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The iminophenol 3,5-tBu,-2-(OH)CgH,CH=NR and the
aminophenol 3,5-tBu,-2-(OH)C¢H,CH,-NHR (R = tBu, 2,6-
Me,CgHjz, CgFs) were prepared in good yields by the appro-
priate synthetic methods. Reactions of these compounds with
AlH3-NEtMe, in toluene gave the mononuclear [AIH{3,5-
tBu,-2-(0O)CeH,CH,-NR}J-NEtMe,] [R = 2,6-Me,CgHj  (3),
CeF5 (4)] or dinuclear [AlH{u-3,5-tBu,-2-(0O)CcH,CH,-
NtBu}], (5) phenoxido—amido aluminium derivatives. All syn-
thesized complexes were characterized by NMR spectro-
scopic and analytical methods. The X-ray structure of 5
shows a dinuclear molecule in which the aluminium centres

are unusually linked by p,-N(amido) atoms to form a central
planar Al,N, ring in a clearly preferential disposition over
the more common Al,O, ring. The experimental work has
been assisted by the B3LYP functional and the 6-31G* basis
sets as implemented in Gaussian 03 calculations to determine
the role played by the nitrogen substituent group in the
structural disposition adopted by the prepared (monohyd-
rido)aluminium compounds, in order to evaluate the factors
affecting the coordination modes of the phenoxido—amido li-
gand on aluminium.

Introduction

Organoaluminium compounds are known to be impor-
tant reagents widely employed in organic synthesis!"?! as
olefin polymerization cocatalystsl®# and as initiators in
ring-opening polymerization (ROP) processes.[)

A key approach in aluminium chemistry has involved the
use of bulky ligands to reduce the degree of aggregation in
the metal structures, rendering low-nuclearity deriva-
tives.51% In particular, sterically demanding chelating
groups have received special attention. For example, neutral
diimines give efficient mononuclear transition metal cata-
lysts.l'=131 In addition, ligands containing phenoxido
groups have been used for the stabilization of catalysts for
oxidation,!'®! epoxidation,!'” carbon—carbon bond forma-
tion!'81 and controlled polymerization.['”]

Our research interest has been focused on the synthesis
and structural study of mononuclear/dinuclear hydride,
alkyl and haloalkylaluminium complexes containing N,O
bidentate ligands, because such species could show interest-
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ing catalytic properties. Bidentate N,O-donor ligands?-2°!
constitute simple nonsymmetric chelating structures that
impose control over the metal coordination geometry with
a sterically demanding chelating structure. Phenoxido—
imido?*28 and the closely related phenoxido—amino biden-
tate systems!?>11 have been widely used for transition met-
als and to produce alkylaluminium complexes and their cat-
ionic derivatives,?? 34 which can be utilized as catalysts in
ROP processest?! of heterocyclic monomers and in ethylene
polymerization reactions.?!-3%

Here we report the synthesis and structural analysis of
the reaction products from the treatment of iminophenol
and aminophenol ligand precursors with alane
AlH;-NEtMe, to prepare derivatives of different nuclearity.
Although aluminium hydrides have been widely used in
many areas of chemistry since their first isolation in the
1940s,1361 there have been few reports on aluminium hydride
species stabilized by Schiff base N,O chelate ligands.[37-38]
In our research, we have paid considerable attention to the
determination of the nuclearity of the aluminium complexes
prepared with a combined experimental and theoretical
study. We have obtained mononuclear derivatives and the
dinuclear species [AIH{p-3,5-tBu,-2-(0)CsH,CH,-N7Bu}],
exhibiting an unusual N-bridged phenoxido—amido struc-
ture, which is preferred over the O-bridging arrangement.
This structural behaviour contrasts with that found in the
literature: O-bridging structures are generally observed in
polynuclear aluminium derivatives supported by bridging
phenoxido—imino and related ligands.[?2-23-3%-40]
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Results and Discussion

Salicylaldimines 3,5-rBu,-2-(OH)CcH,CH=NR (R =
tBu, 2,6-Me,CgH;, C4Fs) (1a—¢) used as ligand precursor
systems were prepared in good yields (80%-95%) as yellow
to orange crystalline solids by condensation of 3,5-di-zert-
butyl-4-hydroxybenzaldehyde with the appropriate amine in
refluxing toluene in the presence of a catalytic amount
(0.1%) of p-toluenesulfonic acid.[3>#142] Reactions of la—¢
with LiAlH,; (4 equiv.) in THF at ambient temperature
gave, after work up, the crystalline white to yellow ami-
nophenol compounds 3,5-7Bu,-2-(OH)C¢H,CH,-NHR (R
= {Bu, 2,6-Me,C¢Hs, CeFs) (2a—c¢).12%3% Spectroscopic data
are consistent with the formulation depicted in Scheme 1.
The 'H NMR spectra (C¢Dg) of 1a—c exhibit resonances in
the region 0 = 7.60-8.13 ppm for the imine CH protons,
with the analogous '3C NMR signals occurring between ¢
=161.1 and 6 = 168.4 ppm. The '"H NMR spectra (C¢Dg)
of 2a—¢ display characteristic doublets (*Jyy = 7.0 Hz) in
the range 6 = 3.80-3.80 ppm for the methylene CH, pro-
tons, with the corresponding '*C NMR signals between ¢
= 50.0 and 46.0 ppm.

Compounds la-c¢ and 2a-c react with an equimolar
amount of AIH;°NEtMe, in toluene (from —78 °C to ambi-
ent temperature) to afford the mononuclear [AIH{3,5-/Bu,-
2-(0)C¢H,CH,-NR}'NEtMe,] (R = 2,6-Me,CsH; 3; C4F5
4) and the white-yellow dinuclear [AIH{u-3,5-1Bu,-2-(0)-
C¢H,CH,-N7Bu}], (5) phenoxido—amido complexes
(Scheme 1). These compounds are formed with a formal
loss of hydrogen by alcoholysis accompanied by a hydro-
alumination reaction of the imine functionality in the case
of la—c or consistent with alcoholysis together with ami-
nolysis in the reactions with 2a—c. Compounds 3-5 are air-
sensitive but thermally stable in solution and in the solid
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state. They must be stored under rigorously dry conditions.
Spectroscopic data and elemental analyses concur with the
proposed structures.

Hydride aluminium N,O-chelate complexes tend to be
mononuclear due to their capacity to form simple adducts
with Lewis bases such as amines and normally adopt a mo-
nonuclear tetracoordinate tetrahedral geometry around the
metal.’843] In accord with this behaviour, a common fea-
ture in the '"H NMR spectrum (C¢Dg) of 3 and 4 is the
presence of a neutral NEtMe, amine, emanating from the
initial aluminium reagent (AlH;'NEtMe,). Thus, the 'H
NMR (C¢Dg) spectra of complexes 3 and 4 have the reso-
nances of the coordinated tertiary amine appearing in the
range 0 = 0.51 to 6 = 2.20 ppm. The ethyl group protons
and the resonances associated with the “NMe” protons ap-
pear, indicating the chiral character of these compounds
(see Exp. Sect.). Both compounds exhibit the expected reso-
nances due to the aromatic protons, with corresponding '3C
NMR signals. The diastereotopic benzylic methylene pro-
tons are observed as a set of doublets in the range ¢ = 3.82—
4.78 ppm in the '"H NMR spectra. Characteristic Al-H sig-
nals and high-field shifted resonances for the terz-butyl
groups are also observed. The Al-H stretching absorption
in the IR spectra at 1843.6 cm™! for 3 and 1861.8 cm™! for
4 confirms the terminal hydride bond to the metal centre
in both cases. On the basis of these observations, the most
likely structures suggested for 3 and 4 are mononuclear che-
lating compounds, with a terminal hydrido ligand and a
coordinated ethyldimethylamine.

However, no signals for an additional Lewis base were
observed in the NMR spectrum of 5, which exhibits charac-
teristic resonances for the aromatic protons of the phe-
noxido fragment, with diastereotopic AB-type protons of
the benzylic methylene group and the expected fert-butyl

tBu
tBu
\ \\Op .
Et\ _AlHy NEtMe, AlH3-NEtMe, : N\/tBu
Me M _HZ tBu | —Hy 12 \AI
3:-26M CeH OH N\ H™ \l\
ARop 2o 1aR=@u R B 5
s 1b R = 2,6-Me,CeHs u
A 1cR= Cst
5 tBu
LiAlH4
tBu
AlH3'NEtMe, AlH3NEtMe;
—2H, Bu —H,
OH HN{
2aR =1Bu
2b R = 2,6-Me,CgH3
2c R=C4F5

Scheme 1.
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group protons (see Exp. Sect.). The Al-H resonance ap-
pears as a broad singlet at 6 = 4.42 ppm. The IR spectrum
displays a strong Al-H stretching absorption at
1871.8 cm™!, which corresponds to a terminal hydrogen.[*¥
Therefore, these spectroscopic data suggest that only the
phenoxido—amido ligand and the hydride groups are
bonded to the aluminium; hence, the tetracoordinate alu-
minium environment should be achieved through a dinu-
clear disposition.

An NMR spectroscopic study when a small amount of
the free amine is added to the solutions of 3-5 rules out
the possibility of an equilibrium between mononuclear and
dinuclear species in solution.

The nuclearities of compounds 3-5 were verified by dif-
fusion ordered (DOSY) NMR spectroscopy. The diffusion
peaks of 3 and 4 are centred at a higher diffusion coefficient
value (D5 = Dy = 5.7+0.1 X107'°m?s™!) than that corre-
sponding to 5 (Ds = 4.6+0.1 X101 m?s!), this latter
value being smaller by a factor of approximately Ds/Ds =
1.24. On the basis of the correlation diffusion coefficients/
molecular radii given by the Stokes—Einstein equation,]
the ratio of the radii (r3/r4 = 1 and r3/rs = 0.80) unambigu-
ously demonstrate that the molecular size of 3 is virtually
equal to that of 4 and almost half that of 5.

The solid-state structure of compound 5 has been estab-
lished by X-ray diffraction studies. Crystals of 5 suitable for
X-ray analysis were grown from benzene solution in an
NMR tube at room temperature. Figure 1 shows an OR-
TEP view of the molecule with selected bond lengths and
bond angles. In the asymmetric unit, two chemically equiva-
lent molecules of 5 and one solvent molecule are present.

The X-ray analysis of 5 reveals a centrosymmetric dinu-
clear structure in which the phenoxido—amido ligands
adopt a bidentate and unusual N-bridging disposition. As
previously stated, complexes containing Schiff base ligands
usually present mononuclear structures.?>34381 However,
dinuclear geometries are also described?? in which the
phenolic oxygen atoms of the ligands bridge adjacent alu-
minium centres.%4¢! Surprisingly, in 5 the two aluminium
centres are linked by p,-N(amido) atoms to form a central
planar Al,N, ring in a clearly preferential disposition com-
pared with the most common Al,O, ring.

For ligands containing both oxygen and nitrogen as po-
tential bridging atoms, it is found that compounds having
oxygen bridges between aluminium atoms[?324:3%:47-501 pre.
dominate over those with nitrogen bridges.?”->!1 Examples
are known with both O and N atoms bridging in hydroxy-
pyridine ligands (in an isolobal disposition to carboxylate-
bridged ligands)>)! or with an amidate group!®>>°! between
two aluminium atoms.

The aluminium centres in 5 exhibit a typically tetrahedral
coordination geometry and are bonded to the terminal hy-
dride atom and the phenoxido—amido ligand, with a N-Al-
O chelating bite angle of 104.09(6)°. The terminal Al-H
bond length [1.476(19) A] is within the range observed for
terminal hydridoaluminium complexes.?®>¢! The observed
bond lengths AIl-N1 and All-Nla#1 [1.9538(14) A and
1.9593(14) A, respectively] are much longer than those in
1524
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Figure 1. ORTEP view of the structure of 5. Ellipsoids of 30% of
probability. Selected bond lengths [A]: All-O1 1.7325(12), AlI-N1
1.9538(14), All-Nla#l 1.9593(14), All-H1 1.476(19), N1-Cl15
1.520(2), O1-C2 1.3668(19). Selected angles [°]: N1-All-Nla#l
90.01(6), O1-All-N1 104.09(6), O1-All-H1 113.8(7), O1-All—
Nla#l 113.54(6), C15-N1-All 105.36(10), N1-All-H1 121.0(7),
C1-C15-N1 117.94 (13), N1#-All-H1 112.1(7). Hydrogen atoms,
except for the hydrido ligands, are omitted for clarity. Symmetry
transformations used to generate equivalent atoms: #1 —x, -y +
1, z+ 1.

[AlMCz{3,5-[BU2-2-(O)C6H2CH:NR}] (R = 2,6-M32C6H3
or 2,6-iPr,CeHs) [1.792(3), 1.792(3) A2 and in the
(monohydrido)aluminium complex [AIH{3-rBu-5-Me-2-
(0)C¢H>CH,-N2,6-iPr,CeH5}-NMes]  [1.799(1) A],B81  in
which the nitrogen atom does not bridge two metal atoms.
The values observed in 5 are in the range observed for other
complexes with a bridging N atomB7-°7-381 and comparable
to AI-N dative bond lengths.[’>°! The six-membered ring
chelate Al metallacycle is significantly twisted, angles be-
tween the planes containing the ALL,N, and CgH, rings
ranging from 32.88° to 33.48°.[32.381

In view of these experimental results, we were interested
in understanding the factors that determine the tendency to
stabilize mononuclear or dinuclear structural dispositions
in (amido)(hydrido)(phenoxido) aluminium compounds.
The stability of mononuclear or dinuclear aluminium deriv-
atives with analogous N,O-donor ligands depending on
electronic and steric factors have been previously
studied.?>-%%1 In addition, a discussion of the factors affect-
ing the coordination modes of amidate ligands to alumin-
ium has been reported.[>> Thus, we started a computational
study in order to clarify and rationalize the structural be-
haviour observed in the final products obtained in the treat-
ment of AIH;*NEtMe, with iminophenol and aminophenol
compounds, depending on the nitrogen substituents.

The structures were optimized by using the functional
B3LYPI®1-63l and the 6-31G* basis sets as implemented in
the Gaussian 03 program.[®¥ All energy minima were char-
acterized by frequency analysis. The energies reported in
this work include zero-point vibrational energy corrections

Eur. J. Inorg. Chem. 2010, 15221529
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(ZPVE) and are not scaled. Single-point calculations with
the self-consistent reaction field (SCRF) based on the IEF-
PCM solvation model (toluene, ¢ = 2.379) were carried out
at the B3LYP/6-31G* level on the previously optimized
structures. The mononuclear and dinuclear phenoxido—
amido complexes with different R groups at the nitrogen
atom (the experimentally obtained R = 2,6-Me,C¢Hj for 3,
R = C¢F;5 for 4, R = rBu for 5 and the hypothetical deriva-
tives R = Me for 6 and R = Ph for 7) were computed. The
calculated energy values are shown (Table 1) relative to the
corresponding mononuclear complexes, which were taken
as H, G = 0. Thus, the enthalpy preference for mononuclear
(mono) or dinuclear (di) species was computed as exem-
plified for complex 5: AH = [H(5di) + 2H(NEtMe,)] —
2H(Smono). The Gibbs free energy was computed in a sim-
ilar way: AG = [G(5di) + 2G(NEtMe,)] - 2G(5mono). Nega-
tive values indicate preferential formation of the dinuclear
species, and positive values indicate formation of mononu-
clear species.

Table 1. Energy parameters for the computational study.[?!

Entry Complex R AH AG AGg,
Aliphatic R groups
1 5di-N tBu 2.1 -10.3 -8.9
2 6di-N Me -10.1 -20.0 -16.7
3 5di-O tBu +8.6 -1.0 +2.5
4 6di-O Me +6.6 4.4 +1.1
Aromatic R groups
5 3di-N Me,CsH, +18.2 +9.7 +11.6
6 4di-N CeFs +7.9 -1.7 +0.5
7 7di-N Ph +9.9 -1.2 +2.4
8 3di-O Me,CsH, +25.0 +19.5 +24.8
9 4di-O CeFs +8.6 -0.8 +3.2
10 7di-O Ph +13.7 +2.4 +13.0

[a] Positive values reflect the preferred formation of mononuclear
species, whilst negative values indicate more stable dinuclear com-
plexes.

Two different dinuclear complexes were envisioned, de-
pending on the heteroatom (N or O) that bridges the two
aluminium atoms in the central core. For the nitrogen-
bridged (di-N complexes, Scheme 2), the aluminium and ni-
trogen atoms form a planar four-membered (AL,N,) cycle

tBu

‘Bug\ R N

O N—A  + 2NEtMe, =—— 2
A—N (e}
H\C R tBu R
H
By 3 R=MeyCgHy
4R =CeF5
di-N

5R =1tBu

6 R=Me
7R=Ph

Scheme 2.
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(tetrahedral angle @ojnamn = 0.0°), presenting four AI-N
bonds of similar length (2.0 A). Each aluminium atom also
bonds with a hydrogen (1.6 A) and an oxygen (1.8 A) atom
in a tetrahedral manner, forming a pentacyclic structure,
wherein the transoid arrangement of the cycles around the
central AILN, ring is energetically preferred. Thus, the hy-
drogen atoms bound to the aluminium centres are arranged
in a relative anti disposition, pointing towards opposite
faces of the ALL,N, four-membered ring. These calculated
values for the di-N structural disposition deduced by theo-
retical calculations correlate well with the observed struc-
tural parameters for compound 5 according to the X-ray
diffraction studies.

Closely related structural features are found for the oxy-
gen-bridged complexes (di-O, Scheme 2), wherein the alu-
minium and oxygen atoms form a planar four-membered
(Al,O,) central core (tetrahedral angle @s;0a10 = 0.0°) of
equal AI-O bond lengths (1.9 A), with exocyclic distances
of 1.8 A (AI-N) and 1.6 A (Al-H). As for the di-N com-
plexes, the substituents of the Al atoms are arranged in a
relative anti disposition. Both systems (di-N and di-O) are
achiral and contain a centre of symmetry.

The introduction in the calculation of an external amine
in the dinuclear complexes breaks the AI-O-Al or AI-N-—
Al bridge, generating the mononuclear species, wherein the
Al-O (1.8 A) and ALI-N (1.8 A) bonds are slightly shorter
than those corresponding to the internuclear bridges. The
new Al-N (external amine) bond has a computed distance
of 2.1 A.

Computational data demonstrate that, among the dinu-
clear complexes (di-O vs. di-N), the nitrogen bridge exerts
a higher stabilization, regardless of the R substituent at the
nitrogen position. Indeed, the energetic parameters (H, G
and G, ) are always more positive for oxido complexes
than for nitrogen complexes (Table 1). The highest differ-
ence (ca. 17 kcal/mol) is observed for the more basic methyl
group (6, R = Me, entries 2 vs. 4, Table 1). In contrast, a
small difference of only 1-3 kcal/mol is found for the least
basic perfluorophenyl group (4, R = C4Fs, entries 6 vs. 9,
Table 1). Thus, the basicity of the amine seems to play a
crucial role in the preference for the nitrogen bridge in the
dinuclear complexes, and the more basic aliphatic amines
show a higher preference for di-N over di-O.

tBu
tBu
By —— Bu 7+ 2NEtVe,
N .
N A—a N
(AI\N// H\\ {Bu
tBu
mono di-O
H=G=0
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More interestingly, the main difference between aliphatic
and aromatic substitution is centred on the relative stability
of the mono relative to the dinuclear species. The calculated
stability decreases in the order di-N > mono > di-O with
the aliphatic amines, and mono > di-N > di-O in the aro-
matic cases, which is in agreement with the crucial observa-
tion that only di-N complexes are experimentally obtained
when using an aliphatic amine, and only mononuclear com-
plexes are produced when the substituent on the nitrogen is
aromatic. Thus, the highest computed preference for di-N
is found in the basic methylamine compound 6di-N,
10.1 kcal/mol in AH over 6mono (entry 2, Table 1). In con-
trast, the opposite selectivity was computed for 3mono,
which is favoured at 18.2 kcal/mol over 3di-N (entry 5,
Table 1) and 25.0 kcal/mol over 3di-O (entry 8, Table 1).
Worthy of note, the stoichiometry of the equilibrium be-
tween mononuclear and dinuclear species favours the gener-
ation of the latter, since two molecules of amine are released
upon formation of the oxido or nitrogen bridges, with its
logical positive entropy effect, making AG values of the
overall process more negative (or less positive) than AH in
all cases (Table 1). The introduction of the solvent effects
by means of the IEF-PCM model (toluene, ¢ = 2.379) only
slightly varies the energy values, and in general increases the
Gibbs free energy by 1-3 kcal/mol towards the formation of
mononuclear species. Nonetheless, the relevant data is that
both AH and AG,,, show a similar tendency in all cases,
which agrees with the experimental observations.

Figure 2. Steric effects in the dinuclear complexes.
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The different basicity of the amido moiety might be re-
sponsible for the preference of mono or dinuclear com-
plexes. Aliphatic substitution induces a higher basicity of
the amine, stabilizing more efficiently the dinuclear com-
plexes which possess two Al-N(amido) bonds, whereas aro-
matic substitution reduces the basic power of the nitro-
gen(amido) atom, weakening the Al-N interaction and fa-
cilitating the bonding of an additional amine to further sta-
bilize the mononuclear species. This effect can also be con-
firmed by the computed AI-N bond lengths of the different
complexes, which slightly vary depending on the R substitu-
ent. Thus, AI-N (ethyldimethylamine) is shorter in the aro-
matic compounds (2.08 A) than in the aliphatic ones
(2.10 A), whereas the opposite occurs for the AI-N (internal
amido moiety), which is shorter in the aliphatic compounds
(5, 1.81 A; 6, 1.80 A) than in the aromatic ones (3, 1.82 A;
4,185A;7, 1.84 A).

Furthermore, a notable steric effect favouring the mono-
nuclear species was also found. Within the aliphatic amines,
the 10.1 kcal/mol enthalpy preference for the di-N complex
(16.7 kcal/mol in Gy, entry 2, Table 1) with methylamine
is significantly reduced by approximately 8 kcal/mol relative
to tert-butylamine (entry 1, Table 1). Similarly, a large dif-
ference in the energy values can be found among the dif-
ferent aromatic amines, which must be related to the impor-
tant steric congestion around the substituents in the phenol
and aniline rings, especially in the most hindered 2,6-di-
methyl-phenylamine derivative 3. For example, the forma-

@ (abed) = 13°

@ (bcde) = 9°
2.1A ( :
ring strain
steric repulsion
a
steric repulsion 2.0 A
@ (abcd) = 2°
: @ (bedf) = 7°
3di-N ring strain
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tion of 3di-O is hampered by the close contact between the
tert-butyl and methyl groups across the borderline of the
two monomers, which can be inferred from the very short
H--H distances (2.0 and 2.1 A) between the methyl hydro-
gen atoms of the phenol and aniline rings (see detail in Fig-
ure 2). As a consequence, the phenoxide ring slightly loses
its planarity, as can be gauged from the dihedral angle @
(C2-CP—C—C9%) = 13.0°. The tert-butyl substituent is also
slightly out of the plane of the aromatic ring with a dihedral
angle @ (CP-Ce-C9-C®) = 9.1°. Both effects have a tremen-
dous impact on the energy balance of the equilibrium, with
an enthalpy preference of approximately 25 kcal/mol for the
mononuclear species (3mono), which is enough to prevent
the formation of even traces of dinuclear species. The steric
repulsion is less important in 3di-N, inducing a lower but
still significant energy gap in the equilibrium (AH =
18.2 kcal/mol, entry 5, Table 1). The corresponding @ dihe-
dral angles of the aromatic ring in 3di-N are smaller than
those in 3di-O (6.7° and 2.1°, see detail in Figure 2).

In summary, both steric effects and basicity seem to in-
fluence the arrangement of the different complexes. Under
all the reaction conditions experimentally described the di-
nuclear structure with a N bridge is always predicted to be
favoured over the O-bridged disposition. The preference for
the dinuclear species increases with the basicity of the nitro-
gen, whilst the steric repulsion shifts the equilibrium in the
opposite direction.

These results permit us to suggest that the nuclearity of
the final O,N-chelating hydride aluminium compounds
would depend on the nature of the substituents on the ni-
trogen atom. Electronic and steric effects control the coor-
dination abilities and the degree of association in these de-
rivatives. Thus, the tendency of hydridoaluminium com-
pounds to form adducts with Lewis bases, such as amines,
adopting a mononuclear tetracoordinate tetrahedral geom-
etry, may result from both the basicity of the amine func-
tionality and the presence of bulky R groups attached to
the nitrogen atom. Higher basicity, as in compound 5,
makes the AI-N interaction stronger, stabilizing dinuclear
dispositions. On the other hand, when basicity decreases
the coordination of an additional Lewis base is easier,
which yields mononuclear species. The influence of the ni-
trogen atom substituents has been observed as well in the
behaviour of similar phenoxido-imido aluminium deriva-
tives in ROP processes.[63:66]

Conclusions

This work provides mononuclear and dinuclear alumin-
ium complexes bearing phenoxido—amino ligands. Reac-
tions of aminophenol compounds with AlH;*NEtMe, pro-
ceed by a formal loss of hydrogen consistent with
alcoholysis and aminolysis, rendering the mononuclear spe-
cies 3-4 and the dinuclear species 5. It is possible to achieve
the same result by the treatment of the iminophenol deriva-
tives with AIH5-NEtMe,. In this case, hydrogen migration
occurs together with the elimination of H, by an alcoholysis
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reaction accompanied by a hydroalumination process. A
computational study by using functional B3LYP and the 6-
31G* basis sets as implemented in Gaussian 03 calculations
has permitted us to rationalize the factors that set the most
favourable conditions to selectively generate mono or dinu-
clear species, allowing a quantitative comparison with ex-
perimental data. Hence, we have shown that it is possible
to access cleanly to mono- or dinuclear chelating hydridoal-
uminium compounds by modifying the substituents on the
nitrogen atom of the ligand. Although this is a limited
study, it is possible to infer the preference of these specific
compounds for inter- or intramolecular coordination, and
a general trend to predict this effect has emerged for a much
wider range of compounds.

Experimental Section

General Considerations: All manipulations were conducted by using
Schlenk techniques in conjunction with an inert-atmosphere
glovebox. All solvents were rigorously dried prior to use. NMR
spectra were recorded at 400.13 ("H), 376.00 (*°F) and 100.60 ('3C)
MHz with a Bruker AV400 instrument. Chemical shifts (J) are
given in ppm in C¢Dg as solvent. 'H and '*C NMR resonances
were measured relative to solvent peaks considering TMS o0 =
0 ppm, while '’F NMR resonances were measured relative to exter-
nal CFCl;. Elemental analyses were obtained with a Perkin—Elmer
Series II 2400 CHNS/O analyzer. Infrared data were recorded as
KBr pellets at room temperature with a Perkin—Elmer Spectrum-
2000 FTIR spectrometer and are reported in cm™!. All reagents,
3,5-di-tert-butyl-2-hydroxybenzaldehyde, tert-butyl-amine, 2,6-di-
methyl-aniline, pentafluoroaniline and the alane aluminium com-
plex solution AlH;*NEtMe, were commercially obtained and used
without further purification.

[AIH{3,5-7Bu,-2-(0)CcH,CH,-N(2,6-Me,C¢H3)}*NEtMe,] (3): A
solution of 1b (0.50 g, 1.48 mmol) in toluene (10 mL) was added
dropwise to a solution of AlH;*NEtMe, (0.5M, 2.96mL,
1.48 mmol) in toluene (20 mL) at —78 °C. The solution was stirred
during the addition over 10 min, and then the mixture was warmed
to room temperature. Volatiles were removed under reduced pres-
sure, and the product was extracted into hexane (10 mL). Filtration
followed by cooling at —30 °C afforded 3 as a white solid, which was
recrystallized from cold hexane. Yield 83% (0.54 g, 1.24 mmol). 'H
NMR (C¢Dg): 6 = 0.51 (t, Jyny = 7.32 Hz, 3 H, NCH,CH;), 1.36
[s, 9 H, C(CH3)s], 1.77 [s, 9 H, C(CH3);], 1.81 (s, 3 H, NCH3), 1.86
(s, 3 H, NCH3), 2.20 (m, 2 H, NCH,CHs;), 2.40 (s, 3 H, Ar-CHs),
2.48 (s, 3 H, Ar-CH,), 3.82 (d, Jyn = 14.6 Hz, 1 H, CH,-N), 3.99
(br. s, 1 H, AlH), 4.78 (d, Juy = 14.7Hz, 1 H, CH,-N), 6.93 (d,
#Juu = 2.5 Hz, 1 H, OAr-H), 6.96, 7.08, 7.18 (all m 3 H, NAr-H),
7.52 (d, “Jyg = 2.5 Hz, 1 H, OAr-H) ppm. 3C NMR (C¢Dg): 6 =
7.5 (NCH,CHj), 20.1 (NAr-CH;), 209 (NAr-CHj), 30.2
[C(CHy)s], 31.8 [C(CHa)sl, 34.1 [C(CHy)s], 352 [C(CHa)), 41.6
(NCH;), 42.1 (NCH3), 52.1 (NCH,CH;), 57.9 (CH»-N), 121.7,
122.7, 122.8, 128.7, 128.9, 131.9, 135.4, 136.1, 137.4, 139.5, 152.5,
155.5 (all Ar-C) ppm. IR (KBr pellets): Vo = 1843.6 (st) cm L.
C,7H43AIN,O (438.30): caled. C 74.0, H 9.8, N 6.4; found C 74.08,
H 9.5, N 6.2.

[AIH{3,5-7Bu,-2-(0)CsH,CH,-N(CsFs)}*NEtMe,] (4): A solution
of 1¢ (0.30 g, 0.70 mmol) in toluene (10 mL) was added dropwise to
a solution of AIH;*NEtMe, (0.5 M, 1.50 mL, 0.70 mmol) in toluene
(20 mL) at 78 °C. The solution was stirred during the addition
over 10 min, when the mixture was warmed to room temperature.
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Volatiles were removed under reduced pressure, and the product
was extracted into hexane (10 mL). Filtration followed by cooling
at -30°C afforded 4 as a yellow solid. Yield 80% (0.29 g,
0.58 mmol). '"H NMR (C¢Dy): 6 = 0.60 (t, *Jyy = 7.32 Hz, 3 H,
NCH,CHs;), 1.44 [s, 9 H, C(CHs3)3], 1.66 [s, 9 H, C(CHs3)3], 1.78 [s,
6 H, N(CHs),], 2.17 (m, 2 H, NCH,CHs;), 4.00 (br. m, 1 H, CH>-
N), 4.34 (br. s, 1 H, AlH), 4.50 (br. m, 1 H, CH,-N), 7.22 (d, *Jyn
=24Hz 1 H, OAr-H), 7.55 (d, *Jyy = 2.4 Hz, 1 H, OAr-H) ppm.
13C NMR (C¢Dg): 6 = 8.3 (NCH,CH3), 30.1 [C(CH3)3), 31.8
[C(CH3)3], 34.3 [C(CH;)3], 35.1 [C(CH;)3], 42.9 (NCH3), 53.0
(NCH,CHj;), 55.0 (CH,-N), 122.6, 123.4, 129.9, 130.3, 137.1,
137.6, 139.7, 139.9, 142.5, 154.5 (all Ar-C) ppm. F NMR: § =
—152.8 (2 F, Fortno), —165.6 2 F, Fine), —173.4 (1 F, Fyupa) ppm. IR
(KBr pellets): Vo = 1861.8 (st) cm™'. CosH3,AIFsN>O (500.27):
caled. C 60.0, H 6.8, N 5.6; found C 59.3, H 6.1, N 5.5.

[AIH{p-3,5-tBu,-2-(0)CcH,CH,-NBu}], (5): A solution of 1la
(0.50 g, 1.73 mmol) in toluene (10 mL) was added dropwise to a
solution of AlH;*NEtMe, (0.5 M, 3.46 mL, 1.73 mmol) in toluene
(20 mL) at —78 °C. The solution was stirred during the addition
over 10 min, when the mixture was warmed to room temperature.
Volatiles were removed under reduced pressure, and the product
was extracted into hexane (10 mL). Filtration followed by cooling
at —30 °C afforded 5 as a white solid, which was recrystallized from
cold hexane. Yield 79% (0.42 g, 1.34 mmol). '"H NMR (C¢Dg): 6 =
1.31[s, 9 H, C(CH;)3], 1.36 [s, 9 H, C(CH3);], 1.69 [s, 9 H, C(CH3)
3], 3.73 (d, Jyg = 16.3Hz, 1 H, CH,-N), 4.42 (br. s, 1 H, AlH),
4.58 (d, Juyy = 16.3 Hz, 1 H, CH,-N), 6.97 (d, *Jyy = 2.0 Hz, 1 H,
OAr-H), 7.51 (d, *Jyy = 2.0 Hz, 1 H, OAr-H) ppm. '3C NMR
(CsDg): 0 = 29.9 [C(CH;)3], 30.5 [C(CHj3)3], 31.7 [C(CHj3)3], 34.1
[C(CH3)3], 34.9 [C(CHs);), 47.9 [C(CH3)3], 56.7 (CH,-N), 123.4,
124.4, 128.4, 138.3, 140.8, 153.4 (all Ar-C) ppm. IR (KBr pellets):
Varn = 1871.8 (st) cm™!. C;oH3,AINO (317.20): caled. C 71.0, H
10.0, N 4.4; found C 70.7, H 9.7, N 4.2.

X-ray Crystallographic Study of [AIH{p-3,5-rBu,-2-(0)CcH,CH,-
NtBu}],C¢Dg (5:C¢Dg): Crystal data and details of the structure

Table 2. Crystallographic data for compound 5.

Empirical formula CyHgyAlLDgN,O,
Formula wt. 719.02
Colour/habit colourless/block
Crystal dimensions [mm] 0.35x0.14%0.10
Crystal system monoclinic

Space group P2i/n

a Al 14.5912(3)

b A 11.6599(2)

c[A] 25.9184(5)

a [ 90

AN 97.7702(19)

N 90

VA 4369.06(14)

Z 4

Temperature [K] 100(1)

Calculated density [gem ) 1.093

i1 (Mo-K,) [mm '] 0.7107

F(000) 1560

Min., max. 0 [°] 3.73, 28.80

Data set (i; k; ]) —18 to +17; —15 to +15; -35 to +34
No. of reflections collected 32603

No. of indep. reflections, R(int) 10115, 0.0534

No. of data, restraints, parameters 10115, 0, 477

R,, wR,, GOF 0.0525, 0.1100, 1.025
Max., av. shift/error 0.001, 0.000
Apmax./min. [eA—3] 40291 0.30

[a] w = 1/[c%(F,2) + (0.0399P)* + 2.56P); P = (F.2 + 2F.%)/3.
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determination are presented in Table 2. Data collection was per-
formed at 100(1) with an Oxford Instruments CryoJet XL nitrogen-
based temperature controller, the single-crystal sample being cov-
ered in perfluorinated ether oil. All measurements were made by
using an Oxford Diffraction Xcalibur S3 four-circle diffractometer
equipped with graphite-monochromated Mo-K,, radiation (1 =
0.7107 A). Multiscan!®”! absorption correction procedures were ap-
plied to the data. The structure was solved, with the SHELTL-97
package, by direct methods (SHELXS-97) and refined by using
full-matrix least-squares against F> (SHELXL-97).1%1 All non-hy-
drogen atoms were anisotropically refined. Hydrogen atoms were
geometrically placed and left riding on their parent atoms except
for those on the Al centres. The final residual electron density maps
showed no remarkable features.

CCDC-723507(5) contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Computational details, Cartesian coordinates and final ener-
gies for the optimized complexes. DOSY NMR spectra of com-
plexes 3-5.
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