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The potassium aluminyl complex K>[A{N(Dipp)SiMez},]l, was synthe-
sised via reduction of [AU{N(Dipp)SiMez},] (Dipp = 2,6-i-Pr,CgHs). This
represents the first example of an aluminyl anion supported by an
acyclic ligand framework. Attempts to yield the same structure with a
larger ligand framework, {N(Dipp)Si(i-Pr)s}, led to C-H cleavage.
K2[A{N(Dipp)SiMes},l, behaves as a nucleophilic source of aluminium;
reaction with an electrophilic f-diketiminate supported magnesium(i)
iodide forms a monomeric, acyclic magnesium aluminyl complex.

Since the pioneering report by Goicoechea, Aldridge and co-
workers in 2018,' the synthesis, structure, and reactivity of
aluminyl anions (a.k.a. alumanyl anions) continues to be hot
topic in organometallic chemistry.” This is due both to funda-
mental interest, and also due to these nucleophilic anions
allowing access to various aluminium-containing compounds
that have been inaccessible via traditional routes.>® Aluminyl
anions are highly reactive species that are isoelectronic to
carbenes when charge separated from their counterion.? This
electronic structure opens the possibility of ambiphilic reactivity as
the aluminium centre possesses both a lone pair of electrons and
an empty p-orbital, but recent reports have been dominated by
their reactivity as aluminium-centred nucleophiles.”™ This is in
stark contrast to the reactivity typically associated with aluminium
compounds (i.e. electrophilicity).”

The library of reported aluminyl anions has expanded rapidly
over the last few years, with the interactions between the anions
and their corresponding cations playing an important role in the
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structure and reactivity of these compounds.>” The ligands used to
stabilise these aluminyl anions are also critical to their structure
and reactivity. Slight variations in the donor atoms and angles
have been shown to dramatically impact the frontier orbitals of the
anions and consequently their reactivity.> As can be seen in Fig. 1,
a range of ligands have been used to stabilise ‘free’ aluminyl
anions, ie., those containing little or no covalent interaction
between the Al centre and their cation. The first reported aluminyl
anion by Goicoechea and Aldridge (I) was stabilised using a large,
chelating, xanthene-based diamido ligand." This was followed by
the groups of Coles, Hill and McMullen, Harder, and Yamashita,
who have since used a series of bidentate diamido ligands to
isolate a series of 6- and 7-membered aluminyl anions (I-V).>™**
The groups of Kinjo and Yamashita have recently contributed a
series of 5-membered aluminyl anions, stabilised by bidentate
alkyl(amido) (VI-VII) and dialkyl (VIII) ligands."**

Even though the range of ligands used to isolate ‘free’
aluminyl anions appears to be diverse, to date all of these are
dianionic chelating ligands.*™* This is in fact the case for
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Fig. 1 Previously reported cyclic aluminyl anions (I=VIIl) and the first
acyclic aluminyl anion reported in this work. Cations excluded for clarity.
Dipp = 2,6-i-Prp-phenyl, DIPeP = 2,6-C(H)Et,-phenyl, Ar' = 3,5-t-Bu-
phenyl.
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nearly all reported group 13 E(I) anions (boryl, aluminyl, gallyl,
indyl), with no mononuclear acyclic boryl, aluminyl or indyl
anions bearing s-block cations being reported.’>'® Herein, we
report the first acyclic aluminyl anion, stabilised by two bulky
monodentate, monoanionic amido ligands and explore its
structure and reactivity.

Two acyclic, bisamido aluminium iodide complexes, [AII{N(-
Dipp)SiRs},] (R = i-Pr, 1; Me, 2), were synthesised as potential
precursor complexes to acyclic aluminyl anions. These precur-
sors were initially targeted through salt metathesis reactions
between two equivalents of the respective alkali metal ligand
salt and aluminium(m) iodide. Whilst this furnished 1 in good
yield, repeated attempts to synthesise 2 through this route
provided intractable materials and inconsistent results.
Instead, 2 was synthesised by a route inspired by Stalke
and Heine’s report of [LiAIH,{N(SiMe3),},];'” two equivalents
of HN(Dipp)SiMe; were refluxed with lithium aluminium
hydride in diethyl ether for 6 days. Treatment of the resultant
solution with excess trimethylsilyl iodide followed by sublima-
tion furnished 2 in moderate yields. Both compounds 1 and 2
were recrystallised and subjected to analysis by SC-XRD
(see ESI¥).

With the desired iodides in hand, we turned our attention to
reduction hoping to access the corresponding acyclic aluminyl
anions (Scheme 1). Reaction of 1 with excess KCg or 5% w/w
K/KI'® initially seemed promising, resulting in orange-coloured
solutions as had previously been described in the synthesis of
other aluminyl anions."®* However, these solutions rapidly
lost colour at room temperature, suggesting onward reactivity
of any such species present. Crystallisation of the resultant
solution from a K/KI reduction furnished material suitable for
single crystal X-ray crystallography (compound 3, Fig. 2).

Compound 3 is a potassium aluminate where the coordina-
tion sphere of the aluminium contains one hydride and one
equivalent of the [N(Dipp)Si(i-Pr);]~ ligand. Alongside this, it
contains a bidentate, dianionic ligand [N(Dipp){Si(i-Pr),CMe,}J*~
derived from a C-H cleavage of the tri-iso-propylsilyl substituent of
the ligand. The potassium counterion is closely associated with the
hydride and arene substituents of both the [N(Dipp)Si(i-Pr);]  and
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Scheme 1 The results of reducing compounds 1 and 2 to generate
compounds 3 and 4.
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Fig. 2 Molecular structure (30% probability ellipsoids) of KIAN(Dipp)Si(i-
Pr)sH{N(Dipp)Si(i-Pr),CMe,}] (3). Most hydrogen atoms have been omitted
for clarity. iso-Propyl groups without interactions to the potassium centres
have been represented in wireframe view, also for visual ease. Symmetry
operations for labels with superscripts: 1 — x, ~ +y,1 — z 21— x, 1 +y, 1 — z.

[N(Dipp){Si(i-Pr),CMe,}]*~ ligands giving rise to a coordination
polymer through K- - -arene interactions in the solid state.

Compound 3 is proposed to have been produced via
reduction of the corresponding iodide to a lower oxidation
state aluminium compound which then proceeds towards
ligand activation. Whilst this may be via formation of the
desired acyclic aluminyl anion K,[A{N(Dipp)Si(i-Pr3)},],, which
then undergoes an intramolecular oxidative addition of a
ligand C-H bond, radical pathways cannot be ruled out. Never-
theless, aluminyl anions have previously been shown to oxida-
tively add a range of C-H bonds.”

In contrast, addition of an excess of KCg to compound 2 in
benzene provided a bright yellow solution, which persisted
indefinitely under an inert atmosphere. Crystallisation of this
solution provided X-ray quality crystals of the acyclic potassium
aluminyl anion K,[A{N(Dipp)SiMe;},], 4 (Fig. 3).

Compound 4 crystallises as a dimer comprising a pair of
[AN(Dipp)SiMes},]” anions with bridging potassium cations
coordinated in an n°fashion to the arene substituents on the
ligand. This structure is analogous to a number of the reported
cyclic potassium aluminyl complexes.”*" However, com-
pound 4 represents the first structurally characterised acyclic
aluminyl anion. It is related to K,[III”'PP], via a conceptual C-C
cleavage of its ligand backbone. The enhanced steric demand
of two [N(Dipp)SiMe;] ™ ligands versus the bidentate diamide in
K,[III"PP], results in a widening of the AI-N-Si angles (4, range
135.5(2)-138.6(2); K,[II'PP], range 132.06(12)-134.70(12)°)"
and a staggering of the silyl methyl groups in 4. The absence
of chelation in 4 results in a significant deviation in its N-Al-N
angle (4, 116.33(16), 116.61(17); K,[II°'PP],, 108.84(9),
108.77(9)) and Al---Al distances compared to K,[III”'PP], (4,
6.014(3), 6.047(3); K,[III"'PP], 5.271(1) A). The Al- - -K distances,

This journal is © The Royal Society of Chemistry 2023
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Fig. 3 Molecular structure (30% probability ellipsoids) of K>[A{N(Dipp)-
SiMes},l, (4). Hydrogen atoms have been omitted and both iso-propyl and
methyl groups have been represented in wireframe format, for clarity.
Symmetry operations for labels with superscripts: 11 — x, 1 — y, —z.

in contrast, are similar (4, range 3.5995(16)-3.7380(16); K,[III-
DiPP], range 3.584(1)-3.625(1) A). The conservation of such
distances reiterates that these interactions with the potassium
counterions assist in the generation of isolable, dimeric donor-
free aluminyl anion systems.

"H DOSY NMR was acquired to analyse the solution state
structure of compound 4. The diffusion coefficient for 4 was
determined to be 5.87 x 10~ '° m? s !, which converts into a
hydrodynamic radius of 6.74 A. This value closely matches the
radius calculated from the dimeric solid-state structure (6.42 A)
and is in line with that measured for the related dimeric
potassium aluminyl system K,[III™"PP], (6.55 A) suggesting 4 is
dimeric in solution.

We initially postulated that the increased steric demand of
the [N(Dipp)Si(i-Pr);]” ligand may lead to a wider N-Al-N angle
in the corresponding aluminyl anion compared to its trimethyl-
silyl analogue, with corresponding effects on its reactivity.
Thus, we investigated the electronic structures of the targeted
and observed aluminyl anions [A{N(Dipp)Si(i-Pr)s},]” and
[AN(Dipp)SiMes},]” respectively, by DFT methods. Interest-
ingly, no significant divergence in their stability was reflected
in their electronic structures. Similar orbital energies and
energy gaps between the lone pair at aluminium (in both cases
the HOMO) and an orbital with significant Al p, character
(LUMO for both; HOMO-LUMO gap for [AKN(Dipp)Si(i-
Pr);},]” = 3.36 eV; and for [A{N(Dipp)SiMe;},] = 3.47 eV) (see
ESIt for further details) were calculated. The slightly smaller
HOMO-LUMO gap for [A{N(Dipp)Si(i-Pr)s},]~ could give rise to
the instability of the anion and the observed ligand activation
chemistry. Indeed, the calculated energy gap between the Al-
centred frontier orbitals (the Al lone pair and empty p-orbital)
for [A{N(Dipp)Si(i-Pr);},]” is the smallest in the series of
previously calculated monomeric aluminyl anions (ranging
from 3.42 to 4.06 eV).?’ Correspondingly, inspection of the
optimised structures for these species reveal a wider N-Al-N angle
for [AKN(Dipp)Si(i-Pr)s},]~ (123.23°) than for [A{N(Dipp)SiMes},]|~
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(111.26°, avg. 116.47° in 4). Alongside these factors, a larger
number of C-H---M interactions are present in [A{N(Dipp)Si(i-
Pr);},]” than in [A{N(Dipp)SiMe;},]”, potentially predisposing
this system to C-H cleavage.

Addition of [2.2.2]cryptand to compound 4 resulted in a
deep orange-red solution (similar to that reported for the
monomeric potassium aluminyl system [K([2.2.2]cryptand)][1])."
However, this colour rapidly faded at room temperature and the
reaction precipitated intractable, colourless material, resulting in
a "H NMR spectrum where only [2.2.2]ctyptand could be assigned.
In addition, thermolysis of 4 led to complex 'H NMR spectra
reflecting a number of products which could not be readily
characterised (see ESIY).

Cyclic aluminyl anions are prominent for their reactivity
as nucleophilic sources of aluminium,” therefore, we were
interested to investigate whether the acyclic aluminyl anion
4 maintained this trait. Addition of a dg-toluene solution of 4
to the magnesium(n) electrophile [(°'PPnacnac)MgI(OEt,)]
(P'PPnacnac = [{(Dipp)NC(CH;)},CH])* resulted, after 2 days
at 40 °C, in a loss of the colour associated with compound 4 and
a 'H NMR spectrum consistent with the formation of one major
new ""PPnacnac containing species (Scheme 2). Crystallisation
of this reaction mixture gave material appropriate for single
crystal X-ray crystallography, showing the product to be
[(°PPnacnac)MgAl{N(Dipp)SiMes},], compound 5 (Scheme 2
and Fig. 4).

Compound 5 represents a monomeric acyclic aluminyl
anion complex bearing a formal magnesium-aluminium bond.
Both the aluminium and magnesium centres are three-
coordinate and trigonal planar, with their corresponding
planes essentially perpendicular to each other (interplanar
angle, 94.43(4)°), presumably to minimise steric clashes
between the ligands. The Al-Mg bond length of 2.7888(6) A
agrees with Al-Mg bond lengths of reported magnesium alu-
minyl species with bidentate ligands at aluminium, e.g. [(**
nacnac)Mg{I}] (2.696(1) A),* [(M**nacnac)Mg{I1}] (2.7711(6) A)**
and [(*"PPnacnac)Mgi{Iil}] (2.7980(6) A).” The N-AI-N bond
angle (118.76(5)°) is larger than in its bidentate aluminium
ligand analogue [P'PPnacnacMg{IIl}] (111.87(6)°) and also
slightly larger than that in the starting potassium aluminyl 4
(116.33(16), 116.61(17)°). Interestingly, the Dipp groups of the
two monodentate amido ligands orient to opposite sides of the Al
centre, presumably to minimise steric clashes. This arrangement

i-Pr KT ?iMe3
Dipp
- P
Me;Si—N " + [LMgI(OEt,)] ,\j\ Ne+iDipp
05 Al —_ “Mg—Al

MesSi—N | p; - K, Et,0 N N—=SiMe,

. I Dipp 3

i-Pr Pt Dipp

2
4 5

Scheme 2 The synthesis of compound 5 from 4 and [(°®"Pnacnac)-
Mg|(OEt2)]
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Fig. 4 Molecular structure (30% probability ellipsoids) of one of the
molecules in the asymmetric unit of 5. Solvent and hydrogen atoms have
been omitted while iso-propyl groups and silicon bound methyl substi-
tuents have been represented in wireframe format, for visual ease.

is not possible in the systems with bidentate ligands at alumi-
nium hitherto described.

Compound 5 was additionally analysed by DFT analysis. The
electronic structure of 5 indicates that it is similar to previously
reported nacnac magnesium aluminyls.”” This is reflected in
the calculated NBO charges for compound 5 (Mg +1.57, Al
+0.88) and the BCP as elucidated by QTAIM for the Mg-Al bond
(p(r): 0.033 a.u., V>p(r) = 0.038 e A~ and & = 0.021). The
covalency in the Mg-Al interaction alongside the significant
steric bulk of the ancillary ligand at magnesium most likely
precludes activation of the ligand, allowing the isolation of a
monomeric, acyclic magnesium aluminyl.

In summary, the first acyclic aluminyl anion has been
reported as both a potassium-bridged dimer (4) and a mono-
meric magnesium complex (5).
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