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It has been shown that alumoxanes of the general formula
(RAlO)n for n> 1 can be obtained by the controlled reaction
of organoaluminum compounds with either water or water
contained in hydrated salts or (Me2SiO)3.[1] Although the
simplest member of the series, namely (RAlO), was predicted
to be obtainable based on the analogy with aluminum
imides,[2] its formation and characterization has remained
elusive, presumably because it implies the presence of an Al�
O double bond, which is likely to be very unstable even
though p interactions between Al and O atoms have been
invoked by several groups.[3] However, compounds with such
bonds may be either sterically (by using bulky ligands bonded
to the aluminum) or electronically (by using Lewis acids)
stabilized. Our approach for the stabilization was to use
H2O¥B(C6F5)3, which has been shown to act as a strong
Br˘nsted acid,[4] and whose ability to protonate M�R bonds
has been verified.[5] Furthermore if a monoalumoxane is
formed, B(C6F5)3 may hinder the aggregation owing to its
strong Lewis acid character.[6]

Indeed, the reaction of LAlMe2 (where L is a monoanionic
b-diketiminato ligand, Scheme 1)[7] and H2O¥B(C6F5)3 in
toluene gave LAlO¥B(C6F5)3 (1), which was filtered off at
room temperature and crystallized from dichloromethane
(�26 8C). In contrast, when the same reagents were allowed to
react in THF at 55 8C for 2 h, after the solvent had been
removed, an oily product was formed which crystallized as an
isomer of 1, formulated as LAl(C6F5)OB(C6F5)2 (2 ;
Scheme 1).
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Scheme 1. Synthesis of compounds 1 and 2.



Both complexes were characterized by multinuclear NMR
spectroscopy, elemental analysis, and X-ray structural analy-
sis.[8] However, contrary to the 1H NMR spectra of 1 and 2 in
solution, which are consistent with the equivalency of the
dangling arms of the ligand, the solid-state structures of 1 and
2 reveal that only one arm of the ligand is coordinated to the
Al atom (see Figure 1 and 2). One possible explanation for
this equivalency is a rapid interconversion in solution.

The Al�O bond length in 1 is 1.659(3) ä, which is, to the
best of our knowledge, the shortest Al�O bond reported for a
tetracoordinate Al atom (Figure 1); an Al�O distance of
1.6877(4) ä was reported for a tricoordinate Al atom.[3] This
short bond can be explained by considering the resonance
structures given in Scheme 2. Resonance forms A and C can
be considered with regard to the shortness of the Al�O bond,
and imply a certain double-bond character. These resonance
structures can also be taken into account to explain the B�O
bond length (1.444(3) ä), which is intermediate between the
coordinative B�O bond in H2O¥B(C6F5)3 (1.597(2) ä)[4d] and a
B�O covalent bond (1.311(2) ä for 2). Even so the B(C6F5)3
group stabilizes the monoalumoxane by dispersing the
negative charge from oxygen (B, C, and D ; Scheme 2). The
b-diketiminato ligand must also be taken into consideration
because it reduces the positive charge on the Al center by
acting as a Lewis base.[7] In addition these resonance
structures support the irreversible isomerization of 1 to 2.

For complex 2, the Al�O and B�O bond lengths of 1.780(2)
and 1.311(2) ä (Figure 2), respectively, are in the range of
those in previously reported compounds.[1,6c]

In both complexes the Al atom is a member of two
nonplanar, five- and six-membered heterocycles. The Al�N
bond lengths for 1 (av 1.855 ä) are somewhat shorter than
those previously reported for similar compounds (av
1.90 ä).[9] In 2 the Al�N distances have normal values (av
1.925 ä).[9,10] A similar trend is observed for the coordinative
Al�N bond lengths; the Al�N(3) bond length in 1 (1.988(4)) is
shorter than the Al�N(3) bond length in 2 (2.195(29),
however they are in the range found for previously reported
similar compounds.[11] The b-diketiminato C�N and C�C ring
distances of both compounds have values (av 1.34 and 1.40 ä)
corresponding to a delocalized p-electron system.[9] In the
light of the different Al�O bond order for the complexes 1
and 2 (seen from the different bond lengths), deviation of the
Al-O-B angles from 163.76(2) (1) to 141.69(13) (2) is
expected.
In conclusion, we have provided evidence for the existence

of the monomeric member of the (RAlO)n series. Never-
theless it has to be stated that the nature of the Al�O bond in
complex 1 is still under debate; additional insights from future
calculations may make things clearer. H2O¥B(C6F5)3 has been
shown to be an excellent reagent for the synthesis of the first
monoalumoxane, and its further application towards the
synthesis and stabilization of other unusual compounds with
multiple M�O bonds is in progress.

Experimental Section

All operations involving air- and moisture-sensitive com-
pounds were performed by using standard Schlenk line and
dry box techniques under a purified nitrogen atmosphere.
H2O¥B(C6F5)3 was prepared according to the procedure
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Figure 1. Structure of 1 (50% thermal ellipsoids; hydrogen atoms omitted
for clarity). Selected bond lengths [ä] and angles [8]: Al(1)-N(1) 1.853(2),
Al(1)-N(2) 1.857(4), Al(1)-N(3) 1.988(4), N(2)-C(4) 1.356(3), C(3)-C(2)
1.401(3), C(4)-C(3) 1.402(0), N(1)-C(2) 1.334(4), Al(1)-O(1) 1.659(3), B(1)-
O(1) 1.444(3); Al(1)-O(1)-B(1) 163.76(2), N(2)-C(4)-C(3) 123.45(2), N(2)-
Al(1)-N(1) 96.69(1), C(4)-C(3)-C(2) 126.79(2), N(1)-Al(1)-N(3) 86.50(1),
C(3)-C(2)-N(1) 119.68(2), Al(1)-N(2)-C(4) 118.02(2), C(2)-N(1)-Al(1)
123.44(2).

LAl O
B(C6F5)3

LAl O
B(C6F5)3

LAl O
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LAl O
B(C6F5)3

A B C D

Scheme 2. Proposed resonance structures for 1.

Figure 2. Structure of 2 (30% thermal ellipsoids; hydrogen atoms omitted
for clarity). Selected bond lengths [ä] and angles [8]: Al(1)-O(1) 1.780(2),
O(1)-B(1) 1.311(2), Al(1)-N(1) 1.964(2), Al(1)-N(2) 1.890(2), Al(1)-N(3)
2.195(2), N(1)-C(2) 1.322(2), N(2)-C(3) 1.346(3), C(2)-C(3) 1.384(3), C(3)-
C(4) 1.409(3), Al(1)-C(31) 2.043(2); Al(1)-O(1)-B(1) 141.69(13), C(3)-
C(2)-N(1) 122.50(17), N(2)-Al(1)-N(1) 94.11(7), Al(1)-N(1)-C(2)
125.19(13), Al(1)-N(2)-C(4) 125.62(13), N(2)-Al(1)-N(3) 82.48(6), N(2)-
C(4)-C(3) 123.68(17), C(31)-Al(1)-O 123.43(7), C(2)-C(3)-C(4) 127.43(18).



described in reference [4a]. Toluene, THF, hexane, and CH2Cl2 were dried
from appropriate drying agents, Na/K alloy (toluene, THF, hexane), CaH2
(CH2Cl2), and distilled under nitrogen prior to use. C6D6 and [D8]THF were
dried over Na/K alloy and degassed. 1H, 13C, 19F, 11B, and 27Al NMR spectra
were recorded at ambient temperature on a Bruker AM 200. Chemical
shifts are reported in d units downfield from TMS (1H, 13C), C6F6 (19F),
Et2O¥BF3 (11B), AlCl3 (27Al), with the solvent as the reference signal.
Elemental analyses were carried out at the Analytical Laboratory of the
Institute of Inorganic Chemistry of the University of Gˆttingen. Melting
points were determined in sealed capillary tubes under nitrogen and are
uncorrected.

LAlMe2: Dry hexane (50 mL) was added to LH (1.553 g, 5.24 mmol; for L
see Scheme 1) in a 100 mL Schlenk flask. The mixture was cooled to�78 8C
and a solution of AlMe3 (7.38 mL, 5.3 mmol of a 1.42m solution in hexane)
was added dropwise. The mixture was stirred for 2 h at �78 8C, and then
stirred overnight at room temperature until the methane evolution had
ceased. The solvent was removed and the yellowish oil obtained (1.832 g;
99%) was used without any further purification. Elemental analysis (%)
calcd for C17H41AlN4: C 64.73, H 11.72, N 15.89; found: C 64.50, H 11.80, N
16.30; 1H NMR (200 MHz, TMS; C6D6): d¼ 4.45 (s, 1H; CH), 3.26 (m, 4H;
NCH2CH2NEt2), 2.41 (m, 12H; CH2N(CH2CH3)2), 1.72 (s, 6H; CHCCH3),
0.91 (t, J¼ 7.07 Hz, 12H; CH2CH3,), �0.47 ppm (s, 6H; Al(CH3)2);
13C NMR (125.75 MHz, TMS, C6D6): d¼ 167.91 (CCHC), 96.938 (CH),
54.20 (CNCH2), 47.90 (NCH2CH2), 46.69 (NCH2CH3), 20.84 (CHCCH3),
12.58 (NCH2CH3),�8.73 ppm (AlCH3); 27Al NMR (65 MHz, AlCl3 in D2O,
C6D6): d¼ 150.36 ppm.
LAlO¥B(C6F5)3 (1): A solution of LAlMe2 (0.217 g, 0.61 mmol) in toluene
(15 mL) was allowed to react with H2O¥B(C6F5)3 (0.326 g, 0.61 mmol) in
toluene (10 mL) at 0 8C. The mixture was stirred for 1 h at 0 8C, and then
stirred overnight at room temperature until the methane evolution had
ceased. The suspension was filtered and the precipitate was redissolved in
CH2Cl2 (10 mL). Colorless crystals were obtained by cooling the CH2Cl2
solution at�26 8C. Then the crystals were filtered off. Yield 0.317 g (60%);
m.p. 156 8C; elemental analysis (%) calcd for 1, C35H35AlBF15N4O: C 49.43,
H 4.15, N 6.59; found: C 49.81, H 4.33, N 6.63; 1H NMR (200 MHz, TMS;
C6D6/[D8]THF): d¼ 4.82 (s, 1H; CH), 3.11 (t, J¼ 6.85 Hz, 4H;
NCH2CH2NEt2), 2.41 (m, J¼ 7.19 Hz, 12H; CH2N(CH2CH3)2), 1.76 (s,
6H; CHCCH3), 0.78 ppm (t, J¼ 7.1 Hz, 12H; CH2CH3); 13C NMR
(125.75 MHz, TMS, C6D6): d¼ 171.82 (CCHC), 98.32 (CH),54.31
(CNCH2), 51.78 (NCH2CH2), 45.58 (NCH2CH3), 20.95 (CHCCH3),
10.17 ppm (NCH2CH3); 19F NMR (188 MHz, ext. C6F6, C6D6/[D8]THF)
d¼�134.5 (m, 6 F; ortho),�163.7 (t, 3F; para),�166.5 ppm (m, 6F;meta);
11B NMR (80 MHz, ext. Et2O¥BF3, C6D6/[D8]THF): d¼�4.83 ppm.
LAl(C6F5)OB(C6F5)2 (2): A solution of LAlMe2 (0.25 g, 0.71 mmol) in THF
(15 mL) was allowed to react in a solution of H2O¥B(C6F5)3 (0.375 g,
0.71 mmol) in THF (10 mL) at 55 8C for 2 h. The solvent was removed and
the oily product was left to crystallize at room temperature. The crystals
formed were washed with cold hexane. Yield 0.44 g (73%); m.p. 85±87 8C;
elemental analysis (%) calcd for 2, C35H35AlBF15N4O: C 49.43, H 4.15, N
6.59; found: C 49.75, H 4.27, N 6.46; 1H NMR (200 MHz, TMS; C6D6): d¼
4.28 (s, 1H; CH), 3.22 (m, 2H, NCH2CH2N(CH2)2), 2.95 (m, 2H,
NCH2CH2NEt2), 2.19 (q, J¼ 7.53 Hz, 8H; CH2CH3), 1.85 (m, 2H;
NCH2CH2NEt2), 1.51 (s, 6H; CHCCH3), 0.70 ppm (t, 12H; CH2CH3);
13C NMR (125.75 MHz, TMS, C6D6): d¼ 168.61 (CCHC), 97.29 (CH), 50.51
(CNCH2), 45.48 (NCH2CH2), 45.28 (NCH2CH3), 21.57 (CHCCH3),
9.62 ppm (NCH2CH3); 19F NMR (188 MHz, ext. C6F6, C6D6): d¼�118.09
(m 2F; AlC6F5 ortho), �133.2 (m, 4F; BC6F5 ortho), �152.5 (t, 2F; BC6F5
para), �155.3 (t, 1F; AlC6F5 para), �159.7 (m, 2F; AlC6F5 meta),
�161.5 ppm (m, 4F; AlC6F5 meta); 11B NMR (80 MHz, ext. Et2O¥BF3,
C6D6): d¼ 36.83 ppm.
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