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Solutions of metastable aluminum(i) halides[1] can be
prepared by condensation of the high-temperature molecules
AlX (X�Cl, Br, I) with suitable donor-containing solvents.
The thermodynamically favored disproportionation of these
compounds to aluminum metal and the trihalide can be
controlled kinetically by the choice of halide, donor, and
temperature. Thus, with NEt3 as donor a planar Al4 species
(for example, Al4Br4 ´ 4 NEt3

[2]) is obtained, whereas with
THF the polyhedral subhalide Al12(AlBr2 ´ THF)10 ´ 2 THF
forms as a result of ªinternalº disproportionation.[3]

An additional variation of the disproportionation is
acheived by replacement of the halide with suitable bulky
substituents. Use of the N(SiMe3)2 group proved to be
especially successful : Reaction of LiN(SiMe3)2 with a solution
of AlI provided a Al77R20

2ÿ compound with the largest
metalloid cluster yet characterized by diffraction methods.
This compound can be viewed as an intermediate on the way
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to aluminum metal.[4] Recently, utilizing the more reactive
AlCl solutions, two further metalloid clusters with the same
substituentsÐAl7R6

ÿ [5] and Al12R8
ÿ [6]Ðcould be isolated as

intermediates in the formation of the Al77 unit.
In these clusters (Al7, Al12, Al77) the number of direct

metal ± metal contacts exceeds the number of metal ± ligand
interactions. We classify such species as metalloid clusters,[5] to
distinguish them from the variety of ªmetal clustersº included
in Cotton�s original definition.[7] In the search for further
intermediates on the way to the metal, the title compound
[Al14{N(SiMe3)2}6I6Li(OEt2)2]ÿ[Li(OEt2)4]� ´ Tol (1; Tol� to-
luene), a mixed (I, N(SiMe3)2) metalloid cluster, could be
isolated and structurally characterized for the first time.

Compound 1 was synthesized by slight variation of the
reaction conditions under which the Al77 cluster was formed.
After addition of solid LiN(SiMe3)2 to a pretreated AlI ´ Et2O
solution, the mixture was warmed to 55 8C several times and
slowly cooled. After a few weeks 1 crystallized at �7 8C as
dark red-brown platelets. The novel formation of the mixed
substituted compound 1 appears to be plausible, as only the
less reactive AlI reacts in the way described here. Treatment
of the more reactive AlCl with the same starting material
LiN(SiMe3)2 leads to Al7R6

ÿ and Al12R8
ÿ clusters with

complete substitution of the halide. It is possible that a
Al7R3X3

ÿ species is a common precursor that is rapidly
substituted in the case of X�Cl. For X� I the substitution is
so slow that dimerization to form 1 is kinetically preferred.

Figure 1 presents the results of the X-ray structure analy-
sis[8] of 1. The [Li(OEt2)4]� ion, which fills the voids resulting
from packing of Al14

2ÿ cluster units, is not shown.[9]

The main structural unit is represented by two staggered,
approximately Al-centered Al6 rings. The central Al atoms
deviate somewhat from the planes of the rings and are
separated by 2.728 �. The other AlÿAl distances range from
2.570 � (between Al atoms with iodine ligands) to 2.910 �

Figure 1. Molecular structure of 1; for reasons of clarity the C and H atoms
have been omitted. Blue: Al atoms. Selected distances [�]: Al1ÿAl5
2.623(2), Al1ÿAl4 2.758(2), Al2ÿAl3 2.597(2), Al4ÿAl5 2.763(2), Al1ÿAl8
2.728(2), Al4ÿAl10 2.910(3), Al2ÿAl14 2.570(2), Al6ÿN2 1.855(5), Al5ÿI3
2.550(2), Al3ÿI2 2.636(2).

(between Al atoms with N(SiMe3)2 ligands); that is, the values
are in the range expected from other polyhedral or metalloid
Al clusters.[10]

In the case of the Al7R6
ÿ cluster 2 as well as 1 the average

oxidation state for the Al atoms is 0.71, which is in contrast to
0.23 for the Al77 cluster. The disproportionation of the initially
monovalent Al species to aluminum metal is therefore equally
far advanced for 2 and 1. To be able to discuss the bonding
situation in the two species with aluminum in the same
average oxidation state, we carried out density functional
theory (DFT) calculations[11] on the model compounds Al7R6

ÿ

(2 a ; R�NH2) and Al14R12
2ÿ (1 a ; R�NH2). These calcula-

tions indicated that the dimerization 2 a!1 a is exothermic
(ÿ275 kJ molÿ1). The geometrical parameters of 2 a and 1 a,
which are shown in Figure 2, correspond at a first glance to the

Figure 2. The model compounds Al7(NH2)6
ÿ (2 a), Al14(NH2)12

2ÿ (1a), and
polyhedral Al14(NH2)12

2ÿ (1b). The following characteristic AlÿAl dis-
tances [�] were obtained by DFT calculations:[10] 2 a : Al1ÿAl2 2.760,
Al2ÿAl3 2.543; 1a : Al1ÿAl2 2.721, Al2ÿAl3 2.713, Al2ÿAl2' 2.690,
Al1ÿAl1' 2.693; 1 b : Al1ÿAl2 2.908, Al2ÿAl3 2.638, Al2ÿAl2' 2.808,
Al1ÿAl1' 4.903.

experimentally determined values for 2 and 1. Additionally,
calculations were carried out on the isomer 1 b, which is also
shown in Figure 2. In this case the central Al ± Al distance is
highly elongated and an approximately polyhedral structure
results, as found for M14 Frank ± Kasper polyhedra, for
example Mg23(Al,Zn)49.[12] However, the central atom is
missing in 1 b.

Although the polyhedral structure of 1 b leads one to expect
a bonding situation as described by Wade for a precloso or
nido structure,[13] the calculations showed that 1 b is clearly
destabilized with respect to 1 a (�123 kJ molÿ1); that is, a
metalloid cluster is energetically favored over a polyhedral
cluster.[14] As already discussed for other metalloid clusters
(Al7,[5] Al12,[6] Al77,[4] Ga22

[15]), the experimental and theoret-
ical findings presented here confirm that Wade�s rules are not
appropriate for describing bonding situations of this type.

To obtain a deeper understanding of the exceptional
bonding situation in 2 and 1, we calculated the 27Al NMR
shifts for the central (2 a, 1 a) and apical Al atoms (1 b).[16] The
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results for 2 a (d� 652), 1 a (d� 358), and 1 b (d�ÿ313)
showÐas already discussed for 2[5]Ðthat for 2 a and 1 a, but
not for polyhedral 1 b, the central Al atoms approach the
bonding situation in aluminum metal (d� 1640).[17]

The geometry of the partially preformed metal structure
present in metalloid clusters is rationalized for 1 in Figure 3.
Closest packing as in the metal structure results from rotation
by 308 and subsequent translation.

Figure 3. Rotation of the upper ring by 308 about the z axisÐwhich
incorporates the two central Al atoms of the two six-membered rings in the
Al14 cluster (I)Ðleads to AA stacking, as found in hexagonal-primitive
packing (II). If the upper ring is shifted in the layer of the page by
(1=4,1=4, 0)Ðbased on the basis vectors of the aluminum metal latticeÐone
obtains AB stacking (III), which represents one section of the closest
packing of aluminum metal.

The results presented here have again demonstrated the
large synthetic potential of AlX/AlR solutions for the
experimentally challenging preparation of metalloid clusters
in a well defined form. These clusters should probably play a
key role in understanding the mechanism of metal formation.

Experimental Section

Gaseous AlI (40 mmol) was condensed at ÿ196 8C with toluene (64 mL)
and diethyl ether (16 mL) according to the method described in ref. [1]. An
aliquot (6 mL) of the ca. 0.30 m dark red-brown AlI ´ Et2O solution was
concentrated atÿ78 8C under vacuum and dried. The residue was dissolved
in toluene (12 mL ), and the solution obtained was again concentrated to
6 mL and added to donor-free LiN(SiMe3)2 (150 mg). The reaction mixture
was allowed to warm to ÿ25 8C within 2 d. After a further 2 d at 7 8C, the
amide had dissolved and LiI precipitated, which was subsequently
redissolved in Et2O (1 mL). The solution was warmed for 1.5 h at 55 8C
and then kept at room temperature for 1 d. This temperature cycle was
repeated several times, and then the warm solution was allowed to cool
slowly within 3 d to room temperature. During this process disproportion-
ation of AlI species led to the formation of aluminum metal. The filtered
solution was again warmed to 55 8C and allowed to cool slowly. After 3 d at
7 8C, 1 h at ÿ80 8C, and several weeks at 7 8C, 1 crystallized as dark red-
brown platelets that are chemically and mechanically very labile (yield: ca.
2%).
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