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Reaction of AlMe; or [AlMes-py] with the pendant arm OH-
funtionalised 1,4,7-triazacyclononane proligands, HL! or
HL2, affords the four- and five-coordinate derivatives
[AI(LY)Me,] 1 or [Aly(L?),Mey] 2 in which the pendant
alkoxide O-donor and only one macrocycle N-donor is
bound to Al; methyl anion abstraction from 1 yields cationic,
pentacoordinate [Al(L1)Me]+ in which L has a tetradentate
coordination mode [L! = 1-(2-hydroxy-3,5-di-tert-butylben-
zyl)-4,7-diisopropyl-1,4,7-triazcyclononane; L? = 1-(2-hy-
droxy-2-methylethyl)-4,7-diisopropyl-1,4,7-triazacyclono-
nane].

Pendant-arm macrocycles offer the ability to modify and tune
the electronic and stereochemical properties of arange of metal
centres, and may be regarded as potent protecting groups for
catalytic reactions. We were therefore interested to explore the
potential of pendant arm triazacyclononane ligands in neutral
and cationic organoaluminium chemistry, for which there is no
precedent in the literature, although several examples of
compounds involving N-substituted 1,4,7-triazacyclononane
ligands with the group 13 elements are known. Aluminium
compounds in genera are widely used as reagents or catalysts
across arange of organic and inorganic chemistry, and cationic
complexes, in particular, can lead to enhanced reactivity
through more effective substrate coordination and activation.2
We report herein preliminary results, including the first
structurally authenticated examples of complexes having a
triazacyclononane ligand coordinated through only one ni-
trogen, together with the first example of a cationic p-block
organometallic complex of a triazacyclononane ligand.
Reaction of AIMe; or AlIMes-py with HL1 or HL2 causes
elimination of methane and affords the mono- or bi-nuclear
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compounds [Al(LY)Me;] 1 and [Alx(L2),Me4] 2 in good to fair
yield (Scheme 1).132 The molecular structures of 1 and 2 are
shown in Figs. 1 and 2, respectively.f The compound
[Al(LY)Me;] 1 possesses an approximately tetrahedral Al(in)
centre [range of angles subtended at Al(1): 95.0(2)-119.8(2)],
the coordination sphere of which comprises two methyl groups,
the oxygen atom of the pendant phenoxide group and only one
N-donor of the triazacyclononane ligand. The compound
[Alx(L2),Me,] 2 features two approximately trigonal bipyr-
amidal Al(in) centres[e.g. N(1)-Al(1)—O(28) 151.0(2)°; sum of
the angles subtended at Al(1) by O(13), C(14), C(15) = 360.1°]
with the pendant oxygen donors bridging them. The most
important and highly unusual feature of 1 and 2 isthat only one
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of the three macrocyclic N-donors binds to the Al(in) centre.
That 2 forms a binuclear, u-O-bridged complex is attributed to
steric factors, the greater steric bulk of L1 stabilising the
mononuclear complex.

The low temperature, high-field NMR spectra of the highly
fluxional compounds 1 and 2 are consistent with the solid state
structures.t Of special note for both compoundsiis the presence
of two low-field multiplets in the range 6 4-5 of the tH NMR
spectra; these are assigned to two of the macrocylic ring
methylene hydrogens. These shifts appear to be particularly
diagnostic of the mono-N-coordinated mode of ligation of the
ligands L1 and L2, as such features are absent from the 1H NMR
spectraof structurally authenticated tri-N-coordinated transition
and main group metal complexes of pendant arm derivatives of
triazacyclononanes.3a.4

The reaction of HL, or [Alx(L2),Me4] 2 with 2 equiv. of
AlMe; cleaves the dimer and gives binuclear [Al(L2-Al-
Mes)Me;] 3 (Scheme 1) inwhich AlM ez isbound to the pendant
alkoxide oxygen,t§ rather than forming a product with the
AlMe; bound to a nitrogen lone pair of L2. Asfor 1 and 2, the
triazacyclononane ring in 3 binds through only one nitrogen,
and the 1H NMR spectrum shows adiagnostic pair of multiplets
intheregion 6 4-5. In contrast, [Al(LY)Mey] 1 does not react at
all with AlMe;, suggesting that neither the phenoxide oxygen
nor the macrocycle nitrogen lone pairs are accessible.
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Scheme 1 Reagents and conditions: i, HL1, hexane, r.t., 2 h, 57%; ii,
B(CsFs)s, CH.Cl, r.t., 30 min, quantitative; iii, HL2, hexane, r.t., 2 h, 30%;
iv, 0.5 HL2, hexane, r.t.,, 2 h, 71%; v, 2 AlMes, CgDg, r.t., 5 min,
quantitative.
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Fig. 1 Displacement ellipsoid plot of [Al(LY)Me,] 1. Hydrogen atoms are
omitted for clarity and displacement ellipsoids are drawn at the 40%
probability level. Selected bond lengths (A): Al(1)-O(17) 1.759(4), Al(1)—
N(1) 2.011(4), Al(1)—C(18) 1.965(5), Al(1)—C(19) 1.953(5).

Fig. 2 Displacement ellipsoid plot of [Alx(L2),Me4] 2 Hydrogen atoms are
omitted for clarity and displacement ellipsoids are drawn at the 40%
probability level. Selected bond lengths (A): Al(1)-O(13) 1.849(3), Al(1)—-
N(1) 2.245(4), Al(1)-C(14) 1.977(5), Al(1)-C(15) 1.972, Al(1)-O(28)
1.935(3), Al(2-0O(28) 1.845(3), Al(2-N(16) 2.265(4), Al(2)-C(29)
1.966(5), Al(2)—-C(30) 1.983(5), Al(2)-0O(13) 1.946(3).

The mono-N-coordination modes for L1 and L2 in com-
pounds 1-3 are unique in the now very extensive and important
field of triazacyclononane ligand coordination (transition and
main group metal) chemistry.13 While there are afew examples
of triazacyclononane ligands bonding through only two ni-
trogen ligands, these are found only for later transition metals
where ligand field effects (e.g. those associated with d8 square
planar complexes) are particularly dominant.> Only one triaza-
cyclononane complex of aluminium has been previously
structurally characterised, namely six-coordinate [Al(L)] where
L isthe tris(pendant arm) ligand 1,4,7-(0,CCH,)3[9]aneN3.6

As mentioned above, there is considerable current interest in
well defined, cationic organoal uminium compounds.2c-9 Reac-
tion of [AI(LY)Mey] 1 with B(CgFs)s gives [Al(LY)Me]-
[MeB(CgFs)s] 4 (Scheme 1). We have not yet obtained
diffraction-quality crystals of 4 and so this complex has been
characterised by non-crystallographic techniques.t The 1H and
19F NMR data for the [MeB(CgFs)3] — anion show that thereis
no interaction with the [Al(LY)Me]* cation in which L1 now
bonds to Al through all three macrocyclic nitrogens.” This
coordination mode is suggested by the ca. 0.3-0.9 ppm
downfield *H NMR shifts of the NPri group resonances
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compared to those in 1-3 (consistent with bonding to a cationic
metal centre) and the absence of any macrocyclic ring
methylene resonances in the region 6 4-5 which would be
expected for a mono-N-coordinated L. Anaogous trigona
bipyramidal coordination modes have been reported for
[Zn(L1)CI] and its homologues.3a

Compound 4 is the first example of a cationic p-block
organometallic complex of any triazacyclononane ligand.
Moreover, theinterconversion of coordination modes (mono-N-
bound in 1 to tri-N-bound in 4) has never before been observed
for triazacyclononane compl exes, and the current work suggests
that the hemilability of functionalised [9]anes ligands can be
used to control and tune the reactivity of the Al centre.
Preliminary studies of the reactions of other complexes
[Al(L)Mey] (L = monopendant arm functionlised triazacyclo-
nonane) with B(CgFs)s show that other examples of organoalu-
minium cations related to 4 can be prepared, and reactivity
studies of these cations towards organic substrates are in
progress.
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Notes and references

T Full spectroscopic data and elemental analyses have been obtained for all
the new compounds which were prepared under dry, anaerobic condi-
tions.
I Crystal data for 1. CooHs4AIN3O, M = 487.73, orthorhombic, P2,2:2;, a
= 10.3380(4), b = 13.9560(7), ¢ = 20.8520(11) A, U = 3008.5(2) A3, Z
=4, T = 150(2) K, u = 0.091 mm—1, 7450 refelections measured, 3926
(Rint = 0.0338) used in refinement, final Rindices: R; = 0.0715 [datawith
I > 20(1)], wRx(F?2) = 0.1466 (all data). For 2: C34H76AINgO2, M =
654.97, monoclinic, P2;, a = 12.2690(5), b = 13.4100(6), ¢ = 12.4290(4)
A, B = 95.998(2)°,U = 203.71(14) A3,Z = 2, T = 150(2) K, u = 0.106
mm-~—1, 4232 independent reflections measured and used in refinement, final
R indices: R; = 0.0691 [data with | > 20(1)], wRx(F?) = 0.174 (al
data).

CCDC 182/1658. See http://www.rsc.org/supp data/cc/b0/b003019h/ for
crystallographic filesin .cif format.
§ The X-ray structure of [Al(L2-AIMe3)Me;] 3 has been determined and
will be reported in full elsewhere.4
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