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Research on the controlled hydrolysis of aluminum com-
pounds has led to the isolation and structural characterization
of several interesting alumoxanes.[1] Alumoxanes (entities
containing Al-O-Al moieties) are known to easily undergo
association, leading to oligomeric structures.[1a,b] Thus, the
preparation of molecular alumoxanes with low degrees of
association in a pure, crystalline form remains a synthetic
challenge. Moreover, organically modified alumoxanes are
not common,[1c,d] although they are highly desirable com-
pounds owing to their potential application as cocatalysts in
the polymerization of a wide range of organic monomers.[2]

Aluminum hydride compounds have been demonstrated to
be useful precursors for the preparation of organoalumox-
anes[3] and aluminum chalcogenides.[4] Indeed, the aluminum
hydride [iPrLAlH2] (iPrL=HC[(CMe)N(2,6-iPr2C6H3)]2

�)[4a]

bearing the sterically encumbered b-diketiminate ligand iPrL
is easily transformed into the aluminum hydrogensulfide
[iPrLAl(SH)2] upon reaction with elemental sulfur in the
presence of a catalytic amount of P(NMe2)3.

[4b] However, the
preparation of the alumoxane hydroxide [{iPrLAl(OH)}2(m-
O)] requires an ammonia/toluene two-phase liquid system
with [iPrLAlI2] as the starting material.[5a]

During our research with the sterically modified alumi-
num hydride [LAlH2] (L=HC[(CMe)N(2,4,6-Me3C6H2)]2

�),
we observed that this compound readily reacts with water,
forming Al-O-Al moieties under very mild conditions.
Herein, we describe the preparation of the unprecedented
alumoxane hydride [{LAl(H)}2(m-O)] (2) and hydrogensulfide
[{LAl(SH)}2(m-O)] (3), as well as the unique [{LAl(SH)}2(m-
S)] (5) from the readily available aluminum hydride [LAlH2]
(1). To the best of our knowledge, 3 represents the first
example of a structurally characterized alumoxane bearing
terminal SH groups.

Reaction of LH in toluene with AlH3·NMe3 at room
temperature yields 1 in 94% yield. Compound 1 reacts
smoothly with one equivalent of water at ambient temper-

ature to afford [{LAl(H)}2(m-O)] (2) in 90% yield (Scheme 1).
The IR spectrum of 2 shows the Al�H valence vibration at
1799 cm�1, while the mass spectrum exhibits the highest peak

at [M+�H], indicating the formation of the alumoxane
hydride. The thermal stability of 2 and its unique structural
arrangement make it an advantageous starting material for
the preparation of alumoxanes containing aluminum atoms
with terminal SH groups.

Compound 2 reacts cleanly in toluene with two equiv-
alents of elemental sulfur to yield the first known alumoxane
bearing two terminal SH groups, [{LAl(SH)}2(m-O)] (3 ; 85%
yield). Furthermore, 2 reacts smoothly in toluene with two
equivalents of water to produce the alumoxane hydroxide
[{LAl(OH)}2(m-O)] (4 ; 82%). Compound 4 can also be
obtained by the direct reaction of 1 with three equivalents
of water at ambient temperature (73%).

Compounds 2–4 are stable over a long period of time
when stored under an inert atmosphere and are highly soluble
in common organic solvents (benzene, toluene, CH2Cl2, THF)
but insoluble in hexane and pentane. The facile hydrolysis of
1, yielding alumoxanes 2 and 4, contrasts significantly with the
reaction conditions required for the preparation of the
analogous[{iPrLAl(OH)}2(m-O)].[5]

Treatment of 1 with 1.5 equivalents of elemental sulfur in
toluene at ambient temperature gives [{LAl(SH)}2(m-S)] (5)
in 75% yield (Scheme 2). No evidence was found to suggest
the formation of the aluminum hydrogensulfide [LAl(SH)2].
Moreover, the presence of P(NMe2)3 is not required for the
formation of the terminal SH groups in 3 and 5. However, the
addition of a catalytic amount of P(NMe2)3 at ambient
temperature substantially decreases the yield of 5 (36%),

Scheme 1. Formation of compounds 2–4 ; Ar=2,4,6-Me3C6H2.
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giving insoluble [LAl(m-S)2AlL] as the only by-product.
Compound 5 is air- and moisture-sensitive and reacts readily
with one equivalent of water with subsequent elimination of
H2S to produce 3.

Colorless single crystals of 1 (see the Supporting Infor-
mation), 3 (Figure 1), 4 (Figure 2), and 5 (Figure 3) were
grown from their saturated toluene solutions at �32 8C within
several days.[6] Compound 3 crystallizes in the monoclinic

space group I2/a with one half of the molecule of 3 and one
molecule of toluene in the asymmetric unit, whereas com-
pound 4 crystallizes in the monoclinic space group P21/n as a
nonmerohedral twin with one molecule of 4 in the asymmetric
unit. Compound 5 crystallizes in the orthorhombic space
group Pna21 with one molecule in the asymmetric unit.
Unfortunately, we were not able to crystallize pure 5, thus
data for 5 which contains about 25% of 4 were used.

In all three compounds (3–5), the aluminum center
possesses a distorted tetrahedral geometry and is coordinated
to two nitrogen atoms from the b-diketiminato ligand. The
remaining two coordination sites are occupied by sulfur and
oxygen atoms (3), two oxygen atoms (4), or two sulfur atoms
(5). The Al-O-Al angle in 3 (155.28), is more obtuse than that
in 4 (136.88) and those found in [{iPrLAl(OH)}2(m-O)] (112.38)
and [(m-O){iPrLAl(m-O)}2(AlMe)] (125.78),[5a] but significantly
smaller than those reported for [{(tBu)2Al(3,5-Me2py)}2(m-

O)] (1808 ; 3,5-Me2py= 3,5-dimethylpyridine)[5b]

and for [{(tBu)2Al[NH(Me)CH2CH2NMe2]}2(m-
O)](1808).[5c] The Al�(m-O) distances in 3
(1.687 B) are only slightly longer than those in 4
(1.691, 1.701 B), which are comparable to those in
[{iPrLAl(OH)}2(m-O)] (1.698, 1.694 B), but shorter
than that reported for [(m-O){iPrLAl(m-O)}2-
(AlMe)] (av 1.715 B).[5a] The Al-S-Al angle in 5

Scheme 2. Formation of 5 and its hydrolysis to 3 ; Ar=2,4,6-Me3C6H2.

Figure 1. Molecular structure of 3 ; hydrogen atoms (except SH) and
solvent atoms are omitted for clarity. Thermal ellipsoids are set at
50% probability. Selected bond lengths [I] and angles [8]: Al(1)-O(1)
1.687(1), Al(1)-S(1) 2.231(1), Al(1)-N(1) 1.895(3), Al(1)-N(2) 1.894(3),
S(1)-H(1) 1.21(1); Al(1)-O(1)-Al(1A) 155.2(2), O(1)-Al(1)-S(1)
111.0(1), N(1)-Al(1)-N(2) 96.6(1), Al(1)-S(1)-H(1) 95(3).

Figure 2. Molecular structure of 4 ; hydrogen atoms except OH are
omitted for clarity. Thermal ellipsoids are set at 50% probability.
Selected bond lengths [I] and angles [8]: Al(1)-O(1) 1.707(2), Al(1)-
O(2) 1.691(2), Al(2)-O(2) 1.701(2), Al(2)-O(3) 1.710(2), Al(1)-N(1)
1.900(2), Al(1)-N(2) 1.889(2), Al(2)-N(3) 1.890(2), Al(2)-N(4) 1.896(2);
Al(1)-O(2)-Al(2) 136.8(1), O(1)-Al(1)-O(2) 118.0(1), O(2)-Al(1)-O(3)
117.6(1), N(1)-Al(1)-N(2) 95.4(1), N(3)-Al(1)-N(4) 95.2(1).

Figure 3. Molecular structure of 5 ; hydrogen atoms except SH are
omitted for clarity. Thermal ellipsoids are set at 50% probability.
Selected bond lengths [I] and angles [8]: Al(1)-S(1) 2.150(3), Al(1)-S(2)
2.206(2), Al(2)-S(1) 2.163(3), Al(2)-S(3) 2.214(2), Al(1)-S(1)-Al(2)
110.8(1); S1(1)-Al(1)-S(2) 120.7(1), S(1)-Al(2)-S(3) 119.5(1), N(1)-
Al(1)-N(2) 96.9(2), N(3)-Al(1)-N(4) 96.4(2).
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(110.88) is less obtuse than the Al-O-Al angles in compounds
3 and 4, most probably because of the longer Al�(m-S)
distances (2.150, 2.163 B) and the resulting larger separation
between the organic ligands. The Al�S(H) bond length in 3
(2.231 B) is larger than the terminal Al�S(H) bond lengths in
5 (2.206, 2.214 B). The above-mentioned Al�(m-S) distances
for 4 are shorter than those reported for [iPrLAl(m-S)2AliPrL]
(2.237, 2.245 B),[7a] [iPrLAl(m-S3)2AliPrL] (2.223, 2.248 B),[7b]

and [iPrLAl(m-S)(m-C(SiMe3)=C=C(SiMe3)S)AliPrL] (2.230,
2.219 B).[7c] In all three compounds, the XH groups (X=O,
S) from the HX1-Al1-X2-Al2-X3H moiety are in a cis
conformation with an angle between the X1�Al1�X2 and X2-
Al2-X3 planes of 588 (3), 728 (4), and 508 (5).

The facile synthesis of 2 allows access to the preparation
of unprecedented molecular alumoxanes bearing two differ-
ent Group 16 atoms covalently bonded to the same aluminum
center, as well as to the modified alumoxane hydroxide
[{LAl(OH)}2(m-O)], on a large scale. Furthermore, the cis
conformation of the terminal SH and OH groups makes these
compounds ideal precursors for further synthesis of hetero-
metallic compounds. The preparation of such multimetallic
systems is the subject of ongoing research.

Experimental Section
All manipulations were performed under a dry and oxygen-free
atmosphere (N2) by using Schlenk-line and glovebox techniques.

1: A solution of AlH3·NMe3 (1.0m, 70 mL, 70 mmol) in toluene
was slowly added to a solution of LH (20.00 g, 60 mmol) in toluene
(50 mL). The reaction mixture was stirred for 24 h, after which any
insoluble material was filtered off and the volatiles were removed
under vacuum. An oily residue remained, which solidified upon
treatment with cold hexane (40 mL). After filtration and drying under
vacuum, 1 was obtained as a white powder. Yield: 20.40 g (94%);
m.p. 200 8C (decomp); 1H NMR (300 MHz, C6D6, 25 8C): d= 1.47 (s,
6H, CH3), 2.09 (s, 6H, p-ArCH3), 2.32 (s, 12H, o-ArCH3), 4.79 (s, 1H,
g-CH), 6.74 ppm (m, 4H, m-ArH); 13C NMR (75.6 MHz, C6D6,
25 8C): d= 18.2 (CH3), 20.6 (p-ArCH3), 21.8 (o-ArCH3), 95.5 (g-CH),
129.7, 133.3, 135.6, 139.5 (i-, o-, m-, p-C(Ar)), 169.4 ppm (C=N); IR
(CsI): ñ= 1815, 1775 cm�1 (s, AlH2); EI-MS (70 eV): m/z (%): 361
(100) [M+�H]. Elemental analysis (%) calcd for C23H31AlN2 (362.49):
C 76.2, H 8.6, N 7.7; found: C 75.9, H 8.6, N 7.5.

2 : A solution of H2O (1.0m, 6.9 mL, 6.9 mmol) in THF was slowly
added to a solution of 1 (5.00 g, 13.8 mmol) in toluene (30 mL) at
room temperature. The reaction mixture was stirred for 12 h and
filtered. All volatiles were removed under vacuum to leave a viscous
white residue, which was treated with hexane (10 mL). After filtration
and drying under vacuum, 2 was obtained as a white powder. Yield:
4.59 g (90%); m.p. 215 8C (decomp); 1H NMR (300 MHz, C6D6,
25 8C): d= 1.56 (s, 12H, CH3), 2.09 (s, 12H, p-ArCH3), 2.24–2.27 (s,
24H, o-ArCH3), 3.99 (br, 2H, AlH), 4.95 (s, 2H, g-CH), 6.72–
6.76 ppm (m, 8H, m-ArH); 13C NMR (75.6 MHz, C6D6, 25 8C): d=
18.8 (CH3), 20.7 (p-ArCH3), 22.2 (o-ArCH3), 95.9 (g-CH), 129.4,
132.8, 134.7, 140.9 (i-, o-, m-, p-C(Ar)), 168.1 ppm (C=N); IR (CsI):
ñ= 1799 cm�1 (m, AlH); EI-MS (70 eV):m/z (%): 738 (100) [M+�H].
Elemental analysis (%) calcd for C46H60Al2N4O (738.96): C 74.8,
H 8.2, N 7.6; found: C 74.0, H 8.1, N 7.5.

3 : Compound 2 (2.77 g, 3.75 mmol) and elemental sulfur (0.30 g,
9.38 mmol) were dissolved in toluene (30 mL) at ambient temper-
ature. The reaction mixture was stirred for 5 h and filtered to remove
the insoluble material. All volatiles were evaporated under vacuum to
leave a white residue, which was washed with hexane (10 mL). After
filtration and drying under vacuum, 3was obtained as a white powder.
Yield: 2.56 g (85%); m.p. 150 8C (decomp); 1H NMR (300 MHz,

C6D6, 25 8C): d=�1.47 (s, 2H, AlSH), 1.46 (s, 12H, CH3), 2.06–2.15
(s, 24H, o-ArCH3), 2.35 (s, 12H, p-ArCH3), 4.92 (s, 2H, g-CH), 6.76–
6.83 ppm (m, 8H, m-ArH); 13C NMR (75.6 MHz, C6D6, 25 8C): d=
19.4 (CH3), 20.7 (p-ArCH3), 22.5 (o-ArCH3), 96.9 (g-CH), 129.3,
134.0, 135.1, 140.7 (i-, o-, m-, p-C(Ar)), 169.3 ppm (C=N); IR (CsI):
ñ= 2561 cm�1 (w, AlS�H); EI-MS (70 eV): m/z (%): 802 (20)
[M+�H]. Elemental analysis (%) calcd for C46H60Al2N4OS2
(803.09): C 68.8, H 7.5, N 7.0; found: C 69.1, H 7.7, N 6.9.

4 : A solution of H2O (1.0m, 2.8 mL, 2.8 mmol) in THF was slowly
added to a solution of 2 (2.10 g, 2.8 mmol) in toluene (30 mL) at room
temperature. The reaction mixture was stirred for 12 h and filtered.
All volatiles were removed under vacuum to leave a white residue,
which was treated with hexane (10 mL). After filtration and drying
under vacuum, 4 was obtained as a white powder. Yield: 1.77 g
(82%); m.p. 160 8C (decomp); 1H NMR (300 MHz, C6D6, 25 8C): d=
�0.64 (s, 2H, AlOH), 1.43 (s, 12H, CH3), 1.89 (s, 12H, p-ArCH3), 2.22
(s, 12H, o-ArCH3), 2.45 (s, 12H, o-ArCH3), 4.82 (s, 2H, g-CH), 6.81–
6.85 ppm (m, 8H, m-ArH); 13C NMR (75.6 MHz, C6D6, 25 8C): d=
18.8 (CH3), 20.8 (p-ArCH3), 22.0 (o-ArCH3), 95.8 (g-CH), 127.8,
129.1, 134.5, 141.3 (i-, o-, m-, p-C(Ar)), 168.4 ppm (C=N); IR (CsI):
ñ= 3650 cm�1 (m, AlO�H); EI-MS (70 eV): m/z (%): 770 (100)
[M+�H]. Elemental analysis (%) calcd for C46H60Al2N4O3 (770.96):
C 71.7, H 7.8, N 7.3; found: C 71.2, H 7.6, N 7.0.

5 : Compound 1 (3.00 g, 8.29 mmol) and elemental sulfur (0.66 g,
20.7 mmol) were dissolved in toluene (30 mL) at ambient temper-
ature. The reaction mixture was stirred for 4 h and filtered. All
volatiles were removed under vacuum, leaving a white residue, which
was treated with hexane (10 mL). After filtration and drying under
vacuum, 5 was obtained as a white powder. Yield: 2.48 g (75%);
m.p. 188 8C (decomp); 1H NMR (300 MHz, C6D6, 25 8C): d=�0.81 (s,
2H, AlSH), 1.42 (s, 12H, CH3), 2.07 (s, 12H, p-ArCH3), 2.36 (s, 24H,
o-ArCH3), 4.86 (s, 2H, g-CH), 6.76 ppm (m, 8H, m-ArH); 13C NMR
(75.6 MHz, C6D6, 25 8C): d= 18.7 (CH3), 20.6 (p-ArCH3), 22.6 (o-
ArCH3), 97.7 (g-CH), 129.9, 133.6, 135.9, 139.0 (i-, o-, m-, p-C(Ar)),
170.8 ppm (C=N); IR (CsI): ñ= 2559 cm�1 (m, AlS�H); EI-MS
(70 eV): m/z (%): 819 (13) [M+]. Elemental analysis (%) calcd for
C46H60Al2N4S3 (819.15): C 67.4, H 7.4, N 6.8; found: C 66.9, H 7.1,
N 6.7.
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