited for wider and large scale applications.

For the alkali metals, only well-defined molecular
complexes of LiH are known.> These include monohydride
complexes with a central hydride ion in a cage compound,d'6 and
larger aggregates with central (LiH),4 core,” or up to nanometer-
sized LiH clusters™®® such as [(pz)1;LissHas] and [(pz)1,Liss(thf);Hael
(pz = 3,5—di—tert—butylpyrazolate).4 These soluble and molecular
complexes generally show a different and higher reactivity
compared with their parent ionic solids.? In addition, other concepts
have been realised to obtain more reactive 'MH' (M = Li, Na, K)
materials, such as the fresh preparation of highly reactive MH
solids,10 the use of hydropyridyllithium species,11 or metal-
containing frustrated Lewis pairs to solubilise and activate MH
solids for reactions.”? The majority of alkali metal and hydride-
containing species are mixed metal '-ate' complexes, such as LiAlH,,
NaBH, and derivatives,2’3’12'13 that have the hydride ligand most
strongly bound to the non-alkali metal or metalloid. Of relevance
are few molecular examples of mixed metal hydride species
containing another s-block metal that form ligand-stabilized MHMg
(M = Na, K) aggregates,M'15 including the large cluster
[{(Me3Si)2N}8Mg6Na6Hlo].14 Here we report on our attempts of the
extension of the successful [(pz)nLimHm_n]-system,4 which was
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obtained as soluble and structurally characterized complexes from
pzH, "BuLi and silane mixtures, to two heavier alkali metals.

As a suitable starting material, we synthesized the
pyrazolate complex [Na(pz)] from the corresponding pyrazole pzH
and [Na{N(SiMej3),}] or NaH, respectively, in aromatic solvents; the
latter reaction was carried out at elevated temperatures (Scheme
1). [Na(pz)] and some derivatives, have previously been prepared
from pzH and sodium metal,"®"” and [Na(pz)] forms one-
dimensional chains in the solid state. During the course of this
study, we characterised a new solvate of this complex, see the
crystallographic section (ESIT).

Reacting mixtures of [Na(pz)], [Na"Bu] and Ph,SiH, in
hydrocarbon solvents at room temperature afforded crystals of the
new hydride complex [(pz)sNa,H] 1, but the reaction mixtures were
very difficult to work-up (see ESIt). Changing the reactions
conditions to toluene and elevated temperatures (e.g. 90°C)
afforded the colourless complex [(pz)¢NasH] 1 in 65% isolated yield
(Scheme 1).

benzene, A
pzH + NaH ———> [Na(pz)]
toluene, r.t. b A excess
[Na{N(SiMes)2)] enzens, NaH (s,
PhySiHy
[Na(pz)] + [Na"Bu] m [(pz)sNa7H]
1

Scheme 1 Synthesis of [Na(pz)] and [(pz)gNasH] 1

Complex 1-0.5 C¢Hg crystallises in the tetragonal crystal
system with a full molecule in the asymmetric unit (Fig. 1). In 1, a
central hydride is coordinated by four Na ions (red in Fig. 1, bottom)
in a slightly distorted tetrahedral fashion, and three of the four
tetrahedron faces are capped by further Na ions (orange in Fig. 1,
bottom). Six bridging 3,5-di-tert-butylpyrazolate ligands complete
the cluster by each bridging between three or four Na ions.
Alternatively, this arrangement can be regarded as a cube of Na
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ions with six face-capping pyrazolates (yielding a rhombic
dodecahedron-based structure) having one Na-corner missing,
which leads to a significant distortion of the ionic cluster around the
central hydride. In contrast, the crystal structure of [(pz)eLi;H]
shows a central hydride ion coordinated by seven Li ions disordered
over eight cube corners.* This leads to a higher hydride
coordination (7) compared to that in 1 (4), and the related
crystallographically characterized complexes [(pz)GNa7OH]16 and
[(pz)sNagO]" are derived from a Nag-cube structure with a central
7- or 8-coordinated oxygen atom, respectively.
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&

Fig. 1 Molecular structure of [(pz)¢Na;H] 1-0.5 CgHg. Top: ORTEP
drawing (30% thermal ellipsoids); solvent molecule, minor
disordered parts and hydrogen atoms except H1 omitted for clarity.
Bottom: Stick-and-ball diagram of the inorganic core of 1 (Na:
orange and red, N: blue, H1: black). Selected interatomic distances
(A): Nal Na2 3.0021(15), Nal Na4 3.0669(15), Nal Na5 3.1234(14),
Na2 Na3 3.0219(14), Na2 Na6 3.0094(14), Na2 Na7 3.9522(15), Na2
Na5 3.9610(15), Na2 Na4 4.0166(16), Na3 Na4 3.1005(15), Na3 Na7
3.0516(14), Na4 Na5 3.4822(15), Na4 Na7 3.4665(15), Na5 Na6
3.0441(15), Na5 Na7 3.4964(15), Na6 Na7 3.1221(14), Nal N1
2.396(2), Nal N3 2.408(2), Nal N9 2.329(2) (shortest), Nal N10
3.017(2), Na2 N1 2.350(2), Na2 N3 3.055(2), Na2 N4 2.365(2), Na2
N5 3.057(2), Na2 N6 2.353(2), Na4 N2 2.671(2), Na4 N8 2.368(2),
Na4 N9 2.357(2), Na4 N10 2.780(2), Na2 H1 2.38(3), Na4 H1 2.25(2),
Na5 H1 2.27(3), Na7 H1 2.29(3).

The three Na ions in 1 (red in Fig. 1, bottom) on the inner
tetrahedron face that is not capped with another Na ion (Na4, Na5,
Na7) show shorter Na--H contacts (2.25(2)-2.29(3)A) than the
remaining Na---H one (2.38(3) A to Na2) of the inner tetrahedron
(also see Fig. S1, ESIt). The Na---H distances to the outer three Na
ions (orange in Fig. 1, bottom) are significantly longer and range
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from ca. 2.74 to 2.82A. The former short distances are
approximately comparable to the Na---H contacts in Hill's mixed s-
block metal hydride cluster [{(Me3Si),N}sMggNagH1,], though some
of these hydrides are only three-coordinated and all have their
closest contacts to the more Lewis-acidic Mg2+ ions.™* Shorter Na---H
contacts (ca. 2.1A) than those in 1 were found in a sodium
hydridozirconate complex having lower hydride coordination and
the closest hydride contacts to zr. As expected, the shortest
Na--H contacts in 1 lie between the bond length in the NaH
molecule (ca. 1.89 A),lg and the shortest contacts in the cubic NaH
lattice (ca. 2.45 A)3’20 with octahedrally coordinated ions.

The slight asymmetry in the overall structure of 1 is also
reflected in their interatomic Na--Na distances. Those between
neighbouring orange and red Na ions (Fig. 1, bottom) are
approximately 3 A, they are approximately 3.5 A within the red
tetrahedron on the uncapped face (Na4, Na5 and Na7), and are
approximately 4 A between Na2 and Na4, Na5 or Na7, respectively,
in the inner tetrahedron. Due to a "missing" Na ion to reach a full
cube, three of the six pyrazolate ligands coordinate to four Na ions
each (all involving Na2), and three to three Na ions each (around
the Na4, Na5 and Na7 tetrahedron face); the shortest Na--N
contact measures ca. 2.33 A. The Na ions furthermore show several
contacts (Na--H 2.5 A) to methyl groups from the pyrazolate tert-
butyl groups. Complex [(pz)sNasH] 1 can be regarded as the first
well-defined and structurally characterized NaH complex, though an
"inverse NaH complex" has previously been prepared and
structurally  characterized, that remarkably combines an
encapsulated H and the highly reactive sodide anion, Na.!

In solution, complex 1 shows one set of singlet
resonances for the pyrazolate ligand, and a broadened NaH
resonance at ¢5.17 ppm of correct integration. For comparison,
only a very broad LiH resonance was observed for [(pz)sLi;H] at
around 93.5-3.6 ppm.4 The 'H NMR pyrazolate resonances of 1
appear only slightly upfield from those of [Na(pz)] and the chemical
shift of the NaH resonance is almost identical to those of strong
silane resonances, and thus, in-situ NMR studies on the formation
of [(pz)sNa,H] 1 in solution from [Na(pz)], [Na"Bu] and Ph,SiH, were
not very meaningful, although a main symmetric pyrazolate-
containing species was formed. A mixture of [(pz)¢Na;H] 1 and
[Na(pz)] shows two close, but separated sets of singlets for the
pyrazole resonances of the two compounds, and still one
broadened resonance for the NaH unit both at room temperature
and at 60°C.

We found no evidence that an excess of solid NaH, which
reacts with pzH at 60°C in benzene to form [Na(pz)], further reacts
under these conditions to form hydride complex [(pz)sNasH] 1 or a
similar species after longer reaction times (Scheme 1). As such, it is
unlikely that well-defined and soluble NaH complexes (bearing no
other metal or metalloid element) can be easily obtained from
commercially available solid NaH. This is not unexpected
considering the ionic bonding in these types of complexes and the
relatively large lattice energy of solid NaH (-808 ki/mol),* and many
well-defined s-block metal hydride systems require kinetic
stabilization by the ligand sphere.3

We carried out related experiments for the potassium
system. To this end, we synthesised the known [K(pz)] complex16
from the corresponding pyrazole and [K{N(SiMes),}] or KH,
respectively (ESIT). Reactions of [K(pz)], [K"Bu] and Ph,SiH, in an
analogue manner to the synthesis of [(pz)sNa,H] 1 so far only led to
the isolation of [K(pz)]. The latter compound and potentially newly
obtained products are virtually insoluble in aromatic solvents and

This journal is © The Royal Society of Chemistry 2015

Page 2 of 3



Page 3 of 3

thus THF was used to dissolve, separate and crystallize products
from the reaction mixture. Only large quantities of solvent-free
polymeric [K(pz)] were obtained from neat THF, that crystallized in
one-dimensional chains as was reported previously.16 It is likely that
a more sterically demanding ligand system, or one with differently
orientated donor atoms, is required to encapsulate a K’ H
fragment due to the larger size of the ionic radii (crystal, six-
coordinate) of K* (1.52 &) vs. Na* (1.16 A).2

In conclusion, we have reported the first synthesis and
structural characterization of a well-defined molecular sodium
hydride complex using a sterically demanding pyrazolate ligand.

We are grateful to the Australian Research Council for
support and a fellowship. Part of this research was undertaken on
the MX1 beamline at the Australian Synchrotron, Victoria, Australia.
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