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The double-helical structure has provided an important
forum for the evolution of metallo-supramolecular construc-
tion principles.[1] Their application in other systems has led to
a plethora of supramolecular architectures such as boxes,[1±3]

grids,[4] and cylinders.[5] While the basic features of the design
necessary to assemble a double helix are now fairly well
established,[1] challenges in defining the precise topology or
conformation of the helical superstructure remain. If a
nonsymmetrical ligand is used for helicate formation, the
issue of controlling the relative orientations (or directions) of
the ligands within the helical superstructure arises. This issue
is important because selectively orienting substituents on the
outside of a helix is desirable in order to control the assembly
of helicates into larger supramolecular arrays (we have
previously used this principle to control the aggregation of
supramolecular boxes[2]) or to relay the chiral information
inherent in the helix to an extra-helical site.

Constable et al. have shown that by careful positioning of
bulky substituents on the back of a ligand, double helices of an
exclusive head-to-head or head-to-tail ligand orientation can
be assembled.[6] However, such interactions seem to represent
a relatively small energy term and may be relieved by a
flattening of the helical pitch resulting in a mix of head-to-
head and head-to-tail helices in solution, for all but the
most bulky substituents.[6] An alternative approach is
to use different donor sets to control the assembly: Piguet
et al.[7] and Albrecht and Fröhlich[8] have used ligands
containing two different binding units to form directional
triple helices.

We reasoned that an alternative approach might be to
introduce asymmetry into a spacer placed between the metal-
binding domains. Since this introduces the asymmetry directly
within the helical array rather than at the periphery, it seems
likely to provide a greater energetic stabilization for one
orientation over the other. An additional advantage is that the
extra-helical sites are left vacant for subsequent incorporation
of functional substituents.

We have recently described an inexpensive and simple
imine-based approach to supramolecular architecture which
has the advantage that it allows us to generate ligands which
can act as supramolecular building blocks rapidly in high
yields from commercial materials.[9] Applying this imine
approach, we prepared the ligand L to investigate the effect

of incorporating an asymmetric spacer. The ligand contains
two binding domains separated by a methylenephenylene
spacer. The two binding domains are sterically prevented
from binding to the same metal center and so the ligand is
constrained to act as a dinucleating ligand. As illustrated in
Figure 1, a head-to-tail configuration is anticipated when L

Figure 1. Schematic illustration of the formation of head-to-head and
head-to-tail structures.

reacts with tetrahedral metal ions; a head-to-head config-
uration would result in a very small dihedral angle between
the two �head� binding units (almost square planar rather than
tetrahedral) and the two phenyl rings would also be placed
unacceptably close. Ligand L is prepared in 77 % yield by
mixing ethanolic solutions containing two equivalents of
2-pyridinecarbaldehyde and one equivalent of 4-aminoben-
zylamine. Reaction of L with silver(i) acetate in methanol
yields a colorless solution from which a white solid is obtained
on treatment with [NH4][PF6]. Mass spectrometry (FAB)
shows peaks corresponding to {Ag2L2(PF6)}� and {Ag2L2}�

consistent with formation of a dimeric species of formula
[Ag2L2][PF6]2. Such a formulation is consistent with either a
helix or the alternative box structure (Figure 2) and also with

Figure 2. Schematic illustration of the formation of (a) helical or (b)
bridging nonhelical (box) structures.

either a head-to-tail (HT) or head-to-head (HH) configura-
tion of the ligands (Figure 1). The 1H NMR spectra of the
compound in CD2Cl2 recorded at both room temperature and
low temperature (193 K) confirm the presence of a unique
molecular species, which from consideration of the ligand
geometry we anticipated to contain a helical arrangement.[10]
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The imine proton resonances show coupling to Ag at both
298 K and 193 K confirming the coordination of the silver ion.
The magnitude of the Ag ± imine coupling is unaffected by
temperature. The 109Ag NMR spectrum reveals the presence
of a single silver resonance at d� 533. This observation
indicates that the solution species is indeed the head-to-tail
isomer (the head-to-head isomer should contain two non-
equivalent silver centers; it is possible that the peak might
represent two coincident signals, though unlikely given the
different nature of the HH and TT environments).

Recrystallization of the compound from acetonitrile by
diffusion of diethyl ether afforded X-ray quality crystals and
we have determined the crystal structure to confirm the
molecular structure.[11] The structure of the cation (Figure 3) is

Figure 3. View of the cation [Ag2L2]2�.

indeed a head-to-tail helix, containing each silver(i) ion in a
pseudo-tetrahedral coordination geometry bound to the
pyridyl ± phenylimine donor unit of one ligand and the
pyridyl ± methylimine unit of the other. The two ligands wrap
around the metal ± metal axis giving rise to the helical
structure, both enantiomers of which are present. The phenyl
ring is approximately coplanar with the adjacent pyridylimine
unit as expected for maximum conjugation; the helical
twisting of the ligand is restricted by the design to the
methylene group.

We have shown that by careful selection of spacer unit
between ligand binding sites the directionality of a helicate
may be controlled. We are currently extending our studies to
apply this principle within more sophisticated supramolecular
arrays and are also investigating incorporation of directional
helicates within larger supramolecular arrays.

Experimental Section

L : 2-Pyridinecarbaldehyde (1.6 mL, 16.8 mmol) and 4-aminobenzylamine
(0.9 mL, 8.0 mmol) were stirred in ethanol (25 mL) for 12 h. The orange
solution was concentrated under reduced pressure and cooled in ice. An
off-white solid precipitated (1.85 g, 77 %) and was collected by filtration
and dried over P2O5. 1H NMR (CDCl3): d� 8.68 (1H, d, J� 5.6 Hz; H6),
8.64 (1H, d, J� 5.6 Hz; H6), 8.60 (1 H, s; Him), 8.50 (1H, s; Him), 8.18 (1 H, d,
J� 7.6 Hz; H3), 8.07 (1H, d, J� 7.6 Hz; H3), 7.80 (1H, t, J� 7.6 Hz; H4), 7.76
(1H, t, J� 7.6 Hz; H4), 7.40 ± 7.20 (6H, m; HPh H5 H5), 4.76 (2H, s; CH2);
MS (EI): m/z : 300 [M�].

[Ag2L2][PF6]2: Ligand L (0.045 g, 0.15 mmol) and Ag(OAc). (0.025 g,
0.15 mmol) were stirred in methanol (25 mL) for 2 h. The solution was
treated with methanolic [NH4][PF6] (excess) to yield a pale yellow product
(0.056 g, 68 %) which was isolated by filtration. 1H NMR[10] (CD2Cl2): d�

8.79 (1H, d, J� 6.4 Hz; Him), 8.66 (1 H, d, J� 7.4 Hz; Him), 8.62 (1 H, d, J�
4.9 Hz; H6), 8.53 (1 H, d, J� 4.9 Hz; H6), 8.08 (1H, t, J� 7.6 Hz; H4), 8.02
(1H, t, J� 7.6 Hz; H4), 7.96 (1H, d, J� 7.8 Hz; H3), 7.78 (1H, d, J� 7.8 Hz;
H3), 7.64 ± 7.54 (2 H, m; H5 H5) 7.07 (2 H, d, J� 7.8 Hz; HPh), 6.92 (2 H, d, J�
7.8 Hz; HPh), 4.77 (2H, s; CH2); MS (FAB): m/z : 961 [Ag2L2(PF6)] and 816
[Ag2L2].
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