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Aluminum dihydride from E(IV) precursors
(E = Si, Ge) and its bond-activation reactivities

Hemant Kumar,a Steven P. Kelley, a Tanya Batra,b Selvarajan Nagendranb and
Justin R. Walensky *a

A distinctive synthetic route has been demonstrated in which the aminotroponiminato (ATI)-stabilized

aluminum dihydride complex [(ATI)AlH2] was prepared from a [(ATI)SiHCl2] precursor. [(ATI)AlH2] was also

isolated from aluminum(III) dichloride [(ATI)AlCl2] via salt-metathesis reaction. Subsequent reaction with

the ATIH ligand enabled the isolation of the N-tetracoordinated (ATI)Al(III)-complex via aluminum mono-

hydride [(ATI)AlH(ATI)] intermediate. The dihydride compound was found to activate CvS (in CS2) and

PvSe (in Ph3PvSe) bonds yielding the aluminum(III) μ-sulphide and μ-selenide dimer [(ATI)Al(μ-S)]2 and

[(ATI)Al(μ-Se)]2, respectively. All compounds were characterized using multinuclear NMR spectroscopy

and single-crystal X-ray diffraction.

Introduction

Main-group metal hydrides constitute a diverse and funda-
mentally important class of compounds with broad relevance
in catalysis, small-molecule activation, and energy storage.1–7

Among these, N-heterocyclic aluminum hydrides have
emerged as a notable subclass, demonstrating utility in cata-
lytic transformations and small-molecule activation.3,8–13

These compounds typically feature a terminal or bridging
hydride bound to an aluminum centre that is stabilized by
N-heterocyclic ligand frameworks such as amidinates,
β-diketiminates, or pincer-type ligands.8,10–34 While most
studies on aluminum hydrides have focused on systems sup-
ported by amidinate and β-diketiminate ligands, there remains
significant scope to explore alternative ligands.

To the best of our knowledge, synthetic strategies that
employ group-14 precursors (LEX3; E = Si or Ge) for the prepa-
ration of aluminum dihydrides have not yet been established.
Our group has previously shown that treatment of H2Ge(3,5-
(CF3)2C6H3) with [(C5Me5)2U(CH3)(I)], Scheme 1,35 can afford a
compound with a uranium–germanium bond. To create other
such starting materials, we targeted group 14 trihydride com-
pounds of the form (ATI)E(H)3, (ATI) =

iBu-substituted amino-
troponiminate; E = Si, Ge. We recently reported the isolation of
(ATI)-stabilized trichloro silane and germane compounds.36

While we now tried to convert these compounds to their

respective trihydrides by adding LiAlH4, the result was an
aluminum dihydride, [(ATI)AlH2].

In this context, ATI ligands present an attractive yet under-
explored ligand for aluminum hydride stabilization. To date,
only one example of an ATI-supported aluminum hydride,
[(iPr)2ATI]AlH2, has been reported,37 but its reactivity remains
unexplored. Aluminum dihydride complexes of the type LAlH2

(L = monoanionic ligand) are typically synthesized either via
protonolysis of alane adducts (R3N·AlH3) with the corres-
ponding ligand (LH) or via hydride substitution of LAlX2 (X =
halide) precursors. Further, N-heterocyclic aluminum com-
plexes containing heavier chalcogens and featuring Al2E2 cores
(E = S, Se, Te) have generally been synthesized using elemental
chalcogens or chalcogen-transfer reagents such as
R3PvE.32,38–43 Notably, in 2019 Cabrera and co-workers
reported, [{MeLAl(μ-S)}2], containing a four-membered Al2S2
ring, through the activation of CS2 by MeLAlH2 (MeL = HC
[(CMe)N(2,4,6-Me3C6H2)]2).

44 This shows the ability of N-
heterocyclic aluminum dihydride to activate CS2 which can be
a useful model for CO2 reactivity or activation. Thus, in this
contribution, apart from reporting the synthesis of ATI-stabil-

Scheme 1 Formation of a U–Ge bond through protonolysis of a U(IV)–
methyl with a disubstituted germane.
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ized aluminum dihydride [(ATI)AlH2] from a novel synthetic
route starting from [(ATI)SiHCl2] 1, we also investigated the
ability of the dihydride, 2, to activate CvS and PvSe bonds.

Results and discussion
Synthesis and spectra

Aminotroponimine (ATIH) was deprotonated with n-BuLi, fol-
lowed by reaction with an equimolar amount of trichlorosilane
(SiCl3H), yielding the ATI-stabilized dichlorosilane [(ATI)
SiCl2H] 1 in 85% isolated yield (Scheme 2). Compound 1 is
readily soluble in toluene, THF, and chloroform, but insoluble
in pentane. The complex was characterized by multinuclear
NMR spectroscopy, infrared (IR) spectroscopy, and single-
crystal X-ray diffraction. The 1H NMR spectrum of 1 displayed
the expected resonances. The methyl protons appeared as a
doublet at δ = 0.82 ppm, while the methine and methylene
protons were observed as a multiplet (δ = 2.06–2.00 ppm) and
a doublet (δ = 3.61 ppm), respectively. The five protons of the
seven-membered ATI backbone exhibited a triplet, doublet,
and pseudo-triplet in a 1 : 2 : 2 intensity ratio at δ = 6.70, 6.56,
and 6.30 ppm. The Si–H hydride resonance appeared as a
singlet at δ = 7.05 ppm. The 13C NMR spectrum of compound
1 showed seven distinct signals: three in the aliphatic region
corresponding to the isobutyl substituents and four in the aro-
matic region attributable to the seven-membered ATI-ring. In
the 29Si NMR spectrum, compound 1 exhibits a doublet at δ =
−88.0 ppm, which is shifted downfield relative to [(ATI)SiCl3]
(δ = −95.5 ppm) and is consistent with closely related dichloro-
silane species reported in the literature;45–49 for example,
[Ph2P(NDipp)2]SiHCl2, Dipp = 2,6-iPr2C6H3, resonates at δ =
−89.4 ppm.49 The IR spectrum of compound 1 displays two Si–
H stretching bands at ν = 2357 and 2338 cm−1 consistent with
the analogous systems such as [PhC{(NtBu)(NDipp)}]SiHCl2.

50

To synthesize N-heterocyclic silane [(ATI)SiH3], the reaction
of compound 1 was carried out with LiAlH4, which led to the
unusual reactivity and afforded [(ATI)AlH2], 2, as a product
(with 68% yield) instead of [(ATI)SiH3]. Compound 2 is soluble
in pentane, toluene, and THF. Similar reactions starting with
[(ATI)SiCl3] or [(ATI)GeCl3] also afforded compound 2 with
80% yield (Scheme 3). Compound 2 was characterized using
multinuclear NMR-spectroscopy, IR spectroscopy, and single-
crystal X-ray diffraction techniques. The 1H NMR spectrum of
compound 2 gave the anticipated results; the resonance of
methyl protons appeared as a doublet (δ = 0.92 ppm). Methine

and methylene protons appeared as a multiplet (δ =
2.13–2.19 ppm) and a doublet (δ = 3.00 ppm), respectively. The
Al–H hydride appeared as a singlet (δ = 5.06 ppm). The five
protons of the seven-membered ring appear as triplet, doublet,
and pseudo triplet in a 1 : 2 : 2 intensity ratio (δ = 6.23, 6.36,
and 6.76 ppm). As anticipated, in its 13C NMR spectrum, seven
peaks were observed, in which three peaks appeared in the ali-
phatic region for the isobutyl groups and four peaks in the aro-
matic region corresponding to the seven-membered ATI-back-
bone ring. Compound 2 crystallized as a tetramer, but in solu-
tion, it is a monomer, confirmed by DOSY-NMR experiment
(Fig. S9). In solution, a broad singlet is observed at 2.24 ppm
in the 27Al NMR spectrum (Fig. S8), suggesting one type of Al
(III)-centre, unlike the related compound [(Et3SiOAlH2)2AlH3]2,
which has two-types of Al-centres in solution as well as in
solid-state.51 The IR-band for the Al–H bond appears at 1960
(sharp band for terminal Al–H) and 1789 (broad band for brid-
ging Al–H) cm−1, which is in good agreement with the related
reported compound [(Et3SiOAlH2)2AlH3]2.

51

After isolating compound 2 via the aforementioned syn-
thetic route, the reaction between the aminotroponimine
ligand (ATIH) and Et3N·AlH3 was attempted to prepare com-
pound 2. However, this reaction did not yield the target
product. Instead, it afforded an N-tetracoordinate Al(III)
complex. To probe the mechanism of the formation of this
N-tetracoordinate compound, ATIH was treated with Et3N·AlH3

in a 2 : 1 stoichiometric ratio affording the pentacoordinated
Al(III)–monohydride [(ATI)AlH(ATI)] 3. Complex 3 eventually
undergoes intramolecular hydride transfer from Al-centre to
ATI-backbone to afford an N-tetracoordinate Al(III) complex 4
(Scheme 4). In this reaction, after 1 h, the products 3 and 4
were observed in 9 : 1 ratio (Fig. S20) and after the stirring of
this reaction mixture in toluene for 12 h, compound 4 was iso-
lated with 60% yield. This indicates that compound 3 is acting
as an intermediate for the formation of compound 4. For the
isolation of compound 3, the reaction of 2 with ATIH was also
carried out to afford the desired product with 81% yield
(Scheme 4). Compounds 3 and 4 are soluble in toluene and
THF but insoluble in pentane. Compounds 3 and 4 were
characterized by multinuclear NMR-spectroscopy and single-
crystal X-ray diffraction techniques. In the 1H NMR spectrum
of 3, the methyl protons appeared as a doublet at δ =
0.92 ppm, while the methine and methylene protons were
observed as a multiplet (δ = 2.25–2.20 ppm) and a doublet (δ =Scheme 2 Synthesis of ATI-stabilized dichlorosilane 1.

Scheme 3 Synthesis of ATI-stabilized Aluminium(III) dihydride 2.
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3.39 ppm), respectively. The five protons of the seven-mem-
bered ATI backbone exhibited a triplet, doublet, and pseudo-
triplet in a 1 : 2 : 2 intensity ratio at δ = 6.22, 6.58, and
6.83 ppm. The 13C NMR spectrum of compound 3 showed
seven distinct signals: three in the aliphatic region corres-
ponding to the isobutyl substituents and four in the aromatic
region attributable to the seven-membered ATI-ring.
Compound 4 contains two ATI-ligand backbones which appear
separately in the 1H NMR spectrum; the resonance of methyl
protons of the isobutyl-groups appeared as a pseudo triplet (δ
= 0.78 ppm) and a doublet (δ = 0.89 ppm). Methine protons
appeared as two multiplets (δ = 1.97–2.07 and 2.09–2.19 ppm).
The methylene protons corresponding to the iBu-groups of the
non-aromatic and aromatic ligand backbone appear as two
doublets (δ = 2.99 and 3.08 ppm) and one doublet (δ =
3.25 ppm), respectively. The five protons of the aromatic seven-
membered ring appear as triplet, doublet, and pseudo triplet
in a 1 : 2 : 2 intensity ratio (δ = 6.32, 6.66, and 6.80 ppm). The
five protons of the non-aromatic seven-membered ring appear
uniquely. The methylene protons of the non-aromatic seven-
membered ring appeared as a triplet (δ = 2.76 ppm), the other
four protons appear as a triplet, multiplets and doublet of
doublets (δ = 4.76, 5.67–5.72, and 6.47 ppm). As compound 3
is asymmetric, the 13C NMR spectrum shows 20 distinct
resonances.

To isolate compound 2, starting from an Al(III) precursor, Al
(III)–dichloride, the reaction of aminotroponimine ligand was
carried out with n-BuLi followed by the addition of AlCl3 to
afford ATI-stabilized aluminum dichloride, [(ATI)AlCl2], 5
(Scheme 4). Although, the ATI-ligand has been used to isolate
Al(III)–dihydride and –dimethyl,37 compound 5 is the first
example of ATI-ligand stabilized Al(III)–dihalide. Compound 5
is soluble in toluene, THF, and chloroform but insoluble in
pentane. Compound 5 was characterized by multinuclear NMR

spectroscopy and single-crystal X-ray diffraction techniques. In
the 1H NMR spectrum of compound 5, the resonance of
methyl protons appeared as a doublet (δ = 0.86 ppm). Methine
and methylene protons appeared as a multiplet (δ =
2.25–2.10 ppm) and a doublet (δ = 3.16 ppm), respectively. The
five protons of the seven-membered ring appear as a triplet,
doublet, and pseudo triplet in a 1 : 2 : 2 intensity ratio (δ =
6.30, 6.50, and 6.73 ppm). As anticipated, seven peaks were
observed in the 13C NMR spectrum, in which three peaks
appeared in the aliphatic region for the isobutyl groups and
four peaks in the aromatic region corresponding to the seven-
membered ATI-backbone ring. After isolating the desired Al
(III)–dichloride 5, its reaction with LiAlH4 was performed in
THF to afford compound 2 in 76% yield (Scheme 4 and
Fig. S21).

To explore the reactivities of Al(III)–dihydride, 2, the acti-
vation of the CvS bond of CS2 was achieved by the reaction of
compound 2 with CS2 to afford ATI-stabilized Al(III)–sulfide
dimer [(ATI)Al(μ-S)]2 6 as a product, with 65% yield. The acti-
vation of CS2 by MeLAlH2 to afford aluminum(III) sulfide-
bridged dimer [{MeLAl(μ-S)}2]44 proceeds through a detectable
aluminum thioformate intermediate with the removal of H2CS
in the following step. Although they did not observe thiofor-
maldehyde, they observed 1,3,5-trithianethe (at 4.17 ppm), the
primary decomposition product of thioformaldehyde. In con-
trast, no such thioformate intermediate or 1,3,5-trithianethe
was observed in the reaction of compound 2 with CS2, as evi-
denced by the absence of any diagnostic thioformate or 1,3,5-
trithianethe resonance in the 1H NMR spectrum. However, H2

was detected in the 1H NMR spectrum (Fig. S24). A similar
reaction of compound 2 with CO2 did not yield the oxo-ana-
logue of compound 6 but instead gave a mixture of products.
Unlike MeLAlH2, Compound 6 can also be isolated from the
reaction of compound 2 with S8, with 85% yield. This indicates
that aluminum hydride bond activations can occur via
different mechanisms. The reaction of compound 4 with S8
also affords compound 6 as a product (Scheme 5) (with un-
identified side products), confirmed by 1H NMR spectroscopy
and SC-XRD analysis. The reaction of compound 4 with CS2
gave a mixture of products.

In an effort to obtain the selenide analogue of compound 6,
compounds 2 and 4 were reacted with elemental selenium;
however, no reaction occurred even upon heating up to 80 °C.
Alternatively, activation of the PvSe bond in triphenyl-
phosphine selenide (SePPh3) by compound 2 afforded the Al
(III) selenide dimer [(ATI)Al(μ-Se)]2 7 in 87% yield (Scheme 6).
In contrast to the conversion of compound 4 to compound 6

Scheme 4 Synthesis of compounds 3–5.

Scheme 5 Synthesis of [(ATI)Al(μ-S)]2 6.
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shown in Scheme 5, analogous reactions of compound 4 with
either selenium powder or SePPh3 showed no reaction.
Compounds 6 and 7 represent examples of N-heterocyclic Al
(III)–chalcogenide species featuring an Al2E2 ring motif. Both
compounds are soluble in THF but insoluble in toluene and
pentane. Compounds 6 and 7 were characterized by multinuc-
lear NMR spectroscopy and single-crystal X-ray diffraction. The
1H NMR and 13C NMR spectra of compounds 6 and 7 gave
similar and anticipated results. For compound 6, the reso-
nance of methyl protons appeared as a doublet (δ = 1.08 ppm).
Methine and methylene protons appeared as a multiplet (δ =
2.45–2.40 ppm) and a doublet (δ = 3.59 ppm), respectively. The
five protons of the seven-membered ring appear as triplet,
doublet, and pseudo triplet in a 1 : 2 : 2 intensity ratio (δ =
6.65, 6.92, and 7.25 ppm). As anticipated, in its 13C NMR spec-
trum, seven peaks were observed, in which three peaks
appeared in the aliphatic region for the isobutyl groups and
four peaks in the aromatic region corresponding to the seven-
membered ATI-backbone ring.

X-ray crystal structures of compounds 1–7

Single crystals of compounds 1–7, suitable for single-crystal
X-ray diffraction (SCXRD) studies, were grown according to the
procedures described in the Experimental section. Compound
1 crystallized in the monoclinic P21/n space group. The Si(IV)-
centre in compound 1 possesses a distorted trigonal bipyrami-
dal geometry (τ5 = 0.75) (The τ5 is defined as: τ5 = (β − α)/60°. α
and β refer to the two largest θ bond angles in a five-coordinate
complex. In an ideal square pyramidal structure (τ5 = 0), α = β

= 180°; while in an ideal trigonal bipyramidal structure (τ5 =
1), α = 120° and β = 180°),52 having two N-atoms, two Cl-atoms,
and one H-atom attached to it (Fig. 1). The Si–Cl bond lengths
(Si1–Cl1 2.2202(6) and Si1–Cl2 2.1184(7)) in compound 1 are
similar to those of related compounds;45–49 for example, in
β-diketiminate stabilized dichlorosilane [(L)SiHCl2] (L = Dipp-
NvCH–CHvCH–N-Dipp) the Si–Cl bond lengths are 2.192(1)
and 2.091(1) Å.46 The Si1–Cl1 bond at axial position is longer
than that of the Si1–Cl2 at equatorial position as Si1–Cl1
experience greater repulsion from the three equatorial bonds.

Compound 2 crystallized as a tetramer, in the monoclinic
P21/c space group. In the molecular structure of compound 2,
two types of Al-centres are present; two (Al1 and Al1*) are penta-
coordinate, having distorted square pyramidal (τ5 = 0.16) geome-
try, and the other two (Al2 and Al2*) are hexacoordinated,
having distorted octahedral geometry (Fig. 2). All the Al–N bond

lengths are similar, indicating the same oxidation state (+3) of
all four Al-centres. The molecular structure of compound 2 con-
tains two types of Al–H bonds: terminal and bridging. The brid-
ging Al–H bond length (1.73(2) Å) is larger than the terminal one
(1.54(2) Å) and are in good agreement with the related tetra-
meric-core in [(Et3SiOAlH2)2AlH3]2 and [H2Al(O-C5H9)]6[H(Cl)Al
(O-C5H9)]2.

51,53 The molecular structure of compound 2 is the
unique example of a tetrameric N-heterocyclic alane.

Compound 3 crystallized in the triclinic P1̄ space group. In
the molecular structure of the compound 3, the Al-centre
possess a distorted trigonal pyramidal geometry (τ5 = 0.72),
having four N-atoms and one H-atom attached to it (Fig. 3). As

Scheme 6 Synthesis of [(ATI)Al(μ-Se)]2 7.

Fig. 1 Molecular structure of compound 1: all hydrogen atoms except
hydride ligand are omitted for clarity, and thermal ellipsoids are drawn at
the 50% probability level. Selected bond lengths (Å) and angles (°): Si1–
N1 1.793(1), Si1–N2 1.849(1), Si1–Cl1 2.2202(6), Si1–Cl2 2.1184(7), Si1–H1
1.58(3); N1–Si1–N2 84.27(6), N1–Si1–Cl1 95.54(5), N1–Si1–H1 131.00(1),
Cl1–Si1–H1 86.00(1), N2–Si1–Cl1 176.15(5).

Fig. 2 Molecular structure of compound 2: all hydrogen atoms except
hydride ligands are omitted for clarity, and thermal ellipsoids are drawn
at the 50% probability level. Selected bond lengths (Å) and angles (°):
Al1–N1 1.916(2), Al1–N2 1.947(1), Al1–H1 1.54(2), Al1–H2 1.73(2), Al2–H2
1.74(2), Al2–N3 1.915(1), Al2–N4 1.924(2), Al2–H3 1.71(2); N1–Al1–N2
81.31(7), N3–Al1–N4 82.61(6), N1–Al1–H2 85.8(6), N2–Al1–H1 85.8(6),
Al2–H3–Al2* 101(1).
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expected, the Al1–N3 and Al1–N2 bonds at the axial positions in
the trigonal bipyramidal geometry are longer than the Al1–N1
and Al1–N4 bonds at the equatorial positions, as the bonds
present at axial positions experience more repulsion than those
present at equatorial positions in the trigonal bipyramidal geo-
metry. The Al–H bond distance (1.62(8) Å) in 3 is between the
terminal and the bridging Al–H bond distances in 2, probably
due to the difference in the coordination environment.

Compounds 4 and 5 crystallized in the monoclinic P21/n
space group. The Al(III)-centres, in compounds 4 and 5,

possess a distorted tetrahedral geometry (4: τ4 = 0.83, 5: τ4 =
0.85) (The τ4 is defined as: τ4 = [360° − (α + β)]/141°. α and β

refer to the two largest θ bond angles in a four-coordinate
complex. In an ideal tetrahedral structure (τ4 = 1), α = β =
109.5°, while in an ideal square planar structure (τ4 = 0), α = β

= 180°) (Fig. 4).54 In the molecular structure of compound 4,
one of the rings has the typical geometry of a planar, aromatic
aminotroponiminate-backbone and the other one is non-
planar. The N3–C1 (1.404(2) Å) and N4–C5 (1.402(2) Å) bond
lengths are longer than that of N1–C7 (1.350(2) Å) and N2–C6
(1.346(2) Å). In N3–C1 and N4–C5 bonds of dianionic non-aro-
matic ligand, there is no imine character present, while in N1–
C7 and N2–C6, which are part of a monoanionic aromatic ATI-
ligand, there is an imine CvN character present. As a result,
the Al1–N1 (1.863(2) Å) and Al2–N2 (1.863(2) Å) bond lengths
are also longer than the Al1–N3 (1.835(2) Å) and Al1–N4 (1.817
(2) Å) bond distances, which are consistent with the Al–N
single bond length. The C2–C3 bond length (1.489(3) Å) is
longer than the C1–C2 bond length (1.359(3) Å), indicating
single-bond character for the C2–C3 bond, with a sp3-C3
carbon. In the molecular structure of compound 5, the bond
lengths Al1–Cl1 (2.127(5) Å) and Al1–Cl2 (2.124(6) Å) are in
good agreement with related compounds;55–61 for example,
β-diketiminate ligand stabilized Al(III)–dichloride [HC{C(Me)N
(C6H3-2,6-

iPr2)}2AlCl2] has Al–Cl bond lengths of 2.1344(4) and
2.1185(4) Å.55

The two isostructural compounds 6 and 7 crystallize in the
orthorhombic Pbca space group, each with a planar Al2E2 (E =
S, Se) core (Fig. 5). In compounds 6 and 7, the Al-centres show
distorted tetrahedral geometry (6: τ4 = 0.82, 7: τ4 = 0.83). The
Al–E (E = S, Se) bond length increased as the size of the chalco-
gen atom increased; the Al1–S1 bond length (2.228(1) Å) in
compound 6, is slightly shorter than the Al1–Se1 bond length

Fig. 3 Molecular structure of compound 3: all hydrogen atoms except
hydride ligand are omitted for clarity, and thermal ellipsoids are drawn at
the 50% probability level. Selected bond lengths (Å) and angles (°): Al1–
N1 1.942(5), Al1–N2 1.978(6), Al1–N3 1.963(6), Al1–N4 1.940(5), Al1–H1
1.62(8); N1–Al1–N2 78.8(2), N3–Al1–N4 79.8(2), N1–Al1–H1 129.00(2),
N2–Al1–N3 172.0(3).

Fig. 4 Molecular structure of compound 4: all hydrogen atoms are omitted for clarity (except methylene hydrogens in the backbone), and thermal
ellipsoids are drawn at the 50% probability level. Selected bond lengths (Å) and angles (°): Al1–N1 1.876(2), Al1–N2 1.863(2), Al1–N3 1.835(2), Al1–N4
1.817(2), C1–C2 1.359(3), C2–C3 1.489(3), N3–C1 1.404(2), N4–C5 1.402(2), N1–C7 1.350(2), N2–C6 1.346(2); N1–Al1–N2 85.06(7), N3–Al1–N4 91.11
(7), N1–Al1–N3 121.86(7), N2–Al1–N4 121.82(7), C1–C2–C3 123.8(2), C2–C3–C4 117.6(2). Molecular structure of compound 5: all hydrogen atoms
are omitted for clarity, and thermal ellipsoids are drawn at the 50% probability level. Selected bond lengths (Å) and angles (°): Al1–N1 1.850(1), Al1–
N2 1.846(1), Al1–Cl1 2.127(5), Al1–Cl2 2.124(6); N1–Al1–N2 87.05(6), N1–Al1–Cl1 119.41(4), N1–Al1–Cl2 110.78(4), Cl1–Al1–Cl2 107.97(2).
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(2.350(1) Å) in compound 6. Due to the chalcogen ionic radii,
the S1–Al1–S1* bond angle (101.53(4)°), in compound 6, is
also smaller than the Se1–Al1–Se1* bond angle (102.24(4)°) in
compound 7. The Al–E (E = S, Se) bond distances and E–Al–E
(E = S, Se) bond angles in compound 6 and 7 are similar to the
related N-heterocyclic-Al2E2 (E = S, Se) ring containing com-
pounds (for E = S: bond length range is 2.185(2)–2.245(1) Å
and bond angle range is 96.5(1)–102.47(3)°; for E = Se: bond
length range is 2.314(1)–2.381(1) Å) and bond angle range is
97.5(1)–104.5(3)°.32,38–43 The difference in the E–Al–E bond
angle range depends on the ligand backbone bulkiness.

Conclusions

In summary, we report a previously unprecedented synthetic
approach that enables the isolation of the ATI-stabilized alumi-
num dihydride complex [(ATI)AlH2], 2, from Si(IV)/Ge(IV) pre-
cursors. The reactivity of compound 2 has been further
demonstrated through the activation of CvS bond in CS2 and
PvSe bond in Ph3PSe, leading to the formation of the
aluminum(III) μ-sulphide dimer [(ATI)Al(μ-S)]2 6, and the
aluminum(III) μ-selenide dimer [(ATI)Al(μ-Se)]2 7, respectively.
Ongoing studies are focused on elucidating the broader reac-
tivity and potential applications of compounds 1–7.

Experimental section
General considerations

All syntheses were carried out under an N2 atmosphere using
glovebox and Schlenk techniques unless otherwise stated. All
solvents used were dried by passing through a solvent purifi-
cation system (MBraun, USA). Benzene-d6 (Cambridge Isotope
Laboratories) was degassed by three freeze–pump–thaw cycles
and stored over a potassium mirror. ATIH ligand was syn-
thesized as reported.62 All 1H and 13C{1H} spectra were taken
on 300, 400 or 500 MHz Bruker spectrometers. All NMR chemi-
cal shifts are reported in ppm. 1H NMR chemical shifts were

referenced internally to the residual solvent peak of C6D6 at
7.16 ppm. 13C NMR chemical shifts were referenced internally
to C6D6 at 128.06 ppm. For 29Si and 27Al NMR, Et3SiH and
AlMe3 have been used as an external reference, respectively. IR
spectra were taken on a Nicolet Summit Pro FTIR spectrometer
in transmission mode. DOSY spectra were recorded using
Bruker’s “ledbpgp2s” program. The gradient strength varied
from 5% to 95%.

Synthesis of [(ATI)SiHCl2], 1

To a solution of aminotroponimine (ATIH) (0.20 g, 0.86 mmol)
in THF (20 mL), n-BuLi (2.5 M solution in hexane) (0.38 mL,
0.95 mmol) was added at −78 °C. After 30 minutes, the reac-
tion mixture was slowly brought to room temperature and
stirred for 3 h. This mixture was taken to −78 °C, and SiCl3H
(0.096 mL, 0.946 mmol) was added. After the addition of
SiCl3H was complete, the reaction mixture was brought to
room temperature and stirred for 16 h. After that, THF was
removed under vacuum, and the reaction mixture was
extracted using toluene. The mixture was then filtered through
a fine-porosity frit. Removing all volatiles from the filtrate
under reduced pressure gave an orange-yellow solid. It was
washed with pentane (2 × 5 mL) and dried under a vacuum to
afford an analytically pure sample of compound 1 as a yellow
solid. Single crystals suitable for X-ray diffraction studies were
obtained from a saturated solution of compound 1 in toluene
at −40 °C. Yield: 85%. 1H NMR (400 MHz, C6D6): δ 7.05 (s, 1H,
SiH), 6.70 (t, 3JH–H = 9.5 Hz, 2H, ArH), 6.56 (d, 3JH–H = 11.1 Hz,
2H, ArH), 6.30 (t, 3JH–H = 9.4 Hz, 1H, ArH), 3.61 (d, 3JH–H = 7.4
Hz, 4H, CH2), 2.06–2.00 (m, 2H, (CH3)2CH), 0.82 (d, 3JH–H = 6.7
Hz, 12H, CH3).

29Si{1H} NMR (79.5 MHz, C6D6): δ −88.2 (s, Si–
H). 29Si NMR (60 MHz, C6D6): δ −88.0 (d, 2JSi–H = 347.0 Hz, Si–
H). 13C{1H} NMR (101 MHz, C6D6): δ 155.2, 137.8, 125.3, 118.2,
52.2, 27.1, 20.8 ppm. IR: ν(Si–H) = 2357 and 2338 cm−1.

Synthesis of [(ATI)AlH2], 2

To the solution of compound 1 (0.20 g, 0.60 mmol) in diethyl
ether (10 mL), LiAlH4 (0.07 g, 1.8 mmol) was added at −30 °C,
and the reaction mixture was allowed to be stirred for 2 h at

Fig. 5 Molecular structure of compound 6: all hydrogen atoms are omitted for clarity, and thermal ellipsoids are drawn at the 50% probability level.
Selected bond lengths (Å) and angles (°): Al1–N1 1.870(2), Al1–N2 1.865(2), Al1–S1 2.228(1), Al1–S1* 2.223(1); N1–Al1–N2 84.6(1), N1–Al1–S1 120.78
(8), N2–Al1–S1* 121.93(8), Al1–S1–Al1* 78.47(4), S1–Al1–S1* 101.53(4). Molecular structure of compound 7: all hydrogen atoms are omitted for
clarity, and thermal ellipsoids are drawn at the 50% probability level. Selected bond lengths (Å) and angles (°): Al1–N1 1.875(3), Al1–N2 1.875(3), Al1–
Se1 2.350(1), Al1–Se2* 2.358(1); N1–Al1–N2 85.0(1), N1–Al1–Se1 114.74(9), N2–Al1–Se1* 113.16(9), Al1–Se1–Al1* 77.76(4), Se1–Al1–Se1* 102.24(4).
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room temperature. After that, the reaction mixture was filtered
through a fine-porosity frit. The solvent was removed under
reduced pressure, and the remaining solid was extracted in
toluene. This solution was concentrated and kept at −30 °C in
the freezer to afford analytically pure, yellow-colored crystals of
compound 2. Yield: 68%. 1H NMR (400 MHz, C6D6): δ 6.76 (t,
3JH–H = 10.2 Hz, 2H, ArH), 6.36 (d, 3JH–H = 11.1 Hz, 2H, ArH),
6.23 (t, 3JH–H = 9.3 Hz, 1H, ArH), 5.06 (s, 2H, AlH), 3.00 (d,
3JH–H = 6.9 Hz, 4H, CH2), 2.19–2.13 (m, 2H, (CH3)2CH), 0.92 (d,
3JH–H = 6.5 Hz, 12H, CH3).

13C NMR (101 MHz, C6D6): δ 162.9,
136.7, 120.1, 114.4, 55.4, 28.6, 21.5. 27Al NMR (130.3 MHz,
C6D6, 298 K): 2.24 (s, broad). IR: ν(Al–H) = 1760 (sharp, Al–H,
terminal), 1789 (broad, Al–H, bridging) cm−1.

Synthesis of [(ATI)AlH(ATI)], 3

To a solution of 2 (0.030 g, 0.11 mmol) in toluene (5 mL),
toluene (2 mL) solution of ATIH (0.0267 g, 0.11 mmol) was
added, and the reaction mixture was stirred for 0.5 h. After
that, the solvent was removed under reduced pressure to
obtain a yellow solid compound. This solid was washed with
pentane (2 × 2 mL) to afford analytically pure yellow compound
3. Single crystals suitable for X-ray diffraction studies were
obtained from a saturated solution of compound 3 in toluene
at −30 °C. Yield: 81%. 1H NMR (500 MHz, C6D6): δ 6.83 (t,
3JH–H = 10.1 Hz, 2H, ArH), 6.58 (d, 3JH–H = 11.3 Hz, 2H, ArH),
6.22 (t, 3JH–H = 9.1 Hz, 1H, ArH), 5.32 (s, very broad, Al–H), 3.39
(d, 3JH–H = 7.0 Hz, 4H, CH2), 2.25–2.2 (m, 2H, (CH3)2CH), 0.92
(d, 3JH–H = 6.6 Hz, 12H, CH3) ppm.13C NMR (125 MHz, C6D6): δ
161.4, 135.3, 118.2, 113.9, 54.2, 26.9, 21.4. IR: ν(Al–H) = 1705
(weak, broad, Al–H) cm−1.

Synthesis of [(ATI)Al(ATIH)], 4

To a solution of ATIH (0.098 g, 0.42 mmol) in toluene (5 mL),
toluene (2 mL) solution of Et3N·AlH3 (0.0276 g, 0.21 mmol)
was added, and the reaction mixture was stirred for 1 h and
after evaporation of toluene ∼91% of 3 and ∼9% of 4 was
observed in 1H NMR spectrum. This solid reaction mixture
was further dissolved in toluene, giving a yellowish-orange
solution, and stirred for 12 h to give a reddish-yellow solution.
After that, the solvent was removed under reduced pressure to
obtain a reddish-yellow solid compound. This solid was
washed with pentane (3 × 2 mL) to afford analytically pure
reddish-yellow compound 4. Single crystals suitable for X-ray
diffraction studies were obtained from a saturated solution of
compound 4 in toluene at −30 °C. Yield: 60%. 1H NMR
(400 MHz, C6D6): δ 6.80 (t, 3JH–H = 9.5 Hz, 2H, ArH), 6.66 (d,
3JH–H = 11.3 Hz, 2H, ArH), 6.47 (dd, 3JH–H = 9.2, 6.5 Hz, 1H,
n-ArH), 6.32 (t, 3JH–H = 9.2 Hz, 1H, ArH), 5.72–5.67 (m, 2H,
n-ArH), 4.76 (t, 3JH–H = 7.3 Hz, 1H, n-ArH), 3.25 (d, 3JH–H = 6.9
Hz, 4H, (i-Bu)CH2), 3.08 (d, 3JH–H = 6.5 Hz, 2H, (i-Bu)CH2), 2.99
(d, 3JH–H = 6.3 Hz, 2H, (i-Bu)CH2), 2.76 (t, 3JH–H = 6.9 Hz, 2H,
-ArCH2), 2.19–2.09 (m, 2H, (i-Bu)CH), 2.07–1.97 (m, 2H, (i-Bu)
CH), 0.91 (d, 3JH–H = 6.6 Hz, 6H, CH3), 0.89 (d, 3JH–H = 6.6 Hz,
6H, CH3), 0.78 (t, 3JH–H = 6.3 Hz, 12H, CH3) ppm. 13C{1H} NMR
(101 MHz, C6D6):

13C NMR (101 MHz, C6D6): δ 161.2, 154.2,

149.2, 136.7, 126.8, 122.5, 116.2, 115.8, 99.2, 90.2, 56.1, 55.3,
55.1, 28.3, 27.8, 27.1, 26.7, 22.0, 21.9, 21.2 ppm.

Synthesis of [(ATI)AlCl2], 5

To a solution of aminotroponimine (ATIH) (0.20 g, 0.86 mmol)
in toluene (20 mL), n-BuLi (2.5 M solution in hexane) (0.38 mL,
0.95 mmol) was added at −30 °C and stirred for 3 h at room
temperature. To this reaction mixture, toluene suspension of
AlCl3 (0.114 g, 0.86 mmol) was added at −30 °C, and the reaction
mixture was stirred at room temperature for 2 h. After the reac-
tion time, the yellow-coloured toluene solution was carefully
transferred (leaving the settled oily side product) to a fine-poro-
sity frit and filtered. Removing all volatiles from the filtrate
under reduced pressure gave a yellow solid. It was washed with
pentane (3 × 5 mL) and dried under a vacuum to afford an ana-
lytically pure sample of compound 5 as a yellow solid. Single
crystals suitable for X-ray diffraction studies were obtained from
a saturated solution of compound 5 in toluene at −30 °C. Yield:
62%. 1H NMR (400 MHz, C6D6): δ 6.73 (t, 3JH–H = 10.2 Hz, 2H,
ArH), 6.50 (d, 3JH–H = 11.2 Hz, 2H, ArH), 6.30 (t, 3JH–H = 9.3 Hz,
1H, ArH), 3.16 (d, 3JH–H = 7.1 Hz, 4H, CH2), 2.25–2.10 (m, 2H,
(CH3)2CH), 0.86 (d, 3JH–H = 6.6 Hz, 12H, CH3).

13C NMR
(125 MHz, C6D6): δ 161.1, 137.1, 123.3, 116.26, 54.3, 28.1, 21.2.

Synthesis of [(ATI)Al(μ-S)]2, 6

To a solution of compound 2 (0.10, 0.38 mmol) in toluene
(5 mL), CS2 (0.028 mL, 0.58 mmol) was added, and the reaction
mixture was stirred for 2 h. After the reaction time, a yellow-
coloured precipitate formed. The reaction mixture was filtered
through a fine-porosity frit, and the residue was washed with
toluene (2 × 2 mL). The residue was collected, dissolved in THF
to form a saturated solution, and stored at −30 °C to afford
analytically pure, yellow-colored crystals of compound 6. Yield:
65%. 1H NMR (500 MHz, CDCl3): δ 7.25 (t, 3JH–H = 10.2 Hz, 4H,
ArH), 6.92 (d, 3JH–H = 11.3 Hz, 4H, ArH), 6.65 (t, 3JH–H = 9.4 Hz,
2H, ArH), 3.59 (d, 3JH–H = 7.3 Hz, 8H, CH2), 2.45–2.40 (m, 4H,
(CH3)2CH), 1.08 (d, 3JH–H = 6.6 Hz, 24H, CH3).

13C NMR
(101 MHz, CDCl3): δ 161.2, 136.5, 121.8, 115.3, 54.0, 27.8, 21.7.

Synthesis of [(ATI)Al(μ-Se)]2, 7

To a solution of compound 2 (0.10, 0.38 mmol) in toluene
(5 mL), SePPh3 (0.13 g, 0.38 mmol) was added, and the reac-
tion mixture was stirred for 2 h. After the reaction time, a
yellow-coloured precipitate formed. The reaction mixture was
filtered through a fine-porosity frit, and the residue was
washed with toluene (2 × 2 mL). The residue was then col-
lected, and the residual solvent was removed under reduced
pressure to afford a yellow-colored analytically pure compound
7. Single crystals suitable for X-ray diffraction studies were
obtained from a saturated solution of compound 7 in THF at
−30 °C. Yield: 87%. 1H NMR (500 MHz, CDCl3): δ 7.25 (t, 3JH–H

= 10.2 Hz, 4H, ArH), 6.91 (d, 3JH–H = 11.3 Hz, 4H, ArH), 6.63 (t,
3JH–H = 9.3 Hz, 2H, ArH), 3.61 (d, 3JH–H = 7.2 Hz, 8H, CH2),
2.53–2.43 (m, 4H, (CH3)2CH), 1.09 (d, 3JH–H = 6.6 Hz, 24H,
CH3).

13C NMR (101 MHz, CDCl3): δ 161.0, 136.4, 121.9, 115.6,
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53.9, 27.9, 21.8 ppm. 77Se NMR: Not observed (range
attempted: 1000 to −880 ppm).
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