
Academic Editor: Moris S. Eisen

Received: 10 December 2024

Revised: 13 January 2025

Accepted: 14 January 2025

Published: 16 January 2025

Citation: Liu, H.-Y.; Schwamm, R.J.;

Kenar, J.; Mahon, M.F.; Hill, M.S.

Tetrazenyl-, Imido-, and

Azidoaluminate Derivatives of a

Sterically Demanding Bis-Silazide

Ligand. Inorganics 2025, 13, 25.

https://doi.org/10.3390/

inorganics13010025

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Tetrazenyl-, Imido-, and Azidoaluminate Derivatives of a
Sterically Demanding Bis-Silazide Ligand
Han-Ying Liu, Ryan J. Schwamm, Jakub Kenar, Mary F. Mahon and Michael S. Hill *

Department of Chemistry, University of Bath, Claverton Down, Bath BA2 7AY, UK; hyl219@bath.ac.uk (H.-Y.L.);
ryan.schwamm@gmail.com (R.J.S.); kubakenar.kk@gmail.com (J.K.); chsmfm@bath.ac.uk (M.F.M.)
* Correspondence: msh27@bath.ac.uk

Abstract: The potassium alumanyl [{SiNDipp}AlK]2 (SiNDipp = {CH2SiMe2NDipp}2;
Dipp = 2,6-i-Pr2C6H3) reacts with organic azides via reductive N2 elimination. With the
less sterically encumbered azides PhN3 and C10H15N3 (1-azidoadamantane), the putative
initially formed aluminium imide undergoes facile [2 + 3] cycloaddition to provide the
tetrazenylaluminates [{SiNDipp}Al-κ2-N,N′-({N(R)}2N2)]K (R = Ph, C10H15). In contrast,
each Al(I) centre of [{SiNDipp}AlK]2 only reacts with a single equivalent of 2,4,6-Me3C6H2N3

to provide the imidoaluminate [{SiNDipp}AlN(2,4,6-Me3C6H2)(K·C6H6)], which crystallises
as a monomer and displays a short Al-N distance of 1.7040(13) Å. Attempts to synthesise
the azide [{SiNDipp}AlN3] by reaction of [{SiNDipp}AlI] with an excess of KN3 resulted in
exclusive formation of the bis(azido)aluminate [{SiNDipp}Al(N3)2K], which crystallises
as an infinite 1-dimensional polymer propagated by µ-(1,3)-N3 bridging interactions
between the potassium cations and azide anions. Although the THF-adducted azide
[{SiNDipp}AlN3(THF)] may be synthesised and characterised by more stringent control of
the reaction stoichiometry, the synthetic viability of this route remains compromised by
competitive generation of [{SiNDipp}Al(N3)2K].

Keywords: Al(I); azide; imide; tetrazene

1. Introduction
Motivated by both their practical potential (e.g., as precursors to nitride materials) [1,2] or

to address more fundamental questions of main group heteronuclear multiple bonding [3–6],
the chemistry of nitrogen-bonded aluminium compounds has attracted longstanding atten-
tion [7,8]. Initial studies of oligomeric aluminium imides, [RAlNR′]n, demonstrated that
systems comprising less sterically demanding organic substituents may be isolated as cage
structures with alternating Al and N vertices and with a topology dictated by the identity
of R and R′ [9–12]. Despite the introduction of various more sterically demanding organic
residues at either, or both, of the constituent aluminium or nitrogen centres that allowed the
synthesis of several dimeric iminoalanes with Al2N2 cores [5,13–16], monomeric analogues
long continued to prove elusive.

Roesky and co-workers demonstrated in 2001 that, while reactions of various tri-
organosilyl azides with the sterically encumbered Al(I) species [(BDI)Al:] (I: BDI =
HC[(Me)CNDipp]2; Dipp = 2,6-i-Pr2C6H3) provided the requisite elimination of dini-
trogen, the resultant transient imides were insufficiently stabilised to prevent the [2 + 3]
cycloaddition of a further azide equivalent to provide aluminatetrazene species (II–IV,
Figure 1a) [17,18]. Although the aluminium species could not be structurally characterised
in the solid state, by analogy to its heavier congener [(BDI)Ga=N(2,6-Trip2C6H3)], Power
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and co-workers’ use of the very sterically encumbered azide 2,6-Trip2C6H3N3 (Trip =
2,4,6-i-Pr3C6H2) confirmed that the kinetic stabilisation of the Al=N linkage could be
achieved [19]. A further indication of the reactivity intrinsic to the terminal Al-N bond
was provided by a subsequent report of the behaviour of I toward the less sterically
demanding m-terphenyl azide 2,6-Dipp2C6H3N3 which underwent C-H activation of a
flanking methyl group [19,20]. The first structurally characterised terminal aluminium
imide (V, Figure 1b) resulted serendipitously from β-diketiminate ligand degradation after
treatment of a tert-butyl-substituted analogue of I with the N-heterocyclic carbene 1,3-di-
isopropyl-4,5-dimethyl-2-ylidene [21]. Although V was shown to comprise a short Al-N
bond [1.705(2) Å], crystallographic verification of rationally accessed imide species has
only been realised during the past half-decade. Effectively simultaneous reports from the
groups of Coles and Aldridge described the anionic imide units of compounds VI and VIIa
that were accessed by the respective treatment of the potassium alumanyls K2[Al(NON)]2

(VIII [22], NON = [O(SiMe2NDipp)2]2−) [23–25] and K2[Al(NONxanth)]2 (IX [26], NONxanth =
4,5-bis(2,6-diisopropylanilido)-2,7-di-tert-butyl-9,9-dimethyl-xanthene) [27–30], with 2,4,6-
Me3C6H2N3 and DippN3. This protocol was subsequently extended by Aldridge and
co-workers to the synthesis of a variety of analogous, but more labile, silyl- and borylimido
derivatives (VIIb–VIId) [30]. Compounds VI and VIIa–VIId presented similarly short ter-
minal Al-N bond lengths (VI, 1.7251(11); VIIa, 1.723(2); VIIb 1.730(6); VIIc 1.7304(15); VIId
1.739(3) Å) that were initially formulated as multiple Al=N bonds. The calculated Wiberg
bond indices (WBI, ca. 0.6), however, implicated minimal potential for π bonding such that
the molecules are better represented with the ionic formulations depicted in Figure 1 [30].
The current lower limit to any Al-N bond length was subsequently achieved by Power’s
characterisation of the charge neutral species Ar′Al≡NAr′′ [X, Ar′ = C6H-2,6-(C6H2-2,4,6-
i-Pr3)2-3,5-i-Pr2; Ar′′ = C6H3-2,6-(C6H2-2,4,6-Me3)2] [31]. In this case, the extreme kinetic
protection afforded by both the Al-bound Ar′ and N-bound Ar′′ substituents impose an
unperturbed linear geometry to the C-Al=N-C unit and a resultant contraction of the Al-N
bond distance to 1.625(4) Å. Although dispersion-corrected DFT calculations performed on
X attributed a combination of one σ- and two π-type components to the Al-N bonding, even
here the 90% electron localisation on the N atom yielded a consequent WBI of only 0.89.
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observations of the one-coordinate alanediyl precursor to compound X with az-
idoadamantantane [31], the presumed phenyl- and adamantylimidoaluminium interme-
diates undergo immediate [2 + 3] cycloaddition with a further equivalent of azide to pro-
vide the respective tetrazene derivatives, 1 and 2 (Scheme 1). 
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nances in its 1H and 13C{1H} NMR spectra consistent with the retention of a C2v-symmetric 
chelate structure. In contrast, compound 2 rapidly deposited as a colourless amorphous 
solid from the benzene reaction solvent, necessitating the use of d8-THF to record solution-
state NMR data. Under these conditions, the resultant 1H NMR spectrum evidenced a low-
ering of symmetry that results in a diastereotopic disposition of the {SiNDipp} iso-propyl 
methyl substituents that is most clearly evidenced by a splitting of the corresponding 
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Against this backdrop, our own recent observations have centred on the potassium
alumanyl reagent (XI) [32], which is supported by the sterically demanding {SiNDipp}2−

dianion (SiNDipp = {CH2SiMe2NDipp}2) and acts as a potent but kinetically discriminating
two-electron reductant toward multiply bonded organic and inorganic small molecule
substrates [33–37]. In this contribution, we extend our study of XI to its reactivity with
organic azides and describe our unsuccessful attempts to synthesise molecular Al-µ-N-
Al-bridged derivatives of the nitride (N3−) anion by reaction of XI with azidoaluminium
species which are also supported by the {SiNDipp}2− dianion.

2. Results and Discussion
In common with many reactions of the azide functional group at low oxidation

state p-block element centres [38], treatment of XI with the less sterically demanding
azidobenzene and azidoadamantantane induced visible N2 elimination. In a manner
reminiscent of the reactivity of I (Figure 1a) [17,18] and IX with Me3SiN3 [27], and Power
and co-workers’ observations of the one-coordinate alanediyl precursor to compound X
with azidoadamantantane [31], the presumed phenyl- and adamantylimidoaluminium
intermediates undergo immediate [2 + 3] cycloaddition with a further equivalent of azide
to provide the respective tetrazene derivatives, 1 and 2 (Scheme 1).
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Scheme 1. Synthesis of compounds 1–3.

Compound 1 was soluble in C6D6 and displayed a series of {SiNDipp} ligand resonances
in its 1H and 13C{1H} NMR spectra consistent with the retention of a C2v-symmetric chelate
structure. In contrast, compound 2 rapidly deposited as a colourless amorphous solid from
the benzene reaction solvent, necessitating the use of d8-THF to record solution-state NMR
data. Under these conditions, the resultant 1H NMR spectrum evidenced a lowering of
symmetry that results in a diastereotopic disposition of the {SiNDipp} iso-propyl methyl
substituents that is most clearly evidenced by a splitting of the corresponding methine
environments, which resonated as a pair of equally intense (2H by relative integration)
multiplets at δ 4.21 and 4.09 ppm. Single crystals suitable for X-ray diffraction analysis
were, thus, obtained either from n-hexane (1) or by slow diffusion of the same alkane
solvent into a THF solution (2). The results of these analyses are shown in Figures 2 and 3,
respectively, while selected bond length and angle data for both compounds are presented
in Table 1.

Table 1. Selected bond lengths (Å) and angles (◦) for compounds 1–5.

1 2 3 4 5

Al1-N1 1.8595(14) 1.8948(10) 1.8343(12) 1.8288(13) 1.8199(9)
Al1-N2 1.8580(13) 1.9108(10) 1.8215(12) 1.8388(13) 1.8336(9)
Al1-N3 1.8926(14) - 1.7040(13) 1.8561(15) 1.8416(10)
Al1-N4 1.9092(13) - - 1.8908(15) 1.8876(8) v

N3-N4 1.3731(19) 1.3760(13) a 1.352(2) h 1.191(2) m 1.2002(15)
N4-N5 1.271(2) 1.2688(19) b - 1.192(2) n 1.1421(18)
N5-N6 1.387(2) - - 1.142(2) -
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Table 1. Cont.

1 2 3 4 5

K1-N4 2.7463(14) 2.7647(10) c 2.7285(13) i 3.0330(16) o -
K1-N5 3.0370(15) - - 2.9954(16) p,q,r -

N1-Al1-N2 112.90(6) 101.21(6) d 114.69(6) 118.75(6) 116.76(4)
N3-Al1-N6 81.32(6) 81.93(6) e 118.31(6) j 95.26(7) s 96.45(4) w

Al1-N3-N4 113.56(11) 112.33(7) f 126.90(6) k - 134.96(9)
N3-N4-N5 116.75(14) 116.70(5) g 154.44(11) l 175.6(2) t 175.96(16)
N4-N5-N6 115.08(13) - - 176.8(2) u -
N5-N6-Al1 113.24(11) - - - -

a N2-N3; b N3-N31; c K1-N3; d N1-Al1-N11; e N2-Al1-N21; f Al1-N2-N3; g N2-N3-N31; h N3-C31;i K1-N3; j N1-
Al1-N3; k N2-Al1-N3; l Al1-N3-C31; m N3-N5; n N4-N7; o K1-N31; p K1-N41; q K1-N6 2.9954(16) Å; r K1-N82

2.7644(18) Å; s N3-Al1-N4; t N3-N5-N6; u N4-N7-N8; v Al1-O1; w N3-Al1-O1.

Inorganics 2025, 13, x FOR PEER REVIEW 4 of 13 
 

 

methine environments, which resonated as a pair of equally intense (2H by relative inte-
gration) multiplets at δ 4.21 and 4.09 ppm. Single crystals suitable for X-ray diffraction 
analysis were, thus, obtained either from n-hexane (1) or by slow diffusion of the same 
alkane solvent into a THF solution (2). The results of these analyses are shown in Figures 
2 and 3, respectively, while selected bond length and angle data for both compounds are 
presented in Table 1. 

 

Figure 2. Plot depicting the molecular structure of compound 1. Ellipsoids are depicted at 30% prob-
ability. Minor disordered components and hydrogen atoms (those attached to C11, C22, and C38 
excepted) have been omitted and, in addition, peripheral substituents are depicted as wireframes, 
for perspicuity. Symmetry operations: 1 1 − x, y, 3∕2 − z; 2 1 − x, 1 − y, 1 − z; 3 x, 1 − y, –½ + z; 4 x, 1 − y, ½ 
+ z. 

Like the solid-state structure of Aldridge and co-workers’ tetrazenylaluminate deriv-
ative, [{(NONxanth)Al(N4(SiMe3)2}K]∞ [27], compound 1 presents as a 1-dimensionsal poly-
mer (Figure 2), in this case of centrosymmetric molecular dimers. The dimeric units are 
assembled about two bridging potassium cations (K1 and K11), each of which interacts 
with N4, N5/N41, N51 (K1-N4 2.7463(14); K1-N5 3.0370(15); K1-N51 2.9304(16) Å) of the 
{AlN4} heterocycle and are further encapsulated by polyhapto engagement with a single 
N-Dipp substituent of each chelated dianion. Polymer propagation parallel to the ortho-
rhombic c axis is then achieved via a sequence of intermolecular C-H···potassium contacts 
between K1/K11 and the para-situated methine unit of each remaining N-Dipp group. Un-
like 1, compound 2 crystallises in the presence of ether solvent and as a molecular contact 
ion pair (Figure 3). Although the potassium cation (K1) of 2 again interacts strongly with 
N3 and N31 (2.7647(10) Å), further intermolecular interactions are, thus, prevented by O-
coordination of four molecules of THF. Despite these dissimilarities, the various Al-N and 
N-N bond lengths and angles about the {AlN4} heterocycles of both compounds 1 and 2 
are perturbed only marginally, either in mutual comparison (Table 1) or when appraised 
against the analogous metric data deduced for [{(NONxanth)Al(N4(SiMe3)2}K]∞ [27]. 
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components and hydrogen atoms have been omitted and, in addition, peripheral substituents are
depicted as wireframes, for clarity. Symmetry operation: 1 3/2 − x, y, 1 − z.
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Like the solid-state structure of Aldridge and co-workers’ tetrazenylaluminate deriva-
tive, [{(NONxanth)Al(N4(SiMe3)2}K]∞ [27], compound 1 presents as a 1-dimensionsal poly-
mer (Figure 2), in this case of centrosymmetric molecular dimers. The dimeric units are
assembled about two bridging potassium cations (K1 and K11), each of which interacts with
N4, N5/N41, N51 (K1-N4 2.7463(14); K1-N5 3.0370(15); K1-N51 2.9304(16) Å) of the {AlN4}
heterocycle and are further encapsulated by polyhapto engagement with a single N-Dipp
substituent of each chelated dianion. Polymer propagation parallel to the orthorhombic c
axis is then achieved via a sequence of intermolecular C-H···potassium contacts between
K1/K11 and the para-situated methine unit of each remaining N-Dipp group. Unlike 1,
compound 2 crystallises in the presence of ether solvent and as a molecular contact ion
pair (Figure 3). Although the potassium cation (K1) of 2 again interacts strongly with
N3 and N31 (2.7647(10) Å), further intermolecular interactions are, thus, prevented by
O-coordination of four molecules of THF. Despite these dissimilarities, the various Al-N
and N-N bond lengths and angles about the {AlN4} heterocycles of both compounds 1 and
2 are perturbed only marginally, either in mutual comparison (Table 1) or when appraised
against the analogous metric data deduced for [{(NONxanth)Al(N4(SiMe3)2}K]∞ [27].

Cognisant of the closely comparable behaviour of both potassium alumanyls IX and
XI toward less sterically demanding azides, we turned our attention to the bulkier mesityl
azide that was successfully employed in the synthesis of compound VI (Figure 1). Accord-
ingly, treatment of the dimeric potassium alumanyl, XI, with two molar equivalents of the
azide in benzene again produced a visible gas evolution at room temperature. Subsequent
assessment by 1H NMR spectroscopy of the reaction indicated the complete consumption
of both reagents and the formation of a single new compound (3, Scheme 1), which mani-
fested as a unique, albeit broadened, set of {SiNDipp} ligand and mesityl methyl (δ 2.20 (3H),
1.58 (6H) ppm) environments. Compound 3 could be isolated by slow evaporation of the
reaction solvent as single crystals suitable for X-ray diffraction analysis, the results of which
are depicted in Figure 4 with selected bond length and angle data presented in Table 1.
Like the most closely comparable species, VI and VIIa, compound 3 comprises a distorted
trigonal planar aluminium centre (Σangles = 359.9◦) with N3Al coordination provided by a
combination of the bidentate {SiNDipp} dianion and a terminal arylimido ligand. Unlike
both previously reported dimeric potassium arylimidoaluminates, however, compound
3 sequesters a molecule of benzene solvent, which interacts in an η6-fashion with the
potassium cation (K1···benzenecent 2.9740(11) Å) and enforces a monomeric contact ion
paired structure. K1 is further encapsulated by a similar interaction with a {SiNDipp} N-aryl
substituent (K1···benzenecent 2.9064(8) Å) and a close contact to the imido nitrogen atom
(K1-N3 2.7285(13) Å). The Al1-N3 bond (1.7040(13) Å) is marginally shorter than the analo-
gous distances reported for either VI (1.7251(11) Å) or VIIa (1.723(2) Å) and is accompanied
by a more obtuse Al1-N3-C31 bond angle (154.44(11) vs. 137.07(9) (VI); 146.4(2)◦ (VIIa)).
Although these data could be interpreted as indicative of enhanced multiple bond character,
in agreement with Aldridge and co-workers’ previous calculations [30], we suggest that the
contraction of the Al-Nimide bond in 3 is more plausibly attributed to a slightly augmented
electrostatic interaction resulting from the reduced nuclearity of its structure.

The groups of Aldridge and Goicoechea have also described the use of the {NONxanth}2−

dianion to achieve the isolation of terminal aluminium imides (VIIb–VIId, Figure 1) bearing
bulky heteroatom (E = Si, B) substituents at nitrogen [30]. Although superficially analogous
to VI, VIIa, and 3, the greater lability of the N-E bonds also renders these compounds as
viable synthons for the [N]3− anion. With these observations in mind, we speculated that
similar Al-N-Al-based nitride structures could be accessible through reaction of XI and an
appropriately bulky aluminium azide.
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An initial reaction of [{SiNDipp}AlI] and Me3SiN3 in benzene provided no evidence
of reaction. The aluminium iodide was, thus, treated with a twofold excess of KN3 in
THF at 40 ◦C for 24 h. This procedure provided a colourless precipitate and a colourless
solution, filtration of which yielded compound 4 as a pale yellow powder upon removal
of volatiles (Scheme 2). Once isolated, compound 4 was found to be insoluble in either
benzene or toluene but redissolved readily in THF. Analysis in d8-THF by 1H and 13C NMR
spectroscopy was consistent with a highly symmetric (C2v) structure, an inference that was
subsequently supported by X-ray diffraction analysis performed on a single crystal isolated
by slow evaporation of a saturated solution of 4 in THF. Compound 4 is a potassium
bis(azido)aluminate (Figure 5), which crystallises as a one-dimensional polymer parallel
to thea axis. This extended structure is propagated via a series of µ-K···N interactions
between the alkali metal cations and azide anions, which act as µ-(1,3)-N3 bridging ligands.
Although aluminium derivatives coordinated by more than a single azide anion are by no
means common, the structure of 4 is otherwise unremarkable and displays bond lengths
and angles (Table 1) which are consistent with relevant literature precedents [39–42].
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In a subsequent attempt to achieve the synthesis of a mono(azido)aluminium prod-
uct, a further reaction was performed on an NMR scale at room temperature in d8-THF
between equimolar quantities of [{SiNDipp}AlI] and KN3. Assessment of this reaction,
which presented as a pale yellow solution and a colourless precipitate, after 2 h by 1H
NMR spectroscopy indicated the formation of an approximate 2:3 ratio of 4 and a further
new species, compound 5 (Scheme 2), which was readily identifiable in comprising di-
astereotopic {SiNDipp} silylmethyl and N-Dipp iso-propyl substituents, which resonated as
two singlets (δ 0.10, 0.09 ppm) and a pair of apparent septets (δ 3.90, 3.78 ppm), respectively.
All attempts to fractionally crystallise a bulk sample of 5 for further study of its reactivity
were frustrated by its consistent contamination with significant quantities of 4. A pure
sample of 5 sufficient for characterisation was, however, isolated by mechanical separation
of the colourless block single crystals obtained by slow diffusion of n-hexane into a THF
solution. The resultant X-ray diffraction analysis identified 5 as the THF adduct of the
desired monoazidoaluminium product (Figure 6), the most salient features of which are
congruent with the comparable metric data provided by 4 (Table 1).

Inorganics 2025, 13, x FOR PEER REVIEW 8 of 13 
 

 

In a subsequent attempt to achieve the synthesis of a mono(azido)aluminium prod-
uct, a further reaction was performed on an NMR scale at room temperature in d8-THF 
between equimolar quantities of [{SiNDipp}AlI] and KN3. Assessment of this reaction, 
which presented as a pale yellow solution and a colourless precipitate, after 2 h by 1H 
NMR spectroscopy indicated the formation of an approximate 2:3 ratio of 4 and a further 
new species, compound 5 (Scheme 2), which was readily identifiable in comprising dia-
stereotopic {SiNDipp} silylmethyl and N-Dipp iso-propyl substituents, which resonated as 
two singlets (δ 0.10, 0.09 ppm) and a pair of apparent septets (δ 3.90, 3.78 ppm), respec-
tively. All attempts to fractionally crystallise a bulk sample of 5 for further study of its 
reactivity were frustrated by its consistent contamination with significant quantities of 4. 
A pure sample of 5 sufficient for characterisation was, however, isolated by mechanical 
separation of the colourless block single crystals obtained by slow diffusion of n-hexane 
into a THF solution. The resultant X-ray diffraction analysis identified 5 as the THF adduct 
of the desired monoazidoaluminium product (Figure 6), the most salient features of which 
are congruent with the comparable metric data provided by 4 (Table 1). 

The unavailability of workable quantities of 5 prompted us to direct our attention 
back to the potential of the bis-azidoaluminate, compound 4. Although attempted reac-
tions between compounds XI and 4 in both THF or as a suspension in benzene provided 
visible evidence of gas evolution, analysis by NMR spectroscopy was, in both cases, in-
dicative of the formation of an intractable mixture of products (Figures S21 and S22). 

 

Figure 6. Plot depicting the structure of 5. Ellipsoids are depicted at 30% probability. Hydrogen 
atoms have been omitted and peripheral substituents are depicted as wireframes, for clarity. 

3. Materials and Methods 
3.1. General Considerations 

Except when stated otherwise, all experiments were conducted using standard 
Schlenk line and/or glovebox techniques under an inert atmosphere of argon. NMR spec-
tra were recorded with an Agilent ProPulse spectrometer (1H at 500 MHz, 13C at 126 MHz). 
The spectra are referenced relative to residual protio solvent resonances. Elemental anal-
yses were performed at Elemental Microanalysis Ltd., Okehampton, Devon, UK. Due to 
the air and moisture sensitivity of compounds 1, 3, and 4, however, no meaningful ele-
mental analysis results could be obtained even after multiple attempts. Solvents were 

Figure 6. Plot depicting the structure of 5. Ellipsoids are depicted at 30% probability. Hydrogen
atoms have been omitted and peripheral substituents are depicted as wireframes, for clarity.



Inorganics 2025, 13, 25 8 of 12

The unavailability of workable quantities of 5 prompted us to direct our attention back
to the potential of the bis-azidoaluminate, compound 4. Although attempted reactions
between compounds XI and 4 in both THF or as a suspension in benzene provided visible
evidence of gas evolution, analysis by NMR spectroscopy was, in both cases, indicative of
the formation of an intractable mixture of products (Figures S21 and S22).

3. Materials and Methods
3.1. General Considerations

Except when stated otherwise, all experiments were conducted using standard Schlenk
line and/or glovebox techniques under an inert atmosphere of argon. NMR spectra were
recorded with an Agilent ProPulse spectrometer (1H at 500 MHz, 13C at 126 MHz). The
spectra are referenced relative to residual protio solvent resonances. Elemental analyses
were performed at Elemental Microanalysis Ltd., Okehampton, Devon, UK. Due to the
air and moisture sensitivity of compounds 1, 3, and 4, however, no meaningful elemental
analysis results could be obtained even after multiple attempts. Solvents were dried by
passage through a commercially available solvent purification system and stored under
argon in ampoules over 4 Å molecular sieves. Benzene-d6 and THF-d8 were purchased
from Merck and dried over a potassium mirror before distilling and storage over molec-
ular sieves. [{SiNDipp}AlK]2 (XI) and [{SiNDipp}AlI] were prepared according to reported
procedures [32]. Other chemicals were purchased from Merck and used without further
purification.

3.2. Syntheses of New Compounds

Synthesis of [{SiNDipp}Al-κ2-N,N′-({N(Ph)}2N2)]K (1)
In a J Youngs NMR tube, C6D6 (ca. 0.5 mL) was added to [{SiNDipp}AlK]2 (XI, 28.0 mg,

0.025 mmol), before addition of PhN3 (11.9 mg, 0.10 mmol) to the bright yellow solution
via a micropipette. Gas evolution was observed from the resulting reaction mixture, which
transformed into a colourless solution within 10 min at room temperature. In situ analysis
by NMR spectroscopy indicated quantitative transformation into one single new species 1.
The benzene solution was then put under reduced pressure to remove all volatiles, n-
hexanes (0.4 mL) were added to the waxy residue, and a tiny amount of solid material
was removed by filtration. The filtrate was then kept at −30 ◦C to provide 1 as colourless
crystals suitable for X-ray diffraction analysis. Yield 26 mg, 67%. 1H NMR (500 MHz, 298 K,
Benzene-d6) δ 6.98–6.88 (m, 10H, C6H5), 6.80 (t, J = 7.5 Hz, 2H, p-C6H3), 6.74 (d, J = 7.5 Hz,
4H, m-C6H3), 4.25–3.86 (m, 4H, CHMe2), 1.30 (d, J = 6.7 Hz, 12H, CHMe2), 1.27 (s, 4H,
SiCH2), 0.62 (d, J = 6.7 Hz, 12H, CHMe2), 0.34 (s, 12H, SiMe2). 13C{1H} NMR (126 MHz,
298 K, Benzene-d6) δ 149.6, 149.2, 147.5 (i- and o-C6H5), 140.4 (i-C6H5), 129.9 (C6H5), 129.3
(C6H5), 124.9 (C6H5), 124.2 (C6H5), 123.3 (m-C6H3), 123.0 (m-C6H3), 122.6 (C6H5), 119.2
(p-C6H3), 27.4 (CHMe2), 26.2 (CHMe2), 25.6 (CHMe2), 15.3 (SiCH2), 3.4 (SiMe2).

Synthesis of [{SiNDipp}Al-κ2-N,N′-({N(Ad)}2N2)][K(THF)4] (2)
In a J Youngs NMR tube, C6D6 (ca. 0.5 mL) was added to [{SiNDipp}AlK]2 (XI, 28.0 mg,

0.025 mmol), before the addition of 1-azidoadamantane, (AdN3, 17.8 mg, 0.10 mmol) to the
bright yellow solution. Gas evolution was observed from the resulting reaction mixture,
which turned pale red with a large amount of colourless amorphous precipitate within
5 min at room temperature. THF (0.2 mL) was then added to the suspension to provide
a clear homogeneous solution. The solution was transferred to a vial and was carefully
layered with n-hexane (0.5 mL). Keeping the vial at room temperature for 3 days provided
compound 2 as colourless crystals suitable for X-ray diffraction analysis. The colourless
crystals were collected, washed with n-hexane (3 × 0.3 mL), and dried in vacuo to afford
2 as a colourless powder. Yield: 33.7 mg, 76%. Anal. Cal’d. for C66H108AlKN6O4Si2 (2,
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1171.88): C, 67.65%; H, 9.29%; N, 7.17%. Found: C, 67.32%; H, 8.97%, N, 7.28%. 1H NMR
(500 MHz, 298 K, d8-THF) δ 7.03 (dd, J = 7.6, 1.9 Hz, 2H, m-C6H3), 6.85 (dd, J = 7.6, 1.9 Hz,
2H, m-C6H3), 6.76 (t, J = 7.6 Hz, 2H, p-C6H3), 4.21 (sept, J = 6.6 Hz, 2H, CHMe2), 4.09 (sept,
J = 6.7 Hz, 2H, CHMe2), 1.82–1.75* (m, 12H, CH2 on Ad)*overlapping with coordinated
residual protio-THF, 1.57 (s br, 3H, CH on Ad), 1.55 (s br, 3H, CH on Ad), 1.51–1.41 (m,
12H, CH2 on Ad), 1.37 (s, 4H, SiCH2), 1.35 (d, J = 6.4 Hz, 6H, CHMe2) 1.23 (d, J = 6.5 Hz,
6H, CHMe2), 0.97 (d, J = 6.7 Hz, 6H, CHMe2), 0.92 (d, J = 6.6 Hz, 6H, CHMe2), 0.54 (s, 6H,
SiMe2), −0.43 (s, 6H, SiMe2). Coordinated residual protio-THF is also observed in the 1H
NMR spectrum at 3.62 ppm. 13C{1H} NMR (126 MHz, 298 K, d8-THF) δ 153.5 (i-C6H3), 148.2
(o-C6H3), 146.7 (o-C6H3), 125.3 (m-C6H3), 124.8 (m-C6H3), 121.9 (p-C6H3), 55.1 (i-C on Ad), 44.9
(CH on Ad), 37.9 (CH2 on Ad), 31.3 (CH2 on Ad), 29.1 (CHMe2), 28.3 (CHMe2), 28.2 (CHMe2),
26.6 (CHMe2), 26.3 (CH Me2), 26.0 (CHMe2), 16.8 (SiCH2), 9.4 (SiMe2), 5.3 (SiMe2).

Synthesis of [({SiNDipp}Al)NMes]K (3)
In a J Youngs NMR tube, C6D6 (ca. 0.5 mL) was added to [{SiNDipp}AlK]2 (XI, 28.0 mg,

0.025 mmol), before addition of MesN3 (8.0 mg, 0.050 mmol) to the bright yellow solution
via a micropipette. Gas evolution was observed and the reaction mixture transformed into
a colourless solution within 10 min at room temperature. The reaction mixture was kept at
room temperature for 2 h before all volatiles were removed in vacuo. The residue was then
dissolved in n-hexane (0.6 mL), and slow evaporation of the resultant solution provided
colourless crystals suitable for X-ray diffraction analysis. All the crystalline materials were
collected and washed with hexane (0.2 mL × 2) and dried under vacuum, providing 3 as a
colourless solid. Yield 22 mg, 63%. 1H NMR (500 MHz, 298 K, Benzene-d6) δ 7.03–6.75 (m,
6H, C6H3), 6.66 (s, 2H, C6H2Me3), 4.20–3.85 (br, 4H, CHMe2), 2.20 (s, 3H, p-C6H2Me3), 1.58
(s, 6H, o-C6H2Me3), 1.31 (d, J = 6.8 Hz, 12H, CHMe2), 1.28–1.22 (m, 6H, CHMe2), 1.22–1.03
(m, 10H, CHMe2 and SiCH2), 0.45–0.00 (br, 12H, SiMe2). 13C{1H} NMR (126 MHz, 298 K,
Benzene-d6) δ 157.0 (4o ArC on MesN), 148.8 (4o ArC on C6H3), 147.3 (4o ArC on C6H3),
129.5 (m-C6H2Me3), 124.9 (4o ArC on MesN), 124.4 (m-C6H3), 123.5 (4o ArC on MesN), 115.6
(p-C6H3), 28.2, 26.1, 25.2 (CHMe2 and CHMe2), 23.9 (o-C6H2Me3), 20.9 (p-C6H2Me3), 14.7
(SiCH2), 1.0 (SiMe2). *Hexane impurity observed in the spectra.

Synthesis of [({SiNDipp}Al)(N3)2]K (4)
[{SiNDipp}AlI] (1.30 g, 2 mmol) and KN3 (320 mg, 4 mmol) were charged into a Schlenk

flask. THF (50 mL) was then added to the reaction vessel via a cannula to afford a pale-red
solution with a white suspension. The reaction mixture was stirred at 40 ◦C for 24 h to
provide a colourless solution and a white precipitate. The solution was then filtered with a
filter cannula, and the filtrate was collected and put under reduced pressure to remove all
volatiles. The resultant waxy solid was extracted into THF/toluene (40 mL/20mL), and a
minor amount of brown precipitate was removed by filtration. All volatiles were removed
in vacuo from the filtrate to afford compound 4 as a pale-yellow powder. Yield 1.05 g, 81%.
Colourless single needle crystals of 4 suitable for X-ray diffraction analysis were obtained
by slow evaporation of a saturated solution in THF. 1H NMR (500 MHz, 298 K, THF-d8) δ
6.93 (d, J = 7.5 Hz, 4H, m-C6H3), 6.80 (t, J = 7.5 Hz, 2H, p-C6H3), 4.02 (sept, J = 6.8 Hz, 4H,
CHMe2), 1.27 (d, J = 6.8 Hz, 12H, CHMe2), 1.17 (d, J = 6.8 Hz, 12H, CHMe2), 0.90 (s, 4H,
SiCH2), −0.07 (s, 12H, SiMe2). 13C{1H} NMR (126 MHz, 298 K, THF-d8) δ 147.7 (o-C6H3),
147.6 (i-C6H3), 123.7 (m-C6H3), 122.5 (p-C6H3), 28.3 (CHMe2), 25.9 (CHMe2), 25.8 (CHMe2),
15.2 (SiCH2), 1.1 (SiMe2).

Isolation of [({SiNDipp}Al)N3(THF)] (5)
In a J Youngs NMR tube, d8-THF (ca. 0.5 mL) was added to a mixture of [{SiNDipp}AlI]

(32.5 mg, 0.05 mmol) and KN3 (4 mg, 0.05 mmol). The pale-yellow reaction mixture (with
white precipitates) was then sonicated at room temperature for 2 h before being analysed
by 1H NMR spectroscopy, which indicated the formation of two species, one of which
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was identified as 4. Slow diffusion of n-hexane into the THF solution at −30 ◦C provided
[({SiNDipp}Al)(N3)2]K (4) as a colourless amorphous powder and [({SiNDipp}Al)N3(THF)]
(5) as colourless crystalline blocks suitable for X-ray diffraction analysis. An NMR sample
of 5 was prepared by mechanical separation of the crystals, which were dissolved in d8-THF.
1H NMR (500 MHz, 298 K, THF-d8) δ 7.09 (dd, J = 7.6, 1.8 Hz, 2H, m-C6H3), 7.04 (dd,
J = 7.6, 1.8 Hz, 2H, m-C6H3), 6.97 (t, J = 7.6 Hz, 2H, p-C6H3), 3.90 (sept, J = 6.8 Hz, 2H,
CHMe2), 3.78 (sept, J = 6.8 Hz, 2H, CHMe2), 1.33 (d, J = 6.8 Hz, 6H, CHMe2), 1.20 (d,
J = 6.8 Hz, 12H,CHMe2), 1.17 (d, J = 6.8 Hz, 6H, CHMe2), 1.06 (s br, 4H, SiCH2), 0.10 (s, 6H,
SiMe2), 0.09 (s, 6H, SiMe2). 13C{1H} NMR (126 MHz, 298 K, THF-d8) δ 148.0 (i-C6H3), 146.6
(o-C6H3), 146.4 (o-C6H3), 125.3 (p-C6H3), 124.6 (m-C6H3), 124.3 (m-C6H3), 32.7 (CHMe2),
30.8 (CHMe2), 28.7 (CHMe2), 28.1 (CHMe2), 26.7 (CHMe2), 26.6 (CHMe2), 15.0 (SiCH2), 2.1
(SiMe2), 1.7 (SiMe2).

4. Conclusions
In summary, the potassium alumanyl, [{SiNDipp}AlK]2, reacts with organic azides

through N2 elimination. In common with earlier reports, whereas less sterically demanding
organic azides react with the initially formed imidoaluminate through [2 + 3] cycloaddition
to provide the corresponding tetrazenylaluminate products, the terminal imide function
may be characterised through recourse to the bulkier N-mesityl substituent. In contrast
to previously reported derivatives of this type, [{SiNDipp}AlN(2,4,6-Me3C6H2)(K·C6H6)]
crystallises as a molecular monomer through the sequestration of a molecule of benzene
solvent and displays a short Al-N bond length of 1.7040(13) Å. Although reactions of
[{SiNDipp}AlI] with KN3 result in metathesis of the iodide and azide anions, the viability of
this route to the desired molecular azide is limited by its onward reaction with further KN3,
irrespective of the reaction stoichiometry, and the formation of the bis(azido)aluminate
derivative [({SiNDipp}Al)(N3)2]K.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/inorganics13010025/s1, NMR spectra (Figures S1–S22) and
details of the X-ray analysis of compounds 1–5 (Table S1). References [43–45] are cited in the
supplementary materials.
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