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The first co-ordination complex of a bis(triazacyclododecane) ligand;
structure of a binuclear nickel complex†
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The crystal structure of [Ni2L(O2CCH3)2(H2O)2][ClO4]2 has
been determined and the observed metal-centred chirality
analysed; L is a binucleating ligand based on 1,5,9-triaza-
cyclododecane for which a convenient, high yielding
synthesis is also presented.

Recent years have seen a considerable number of reports on
ligands capable of binding two metal ions.1 Complexes of such
ligands are interesting not only for the electronic interactions
that take place between the metal ions, but also for their reactiv-
ity towards small molecules. Extra interest has been spurred by
the discovery of enzymes containing interacting metal ions at
their active sites.2 In attempts to mimic the co-ordination
environment of such active sites, as well as other work more
directed towards the activation of small molecules, bis(1,4,7-
triazacyclononane) (9[ane]N3) ligands have featured promi-
nently.2a,3 This reflects the well known, and excellent co-
ordinating properties of 9[ane]N3 ligands. Recent studies using
1,5,9-triazacyclododecane (12[ane]N3), however, have shown
that this larger macrocyclic ligand imparts interesting bio-
mimetic properties on some of its complexes,4 quite different
from their 9[ane]N3 analogues.5 Although their synthesis was
first reported a decade ago,6 the co-ordination properties of
bis(12[ane]N3) ligands are still completely unknown. We there-
fore report the synthesis, characterisation and structure of the
first ever metal complex of a bis(12[ane]N3) ligand.

To obtain the ligand, a synthetic procedure derived from that
developed by Weisman and co-workers 6a,7 was used. By reflux-
ing bis(amidinium)trifluoromethanesulfonate salt, 1 [prepared
by the reaction of propane-1,3-diyl bis(trifluoromethanesul-
fonate) with 2 equivalents of 1,5,9-triazatricyclo[7.3.1.05,13]-
tridecane in dichloromethane], with 20 equivalents of 0.7 
trifluoromethanesulfonic acid for 18 h, a quantitative yield of
the hexaprotonated ligand, H6L, [1,3-bis(1,5,9-triazacyclo-
dodecyl)propane hexa(hydrotrifluoromethanesulfonate)] was
isolated by precipitation from ethanol–diethyl ether (Scheme 1).
Aquamarine crystals of dinickel complex [Ni2L(O2CCH3)2-
(H2O)2][ClO4]2 2 were then isolated from an aqueous mixture
of H6L, nickel perchlorate, sodium acetate and sodium per-
chlorate, adjusted to near-neutral pH using sodium hydroxide.

The crystal structure of 2 shows that both triazamacrocycles
of the ligand bind a nickel ion in a facial, tridentate fashion.
Bidentate acetate and water complete the two pseudo-
octahedral co-ordination environments. The cation is dis-
ordered, with imposed C2 symmetry. The disorder, however,
only affects the atoms bonded to N(25). This has been analysed
as 50% of cations containing the atoms C(24A), C(26A),
C(90A) around N(25), and C(24B*), C(26B*), C(90B*) around

† Non-SI unit employed: µB ≈ 9.27 × 10224 J T21.

N(25*) (where * is the symmetry element 1 2 x, y, ³̄
²

2 z). The
other 50% of cations contain the atoms C(24B), C(26B),
C(90B), C(24A*), C(26A*) and C(90A*). The conformations
of individual cations are therefore unequivocal, and are such as
pictured in Fig. 1. The disorder can be explained by equal num-
bers of the 1808 rotamers of the Cs-symmetric macrocycle
[reflection plane passing through C(91)] being present in the
crystal (Fig. 2).

The Cs symmetry of the macrocycle is not maintained
throughout the cation, however, because of the inclusion of the
C2-related acetate and water ligands. With no overall element of
symmetry in individual cations, both nickel ions are therefore
chiral centres. Metal-centred chirality is known for octahedral
complexes of 12[ane]N3,

8 and in 2 relies on the fact that one of
the two, previously equivalent, secondary nitrogen atoms of
each triazamacrocycle is made unique by being co-ordinated

Scheme 1 Synthesis of 1,3-bis(1,5,9-triazacyclododecyl)propane hexa-
(hydrotrifluoromethanesulfonate)
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Fig. 1 Structure of an ordered model of [Ni2L(O2CCH3)2(H2O)2] 2,
with ellipsoids at 30% occupancy, together with the atomic numbering
scheme
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trans to a water ligand. Both nickel centres have, superficially,
the same chirality, which can be designated as OC-6-43-A
(abbreviated to ‘A’ hereon) using IUPAC rules (Fig. 3).9 The
complex pictured can therefore be described as an ‘AA’ enan-
tiomer. However, slight differences in the conformations of the
triazamacrocyclic rings relative to the other ligands provides a
differentiation between the nickel ions in individual cations.

The conformation of 2 pictured in Fig. 1 does not, admit-
tedly, represent the whole truth. The complex’s centrosym-
metric space group (Pcba) ‡ means that there are equal numbers
of ‘CC’ (here, ‘C’ is an abbreviation for the configuration OC-6-
43-C) as well as ‘AA’ enantiomers in the unit cell (two of each),
related by glide planes.

No evidence was found, however, for the non-equivalent ‘AC’
and ‘CA’ enantiomers. Careful examination of the bonding
within the complex reveals a plausible explanation for this
observation. A close approach between the water ligand of one
nickel ion and an acetate oxygen bound to the other [O(100) to
O(12*) separation of 2.77 Å] indicates an intramolecular H
bond. These atoms will therefore have reduced ability to form H
bonds to solvent molecules. The postulated mesomeric forms of
the complex cannot form such intramolecular H bonds (on
geometric grounds), and will therefore possess greater solubility
in water.

Magnetic (SQUID) measurements have been also performed

Fig. 2 Effect of rotational disorder on the average molecular geometry
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Fig. 3 Designation of the stereochemistry at nickel (numbers refer to
the donor atom priority)
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‡ Crystal data for complex 2 C25H56Cl2N6Ni2O14, M = 853.04, Mo-Kα
radiation, λ = 0.7107 Å, crystal size 0.30 × 0.35 × 0.25 mm, ortho-
rhombic, space group Pbca, a = 14.472(12), b = 15.542(14), c = 16.56(2)
Å, U = 3725 Å3, Z = 4, Dc = 1.500 g cm23, µ = 1.223 mm21,
F(000) = 1752. 9500 Reflections were collected in the range
4 < 2θ < 508 at 293 K, using the MARresearch Image Plate System.
The 3242 independent reflections with I > 2σ(I) were used in the struc-
ture determination and refinement. The structure was solved by direct
methods using SHELX 86,10 and then refined on F 2 using SHELXL 11

to a final R value of 0.103. Three of the carbon atoms in the ligand were
disordered over two positions, and these were refined with 50% occu-
pancy. The non-hydrogen atoms were refined with anisotropic thermal
parameters. The hydrogen atoms were included in geometric positions
and given thermal parameters equivalent to 1.2 times those of the atom
to which they were attached. CCDC reference number 186/702.

on 2 between 10 and 300 K. A straight line is obtained when the
inverse of molar susceptibility is plotted against temperature
(1/χm = 1.9001 1 0.529 14 T, R = 0.999 98), indicating that the
Curie–Weiss law is obeyed. This implies minimal coupling
between the nickel ions. The room-temperature magnetic
moment of the complex (3.87 µβ at 300 K) is correspondingly
close to the spin-only value calculated for two, uncoupled, S = 1
metal ions (4.0 µβ).
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