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Despite a recent surge of interest in the lower oxidation state
chemistry of the group 13 elements,1 much less is known about
monomeric species of the type RM(I) (M) B, Al, Ga, In) than
the more familiar carbenes, nitrenes, and their heavier congeners.
Theoretical studies2 indicate that, regardless of the nature of the
substituent R, the ground state of each four-valence-electron RM-
(I) species is a singlet. In the particular case of (η5-C5Me5)Al,
the DFT-calculated singlet-triplet energy gap is between 67.6
and 70.9 kcal/mol, depending on the basis set employed.3

Moreover, thea1-symmetry HOMO of this alanediyl possesses
distinctly lone pair character suggestive of potential Lewis base
behavior. We report the synthesis and X-ray crystal structure of
(η5-C5Me5)Al f B(C6F5)3 (1), the first example of an aluminum
(I)-boron donor-acceptor bond.

The addition of toluene (30 mL) to a mixture of [Al(η5-C5-
Me5)]4

4 (0.15 g, 0.93 mmol of Al(η5-C5Me5) units) and B(C6F5)3

(0.47 g, 0.92 mmol) resulted in a yellow-colored solution. After
being stirred for 16 h at room temperature, the reaction mixture
was filtered, and the solvent and volatiles were removed from
the filtrate to afford a purple oil from which a 40% yield of
colorless crystals of1 (mp 126-129 °C dec) deposited over a
period of days. Mass spectral data5 were consistent with the
proposed Lewis acid-base adduct formulation. Moreover, the11B
NMR chemical shift for15 fell in the tetracoordinate boron region
and the19F chemical shifts of the (equivalent) C6F5 groups5 were
similar to those observed for other Lewis base complexes of
B(C6F5)3.6 The 27Al NMR chemical shift of the broad singlet
resonance of1 (δ -59.4) was reasonably close to the value ofδ
-71.5 computed by the GAIO method,7 and the equivalence of
the methyl protons was suggestive ofη5-attachment of the Me5C5

group to aluminum.5 For comparison, the27Al chemical shifts
for uncoordinated monomeric Al(η5-C5Me5) and tetrameric [Al-
(η5-C5Me5)]4 are δ ) -80 and -150, respectively.1c The
foregoing spectroscopic conclusions were confirmed by X-ray
crystallography.8 Compound1 crystallizes in theP1h space group
with Z ) 2; the solid state consists of individual molecules of
the Lewis acid-base adduct (Figure 1) and there are no unusually
short intermolecular contacts. The C5Me5 group is attached in an
η5 fashion and ring centroid-Al-B moiety is essentially linear
(172.9(1)°). The average Al-C distance of 2.171(3) Å is
considerably shorter than those determined for Al(η5-C5Me5)
(2.388(7) Å)9 and [Al(η5-C5Me5)]4 (2.344 Å).10 Such shortening
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Figure 1. Molecular structure of (η5-C5Me5)Al f B(C6F5)3 (1) showing
the atom numbering scheme. Important distances (Å) and angles (deg):
Al-B 2.169(3), Al-C(1) 2.164(3), Al-C(2) 2.185(3), Al-C(3) 2.179-
(3), Al-C(4) 2.160(2), Al-C(5) 2.166(2), Al-(ring centroid) 1.802(3),
B-C(11) 1.633(3), B-C(17) 1.634(3), B-C(23) 1.637(3), B-Al-X (ring
centroid) 172.9(1), C(11)-B-C(17) 114.7(2), C(11)-B-C(23) 111.3-
(2), C(17)-B-C(23) 113.8(2).
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is anticipated as the aluminum lone pair is transformed into the
donor-acceptor bond with the concomitant development of partial
positive and negative charges on aluminum and boron, respec-
tively. There is a very little information in the literature with which
to compare the Al-B bond distance of1 (2.169(3) Å). In the
hydride-bridged complexes Me3NAl(η2-H2BH2)3

11 and [η5-C5H5)-
Ti(µ2-H)2]2Al(η2-H2BH2)12 the average Al-B separations are 2.18-
(2) to 2.27(3) Å, respectively, while in a variety of aluminum-
substituted carboranes, these distances range from∼2.13 to 2.24
Å.13 A DFT calculation14 on the model compound (η5-C5Me5)-
AlBH3 revealed that the global minimum possesses a “staggered”
Cs geometry similar to that observed for1 with a computed Al-B
bond distance of 2.127 Å. As a consequence of donor action on
the part of the alanediyl, the geometry of B(C6F5)3 changes from
trigonal planar to distorted tetrahedral. The sum of bond angles
at boron is 339.8(2)°, and to the extent that this geometrical
change is a measure of the strength of the donor-acceptor
interactions, it is interesting to note an almost identical sum of
bond angles in (C6H5)3PB(C6F5)3.6f

The present results have a bearing on the current debate16

concerning the nature of the bonding between group 13 univalent
ligands, RM, and transition metal carbonyl fragments, M′(CO)n.
Much of the discussion has centered on whether the bonding is
of the donor-acceptor type, viz. RMf M′(CO)n, or whether
M′-to-M back-bonding is important as reflected by the canonical

forms RM a M′(CO)n andRM ar M′(CO)n. The isolation of1
proves that an alanediyl can function as a pure donor ligand
because there is no question of back-bonding in this particular
case. Moreover, the experimental structural parameters and the
DFT computed charge distribution and orbital occupancy for the
alanediyl fragment of13 are very similar to those of the terminal
alanediyl transition metal complexes (η5-C5Me5)AlFe(CO)4 (av
Al-C ) 2.147(8) Å)17 and (η5-C5Me5)AlCr(CO)5 (av Al-C )

2.183(2) Å),10 suggesting the existence of the same donor-
acceptor bonding mode in both cases.

Interestingly, when [Al(η5-C5Me5)]4 was treated with In(C6F5)3

using the same procedure as that described above for the B(C6F5)3

reaction, the product was colorless, crystalline (C6F5)2Al(η3-C5-
Me5) (2) (mp 158 °C). The proposed formulation for2 was
consistent with mass spectral data5 and the presence of C6F5 and
C5Me5 groups was evident from19F and1H NMR spectroscopic
data;5 however, to establish for example the hapticity of the
cyclopentadienyl ring it was necessary to perform an X-ray crystal
structure.8 Individual molecules of2 crystallize in the ortho-
rhombic space groupPnmawith Z ) 4; there are no unusually
short intermolecular contacts (Figure 2). The C5Me5 group is
attached to aluminum in anη3 fashion, a coordination mode that
has been seen previously only in the case of the dimers [(η3-C5-
Me5)(R)Al-η-Cl]2 (R ) Me, i-Pr).18 The Al-C(11) and Al-C(12)
distances are 1.672(3) and 2.067(3) Å, respectively while the Al-
(1)...C(13) distance is 2.687 Å. The Al-C(1) distance of 2.018-
(3) Å in 2 is slightly longer than those in the THF (1.995(3) Å),19

benzene (1.979(7) Å),20 and toluene (1.984(2) Å)20 complexes of
Al(C6F5)3. It is possible that2 was produced via C6F5 transfer
from the adduct (η5-C5Me5)Al f In(C6F5)3. Such a view would
be consistent with the modest In-C bond energy and the relative
stability of the In(I) oxidation state.
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Figure 2. Molecular structure of (C6F5)2Al(η3-C5Me5) (2) showing the
atom numbering scheme. Important distances (Å) and angles (deg): Al-
C(1) 2.018(3), Al-C(11) 1.672(3), Al-C(12) 2.067(3), C(1)-Al-C(1)*
103.5(2), C(11)-Al-C(12) 46.09(13).
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