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A series of magnesium(ll) complexes bearing thacstly demanding phosphinoamide ligand/
PhPNDip, Dip = 2,6-diisopropylphenyl, including heteroleptmagnesium alkyl and hydride
complexes are described. The ligand geometry eedovarious novel ring and cluster geometries
for the heteroleptic compounds. We have studied stoéchiometric reactivity of [(LMgH)
towards unsaturated substrates, and investigatidyti@ hydroborations and hydrosilylations of
ketones and pyridines. We found that hydroboratioh$wo ketones using pinacolborane with
various Mg precatalysts is very rapid at room terapge with very low catalyst loadings, and
ketone hydrosilylation using phenylsilane is ragid’0°C. Our studies point to an insertmiond

metathesis catalytic cycle of ansitu formed active "MgH" species.




Introduction

Metal hydrides and their complexes play a fundaalerdle in many applications including as
hydride sources in synthesis and catalysis, andhfdrogen storage technologl8sOf the binary
hydrogen compounds of the chemical elements, skbiwtal hydrides are unique due to the highly
electropositive nature of the Alkali and Alkalinarth metals, and their electronegativity difference
to hydrogen. Thus, these metal hydrides are gdpetaksified as ionic or salif&® The s-block is
furthermore home to highly earth abundant, nonei@xd even biocompatible metals such as Na,
K, Mg and Ca, that offer a range of properties fidgure sustainable chemical applicatiéhsA
range of well-defined s-block metal hydride complexave been reported in very recent years and
these have already been successfully used in gimielric and catalytic transformations, and the
hydrogen storage properties of some examples heare investigated:®! The recent success in this
area can be attributed to both the developmentitdtde synthetic strategies to generate s-block
metal hydride fragments, and the design and usetalbilising ligand systems that prevent
dismutation and other decomposition reactions ef fbrmed complexes that can lead to the
precipitation of insoluble saline metal hydridesen@rally, the ionic and flexible metal-ligand
interactions in s-block metal coordination chenyistequire ligand systems that suppress
dismutation equilibria, for example, by employingetating, bridging, and/or sterically demanding
ligands??!

The majority of well-defined s-block metal hydrid®@mplexes has been prepared with
magnesium, and these encompass complexes witbasedemanding-diketiminates® mixed s-
block amido specie€, and a variety of other carbon-, nitrogen- or oxygesed ligand speci€!
as well as a few examples of related calcium hyddomplexe$! They have been accessed either
via hydride metathesis using magnesium alkyl ordamiragments with main group element
hydride species (such as silanes, boranes or gahgs [-hydrogen elimination, or via
hydrogenation of dimeric magnesium(l) compoundswiclohexadiene or alane complexes. The
newly formed complexes show both interesting sfoitietric and catalytic reactivitg°*¥ For
several catalytic applications, the active magmadiydride catalyst was conveniently generaed
situ from stoichiometric hydride sources such as bayamel silane:%!

We have previously employed the simple, sterical@manding phosphinoamide ligand
PhPNDip (Dip = 2,6-diisopropylphenyl), 1.to obtain the well-defined and hydrocarbon-saubl
lithium hydride complex [(LLi)(LiH)4] and studied its properties and reacti\ity.Herein we
report the extension to magnesium hydride complexi¢ls this ligand. We reasoned that the
orientation of the donor atoms of the phosphinoantigand***! which typically favours bridging

coordination modes, is similar to what we found fiyrazolate ligand$® and could favour the
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formation of unprecedented cluster or ring compgexeat potentially liberate reactive LMgH
fragments for unusual stoichiometric and catalgg@ctivity. In addition, the inclusion of the NMR-
active phosphorus centre in the ligand system shalldw further insights into the reactivity of the

newly formed compounds.
Results and Discussion

Synthesis

To access suitable precursor molecules to phosahiitm magnesium hydride complexes, we
studied the reaction of the sterically demandingsphinoaming® DipNHPPh, LH,*! with
commercially available din-butyl magnesium in hydrocarbon solvents. The reacdf LH with
Mg(nBu), in a 2:1 molar ratio afforded one main productoading to'H and *'P{*H} NMR
spectroscopic studies. A good yield of the new demf(L.Mg),] 1 was isolated and the molecular
structure of the complex was structurally charastel, see scheme 1 and Figure 1. The 1:1 molar
reaction of LH with Mg(Bu), on the other hand afforded a product mixture waitmain species
showing *H NMR spectroscopic resonances that suggest onebddge nBu group per three
phosphinoamide ligands, and a doublet and a triplehe *'P{"H} NMR spectrum suggesting
different phosphinoamido ligand environments in.hratio that couple with each other. Work-up
afforded the expected complexsNg,(nBu)] 2 in a moderate isolated yield, that could be
structurally characterised, see scheme 1 and FiguFeom reactions with the 1:1 molar ratio, we
furthermore obtained colourless crystals of thesualimagnesium ethyl complex [{(LMgE}g] 3,
see Figure 1, in very low yield in one instanceeiius studies have shown that commercially
available Mg(Bu), can contain other organic substituents such asgl ejfoups, and even

significant quantities of aluminiufh’
please insert Scheme 1 here

The homoleptic complex [(MQg).] 1 crystallises with half a molecule in the asymnwetmit. Each
Mg centre is in a planar, three-coordinate envirenm binding to one terminak’-N
phosphinoamide and to one P and N donor atom, cteely, of two p-k>P,N phosphinoamides.
In [LsMgz(nBu)] 2-1.5 GHi2, Mgl and Mg2 are bridged by two phosphinoamideth \Wi,N*-
coordination to Mgl an@,P' coordination to Mg2 and a bridgimddu group. Mg2 is additionally
coordinated by a terminal phosphinoamide ligandthia solid state, Mgl shows further short
contacts to hydrogen atoms of one isopropyl graprtest contact: Mgl---H40A o&. 2.2 A).
Complex [{(LMgEtk]e] 37 GHi4, crystallised in the trigonal crystal system asdailarge ring
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system formed by six (LMgEt) subunits. In the latter, an Mgunit is bridged by two
phosphinoamides and one ethyl group in a way tlah éMg atom is P,N,C-coordinated. In
addition, Mg2 binds to the carbon atom of a "terfiirethyl group that is coordinated via short
Mg---H contacts to the Mgl' centre of the next Bigbunit, forming the connective backbone of
the (Mg---Mg—CH - -} ring system. It seems that the larger butyl grdaps not support a stable
compound in the desired 1:1 phosphinoamide:butgicksiometry and forms [Mgx(nBu)] 2
instead, but the smaller ethyl group in [{(LMgHg} 3 does allow this composition. Furthermore,
compounddl-3 show that the preferred coordination mode of phmg@mide ligands between two
Mg centres under the given conditiors.g( non-coordinating solvents) is @slike p-k*P,N
coordination bridge, though terminakN coordination is observed as well.

In deuterated benzene solution, the homoleptigabex{(L.Mg).] 1 only shows one doublet
and one septet for the protons of the isopropyligsdn its'H NMR spectrum and one singlet in its
3p{*H} NMR spectrum (56.4 ppm) supporting fast ligandange under these conditions, which
can be expected for highly fluxional ionic s-bladletal ion-ligand interactions. In deuterated THF,
the compound shows two broad methyl and one bragtiine resonances at room temperature that
resolve to one broad methyl resonance and a shatiime septet at 60°C in itsl NMR spectra
(Figure S2-3). Complex EMg»(nBu)] 2 shows broadened and overlapping resonances for the
isopropyl groups in its'H NMR spectrum recorded in deuterated benzene, andoublet
(6 29.8 ppm) and triple®(42.7 ppm) in it$'P{*H} NMR spectrum with alp.p coupling of 30.8 Hz.
This supports the retention of the overall soligtestconnectivity of [EMgz(nBu)] 2 in solution,

with two different phosphinoamide ligands in aoadf 2:1.

please insert Figure 1 here

Because no convenient stable [{LM&u)},] complex was formed as a precursor to desired
[{LMgH} ] complexes, we treated 1:1 mixtures of LH and MBy(), in n-hexane/heptane with
phenylsilane under reflux or at 60°C for 16 h. Tehesxperiments afforded the structurally
characterised mixed alkyl hydride complex {fllg>(nBu)H},] 4 in good isolated yield, see
scheme 1 and Figure 2. The 1:1 reactions of LH Mg¢hBu), in toluene or deuterated benzene
with phenylsilane at 70°C for 16 h afforded theaeteric magnesium hydride complex [(LMgH)

5, see scheme 1 and Figure 2. Solution NMR studies san almost quantitative conversion5to
and larger scale experiments afforded the isolatedplex in moderate to good vyield. In addition,
the hexameric complex [(LMgkl) 6 could be structurally characterised from benzenene case
as a low yield by-product, see Figure 2. SimilarBlated experiments with more than one molar

equivalent of Mg@Bu), per LH in various stoichiometries, followed by plgksilane treatment at
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elevated temperatures, also yielded [(LMgH» as the main product as judged by NMR
spectroscopy and from lower isolated yieldddfom these studies. Furthermore, isolated complex
[{L 2Mg2(nBu)H},] 4 can be converted to [(LMghk]) 5 with phenylsilane at 80°C in benzene or
toluene for 16 h in good yield producing the expdcsilane PhSi{nBu) as a by-product. We
conducted similar experiments of isolat2dvith phenylsilane at 60°C for 16 h and found that
[(LMgH) 4] 5 is also generated alongside Ph&iBu) and a new Si- and P-containing compound,
PhSiH(L) 7, as judged by multinuclear NMR spectrosc8fyWe then investigated the same
reaction of phenylsilane with isolated ${g);] 1 at 70°C in deuterated benzene and found that
significant quantities of [(LMgH] 5 alongside PhSiKL) 7 are formed. After 30 h at 70°C, the
reaction mixture shows only LS)Rh 7 and [(LMgH)] 5 in a ratio ofca. 5:1. This observation is
further evidence that magnesium hydride species lmangenerated from simple homoleptic
magnesium(ll) complexes and main group hydride cByr that can be responsible for
stoichiometric or catalytic reactivity of these t&yas.

The mixed alkyl hydride complex [{Mg.(nBu)H};] 4-CgHi4 crystallised with half a
molecule in the asymmetric unit. 4y the four Mg atoms are in one plane and form alfgogram
that is similar to a distorted diamond. The foutesi of the parallelogram are bridgediby?P,N-
coordinated phosphinoamides with alternating N,& RyN arrangement. The Mg centre (Mgl) on
the acute corner of the parallelogranNi\' coordinated by two bridging phosphinoamides armd th
Mg centre (Mg2) on the obtuse corner of the pdai@am is P,P' coordinated by two
phosphinoamides. The two phosphinoamides (P1)iidge the longer edges of the parallelogram
lie in the Mg, plane, whereas the other two phosphinoamide ligdR&) are located above and
below the Mg plane ¢.f. the NMR discussion). The twae-butyl groups sit above and below the
plane directly on the two edges of the shortesalfgogram sides which consequently have the
shortest Mgl---Mg2 distances. The two hydride Hgaform p-bridges over Mgl,Mg2,Mg2'
triangles on opposite sides of the Mgane that are not occupied bBu groups. The molecular
structures of the hydride complexes [(LMgH» and [(LMgH)] 6 have many similar geometrical
features. The Mg atoms for both compounds lie ie plane, respectively, and form a distorted
square in5 and a perfect hexagon & Phosphinoamide ligands bridge two Mg centreshan t
outside of each edge and alternatingly lie aboveetow the respective Mdn = 4 or 6) plane. The
phosphinoamides are arranged around the (Mgbihe in a symmetrical, head-to-tail like fashion.
Hydride ligands bridge between two Mg atoms andraghiernate above and below the Mdane
and are each opposite of bridging phosphinoamidgtipons. The hydride ligands i sit directly
above or below the edges of the distorted, Biguare, while those ® point somewhat towards the
centre of the hexagon. ComplBxs relatively symmetric showing approximate netoesitacts of
Mg-N (2.0 A), Mg-P (2.6 A), Mg-H (1.8 A) and Mg--gvi(3.0 A). The symmetric hexameric
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species6 shows very similar bond lengths compared wsthalbeit slightly larger Mg---Mg

separations and longer apparent Mg-H bonds.
please insert Figure 2 here

Dissolving crystalline [{lLMg>(nBu)H};] 4 in deuterated benzene repeatedly lead to overigppi
NMR resonances for two compounds in an approxirhdteatio, see Figure S10-11. We assigned
two broad doubletsd(28.9 and 32.0 ppmlpp ~ 119 Hz) in the*P{*H} NMR spectrum with
additional unresolved smaller coupling and a sigaift roof effect, to the isomed4A4) resembling
the solid state structure with head/head and ddilfP,N;N,P;P,N etc) orientation of the
phosphinoamide ligands. This isomer is the moreidam species immediately after dissolving
crystals of4. The other isomerd) shows two sharp doublets of doublei®{.2 and 38.1)p.p~

20 and 6 Hz) in thé’P{*H} NMR spectrum that we believe could result from imomer with
alternating P,N-orientation of the phosphinoamidarids, and not a different oligomeric form of
Lo,MgoH(nBu). A DOSY NMR experiment on this isomer mixturaswmnot conclusive; however, it
did point to two molecules of similar shape or diae4A and4B. New species are formed when
the mixture is allowed to stand in solution at roé@mperature. Heating the solution of both
isomers to 80°C and consecutive cooling leads toixdure of compounds (see Figure S12-13),
including small quantities d3, that we could in one instance characterise diggtaphically from
these mixtures. The non-equivalence of two differehosphinoamide ligands WA becomes
apparent, when the crystal structureta$ examined. The two phosphinoamide ligands (Rtt)inv
the Mg, plane that bridge a larger edge of the,Ndgrallelogram are different to the other two
phosphinoamide ligands (P2) which bridge the smal®mbus edge out of the plane and are
affected byn-butyl coordination on the opposite side of thenplaAn equivalence on the NMR time
scale for the two different phosphinoamide envirents would mainly require migration of the
bridging n-butyl group. The MgH units of both isomers resenas multiplets centred around
6.07 ppm 4A) and 5.55 ppm4B) in an*H NMR spectrum (Figure S10), or as respective sisgh

an *H{*P} NMR spectrum. Solution NMR spectra of [(LMgi)5 show four doublets and two
septets for the protons of the isopropyl groups and singlet §25 ppm) in its**P{*H} NMR
spectrum which is in accordance with the essept®linmetrical phosphinoamide environments in
the solid state structure. The MgH resonance isdaas a very broad doublet-like multipldt~

54 Hz) that resolves to a sharp singled&t14 ppm in itsH{*'P} NMR spectrum (see Figure S17-
18). Dissolving crystalline samples 4fand5 in the donor solvent THFsdrespectively, show the
formation of product mixtures with essentially tteme phosphinoamide containing compounds in
different ratios (Figure S15-16, S21-22). TA#® NMR spectra for both compounds show
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significant quantities of [(#Mg),] 1 formed in solution (a singlet a&t43.9 to 44.0 ppm, compare
with Figure S5), especially for the spectrumboffFigure S22). A broad resonance at 2.89 ppm in
the'H NMR spectra of botd and5 likely accounts for a large proportion of the Mgésonances.
These observations support Schlenk-type equilibfidieteroleptic complexes such asn inert
donor solvents and suggest the formation of [Md@HF),] or other hydride-rich species by
implication.

Upon treatment ofs with four equivalents of the chelating amine ligaPMDETA
(N,N,N',N",N“pentamethyldiethylenetriamine), only one PMDETAalnd is coordinating to one
Mg centre in a dinuclear complex with bridging hger ligands, see Figure 2, affording
[(L.MgH,Mg(PMDETA)] 8 in good yield. Comple®8 is the main isolated product from reactions
of varying stoichiometry and as suggested by NMRBeexnents. In the molecular structure &f
Mg2 is six-coordinate binding to the chelating PMD¥Eligand (N,N',N"-k>-bound), two hydrides
and only to one P atom of one phosphinoamide lighefgl is four-coordinate and is connected to
two N-bound phosphinoamides and two hydride ligaddappears that the chelating PMDETA
ligand causes the loss of the sterically demanBipd-coordination, but retains coordination to the
small and hard hydride ligands. In solution, comp& shows broadened resonances at room
temperature. At 65°C only one septet for the pretointhe isopropyl methine groups can be found
in its 'H NMR spectrum, and one broad resonance (46.3 pppresent in its' NMR spectrum
between 25 and 65°C, indicating fluxional ligandhé&aour. The MgH resonance is found as one
broad triplet §1.p = 7.7 Hz) in its'H NMR spectrum, or a singlet in itsi{*'P} NMR spectrum at
4.09 ppm, suggesting solution-averaged interactatis two phosphinoamide ligands of the same
environment.

Solution studies oA and5 in THF-& as well as complexation &fwith PMDETA to yield
[(L.MgH,Mg(PMDETA)] 8 highlight some of the complexities of heteroleptioordination
compounds of both ionic metal ions and bridgingaids with multiple possible coordination
modes. The PMDETA coordination froBnto 8 may shed light onto ligand redistributions when
additional donor groups are available and may levaat to understand substrate coordination
containing donor atoms before a possible hydridesfer can take place. In compl8x both
"[(PMDETA)MgH,]" and "[L.Mg]" appear to be preformed, held together by theding hydride
ligands. Equilibria between various species ineigdSchlenk-like equilibria, and species with
various phosphinoamide coordination modes havestodmsidered and many species are expected
to have similar energies and can likely convertveinall activation energy barriers between them.
These observations are important when studyinguaderstanding the stoichiometric and catalytic

reactivity of these systems, especially with anesgaf molecules that contain donor atoms.



Stoichiometric Reactivity
We studied the reaction of [(LMgk])5 towards several unsaturated organic substratese&ation
was observed with the alkene 1,1-diphenylethen@heatiylfulvene and diphenylacetylene,

respectively in deuterated benzene.
please insert Scheme 2 here

The reaction of [(LMgHj)] 5 with 1-adamantyl azide (Ad\ is surprisingly clean in several
stoichiometric ratios as judged biy-situ *H and **P{*H} NMR spectroscopic studies, and the
phosphazide complex jL';MgsH4] 9 (L' = DipNP(NsAd)Phy) was obtained in low to moderate
crystallised yield, see scheme 2 and Figure 3his ¢complex, the hydride moieties did not react
with the organic azide, as was previously founda@diketiminate MgH systert!? but instead
converted two phosphinoamide ligands to anionic nophosphorano phosphazide ligands
(L").2%2 we have previously found that the phosphinoamidant L' can undergo addition
reactions to several unsaturated substff&€! The overall geometry of the (Mgiij core in9 is

not significantly affected by this reaction comghieth 5, but the supporting ligand environment
around each Mg centre has changed. This leadsde tippes of differently coordinated Mg centres
(Figure 3). Mgl is coordinated by two chelatingpbesphazide units, Mg2 and Mg4 are each
coordinate by an L'-iminophosphorane N atom andphmoamide P atom. Consequently, Mg3 is
coordinated by two phosphinoamide N atoms. All Mantees are still further bonding to two
bridging hydride ligands. Mgl is six-coordinate avig2-4 are each four-coordinate. In solution,
[LoL';MgsHs] 9 shows two doublets with a small coupling const@nt 2.4 Hz) in its*P{*H}
NMR spectrum. The resonance at 32.1 ppm is assignélde phosphazide centre and the one at
33.7 ppm to the phosphinoamide ligands. The chdralufis for these resonances are surprisingly
similar, considering the different phosphinoamié®)(and iminophosphorano phosphazid€)(P
environments, which normally resonate further apgine*H NMR spectrum shows eight doublets
and four septets for the isopropyl groups thatpamially overlapping and support the retention of
the overall solid state structure in solution. Tiyelride ligands resonate as two multiplets centred
around 4.58 and 5.16 ppm which both couple with B centres and each other. This was
demonstrated in #,'H COSY NMR spectroscopy experiment (Figure S29) lapdhe fact that
some coupling remains in #{*'P} NMR spectrum (Figure S28). In the latter, theamances
appear as broad doublet-like multiplels=(8 Hz). Similar couplings between non-equivalantivig
units of 4.5 and 5.2 Hz in magnesium hydride clustempounds have previously been
described>®



please insert Figure 3 here

Reactions of magnesium hydride complexes towardslipgs have previously been reported and
include both coordination to form a monomeric speaiith terminal MgH bonB¥ as well as
several examples of pyridine hydromagnesiation petef® 24812 The reaction of [(LMgH) 5
with four equivalents of DMAP (4-dimethylaminopyiné) mainly led to the formation of the
bis(phosphinoamido) complex JMg(dmap}] 10, scheme 4, and likely MgH reaction products.
Complex10 shows expected spectroscopic features with brembessonances for the protons of
the phosphinoamido ligands and a singlet at 448 pp its **P{*H} NMR spectrum. A crystal
structure determination of §Mg(dmap}]-2 GHs, 10-2 GHg, shows the expected connectivity and
distorted tetrahedral magnesium geometry, but e guality was too poor to be reported here (see
the ESI for an image, Figure S54). The reactiofi(ld¥igH) 5] 5 with 12 equivalents of pyridine
(Py) or DMAP (4-dimethylaminopyridine) cleanly lei the 1,2-hydromagnesiation products
[LMg(py)2(1,2-dhp)] 11 (1,2-dhp = 1,2-dihydropyridide) and [LMg(dmafd),2-dadhp)]12 (1,2-
dadhp = 4-dimethylamino-1,2-dihydropyridide), respeely, see scheme 4. The latter complé&x
was structurally characterised, see Figure 4. Hgato 60°C for 15h lead to the clean
rearrangement of [LMg(py(1,2-dhp)] 11 to the 1,4-dihydropyridide derivative [LMg(pyl,4-
dhp)] 13, scheme 4. An analogous rearrangement is notlpedsir [LMg(dmap)(1,2-dadhp)]12
under these conditions; a similar observation havipusly been noted for other group 2 metal
hydride system&2%¥ The molecular structure of [LMg(dmafd,2-dadhp)]12, Figure 4, shows a
distorted tetrahedrally coordinated fgon, which binds to a terminat’-N phosphinoamide
ligand, a 4-dimethylamino-1,2-dihydropyridide lighfrom formal 1,2-addition of a MgH unit onto
the DMAP pyridine ring, and two neutral, coordimgtiDMAP molecules. The shorter Mg-N
distance of the dihydropyridide ligand comparedhwitose of the neutral DMAP ligands, the C-C
and C-N distances within the hydromagnesiated sysgem, and the deviation from planarity of the
CHz unit in question support the formulation as the-dihydropyridide product. NMR
spectroscopic studies also support the clean HRi@al reaction to form complexdd and12, and
the thermal conversion dfl to 13. Complex11 shows a doubletl|.; = 4.0 Hz) atd 4.26 ppm for
the two hydrogen atoms of the 1,2-dihydropyridiaét in its '"H NMR spectrum that converts to a
centred multiplet for the two hydrogen atoms of 1thé-dihydropyridide ligand ad 4.03 ppm, see
Figure S35 and S41.

please insert Scheme 3 here

please insert Figure 4 here



We were also interested in the stoichiometric tigeigtof non-enolisable ketones with [(LMgh])

5. Previously, group 2 metal hydride complexes hbeen reported to undergo reductions of
ketoned®-cdHi1lel3delnel,ding older reports of less well-defined Mgpeesies. The reaction of
four equivalents of 2-adamantanone (2-AdO) with M@H),] 5 mainly vyielded the
hydromagnesiated complex pUg»(2-AdOH)(2-AdO)] 14, see Figure 5. The complex was
structurally characterised, but because the ovqrallity was poor, only an image is presented in
the ESI (see Figure S55). The isolated productatostone hydrometallated ketone per magnesium
centre plus one coordinating ketone per,Mgit. Repeating the reaction fwith six equivalents

of 2-adamantanone showed that essentially one prqild) was formed, which was isolated in
moderate crystallised yield. Compléx contains two Mg’ cations that are bridged by two 2-
adamantanolate ligands from hydromagnesiation afi@nantanone, and further bridged by’a
P,N phosphinoamide ligand. In addition, one termittaN phosphinoamide coordinates to one Mg
centre and the other Mg centre is coordinated bg pautral 2-adamantanone molecule. In
deuterated benzene solution at room temperatuceyény broad resonanced32 and 42 ppm) are
found in the*P NMR spectrum ofl4 for the two phosphinoamide ligands. At elevated
temperatures, these merge to one broad resonaB@ed(ppm at 65°C) and, accordingly, one septet
and one doublet are found for the isopropyl groofpthe phosphinoamide ligands in thé NMR
spectrum ofl4 at this temperature (see Figure S45), showingdhal ligand exchange processes

under these conditions.

Catalytic Reactivity

Considering the recent success of employing alkalearth metal hydride complexes as
(pre-) catalysts for the hydroboration or hydrdsifipn of unsaturated molecule8, we wanted to
investigate the applicability of complex [(LMgH)5 in similar catalytic conversions. We reasoned
that complexes such &g stabilised by a ligand that favours bridging daadminal coordination
modes, can deliver open and reactive "LMgH" fragimeand potentially act as a highly active

(pre-) catalyst for these reactions.

Hydroboration and hydrosilylation of ketones

Since Mg-catalysed hydroborations of aldehydes ketdnes with pinacolborane (HBPin) have
previously been reportét?**%?%and considering the rapid hydromagnesiation ofl@antanone
(2-AdO) with 5 to yield 14, we chose 2-adamantanone and benzophenone ag sinthsymmetric
substrates, because various side-reactions (etmmtisand deprotonation, aldolcondensation) are
unlikely or impossible, and to keep the identificatof products and intermediates simple for this

study. Remarkably, we found that reactions of eiketone with 1.2 equivalents of HBPIn iR
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at room temperature were complete in under 7 ménafeer addition of the magnesium hydride
cluster5 (0.5 mol-% of tetramer, 2.0 mol-% Mg). The catalgading for reactions of HBPin with
2-AdO could even be reduced to 0.05 mol-% (0.2 #wdiAg) without suffering any loss of activity,
while the hydroboration yield for RGO dropped slightly to 88% over 15 minutes whencdialyst
loading was decreased to 0.05 mol-% (see Tablettiee 1-3). These two cases correspond to
turnover frequencies (TOFs) of > 4,243 4nd 1,760 1 per Mg centre, respectively (or > 16,970 h

! and 7,040 hper molecule5), which is remarkable even for transition metatabesed
hydroborations of ketoné®? We also tested derivatives &fdescribed above. The PMDETA
adduct [(lLMgH;Mg(PMDETA)] 8 performed as well as5 for the hydroboration of
2-adamantanone, entry 4, with rapid and complete@sion at room temperature at low catalyst
loading despite only having two Mg and hydride cest{TOF: > 8,486 hper Mg or > 16,970°h

per molecule). This suggests that the possible ngme-) catalyst loading limit db or 8 for this
specific reaction could even be further reducedyudin it becomes increasingly difficult to
accurately perform this with small scale reactiand avoid partial compound decomposition. The
performance of the phosphinoamide/phosphazide eomjphL',MgsH4 9 on the other hand is
significantly poorer. 50% conversion was observiéger &0 min, 84% conversion after 130 minutes,
entry 5, and this system was not further explo¥@. also tested the homoleptic phosphinoamide
complex [(LbLMg),] 1, vide infra for the discussion, and found thaiatformed equally well as our
best results, entry 6.

please insert Table 1 here

After successful hydroboration, thdd NMR spectra of the reaction mixtures showed new
resonances ata. 4.44 ppm (2-AdO) or 6.44 ppm (F0O), respectively, consistent with the
presence of a proton on the former carbonyl cadiom. Singlets at 1.08 ppm (2-AdO) or 0.98
ppm (PRCO), which integrated to 12 H and were slightlyfteld in comparison to the HBPiIn
starting material, were also observed and assigmdate twelve methyl protons of the resulting
borate esters, (2-Ad(H)O)BPin or (®{H)O)BPin. The presence of these products washdurt
confirmed by*’B NMR spectroscop§?®2?

Encouraged by these promising results, we invatgdjcatalytic reductions of these ketones
by a silane as the hydride soulc®.To the best of our knowledge, only one exampleaof
magnesium-catalysed hydrosilylation has been regoto date, which is the 1,4-addition of
PhSiH, to a,p-unsaturated esters in the presence of a stericddlpnanding magnesium
hydridoboraté®” Thus, we attempted the hydrosilylation of our [wes two substrates with
PhSiH in varying stoichiometries in the presence of lgata amounts of [(LMgH)] 5. Initial
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studies revealed that treatment of benzophenortephignylisilane in gDg at 70°C with 1.5 mol-%
of compounds produces the dialkoxysilane, Ph(H)Si(OCHRhas the major product, which was
also observed for hydrosilylations of ketones veitbalcium hydride catalySt? The silane/ketone
ratio was therefore chosen to be approx. 1:2 idualire reactions (Table 1, entries 7-10). Aftdr 2
hours at room temperature, only very small amoohthe dialkoxysilane were present as judged
by *H NMR spectroscopy. The spectrum mainly showed acteel PhSikl and PRCO. Heating
accelerated the hydrosilylation significantly, af2h at 50°C more than 50% of the ketone had
been transformed into the alkoxide. Increasingtémeperature to 70°C produced 73% conversion
after 24 hours and 93% conversion after 50 hourgbl€l 1, entry 8). On the other hand,
hydrosilylation of 2-adamantanone with Phgikbroceeded much more rapidly than the
hydrosilylation of benzophenone under similar ctiods. After 15 min at 70°C with 1.5 mol-% of
5, more than 99% of 2-AdO had been transformed 2rémlamantanolate (Table 1, entry 7) and the
same could be achieved using comp®tentry 9). Here, the product ratios were approxaiya
70% R>%Si(H)Ph (R' = 2-adamantanolate) versus 30%SHh using comples (entry 7) and a ratio
of ca. 88:12% for the respective reaction with catal§stentry 9). This ratio changes quickly
towards R3SiPh with continued heating. Because no furtheorketconversion was possible, this
points to a dismutation reaction from,Bi(H)Ph to R3SiPh. The preferred product in these latter
conversions (RSiPh) is the trialkoxysilane, as opposed to thékdigysilane when benzophenone
is used as the ketone. Catalytic reduction of Zvemtdanone was not observed wBhand
diphenylsilane as the hydride source (entry 11)ceOagain, investigating complex j#g),] 1 in
this reaction, entry 10, shows that it performsvadi as the best magnesium hydride compounds
tested by us. Complexdsand8 achieved a turnover frequency of 132fer Mg centre, or 264°h
per molecule.

We noticed throughout experiments involving magmashydride5, that all characteristic
NMR spectroscopic resonances of the magnesiumde/dompound had disappeared during or by
the end of the catalysis, especially when the sasnpkre heated. Instead, these provided new sharp
'H NMR resonances assigned to the compounds LBBif*P{*H} NMR: 58.8 ppm,'B{'H}
NMR: 25.1 ppm), or PhSist 7 'P{*H} NMR: 61.7 ppm), respectively, as the L-contamin
products. Merely in the fastest hydroboration reast with catalyst loadings 2.5 mol-% was
cluster5 still identified a few minutes after full convensi of the substrate into the alkoxide, though
in much lower concentrations than at the start.@dreétalytic conditions, compléxis transformed
to the phosphinoamide-containing borane, LBRE) or silane, PhSikL 7, and presumambly,
soluble and catalytically active magnesium hydsg@ecies. The presence of low concentrations of
5 in isolated cases where high catalyst loadingsuaesl can be explained by the fast conversion
and the fact that not all of compouBaeeds to act as the (pre-) catalyst.
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Hydroboration and hydrosilylation of pyridine

In light of the successful stoichiometric reacyvdf [(LMgH)4 5 with pyridines (Scheme 3) and
previously reported magnesium hydride compldXgd®®13we studied the respective catalytic
hydroboration and hydrosilylation of pyridine usiBgEquimolar amounts of pyridine and HBPin
were treated with 2.5 mol-% & (10 mol-% Mg) in deuterated benzene and complag, as
expected, immediately consumed. The catalytic Hyaration of pyridine is possible at elevated
temperatures, though is slow and incomplete. Af&hours at 70°C, 32% of total dihydropyridide
products, PinBdhp (dhp = dihydropyridide) have bdemmed, with 87.5% being the 1,4-
dihydropyridide (1,4-dhp) versus 12.5% of 1,2-difogyridide (1,2-dhp). Modification of the
reaction temperature to 80°C gives 35% conversftar 24 hours (89% 1,4-dhp : 11% 1,2-dhp)
and 58% conversion after 96 hours (93% 1,4-dhp :1724dhp). Increasing the catalyst loading to
5 mol-% of 5 results in slightly higher yields of hydroboratpyridine (53.5% after 37 hours at
70°C). Full conversion of pyridine into PinBdhp net achieved because pinacolborane slowly
decomposes to&Pin) during the course of this reactibtf*? which could be isolated from one of
the catalysis experiments as a crystalline prodimcaddition, the’B NMR spectra taken after
heating the reaction mixture at 70 or 80°C foreatst 15 hours show a broad peakat22 ppm
that was attributed to Bing and a quartet at -11 ppm for-BHs. Both of these peaks increase in
intensity with prolonged heating of the samplesliaating the continued decomposition of HBPin
under the employed conditions.

Similarly, catalytic hydrosilylation of pyridineitt 2.5 mol-% of5 is possible, but is slow
and does not go to completion. Upon additiorbdd a mixture of pyridine and PhSjkit room
temperature, [LMg(py)1,2-dhp)]11, is formed immediately, which is also the kingtioduct in
stoichiometric reactions & with excess pyridine (vide supra). More forcingnditions are needed
to achieve any catalytic conversion. After 48 hoars80°C, onlyca. 52% of pyridine has been
transformed into a dihydropyridide species with4¢tlhp}PhSiH] being the main product, though
the exact product distribution is unknown, as [{dhp)»PhSiH], [(1,2-dhpPhSiH] and [(1,4-
dhp)(1,2-dhp)PhSiH] are all formed alongside eadhem showing overlappingH NMR
resonances. The phosphinoamide-containing compaatetite end of the reaction is yet again
PhSiHL 7.

Mechanistic considerations
The proposed mechanism for the catalytic hydrobmraand hydrosilylation of ketones for several
previously reported systems often follows a genéralertions-bond metathesis cyclé:?

although other possibilities remain. In order toedhlight on the mechanism using the
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phosphinoamide magnesium complexes reported héteh) and8), and the quest to identify the
possible active species, we performed some storadtiac reactions to assess the feasibility of
individual steps for this mechanism. CompExeacts rapidly with 2-adamantanone to give the
insertion product [(EMg2(2-AdOH),(2-AdO)] 14 as previously stated. Similarlg, reacts readily
with benzophenone in a hydromagnesiation reactisnjudged by in sitdH NMR spectroscopic
data. No well-defined products could be isolatedrfrthe latter reaction mixtures, and the formed
complexes likely depend on the Mg:R® ratio including coordination of unreacted
benzophenone. These findings support that C=0Otioeeinto the MgH moiety could be the first
step in the catalytic cycle.

The reaction of [(LMgHy] 5 with HBpin alone in deuterated benzene is veryskand the
starting materials remain largely unreacted forew flays, though some LBpith is produced
eventually, and later other compounds including BHhough a large excess of HBpin is typically
used in catalytic studies, reactions of [(LMgH) with unsaturated substrates such as ketones were
found to be very rapid in comparison. The treatmaintomplex [(LMgH)] 5 with PhSiH in
deuterated benzene at elevated temperature irbsmee of donor molecules or substrates showed
no reaction. CompleXs alone is furthermore stable towards heat in thkd sstate, in non-
coordinating solvents and towards excess phospimimaaproligand LH;i.e. no [(LoMg);] 1 is
formed, even at elevated temperatures to our sapRurthermore, it does not appear to react at
room temperature with unsaturated organic moledaldsng good donor atoms. Consequently, the
ketone addition must play a role in removing L framgnesium and in the formation 1% and?7,
respectively. Hydromagnesiation of LMgH units wkitones forms hard alcoholate ligands that
bind strongly to hard Mg ions, likely labilising the Mg-phosphinoamide bsndnd inducing
ligand exchange processes. Additionally, the exoéssreacted ketone can act as additional donor
molecules and presumably induce equilibria sintibathose found when [(LMgH) 5 is dissolved
in THF, see the previous section and Figure S21-Pl2is is also illustrated by ligand
rearrangements in the molecular structure ofNlgH-Mg(PMDETA)] 8 compared with compound
5. Given the highly symmetrical solution NMR spediand for [(L,MQ),] 1 that suggest flexible
solution dynamics, vide supra, we also reactedabmpound with four equivalents of HBPin and
found that it reacted rapidly at room temperatuoefarm LBPin 15 (Figure S49-51). By
implication, freshly generated "MgH may be the by-product though this could not be
spectroscopically verified. A broad resonanceaatl.5 ppm in théH NMR spectrum (Figure S49)
could be attributed to a new reactive species.fabkeligand-loss froml when treated with HBPIn,
especially compared to the very slow reaction Sofwith HBPin, and the fact that the
phosphinoamide ligands in our catalytic studie$ @ind8 eventually end up i@ or 15 made us
test [(LbMQ),] 1 as a catalyst which yielded the equally best tesul
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Next, we treated complex [fMg2(2-AdOH),(2-AdO)] 14 with 2.5 equivalents of HBPin or
PhSiH; to investigate whether our ketone insertion prodan easily underge-bond metathesis
with each hydride source. Compouhd and HBPIn react instantaneously to give the boeater
2-Ad(H)OBPIin and LBPirL5 and the resonances of the starting materials t@awgpletely vanished
from multinuclear NMR spectra of the reaction mnest The fate of the Mg moiety is unknown
and NMR spectroscopic experiments suggest thatntbgnesium hydride complek is not
reformed in detectable quantities after releast@®fhydroborated product (vide supra). A reaction
of complex 14 with PhSiH at room temperature was not observed. Howevehimwiseveral
minutes at 70°C, compleb is consumed, alkoxysilanes form, and the phospinmde groups are
present as PhSpH 7. The rapid formation of Ad(H)OBPIn frorh4 at room temperature when
treated with pinacolborane, and the comparabletia®f 14 with phenylsilane at elevated
temperature gives credibility to a general insertiedbond metathesis mechanism. Importantly, the
conditions and reaction rates of tlebond metathesis of the alcoholate complekwith the
hydride source (HBpin or PhSiHcorrelate with the best observed catalysis candit of the
respective reaction and thus may correspond teatleedetermining step in the mechanism.

The stoichiometric chemistry reported in the poegi sections already shows several
possibilities such as donor-induced (THF, PMDET@&arrangements and redistributions. Catalytic
reactions with an excess of unsaturated organistsatbs €.g.ketones, pyridines) possessing good
donor atoms (O, N), likely induce a series of dfui to generate compounds of the type
"L9*Mg(Do)H" A, see Scheme 4, equation (1), that could be actitaytic species. The ligand,
L9, can be any general monoanionic ligand that &lyiko exist in these reaction mixtures such as
L, RRCHO (from direct hydromagnesiations) and/or. Hlhe donor species (Do) can be neutral
donor groups such assR (from L), the large excess of substrates such as ketongs/idines)
under catalytic regimes, and even the generatetioagproducts€.g. PhSiH(OR)). Depending on
the donor properties and concentrations, severgreggtes can be present in solution. As
previously observed for example by dissolving [(LN)g]l 5 in THF, Schlenk-like equilibria with
numerous redistribution possibilities (formulatadai simplified form as equation (2)), could rapidly
form donor-stabilised and soluble Mgldomplexes such d3. That these equilibria are important
may be supported by the fact that both,Mbg),] 1 and [(LMgH,Mg(PMDETA)] 8 performed
equally well as [(LMgH)] 5 in catalytic hydroborations and hydrosilylatiorfketones. Comple®
is a donor adduct 0% and appears to have the potentially active complEMDETA)MgH,]
preorganised in its molecular structure (see Fi@yrenly a long Mg-P coordination bond and two
bridging hydride-Mg contacts have to be investedrétease an dIMg fragment and form

[[PMDETA)MgH,], which may be aided by additional present donaslecules. The more
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sterically shielded and chemically robust complex.[;MgsH,] 9 was a significantly less effective
(pre-) catalyst for comparison.

All these considerations lead to a range of Mg glem possibilities with various donors and
monoanionic ligands,¥". Because the phosphinoamide moietyslbound to boron or silicon &s
or 15 at the end of the reaction and [(LMgHp does not rapidly react with the stoichiometric
hydride sources EH (E = BPin, PhgHa more active magnesium complex, simplified as
[L9Mg(Do).L], likely reacts with EH to form a magnesium hytli complexC and the final
phosphinoamide speciésor 15, respectively (see scheme 4, A, equation (3))s Kay step is
further supported by the rapid reaction of,Nlg);] 1 with HBpin to generatd5 and likely an
active "MgH" complex €.g.B) in a similar fashion to equation (3). Therefotlke catalytic
properties of [(kMg).] 1 may be approaching those of freshly generatedsahubilised "MgH".
Ligand exchange reactions of species suctA-& and coordination and aggregation processes
would further allow access to a large number okfids active complexes present in actual reaction

mixtures of catalytic preparations.

please insert Scheme 4 (A + B) here

These active catalysts likely undergo the hydraitetono-bond metathesis cycle
previously proposed for other systems (see schemg dvhich has support from our stoichiometric
investigations: both the hydrometallation and dhleond metathesis steps are possible and show the
appropriate rates under the respective conditigkis.this stage, we cannot discount other
mechanistic possibilities though, and evidence digghtly different mechanistic pathways have
been forthcoming for related zinc and calcium gsysteln comparison, it has been found that
hydrosilylations of carbonyl complexes can alreldysuccessfully catalysed at room temperature
for a series of heteroleptic, ligand-stabilised czinydride complexe$>?® For one of these
examples, an associative mechanism with a silamefzydride adduct as the active species has
been proposeld®® For B-diketiminato calcium hydride catalysed ketone logilylations, a
concerted mechanism via a hypercoordinated hydticate species was suggest&d®? Also, a
simple hydroboration or hydrosilylation mechanism @ Lewis acid activated ketone cannot be

completely ruled out.

Conclusions

We have presented the synthesis and interconverdiam series of magnesium(ll) complexes

bearing the sterically demanding phosphinoamidaniig PABPNDip, L. Reactions of LH with
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Mg(nBu), afforded the complexes [{Mg);] 1 and [LsMgz(nBu)] 2, and reactions with added
PhSiH at elevated temperatures yielded the hydride cexasl [{LoMg.(nBu)H},;] 4 and
[(LMgH)4] 5, as well as the hexamer [(LMg#l)6. Complex [(LMgH)] 5 was studied for its
stoichiometric reactivity and afforded the MgH-cdey derivatives [(kMgHMg(PMDETA)] 8
and [LL'2Mg4H4] 9 (L' = DipNP(NsAd)Phy), the latter obtained by AdiNtransformation of two
phosphinoamides with AdNinto phosphazide ligands. Several complexes havevarall ring
shape such a4, 5, 6, and9, and the solid state structures are dominatedriojging as well as
terminal phosphinoamide ligands. Both head/headheadl/tail phosphinoamide orientations have
been found in aggregated complexes. Solution sugenerally revealed symmetric geometries
indicating flexible phosphinoamide coordination, ttwithe exception of then-butyl-bridged
complexes [kMgz(nBu)] 2 and [{L.Mg2(nBu)H},] 4 which show retention of the overall solid state
geometries and partially suppressed ligand exchpraygesses.

Further stoichiometric reactivity of [(LMghl) 5 with pyridines yielded an example of
selective generation of a 1,2 versus a 1,4 hydroesigtion product with pyridine. The complexes
[LoMg(dmap}] 10, [LMg(py)2(1,2-dhp)] 11 (1,2-dhp = 1,2-dihydropyridide), [LMg(dmayf),2-
dadhp)]12 (1,2-dadhp = 4-dimethylamino-1,2-dihydropyrididepd [LMg(py}(1,4-dhp)]13 are
described. [(LMgH)] 5 was found to rapidly hydromagnesiate ketones diwdded, for example,
the alcoholate complex [{Mg.(2-AdOH),(2-AdO)] 14 (2-AdO = 2-adamantanone).

Extending the study to catalytic transformatioevealed that complexes [f1g);] 1,
[(LMgH) 4] 5 and [(LLMgH,Mg(PMDETA)] 8 are highly active precatalysts for the hydrobomabf
ketones at room temperature with very low catalgatiings. Respective ketone hydrosilylations
can also be achieved rapidly at elevated tempe&sturhe sterically more shielded complex
[LoL'2MgsH4] 9 shows a much lower stoichiometric reactivity andswa poorer catalyst. For
example, the reaction of pinacolborane with 2-addar@ne catalysed by complexesand 8 is
rapid at room temperature with a turnover frequesfcy 8,485 H per Mg centre (> 16,970 per
molecule). The hydrosilylation of 2-adamantanontywhenylsilane catalysed by compleXesnd
8 proceeds in about 15 minutes at 70°C, with a tendrequency of 132°h Also, catalytic
hydroboration and hydrosilylation of pyridine wasespible, but required elevated temperatures,
long reaction times, and only provided partial cension. Our studies suggest that complekes
and8 are precursors to the active catalysts in thesesys and likely generate highly active MgH-
complexesn-situ. The results are supportive of an inserimmhond metathesis-type mechanism for
the hydroelementation of ketones with tiond metathesis step likely being rate-determining
Catalytic reactions of [@Mg),] 1 with hydride sources such as HBPin may repredeovget of
freshly generated, highly active and soluble, patelgH,", and will likely find further applications

in synthesis and catalysis.
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and vii) PhSiH, 60-70°C, benzene or toluene.
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asymmetric unit

Figure 1. Molecular structures 01-3 (30% thermal ellipsoids). Lattice solvent molesuknd
hydrogen atoms omitted, except ethyl hydrogensuimfolecule3. Selected bond lengths [A] and
angles f]: 1. P(1)-N(1) 1.6770(12), P(2)-N(2) 1.6904(13), PKig{1) 2.6318(7), P(2)-Mg(1)
2.9212(7), N(1)-Mg(1)" 2.0008(12); N(2)-Mg(1)-N(1x32.48(5), N(2)-Mg(1)-P(1) 117.77(4),
N(1)'-Mg(1)-P(1) 109.68(4)%2: P(1)-N(1) 1.6618(12), P(2)-N(2) 1.6731(11), PK&B) 1.6920(12),
P(1)-Mg(2) 2.9492(11), P(2)-Mg(2) 2.6910(8), P(3y{) 3.0095(10), Mg(2)-N(3) 1.9829(12),
Mg(1)-N(1) 1.9938(12), Mg(1)-N(2) 2.0191(12), Mg{T)1) 2.2446(17), Mg(2)-C(1) 2.2583(16);
N(3)-Mg(2)-C(1) 122.81(6), N(3)-Mg(2)-P(2) 121.8)(42(1)-Mg(2)-P(2) 94.77(5), N(3)-Mg(2)-
P(1) 120.69(4), C(1)-Mg(2)-P(2) 87.90(5), P(2)-MgiA1) 101.30(3), N(1)-Mg(1)-N(2) 125.51(6),
N(1)-Mg(1)-C(1) 104.52(6), N(2)-Mg(1)-C(1) 117.26(53: P(1)-N(1) 1.668(3), P(2)-N(2)
1.648(3), P(1)-Mg(2) 2.7971(15), Mg(1)-P(2) 2.67Bf, Mg(1)-N(1) 2.030(3), Mg(2)-N(2)
2.044(3), Mg(1)-C(49) 2.277(3), Mg(2)-C(49) 2.290(3Mg(2)-C(51) 2.203(3), C(51)-Mg(1)'
2.400(3); N(1)-Mg(1)-P(2) 113.77(9), N(2)-Mg(2)-(6117.89(12), N(2)-Mg(2)-P(1) 108.61(9),
C(51)-Mg(2)-P(1) 121.79(10), Mg(1)-C(49)-Mg(2) 82(@0).
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Figure 2. Molecular structures of magnesium hydride spe4iésand8 (30% thermal ellipsoids).
Lattice solvent molecules and hydrogen atoms odjitexcept hydride ligands. Selected bond
lengths [A] and angleS| 4: P(1)-N(1) 1.6621(13), P(2)-N(2) 1.6630(12), PKig{2)' 2.6609(7),
P(1)-Mg(1) 3.0509(8), Mg(1)-P(2) 2.9555(7), P(2){2p 2.6841(9), Mg(2)-P(1)' 2.6609(7),
Mg(1)-N(1) 2.0155(13), Mg(1)-N(2) 2.0275(13), Mg{C(49) 2.2668(17), Mg(2)-C(49)
2.2500(16), Mg(2)-C(50) 2.7718(19), Mg(1)-H(1) 12 Mg(2)-H(1) 1.98(2), Mg(2)-H(1)
1.92(2); N(1)-Mg(1)-N(2) 132.79(5), N(1)-Mg(1)-C(#912.74(6), N(2)-Mg(1)-C(49) 111.70(6),
N(1)-Mg(2)-H(1) 99.8(6), N(2)-Mg(1)-H(1) 95.8(6), (€9)-Mg(1)-H(1) 89.4(6), P(1)'-Mg(2)-P(2)
110.18(2), C(49)-Mg(2)-H(1) 89.3(6), P(1)-Mg(2)H(133.4(6), P(2)-Mg(2)-H(1) 79.5(6)k:
P(1)-N(1) 1.6532(11), P(2)-N(2) 1.6507(10), P(3BN(.6458(12), P(4)-N(4) 1.6529(11), P(1)-
Mg(2) 2.6074(10), Mg(1)-P(4) 2.6094(9), P(2)-Mg(3)6137(8), P(3)-Mg(4) 2.6422(9), Mg(1)-
N(1) 2.0029(12), Mg(2)-N(2) 2.0117(13), Mg(3)-N(2)0036(11), Mg(4)-N(4) 2.0197(12), Mg(1)-
H(1) 1.770(19), Mg(1)-H(4) 1.84(2), Mg(2)-H(1) 1849), Mg(2)-H(2) 1.762(19), Mg(3)-H(2)
1.842(19), Mg(3)-H(3) 1.822(19), Mg(4)-H(3) 1.819j1Mg(4)-H(4) 1.83(2), Mg---Mg 3.02 (ave,
nearest); N(1)-Mg(1)-P(4) 145.53(4), Mg-H-Mzp. 113 (ave).6: P(1)-N(1) 1.6553(17), P(1)-
Mg(1)' 2.6351(8), Mg(1)-N(1) 2.0210(16), Mg(1)-H(1)92(2), Mg(1)-H(1) 1.98(2), Mg---Mg 3.24
(nearest); N(1)-Mg(1)-P(1)' 122.16(5), Mg-H-Mzp. 113. 8: P(1)-N(1) 1.6674(18), P(2)-N(2)
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1.6713(17), P(1)-Mg(2) 2.7853(11), Mg(1)-N(2) 2.8428), Mg(1)-N(1) 2.0887(18), Mg(1)-H(1)
1.82(3), Mg(1)-H(2) 1.91(3), Mg(2)-H(1) 1.90(3), NB)-H(2) 1.96(3), Mg(2)-N(4) 2.224(2),
Mg(2)-N(3) 2.270(2), Mg(2)-N(5) 2.375(2); N(2)-MgEN(1) 134.61(7), N(4)-Mg(2)-P(1)
171.63(6), N(3)-Mg(2)-H(1) 171.7(8), Mg-H-Mep. 96 (ave).
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Scheme 2.i) 2 AdNs, benzene or toluene, r.t.

Figure 3. Molecular structure oB (30% thermal ellipsoids). Lattice solvent molesuland
hydrogen atoms omitted, except hydride ligandsy@mé main disordered parts of the adamantyl
groups are shown. Selected bond lengths [A] andeanf]: P(1)-N(1) 1.6056(15), P(1)-N(2)
1.6495(15), P(2)-N(5) 1.6656(14), P(3)-N(6) 1.688B( P(4)-N(7) 1.6032(15), P(4)-N(8)
1.6501(16), N(2)-N(3) 1.366(2), N(3)-N(4) 1.268(2(8)-N(9) 1.365(2), N(9)-N(10) 1.267(2),
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Mg(1)-N(4) 2.2072(16), Mg(1)-N(10) 2.2274(17), M(8) 2.2662(17), Mg(1)-N(2) 2.2700(16),
Mg(3)-N(6) 2.0660(15), Mg(3)-N(5) 2.0675(16), Mg{M)7) 2.0546(16), N(1)-Mg(2) 2.0549(15),
P(2)-Mg(2) 2.6863(8), P(3)-Mg(4) 2.6775(8), Mg(1Ja) 1.88(2), Mg(1)-H(4) 1.88(2), Mg(2)-
H(1) 1.81(2), Mg(2)-H(2) 1.79(2), Mg(3)-H(2) 1.85(Mg(3)-H(3) 1.87(2), Mg(4)-H(3) 1.84(2),
Mg(4)-H(4) 1.78(2) (or: Mg-H: 1.78(2)-1.88(2)); N®1g(1)-N(2) 170.52(6), N(6)-Mg(3)-N(5)
139.29(6), N(7)-Mg(4)-P(3) 119.67(5), Mg-H-Mg. 118 (ave).
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/Mg P
_H H., : Gl R
Mg .Mg I P =
/ /H( N—D lll N |
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Scheme 3. Stoichiometric reactivity 0% with pyridines. i) 4 DMAP, toluene, 60°C; ii) 13/qidine
or 12 DMAP, toluene, r.t.; iii) 60°C (for Do = pyine).
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N3

Figure 4. Molecular structure ofi2 (30% thermal ellipsoids). A second, severely disoed
molecule, lattice solvent and hydrogen atoms onhittxcept hydrogens on the 1,2-dihydropyridide
ligand. Selected bond lengths [A] and anglgs P(1)-N(1) 1.6845(14), Mg(1)-N(2) 2.0198(16),
Mg(1)-N(1) 2.0320(15), Mg(1)-N(4) 2.1279(15), Mg{lll6) 2.1309(17), N(2)-C(25) 1.438(2),
C(25)-C(26) 1.449(2), C(26)-C(27) 1.372(2), C(21r8® 1.424(2), C(28)-C(29) 1.375(2), N(2)-
C(29) 1.374(2); N(2)-Mg(1)-N(1) 123.63(6), N(4)-Mg(N(6) 93.16(6).

C
14 s

Figure 5 Chemical drawing of [(iMg.(2-AdOH),(2-AdO)] 14. For an image from a crystal

structure determination, see Figure S55.
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Scheme 4. A: Possible precatalyst activation reactions-(3), simplified; B: Proposed simplified
catalytic cycles for the hydroelementation of ke®nvith precatalyst, 5 or 8. n, m, x and y are
small natural numbers %" = monoanionic ligand such a§ R.CHO, H etc, Do = (neutral) donor
group, such as4R (from L), substrates such as ketones, reaction produetsprganic substituent,

EH = borane or silane fragment.
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Table 1. Hydroelementations of ketones catalysed by comg®iy 5, 8 and9.

Entry Catalyst Ketone Hydride Temp. Time Conversion TOF[h}¢ Main
loading source [°C] [%] ° product®
[mol%)] 2
1 0.055 2-adamantanone HBPin 25 <7 min > 99 > 4,243 R’BPin
2 0.055 benzophenone HBPiIn 25 15 min 88 1,760 RBPin
3 0.5,5 benzophenone HBPiIn 25 <7 min > 99 > 424 RBPin
4 0.05,8 2-adamantanone HBPin 25 <7 min > 99 > 8,486 R’BPin
5 0.05,9 2-adamantanone HBPiIn 25 130 min 84 194 R'BPin
6 0.051 2-adamantanone HBPin 25 <7 min > 99 > 8,486 R’BPin
7 155 2-adamantanone PhSiH 70 15 min > 99 66 R’,Si(H)Ph
8 155 benzophenone PhSiH 70 50 hours 93 0.31 JBi(H)Ph
9 15,8 2-adamantanone PhSiH 70 15 min > 99 132 R%Si(H)Ph
10 151 2-adamantanone PhSiH 70 15 min > 99 132 R%Si(H)Ph
11 155 2-adamantanone PBiH, 80 15 hours <3 - -

a) based on full moleculds 5, 8 or 9; for 1 and8 two times higher per Mg centre; fdrand9 four times higher per Mg
centre; b) reaction was monitored vida NMR spectroscopy and conversion yields were detexd by integration of
the proton on the former carbonyl-C atom againsh#rnal standard, ¢) calculated per Mg centreFEe double for
moleculesl and8, and four times the value for moleculeand9; d) > 90% of total products, R = ®(H)O, R’ = 2-
adamantanolate; e) hydrosilylations of 2-adamamtarroduced a small quantity of a white precipi@teslevated
temperatures after longer reaction times than gihah appears to reduce the measured conversisalition likely

due toR’;SiPhproduct precipitation.
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